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Abstract

Aims Anti-mitochondrial antibody (AMA)-positive myositis is frequently associated with various cardiac involvements, such
as arrhythmia and left ventricular (LV) dysfunction. However, the efficacy of immunosuppressive therapy in these complica-
tions remains unknown. This study aimed to investigate the cardiac response to immunosuppressive therapy in patients with
AMA-positive myositis.
Methods and results The clinical data of 15 AMA-positive myositis patients with cardiac involvement were retrospectively
collected at our centre. To evaluate the effects of immunosuppressive therapy, echocardiographic and laboratory data of pa-
tients who received glucocorticoid therapy with additional immunosuppressants (n = 6) and those who did not (n = 6) were
compared. Also, the characteristics of patients with or without >5% LV ejection fraction (LVEF) decline during the
follow-up period (n = 5 vs. n = 7) were compared. Thirteen patients (87%) had arrhythmias, and eight patients (53%) had
LV wall motion abnormalities. Although arrhythmias decreased after treatment, reduced LVEF and LV wall motion abnormal-
ities persisted. Further investigation revealed an increased LV end-systolic dimension and reduced LVEF in patients without
additional immunosuppressive therapy, while those in patients with additional immunosuppressive therapy were maintained.
Six of seven patients (86%) without LVEF decline received additional immunosuppressive therapy, whereas no patients with
LVEF decline had additional immunosuppressive therapy.
Conclusions Cardiac involvement in AMA-positive myositis may worsen even with glucocorticoid monotherapy, and there
might be some associations between the change of LV function and additional immunosuppressive therapy.
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Introduction

Inflammation is a major cause of myocardial damage.1 Al-
though sarcoidosis is a representative myocardial disease
caused by inflammation, few other diseases, including auto-
immune diseases, have been widely and concisely
investigated.2,3 Among them, myocardial complications in
the setting of anti-mitochondrial antibody (AMA)-positive

myositis are important and may cause various cardiovascular
complications, such as myocarditis and arrhythmia, as the
main symptoms.4 Indeed, there are some cases in which diag-
nosis may be achieved from cardiac complications. However,
there are limited reports on concomitant cardiac involvement
in patients with AMA-positive myositis.

The typical treatment for AMA-positive myositis includes
glucocorticoids, with or without other immunosuppressive
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therapies, similar to other myositis.5,6 However, there are no
comprehensive reports on the effectiveness of these treat-
ments for cardiovascular complications.

The purpose of this study was to summarize the myocar-
dial complications associated with AMA-positive myositis
experienced at a single centre, focusing on left ventricular
systolic function, and to analyse the responsiveness of car-
diac complications to immunosuppressive treatments.

Methods

Patients

Clinical data were collected retrospectively from patients suf-
fering from cardiac dysfunction and with AMA-positive myo-
sitis diagnosed by the Department of Neurology at the Uni-
versity of Tokyo from January 2000 to July 2021. The
diagnosis of inflammatory myositis was based on the criteria
proposed by 2017 EULAR/ACR classification criteria (probable
or definite).7 Serum AMA-M2 levels were measured by
MESACUP-2 Test Mitochondria M2 kit (Medical and Biological
Laboratories) or Elia M2 Well (Thermo Fisher Scientific). Fol-
lowing previous reports,4,8–10 we included patients who were
positive for these tests in this study and called them ‘AMA-
positive myositis’. Cardiac involvement was defined as one
or more of the following: arrhythmia, reduced left ventricular
ejection fraction (LVEF)< 50%, and LV wall motion abnormal-
ity. Arrhythmias included supraventricular arrhythmia (pre-
mature atrial contraction, atrial fibrillation, atrial flutter, atrial
tachycardia, and paroxysmal supraventricular tachycardia),
ventricular arrhythmia (premature ventricular contraction
and non-sustained or sustained ventricular tachycardia),
atrioventricular block (1st, 2nd, and complete atrioventricular
block), and sick sinus syndrome. These arrhythmias were de-
tected by 12-lead or 24-h Holter electrocardiogram (ECG).
LVEF and LV wall motion abnormality were measured by
echocardiography. All patients underwent systematic screen-
ing for cardiomyopathies. In particular, coronary angiography
ruled out ischaemic cardiomyopathy in patients with reduced
LVEF <50%. The study protocol conformed to the tenets of
the Declaration of Helsinki and was reviewed and approved
by the University of Tokyo Institutional Review Board
(approval number: 2650).

