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Abstract: Polymyositis (PM) and dermatomyositis (DM) are autoimmune-mediated multisystemic
myopathies, characterized mainly by proximal muscle weakness. A connection between epilepsy
and PM/DM has not been reported previously. Our study aim is to evaluate this association. A case–
control study was conducted, enrolling a total of 12,278 patients with 2085 cases (17.0%) and 10,193
subjects in the control group (83.0%). Student’s t-test was used to evaluate continuous variables,
while the chi-square test was applied for the distribution of categorical variables. Log-rank test,
Kaplan–Meier curves and multivariate Cox proportional hazards method were performed for the
analysis regarding survival. Of the studied 2085 cases, 1475 subjects (70.7%) were diagnosed with
DM, and 610 patients (29.3%) with PM. Participants enrolled as cases had a significantly higher rate
of epilepsy (n = 48 [2.3%]) as compared to controls (n = 141 [1.4%], p < 0.0005). Using multivariable
logistic regression analysis, PM was found only to be significantly associated with epilepsy (OR 2.2
[95%CI 1.36 to 3.55], p = 0.0014), whereas a non-significant positive trend was noted in DM (OR
1.51 [95%CI 0.99 to 2.30], p = 0.0547). Our data suggest that PM is associated with a higher rate of
epilepsy compared to controls. Physicians should be aware of this comorbidity in patients with
immune-mediated myopathies.
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1. Introduction

Polymyositis (PM) and dermatomyositis (DM) are immune-mediated myopathies
with classical proximal muscle weakness, distinctive electromyography (EMG) abnormali-
ties, elevated creatine kinase (CK) levels and inflammatory infiltration on muscle biopsy.
Polymyositis and dermatomyositis are systemic, heterogenous diseases with significant
morbidity, with proclivity to affect the skin, joints, gastrointestinal tract, and cardiovascular
and respiratory systems. A diagnosis of DM is considered when characteristic rash is
accompanied by myopathy detected by physical examination, histological findings, or
EMG. For a diagnosis of PM, elevated CK levels accompanied by inflammatory infiltrate
on muscle biopsy with subacute acquired clinical myopathy support the diagnosis [1,2].

It has been well established that immune-mediated myopathies (IIMs) are associated
with several other conditions, including the strong link between malignancy and myositis,
especially in the DM subset patients. These findings have been well described and repli-

Int. J. Environ. Res. Public Health 2021, 18, 3983. https://doi.org/10.3390/ijerph18083983 https://www.mdpi.com/journal/ijerph

https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0001-5735-6137
https://orcid.org/0000-0002-1404-8027
https://orcid.org/0000-0002-5406-7716
https://orcid.org/0000-0001-8409-868X
https://doi.org/10.3390/ijerph18083983
https://doi.org/10.3390/ijerph18083983
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijerph18083983
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph18083983?type=check_update&version=1


Int. J. Environ. Res. Public Health 2021, 18, 3983 2 of 9

cated in several studies conducted across different populations. In most cases, cancer has
been detected within the first year(s) after diagnosis [3–6].

The correlation between autoimmune/rheumatic disorders and neurologic disorders
has also been widely investigated [7]. Of the common rheumatological disorders, both
systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA) have been frequently
linked to higher rates of epilepsy [8–10].

Alas, the involvement of the central nervous system (CNS) in IIMs, especially in DM,
has been poorly addressed before, instead reported as anecdotal and documented mainly
by clinical reports and case series, with scant studies exploring the serum biomarkers
potentially associated with both PM/DM and epilepsy [2,11–20].

To the best of our knowledge, an association between epilepsy and PM/DM has not
been looked into and epidemiological studies from large population-level databases are
much needed. Therefore, the aim of our study is to assess the possible association between
PM/DM and epilepsy, the role of PM/DM-related autoantibodies and, finally, whether the
association of PM/DM and epilepsy has any impact on patient survival rate.

2. Material and Methods
2.1. Ethical Statement

The study protocol was accepted by the Clalit Health Services (CHS), based at Soroka
Medical Center, Beer-Sheva, Israel, and by the committee of ethics of Tel Aviv University,
Tel Aviv, Israel. The ethical code number is 0212-17-COM2 and the date is 17 March 2020.

