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Abstract

Objective: The objectives of this study are to analyze the association between anti-
mitochondrial antibody (AMA) and cardiac involvement in idiopathic inflammatory
myopathy (IIM) and to evaluate the diagnostic value of AMA for cardiac involvement in
IIM patients.
Methods:We conducted a comprehensive search in PubMed, Web of Science, EMBASE,
and the Cochrane Library to identify English-language studies published before
November 19, 2021. Stata 12.0 software (Stata Corp., College Station, TX, USA) was used
for the statistical analyses. We used the sensitivity, specificity, positive likelihood ratio
(PLR), negative likelihood ratio (NLR), and summary receiver operating characteristic
(SROC) curve to evaluate the diagnostic value of AMA for cardiac involvement in IIM
patients. Statistical heterogeneity of studies was assessed using the I2 statistic with
95% confidence intervals (95% CIs).
Results: Seven studies were included in the final analyses, with a total of 2308 IIM
patients (including 171 AMA-positive and 2137 AMA-negative patients). The pooled
sensitivity of AMA for cardiac involvement in IIM patients was 0.29 (95% CI: 0.19–0.43)
and specificitywas 0.92 (95%CI: 0.88–0.96). The pooled PLRwas 3.9 (95%CI: 2.82–5.38),
NLR was 0.76 (95% CI: 0.66–0.88), and the diagnostic odds ratio (DOR) was 5 (95% CI:
3–7). The area under the SROC curve was 0.76 (95% CI: 0.72–0.79).
Conclusion: The overall diagnostic value of AMA may not be very high for cardiac
involvement in IIM patients.

Keywords
Idiopathic inflammatorymyopathy · Anti-mitochondrial antibody · Cardiac involvement · Meta-
analysis · Cardiovascular disease

Introduction

Idiopathic inflammatory myopathies (IIM)
are a collection of systemic autoimmune
connective tissue diseases, with an inci-
dence of 9–14 cases/million people and
mainly including dermatomyositis (DM),
polymyositis (PM), immune-mediated
necrotizing myopathy (IMNM), sporadic
inclusion bodymyositis (IBM), and overlap
myositis [12, 25]. Data from recent studies

have shown a significant rate of cardiac
involvement in individuals with IIM [14],
where the incidence of subclinical cardiac
involvement in PM/DM patients ranges
from 13 to 72%, much higher than other
symptoms [21].

Anti-mitochondrial antibody (AMA) is
a common autoantibody which is closely
related to primary biliary cirrhosis (PBC),
but is also noted in other autoimmune
diseases, such as scleroderma, autoim-
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Fig. 18 Flow diagramof studies selection process

mune thyroid disease, and Sjogren’s syn-
drome [5]. Previously, we have observed
7 patients with AMA-related myositis from
North America and found that 71% had
cardiac involvement [1]. Due to the fact
that most current reports are small sample
data or case reports, there is no clear con-
sensus on the association between AMA
and heart damage in patients with IIM.

Therefore, in this study, we conducted
a systematic reviewof the literature aiming
to analyze the association between AMA
and cardiac involvement in IIM patients
and evaluate the diagnostic value of AMA
for cardiac involvement in patients with
IIMs.

Methods

Search strategy

In this meta-analysis, we performed a
search independently in PubMed, Web
of Science, Embase, and the Cochrane
Library to identify studies published in
English prior to November 19, 2021.
A combination of the following key-
words was used to retrieve studies: “id-
iopathic inflammatory myopathy,” “in-

flammatory muscle diseases,” “myositis,”
“myopathy,” “polymyositis,” “immune-
mediated necrotizing myopathy,” “inclu-
sion body myositis,” “dermatomyositis,”
“juvenile dermatomyositis” AND “heart,”
“pericardial,” “pericardium,” “ventricular,”
“valvular,” “echocardiography,” “cardiac
involvement,” “myocarditis,” “cardiovascu-
lar,” “arrhythmia,” “coronary heart disease,”
“atherosclerosis” AND “anti-mitochondrial
antibody,” “anti-AMA antibody.” The ref-
erence lists of the retrieved articles were
also manually screened independently to
identify potentially relevant articles. The
inclusion criteria were well specified and
no discrepancies in search results were
found.

Study selection

Studies were selected according to the fol-
lowing inclusion criteria: (1) patients with
IIMs fulfilled the Bohan and Peter criteria
[10, 16], the2017EuropeanLeagueAgainst
RheumatismAmericanCollegeofRheuma-
tology classification criteria [7], Griggs [7],
or Sontheimer [27] criteria; (2) availability
of data pertaining to the AMA autoanti-
body status of patients with IIMs; (3) avail-

ability of adequate data to calculate true-
positive (tp), false-positive (fp), true-neg-
ative (tn), false-negative (fn) rates; studies
wereexcluded if they (1)werereviews, case
reports, or letters; or (2) lacked a control
group of AMA-negative IIM patients. For
similar studies conducted by one research
group, we gave priority to articles with
a larger sample size.