Evaluation

The follow-up of patients and their clinical data ended in Sep-
tember 2021. Symptoms of suspected myopathy, heart fail-
ure, arrhythmia, and myocarditis (muscle weakness, muscle
pain, dyspnoea, oedema, palpitations, and chest pain) were
defined as initial symptoms. Disease duration before the di-

agnosis of AMA-positive myositis was defined as the time
from the occurrence of initial symptoms.

We compared the echocardiographic and laboratory
data of the patients who did and did not receive additional
immunosuppressive therapy with prednisolone (PSL)
(Figure 1). Patients underwent two-dimensional and Doppler
echocardiography by experienced operators in accordance
with the guidelines of the American Society of
Echocardiography.11 LVEF was calculated by Teichholz’s for-
mula. Baseline data (‘Baseline’ time point), was collected at
the time of AMA-positive myositis diagnosis and compared
with the latest data before the end of follow-up (‘End’ time
point). The change in LVEF (delta LVEF) was calculated as fol-
lows: (LVEF at ‘End’) – (LVEF at ‘Baseline’). Additionally, we
investigated the characteristics of patients whose LVEF de-
clined >5% from the baseline data during the follow-up
period.

Treatments

The treatment is based on the protocol for polymyositis and
dermatomyositis. Myositis was initially treated with glucocor-
ticoids with the dose of 0.5–1.0 mg/kg/day.12 Additional im-
munosuppressants, such as azathioprine (AZA), methotrexate
(MTX), mycophenolate mofetil (MMF) and tacrolimus (TAC),
were subsequently used to achieve clinical remission and glu-
cocorticoid sparing based on the evidence of better efficacy
in early combination with glucocorticoids.5,6,13–15 Intravenous
immunoglobulin (IVIG) was considered in patients who were
refractory or contraindicated with glucocorticoids, with or
without additional immunosuppressive therapy.16,17

Cardiovascular complications were treated with medica-
tions following the general treatment guidelines for each
arrhythmia and heart failure with reduced ejection
fraction. Device therapies, such as pacemakers, were also
performed following the appropriate guidelines for cardiac
complications.

Statistics

Data are presented as median (interquartile range, IQR) or
number (percentage). Statistical analyses were performed
using GraphPad Prism software (version 9.2.0; GraphPad
Software, San Diego, CA, USA). The Mann–Whitney U test
for continuous variables and the Fisher’s exact test for cate-
gorical variables were performed to compare the two groups.
A Wilcoxon matched-pair signed-rank test was conducted to
compare the ‘Baseline’ and the ‘End’ data to evaluate the
treatments. The threshold for statistical significance was set
at P < 0.05.
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Results

Patient characteristics

Fifteen AMA-positive myositis patients with cardiac involve-
ment were identified for the study. The clinical characteristics
of the patients are shown in Table 1. Of the 15 patients, 12
(80%) were female, and the median age at diagnosis of
AMA-positive myositis was 59 years (IQR 51–71). The median
disease duration before diagnosis was 61 months (IQR 32–92)
and the median follow-up duration after diagnosis was

51 months (IQR 9–96). Nine patients (60%) exhibited dys-
pnoea, which was the most common initial symptom. Thir-
teen patients (87%) visited the cardiovascular department af-
ter their initial symptoms regardless of the presence or
absence of muscle weakness. In addition, 11 patients (73%)
developed cardiovascular diseases (CVDs) preceding
AMA-positive myositis diagnosis. All patients had ECG abnor-
malities, and a significant proportion (13/15) had arrhyth-
mias. Nine patients (60%) showed echocardiographic abnor-
malities. Among them, eight patients had left ventricular
wall motion abnormalities. Seven patients (47%) underwent
right ventricular endomyocardial biopsy (EMB). There was
no sign of active myocarditis, but four patients showed inter-
stitial fibrosis. Regarding laboratory results, the median crea-
tine kinase (CK) was 628 U/L (IQR 256–1077), and the median
CK-MB level was 15 U/L (IQR 8–23). The median brain natri-
uretic peptide (BNP) level was 114 pg/mL (IQR 74–323).