2.2. Study Design

The database was provided by the CHS’s chronic diseases registry, Israel’s largest
health service with more than 4,400,000 insured (approximately 50% of the population in
Israel) responsible for the health surveillance of approximately half of Israel population
and one of the largest public health care organizations. The data was collected from 2000 to
2018, from different sources (medical, administrative and pharmaceutical) through a well-
integrated computerized operating systems network. Massive data mining methods were
performed to collect relevant information. Any participant diagnosed with PM/DM was
selected, with each case being sex and age matched to approximately 5 controls selected
from the database randomly. The present study is part of a series of population-based, large-
scale studies intended to quantitatively assess the impact of co-morbidities on PM/DM
patient outcomes.

2.3. Measures

To ensure reliability, PM/DM diagnosis was based on a documented diagnosis
recorded in the medical documents at least twice (provided by either a certified primary
care physician, a family doctor, or a specialist).

Similarly, a case of epilepsy was defined with at least two documented diagnoses in
the medical records. In our study, the medical conditions corresponded to the following
diagnostic codes -ICD-9 710.3 for DM, 710.4 for PM and 345 for epilepsy. Data present in
the CHS database undergoes series of verification by comparing diagnoses from various
sources. The validity of the data was confirmed to be high in previous studies [21].

Sociodemographic parameters such as age, gender, smoking status, socioeconomic
status (SES), mortality and body mass index (BMI) were also extracted from the database.
SES was calculated based on the 2008 Israeli National Census poverty index complying
with the poverty index of the member’s residence area. Educational level, car ownership,
household income and living conditions were among the several parameters used to
compute such indices. The poverty index ranged from 1 to 20 (the lowest score and the
highest score, respectively) which was then used to classify the study population into three
main groups: low, medium, and high SES.

The sera of PM/DM subjects were collected routinely and examined for the pres-
ence of autoantibodies including anti-Sjögren’s syndrome-related antigen A (anti-SSA),
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antinuclear (ANA), anti-Sjögren’s syndrome-related antigen B (anti-SSB), anti-Jo-1 and
anti-ribonucleoprotein (anti-RNP). Each test was interpreted using the respective cut-off
values provided by the kit assay insert and manufacturers’ instructions. An assay was
reported as either “positive” or “negative” using such thresholds. Had more than one
samples been withdrawn from the subject, a “positive” result would have been reported
provided at least one single positive result.

2.4. Statistical Analysis

Raw data was examined visually to eliminate potential outliers to ensure data dis-
tribution normality which was confirmed using the Pearson–D’Agostino omnibus test.
Categorical variables were expressed as percentages and continuous variables were pre-
sented as means ± standard deviations.

Both univariate analyses and multivariable analyses were conducted to verify the
hypothesis of the potential connection between PM/DM and epilepsy. The univariate
analyses performed for categorical parameters were chi-squared test/Fisher’s test, whereas
for continuous variables the methods used were analysis of variance (ANOVA), Student’s
t-test or their non-parametric versions were performed in case of violation of normality of
data distribution. Multivariable analyses consisted of logistic regressions. The variables
used in the multivariate analyses were selected due to their known association with
PM/DM or other autoimmune rheumatic disorders [22–24]

Survival analyses, using the log-rank test and a Kaplan–Meier curve for univariate
and the Cox proportional hazards regression analysis for multivariate, were conducted to
elucidate the impact of epilepsy as a co-morbidity on PM/DM subjects in terms of mortality.

All statistical analyses were conducted through the commercial software “Statistical
Package for the Social Sciences” (SPSS version 24.0, IBM, Armonk, NY, USA). A Kaplan–
Meier curve was conducted with the commercial software MedCalc (version 18.11.3, Med-
Calc Software bvba, Ostend, Belgium).

3. Results

A total of 12,278 subjects were included in our analysis, with 2085 PM/DM cases
(17.0%) and 10,193 age- and gender-matched controls (83.0%). A total of 5042 were males
(41.1%) and 7236 were females (58.9%), with a mean age of 47.81 ± 22.51 years. A total of
1475 patients (70.7%) were diagnosed with DM, and another 610 (29.3%) were diagnosed
with PM. The average BMI of the study population was 26.89 ± 8.20 kg/m2 and 3695 of
subjects (30.1%) were current smokers. One-hundred and eighty-nine patients (1.5%) had
epilepsy and 466 patients (3.8%) died during the study period.