Main outcome variables

Two reviewers independently browsed the
potentially eligible articles and extracted
the relevant data from each study. The fol-
lowing information was recorded: the first
author’s name, publication year, country,
disease type, detection method, the total
number of cases and controls, frequency
of AMA in cases and controls, and detailed
information about cardiac involvement, if
available. Disagreements were resolved
by discussion.

Risk of bias assessment

Two reviewers independently assessed the
quality of the studies included using the
Quality Assessment of Diagnostic Accu-
racy Studies 2 (QUADAS-2) tool [29]. They
performed the following assessment pro-
cedure: patient selection, index test, refer-
ence standard, and flow and timing. Each
key domain includes two sections: risk of
bias and applicability. If answers to all sig-
naling questions for a domain are “yes,”
then we could judge the risk of bias as
low. If any question is answered with “no,”
potential bias exists. Concerns about ap-
plicability are judged as “low,” “high,” or
“unclear.” We define “yes” as one score.

Analysis

We used Stata 12.0 software to statistically
analyze sensitivity (Sen), specificity (Spe),
diagnostic ratio (DOR), positive likelihood
ratio (PLR), and negative likelihood ratio
(NLR), finally calculating the overall odds
ratios (ORs) with 95% confidence intervals
(CIs) and the summary receiver operating
characteristic (SROC) curve. Weused theP-
value and I2 statistic to test for heterogene-
ity in every result. The selected studies are
considered to be homogeneous if the P-
value is greater than 0.1. When the P-
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Fig. 29 Forest plots of
estimated sensitivity and
specificity of anti-mito-
chondrial autoantibody
testing for cardiac involve-
ment in idiopathic inflam-
matorymyopathies

Fig. 39 Forestplotsofesti-
mated PLRandNLR of anti-
mitochondrial autoanti-
body testing for cardiac in-
volvement in idiopathic in-
flammatorymyopathies
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value was >0.1 or I2 was <50%, a fixed-
effects model was adopted. If P was <0.1
or I2 was >50%, we used a random-ef-
fects model. In addition, we performed
a Deek’s funnel plot for the assessment of
publication bias.

Results

Literature search and study
characteristics

Atotalof343 relatedarticleswereobtained
following a search of the four databases,
with 69 replicated studies. After the titles
and abstracts were screened, 250 stud-
ies were excluded. Seven studies were
included after the final evaluation, with
a total of 2308 IIM patients (including
171 AMA-positive and 2137 AMA-negative
patients). Theflowdiagramof the search is

shown in . Fig. 1. The detailed character-
istics of the eligible studies are depicted in
. Table 1. The studies included were con-
ducted in three different countries, with
four studies [10, 16, 32, 33] conducted
in China, two [18, 29] in Japan, and one
[22] in the USA. Moreover, three studies
[18, 22, 32] described the demographics,
clinical symptoms, and laboratory tests of
AMA-positive patients.

Quality assessment

Thequality scoreof eachstudy ispresented
in Supplementary Table S1. Each study
was assigned a score from 0 to 11 points,
and higher scores indicated higher qual-
ity. The score of each study was more
than 9 points. All the included studies
received moderately high scores from the
QUADAS-2 quality assessments [30].

Findings of the selected studies

In the meta-analysis, we use the random-
effects model to pool the sensitivity and
specificity because the I2 value was over
50%. The overall pooled sensitivity and
specificity were 0.29 (95% CI: 0.19–0.43)
and 0.92, respectively (95% CI: 0.88–0.96;
. Fig. 2). The pooled PLR was 3.9 (95%
CI: 2.82–5.38), NLR was 0.76 (95% CI:
0.66–0.88; . Fig. 3), and DOR was 5 (95%
CI: 3–7). The overall SROC curve is shown
in . Fig. 4, and the area under the SROC
curvewas 0.76 (95%CI: 0.72–0.79). The di-
agnostic accuracy of cardiac involvement
in idiopathic inflammatory myopathy
patients was not very high.

Publication bias

The Deek’s funnel plot shows t= 0.77,
P= 0.48 (. Fig. 5), so we consider there
was no publication bias.

Discussion

In this meta-analysis, the pooled OR
showed that AMA are associated with
an increased risk of cardiac involve-
ment in patients with IIM (OR= 5.07,
95%= 3.43–7.50). We also found that
AMA autoantibody achieved the over-
all pooled sensitivity of 0.29 (95% CI:
0.19–0.43) and specificity 0.92 (95% CI:
0.88–0.96), and AUC was 0.76 (95% CI:
0.72–0.79). The results show that the
diagnostic accuracy is not high, with low
sensitivity and high specificity. The DOR
represents the value that combines sensi-
tivity and specificity, with a higher value
meaning better diagnostic ability. The
DOR in our study was 5 (95% CI: 3–7),
suggesting the overall pooled accuracy
was not high.