Detailed information on the treatments is summarized in
Table 2. Treatments revealed that 12 patients (80%)
underwent PSL therapy and eight of them received additional
immunosuppressive therapy. The initial median dose of PSL
was 35 (IQR 30–53) mg/day, and 5/12 (42%) patients received
concomitant immunosuppressive drugs for induction therapy.
Also, six patients (40%) were treated with IVIG. On the other
hand, 11 patients (73%) had already received cardiac drug
therapy at the time of AMA-positive myositis diagnosis, 10
patients continued their medication until their last visit, and
one patient became drug-free owing to no recurrence of
arrhythmia.

Cardiac complications and clinical events

Eight patients (53%) required hospitalization after initial
treatment, in which half of the cause was attributed to car-
diac involvement, such as heart failure and arrhythmia. Also,
six patients (40%) underwent cardiac device implantation
(cardiac resynchronization therapy, n = 1; implantable

Figure 1 Flowchart of study patients. AMA, anti-mitochondrial antibody; PSL, prednisolone.

Table 1 Clinical characteristics of 15 AMA-positive myositis
associated with cardiac involvement

Characteristics n = 15

Sex ratio, M/F 3/12
Age at diagnosis, years, median (IQR) 59 (51–71)
Disease duration before diagnosis, months,
median (IQR)

61 (32–92)

CVD preceding myositis diagnosis, n (%) 11 (73)
Initial visit to cardiovascular department, n (%) 13 (87)
Follow-up period, months, median (IQR) 51 (9–96)
Cardiac involvement, n (%)

Abnormal ECG 15 (100)
Arrhythmia 13 (87)
LV wall motion abnormality 8 (53)

Initial symptoms, n (%)
No symptom 1 (7)
Dyspnoea 9 (60)
Muscle weakness 4 (27)
Muscle pain 1 (7)
Palpitations 5 (33)
Chest pain 2 (13)
Oedema 0

Baseline laboratory data, median (IQR)
CK, U/L 628 (256–1077)
CK-MB, U/L 15 (8–23)
BNP, pg/mL 114 (74–323)

Abbreviations: AMA, anti-mitochondrial antibody; BNP, brain natri-
uretic peptide; CK, creatine kinase; CVD, cardiovascular disease;
ECG, electrocardiogram; IQR, interquartile range; LV, left
ventricular.
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cardioverter defibrillator, n = 3; left ventricular assist device,
n = 1; pacemaker, n = 1). Among patients who underwent
ECG and echocardiography (n = 12–15), the complications
of supraventricular and ventricular arrhythmias at the base-
line visit decreased at the last visit (60% to 36%, 67% to
21%, respectively). However, reduced LVEF and global LV wall
motion abnormality remained at a high rate (50% to 58%,
57% to 58%, respectively). Moreover, regional wall motion
abnormalities observed in 4/14 (29%) patients increased to
7/12 (58%) patients (apex, 11%; inferior wall, 33%; intraven-
tricular septum, 56%). Few patients underwent cardiac mag-
netic resonance imaging (cMRI); however, more than half of
them had T2 high-intensity areas and late gadolinium en-
hancement, which tended to correlate with regional wall mo-
tion abnormalities.

Pharmacological effect on LV function

Furthermore, to explore the pharmacological effects on LV
function, we analysed several clinical parameters in patients
who underwent echocardiography pre- and post-treatment
(n = 12) during the follow-up (Figure 2A). We focused on