Basic characteristics between the case and control groups were similar, with no sig-
nificant differences in terms of gender, age, SES distribution, BMI and smoking status.
As a comorbidity, epilepsy was significantly more pronounced in the PM/DM cases in
comparison to controls (2.3% vs. 1.4%;, respectively, p < 0.0005). The all-cause mortality rate
was significantly higher among the PM/DM cohort (7.6% vs. 3.0%, p < 0.0001), with 115
deaths demonstrated in the DM subset (7.8%) and another 44 deaths among PM subjects
(7.2%) (shown in Table 1).

Using the multivariable logistic regression model, PM was significantly associated
with epilepsy (OR 2.2 [95%CI 1.36–3.55], p = 0.0014). In comparison, a similar trend of
association with epilepsy was noted in the DM subset, but not crossing the significance
threshold (OR 1.51 [95%CI 0.99 to 2.30], p = 0.0547). When combined, PM/DM was
associated with increased risk of epilepsy (OR 1.74 [95%CI 1.24 to 2.44], p = 0.0013). All the
other variables that were evaluated did not significantly contribute to the risk of developing
epilepsy (shown in Table 2).
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Table 1. Main population characteristics recruited in the present study.

Parameters
Entire

Population
(n = 12,278)

Controls
(n = 10,193)

Cases (n = 2085)

SignificanceDermatomyositis/
Polymyositis

(n = 2085)

Dermatomyositis
(n = 1475)

Polymyositis
(n = 610)

Age 47.81 ± 22.51 47.75 ± 22.50 48.10 ± 22.56 43.68 ± 22.79 58.79 ± 17.97 NS
Gender

NSMale 5042 (41.1%) 4186 (41.1%) 856 (41.1%) 639 (43.3%) 217 (35.6%)
Female 7236 (58.9%) 6007 (58.9%) 1229 (58.9%) 836 (56.7%) 393 (64.4%)

BMI 26.89 ± 8.20 26.93 ± 8.58 26.73 ± 6.07 26.19 ± 6.03 27.88 ± 6.01 NS
SES

NS
Low 5147 (42.1%) 4277 (42.2%) 870 (41.9%) 614 (41.9%) 256 (42.2%)

Medium 4454 (36.5%) 3694 (36.4%) 760 (36.6%) 524 (35.7%) 236 (38.9%)
High 2616 (21.4%) 2172 (21.4%) 444 (21.4%) 329 (22.4%) 115 (18.9%)

Smoking 3695 (30.1%) 3079 (30.2%) 616 (29.5%) 402 (27.3%) 214 (35.1%) NS
Epilepsy 189 (1.5%) 141 (1.4%) 48 (2.3%) 28 (1.9%) 20 (3.3%) 0.0005
All-cause

mortality rate 466 (3.8%) 307 (3.0%) 159 (7.6%) 115 (7.8%) 44 (7.2%) <0.0001

BMI, body mass index; CI, confidence interval; NS, not significant; SES, socioeconomic status.

Table 2. Multivariable logistic regression analysis investigating co-variates associated with epilepsy.

Variable Coefficient Standard
Error Wald p-Value Odds Ratio 95% CI

Age 0.01 0.00 5.67 0.0173 1.01 1.00 to 1.02
Female vs. male −0.11 0.16 0.43 0.5137 0.90 0.66 to 1.23

BMI 0.00 0.01 0.02 0.8916 1.00 0.98 to 1.02
Current smoker −0.02 0.17 0.01 0.9205 0.98 0.71 to 1.36

SES
Medium −0.03 0.17 0.04 0.8482 0.97 0.69 to 1.35

High −0.25 0.21 1.40 0.2374 0.78 0.51 to 1.18
Dermatomyositis 0.41 0.21 3.69 0.0547 1.51 0.99 to 2.30

Polymyositis 0.79 0.25 10.26 0.0014 2.20 1.36 to 3.55
PM/DM 0.55 0.17 10.36 0.0013 1.74 1.24 to 2.44
Constant −4.60 0.33 192.89 <0.0001

BMI, body mass index; CI, confidence interval; DM, dermatomyositis; PM, polymyositis; SES, socioeconomic
status.