Although cardiac involvement in pa-
tients with IIM mainly presents subclinical
symptoms, it has attracted increasing at-
tention because it occurs frequently and
even significantly worsens the prognosis
[6, 9, 28]. Current research has found there
is a correlation between cardiac involve-
ment and the type of autoantibodies. For
example, Behan et al. analyzed 55 pa-
tients with PM and found that 69% of
PM patients complicated with cardiac in-
volvement were anti-Ro antibody positive,

S218 Zeitschrift für Rheumatologie · Suppl 1 · 2024
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and the main manifestation was complete
heart block [2]. Gupta et al. revealed
that 25% of patients had arrhythmias in
12 patients with anti-SRP-positive PM [8].
Albaydaetal. showed that71%of the7pa-
tients with AMA-positive myositis had my-
ocarditis, arrhythmia, and cardiomyopathy
[1]. Therefore, further research in this field
may help us identify IIM patients who are
prone to cardiovascular damage and per-
form timely interventions.

AMA are autoantibodies against a vari-
ety of mitochondrial antigens, which can
be detected in the IIM patient’s serum
by western blot and enzyme-linked im-
munosorbent assay. Although the posi-
tive rate of AMA in IIM is very low, it plays
a role in cardiac involvement, including
arrhythmia, myocarditis, heart failure, and
cardiomyopathy [11, 13, 15, 19, 31]. At
present, the role of AMA in the pathogen-
esis of cardiac involvement in IIM patients
remains to be further elucidated; however,
several theories have cast light upon pos-
sible mechanisms. Previous findings have
shown that in dilated cardiomyopathy, the
mostenrichedprotein in themitochondrial
inner membrane is an organ-specific au-
toantigen [23], and the functionally active

antibody–antigen complex of this struc-
ture reduces the rate of ADP/ATPexchange
in cardiac mitochondria by blocking the
substrate-bindingsiteof thecarrierprotein
[24], leading to an imbalance between en-
ergy supply and demand. This may be re-
garded as one of the mechanisms of AMA
in cardiomyocyte dysfunction. Further-
more, AMA-related cardiac involvement
may be related to mitochondrial dysfunc-
tion caused by cellular autoimmunity and
humoral autoimmunity maintained by au-
toreactive T cells [19, 26].

We strictly followed the PRISM guide-
lines [20] to conduct the meta-analysis.
However, there are still several limitations
in the meta-analysis. First, despite making
every effort to search for relevant stud-
ies, we may have ignored some studies
not published online. Second, the present
studies are mainly from the Asian popula-
tion, which may lead to some population
selection bias. Third, different ELISA kits
were used, and the differences between
the tests needs to be further confirmed.
Finally, the small sample size of overall
studies and the low positive rate for AMA
could over- or underestimate the predic-
tive ability of AMA for cardiac involvement

of IIM patients. Therefore, further studies
are required to obtain more definitive ev-
idence.

Conclusion

Our findings indicate that the AMA au-
toantibody has a low sensitivity and high
specificity for the diagnosis of cardiac in-
volvement of IIM patients. Thus, the over-
all diagnostic value may not be very high.
However, AMA still has awarning effect re-
garding cardiovascular damage in patients
with IIM.
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Zusammenfassung

Zusammenhang zwischen antimitochondrialen Antikörpern und
kardialer Beteiligung bei Patienten mit idiopathischer
inflammatorischer Myopathie. Systematischer Überblick und
Metaanalyse

Ziel: Ziel der vorliegenden Studie war es, den Zusammenhang zwischen antimitochon-
drialen Antikörpern (AMA) und Herzbeteiligung bei idiopathischer inflammatorischer
Myopathie (IIM) zu untersuchen und die diagnostische Aussagekraft der AMA für eine
Herzbeteiligung bei Patienten mit IIM zu ermitteln.
Methoden: Eine umfassende Suche in den Datenbanken PubMed, Web of Science,
EMBASE und Cochrane Library wurde durchgeführt, um englischsprachige Studien
zu ermitteln, die vor dem 19. November 2021 publiziert worden waren. Für die
statistische Auswertung wurde die Software Stata 12.0 benutzt. Zur Bestimmung
der diagnostischen Aussagekraft der AMA für eine kardiale Beteiligung bei IIM-
Patienten verwendeten die Autoren die Sensitivität, Spezifität, positive Likelihood-
Ratio (PLR), negative Likelihood-Ratio (NLR) und Summary-Receiver-Operating-
Characteristic(SROC)-Kurve. Die statistische Heterogenität der Studien wurde unter
Verwendung der I2-Statistik mit 95%-Konfidenzintervallen (95%-KI) ermittelt.
Ergebnisse: In die endgültige Analyse wurden 7 Studien mit 2308 IIM-Patienten
(inklusive 171 AMA-positiver und 2137 AMA-negativer Patienten) eingeschlossen. Die
gepoolte Sensitivität der AMA für eine kardiale Beteiligung bei IIM-Patienten betrug
0,29 (95%-KI: 0,19–0,43) und die Spezifität 0,92 (95%-KI: 0,88–0,96). Die gepoolte
PLR lag bei 3,9 (95%-KI: 2,82–5,38), die NLR bei 0,76 (95%-KI: 0,66–0,88) und die
diagnostische Odds Ratio (DOR) bei 5 (95%-KI: 3–7). Die Fläche unter der SROC-Kurve
betrug 0,76 (95%-KI: 0,72–0,79).
Schlussfolgerung: Der diagnostische Gesamtwert der AMA für die Herzbeteiligung bei
Patienten mit IIM ist möglicherweise nicht besonders hoch.
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