the effect of additional immunosuppressive therapy other
than PSL and compared six patients who received additional
immunosuppressive therapy with PSL (AZA, n = 2; MMF,
n = 1; MTX, n = 2; TAC, n = 1) and those who did not
(n = 6; including three patients without PSL treatment). No
significant difference was observed in the baseline echocar-
diographic data and the follow-up period between the two
groups. In the no additional immunosuppressive therapy
group, all patients exhibited an increase in left ventricular
end-systolic dimension (LVDs) and reduced LVEF at the end
of the follow-up compared with baseline data (P = 0.03,
P = 0.03, respectively), whereas those in the additional immu-
nosuppressive therapy group were maintained. Additionally,
median LVEF at the end of the follow-up was significantly
lower in the no additional immunosuppressive therapy group
than in the additional immunosuppressive therapy group
(25.5% vs. 66.0%, P = 0.04), and there was a significant differ-
ence in delta LVEF between the two groups (Figure 2B,
P = 0.004). Regarding laboratory data, the median CK level
was higher in the additional immunosuppressive therapy
group at the baseline (977 U/L vs. 244 U/L, P = 0.002), but
there was no difference between the two groups at the end
(102 U/L vs. 217 U/L, P = 0.31). The median CK-MB level

Table 2 Treatments and results of cardiac investigations at baseline and last visit

Baseline Last visit

Treatment, n (%) n = 15 n = 15
No cardiac drug therapy 4 (27) 5 (33)
Beta-blockers 8 (53) 9 (60)
ACE inhibitors/ARBs 7 (47) 8 (53)
MRAs 2 (13) 3 (20)
Inodilators 1 (7) 2 (13)
No immunosuppressive therapy 3 (20)
Prednisolone ≤10 mg/day 6 (40)
Prednisolone >10 mg/day 6 (40)
Additional immunosuppressive therapy 8 (53)
IVIG 6 (40)

Electrocardiography, n (%) n = 15 n = 14
Normal 0 0
Bundle branch block 4 (27) 4 (29)
ST-T wave changes 3 (20) 2 (14)
Abnormal Q waves 1 (7) 1 (7)
Supraventricular arrhythmia 9 (60) 5 (36)
Ventricular arrhythmia 10 (67) 3 (21)
Sick sinus syndrome 1 (7) 0
Atrioventricular block 2 (13) 0
Pacemaker rhythm 0 5 (36)

Echocardiography, n (%) n = 14 n = 12
Normal 5 (36) 2 (17)
LVEF <50% 7 (50) 7 (58)
Global LV wall motion abnormality 8 (57) 7 (58)
Regional LV wall motion abnormality 4 (29) 7 (58)

Right ventricular endomyocardial biopsy, n (%) n = 7
Non-specific finding 3 (43)
Fibrosis 4 (57)

Cardiac MRI, n (%) n = 6 n = 2
Normal 2 (33) 0
T2 high-intensity areas 3 (50) 1 (50)
Late gadolinium enhancement 4 (67) 2 (100)

Abbreviations: ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker; IVIG, intravenous immunoglobulin; LVEF, left
ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; MRI, magnetic resonance imaging.
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was not different between the two groups at the baseline
(23 U/L vs. 11 U/L, P = 0.09) or at the end (7 U/L vs. 5 U/L,
P = 0.76). Although no difference was found in the
high-sensitivity troponin I and BNP levels between the two
groups, nor were there any significant changes after the
treatments; not all patients underwent these tests.

Because LVEF decline was detected in the no additional im-
munosuppressive therapy group, we next compared the clin-
ical characteristics of patients with and without >5% LVEF
decline (n = 5 vs. n = 7) to reveal the factors associated with
cardiac dysfunction (Table 3). Patients without LVEF decline
showed higher median CK levels (924 U/L vs. 256 U/L,
P = 0.03), and most of them received additional immunosup-
pressive therapy, whereas no patients with LVEF decline had
additional immunosuppressive therapy (86% vs. 0%,
P = 0.02). Additionally, 3/5 patients with LVEF decline had
no PSL treatment (60% vs. 0%, P = 0.045). No differences
were detected in age, sex, disease duration, baseline cardiac
involvement, or echocardiographic data.

Discussion

Here, we summarized the cases of AMA-positive myositis-
complicated cardiac involvement at a single centre and
analysed them with particular attention to the treatment re-
sponsiveness of cardiovascular dysfunction.

Cardiac involvement is the leading cause of death in in-
flammatory myositis.6,18 Recently, the AMA-M2 subtype was
identified as an associated factor for cardiac involvement in
a multicentre cross-sectional study.19 AMAs were detected
in about 5%–10% of inflammatory myositis and the cardiac
involvement was more frequent in the AMA-positive myositis
than other inflammatory myositis with a 30%–70% incidence
rate.4,8,9,20–22 The first symptoms were cardiovascular in
about 50% of cases with cardiac involvement.22 In our study,
the most frequent initial symptom was dyspnoea (60%), and
87% of the patients first visited the cardiovascular depart-
ment. Moreover, 73% of the patients developed CVDs prior
to myositis diagnosis, suggesting the importance of early car-

Figure 2 Changes of echocardiographic and laboratory data during the follow-up period. (A) Echocardiographic and laboratory data changes in pa-
tients with and without additional immunosuppressive therapy. Patients who did not receive any immunosuppressive therapy are shown in dotted
lines. (B) Delta LVEF between the two treatment groups. BNP, brain natriuretic peptide; CK, creatine kinase; LVDd, left ventricular end-diastolic dimen-
sion; LVDs, left ventricular end-systolic dimension; LVEF, left ventricular ejection fraction; TnI, troponin I. *P < 0.05, **P < 0.01.
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diac manifestations in AMA-positive myositis. In particular,
the frequency of arrhythmia was as high as 8%, followed
by 53% of LV wall motion abnormalities. In a review by
Maeda et al., cardiac complications resulted in arrhythmia
in 8 of 24 cases, and about 20% cases had decreased cardiac
contractility.8 Various arrhythmias, such as atrioventricular
block, supraventricular arrhythmia, and ventricular arrhyth-
mia, were detected in the patients, similar to the manifesta-
tions of cardiac sarcoidosis (CS). Furthermore, regional LV
wall motion abnormality, especially in the intraventricular
septum, appeared on echocardiography during the
follow-up period, mimicking CS. Although no sign of active
myocarditis was found by EMB, the sensitivity of EMB in pa-
tients with inflammatory myopathy with suspected myocardi-
tis is not well known.23,24 Also, patchy distribution of the in-
flammation may lead to false-negative results.1 On the
other hand, cMRI detected 3/6 (50%) of patients with T2
high-intensity areas and 4/6 (67%) of patients with late gad-
olinium enhancement that suggest underlying inflammation.
To verify a more definite association between myocardial in-
flammation and cardiac involvement of AMA-positive myosi-
tis, we should perform prospective research including a thor-
ough examination of cMRI. Taken all together, these CS-like
manifestations indicate the critical role of cardiac muscle in-
flammation in AMA-positive myositis-complicated cardiac in-

volvement and the importance of anti-inflammatory
treatment.

AMA-positive myositis is treated with inflammatory myosi-
tis therapy. Glucocorticoids are the initial treatment, and tra-
ditional immunosuppressants, such as AZA and MTX, are
combined to avoid long-term glucocorticoid exposure or pre-
vent refractory myositis.5,6 IVIG is also used together with
glucocorticoids in severe or refractory myositis. Previous
studies have shown improved muscular strength in patients
following these treatments.8 However, the response of car-
diac involvement to immunosuppressive treatment is un-
known, and the cardiac outcomes in case reports are contra-
dictory. Interestingly, some cases showed that cardiac
involvement worsened or remained unchanged, even after
glucocorticoid therapy improved muscle weakness and CK
levels.25–28 This outcome could be explained by the finding
that cMRI detected myocarditis manifestations after gluco-
corticoid treatment in inflammatory myositis, which is clini-
cally considered to be in remission.2 Although glucocorticoid
therapy might not be sufficient to suppress cardiac inflamma-
tion, there is no clear evidence for the use of additional
immunosuppressants.

In our study, 80% of patients received PSL therapy, and
53% of patients had additional immunosuppressants. There
was no remarkable change in the optimal medical care for
CVDs during the follow-up period, probably because most
cardiac involvements developed before the diagnosis of
AMA-positive myositis and started treatment in advance. At
the last visit, LV dysfunction persisted, whereas arrhythmias
drastically decreased. Furthermore, regional LV wall motion
abnormality increased from 29% to 58%, suggesting residual
cardiac inflammation. LVEF reduction and LVDs enlargement
progressed in patients who did not receive additional immu-
nosuppressive therapy. In contrast, most patients without
LVEF decline received additional immunosuppressive therapy
and had high CK levels, reflecting severe myositis. Thus, addi-
tional immunosuppressants may be required for the com-
plete inhibition of inflammation to maintain LV function in
the same way as to suppress severe myositis. Considering
that no patients with LVEF decline received additional immu-
nosuppressive therapy, careful attention to cardiac function is
required in patients receiving no treatment or PSL treatment
alone. It is notable that 27% of patients were hospitalized af-
ter their initial treatment due to cardiac involvement, indicat-
ing different reactions to treatment between cardiac involve-
ment and myositis. Moreover, various immunosuppressive
treatment responses among cardiac involvements are similar
to those of CS, an inflammatory cardiomyopathy.29,30 Al-
though it is unclear whether arrhythmias were improved by
immunosuppressive therapy rather than medication and de-
vice implantation, the response to immunosuppressive ther-
apy might depend on the type of cardiac involvement or
the phase of inflammation, as we previously reported.31

Table 3 Clinical characteristics of patients with and without LVEF
decline

Characteristics
No decline Decline

n = 7 n = 5 P-value

Age at diagnosis, years,
median (IQR)

53 (53–60) 59 (47–73) 0.67

Female, n (%) 5 (71) 5 (100) 0.47
Disease duration before
diagnosis, months, median
(IQR)

61 (36–145) 84 (18–96) 0.64

Follow-up time period,
months, median (IQR)

79 (27–112) 9 (4–102) 0.26

Cardiac involvement, n (%)
Arrhythmia 5 (71) 5 (100) 0.47
LV wall motion
abnormality

5 (71) 4 (80) >0.99

Baseline laboratory data, median (IQR)
CK, U/L 924 (556–1343)256 (141–326) 0.03
CK-MB, U/L 21 (8–25) 9 (5–15) 0.13
BNP, pg/mL 110 (63–181) 323 (165–919) 0.07

Baseline echocardiographic data, median (IQR)
LVEF, % 50 (44–70) 35 (24–54) 0.15
LVDd, mm 47 (43–55) 57 (49–60) 0.14
LVDs, mm 35 (26–43) 45 (35–52) 0.16

Additional
immunosuppressive
therapy, n (%)

6 (86) 0 0.02

No PSL therapy, n (%) 0 3 (60) 0.045

Abbreviations: BNP, brain natriuretic peptide; CK, creatine kinase;
IQR, interquartile range; LVDd, left ventricular end-diastolic dimen-
sion; LVDs, left ventricular end-systolic dimension; LVEF, left ven-
tricular ejection fraction; PSL, prednisolone.

The effect of immunosuppressive therapy on cardiac involvements in anti-mitochondrial antibody-positive myositis 4117

ESC Heart Failure 2022; 9: 4112–4119
DOI: 10.1002/ehf2.14138



In summary, there is a growing evidence that AMA-positive
myositis is frequently associated with cardiac involvements.
However, no standardized immunosuppressive treatment is
available. We demonstrated a series of AMA-positive
myositis-complicated cardiac involvement cases that showed
various cardiac responses to immunosuppressive therapy.

Limitations

This study has some limitations. First, this was a retrospective
study conducted at a single centre. The number of patients
was quite low, thereby limiting the statistical power. Ideally,
these hypotheses should be tested in future prospective
studies. In addition, it contains a variety of stages and a
follow-up period, which might distort the case distribution.
In this study, the initial symptoms included those that might
be derived from cardiac dysfunction; however, it might be
quite difficult to determine whether the symptoms were ac-
curately associated with AMA-positive myositis-complicated
abnormalities. Third, because the time span of our cohort

was from 2000 to 2021, the antigen specificities for detection
of autoantibodies in the detection kit might be changed.
Fourth, we might have dismissed arrhythmias that were un-
detectable on the ECG. Fifth, it is difficult to completely tell
the difference between cardiac involvement derived from
AMA-positive myositis and primary cardiomyopathies, such
as dilated cardiomyopathy, which could cause similar cardiac
manifestation to AMA-positive myositis.
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