There was no impact of a diagnosis of epilepsy on the survival probability of DM
subjects (chi-squared = 0.22, p = 0.6365; hazard ratio (HR) 0.73 [95% CI 0.19–2.73]) (shown
in Figure 1), and PM patient survival rate (chi-squared = 0.56, p = 0.4536; HR 0.50 [95% CI
0.08–3.10]) (shown in Figure 2).
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impact on mortality rate.
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PM subjects were positive for autoantibodies ANA, anti-Jo1, anti-SSA, anti-SSB and
anti-RNP in 42.8%, 21.0%, 30.5%, 27.2% and 6.3% of the cases, respectively. Similarly, DM
patients were positive for ANA (32.5%), anti-Jo1 (16.1%), anti-SSA (30.5%), anti-SSB (28.0%),
and anti-RNP (9.4%). Using multivariable logistic regression analyses, autoantibodies were
not significantly associated with epilepsy among PM/DM subjects (shown in Table 3).

Table 3. Multivariable logistic regression analysis examining the association between autoantibodies
and the risk of developing epilepsy for PM/DM overall and stratified according to dermatomyositis
and polymyositis.

Variable Coefficient Standard
Error Wald p-Value Odds Ratio 95% CI

Anti-SSA

PM/DM −0.28 0.52 0.29 0.5929 0.76 0.28 to 2.09
Dermatomyositis 0.58 1.02 0.33 0.5672 1.79 0.24 to 13.13

Polymyositis 1.39 1.25 1.25 0.2639 4.03 0.35 to 46.49

Anti-SSB

PM/DM 18.58 7396.16 0.00 0.9980 0.00
Dermatomyositis 17.56 7079.91 0.00 0.9980 0.00

Polymyositis 17.59 6104.15 0.00 0.9977 0.00

ANA

PM/DM 0.27 0.36 0.54 0.4628 1.30 0.64 to 2.65
Dermatomyositis −0.01 0.51 0.00 0.9899 0.99 0.37 to 2.68

Polymyositis 0.51 0.56 0.82 0.3648 1.66 0.56 to 4.94

Anti-Jo1

PM/DM 0.15 0.57 0.07 0.7962 1.16 0.38 to 3.57
Dermatomyositis −19.90 9318.37 0.00 0.9983 0.00

Polymyositis 0.84 0.65 1.66 0.1972 2.31 0.65 to 8.20

Anti-RNP

PM/DM −19.65 8059.58 0.00 0.9981 0.00
Dermatomyositis −18.78 6255.66 0.00 0.9976 0.00

Polymyositis −18.38 7951.13 0.00 0.9982 0.00
Anti-SSA, anti-Sjögren’s syndrome-related antigen A; ANA, antinuclear antibody; anti-RNP, anti-
ribonucleoprotein; anti-SSB, anti-Sjögren’s syndrome-related antigen B; PM, polymyositis; DM, dermatomyositis;
CI, confidence interval.

4. Discussion

We reported in our study an association between PM/DM and epilepsy and, to the
best of our knowledge, our cross-sectional study is the first to investigate such a relationship
from a large population-based database.
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Autoimmune/rheumatic disorders have a well-documented link to CNS involvement,
plausibly explained by the concurrent inflammatory process affecting the brain, or the role
of anti-rheumatic therapies employed to treat the underlying disease. In some studies,
RA and SLE have been well associated with a high rate of CNS manifestations, including
epilepsy [7–10].

In the current literature, the association between immune-mediated myopathies and
CNS disorders has not been well investigated and attracted minimal attention, with only a
few clinical reports and cases series delineating a possible association [11,12,25–27].

While the literature has overlooked the connection between PM/DM and epilepsy,
several case reports have proposed a possible link between anti-epileptic drugs (phenytoin
and gabapentin) and the development of PM/DM. One case study suggested the role of
gabapentin, namely by the modulation of calcium channels in skeletal myocytes, in the
development of gabapentin-induced myositis [28–30].

Moreover, both epilepsy and PM/DM share a putative infectious etiology which
could go on to explain such an association. Infections are among the most prevalent risk
factor for acquired epilepsy, mainly involving the CNS, while on the other hand, infectious
myositis may result from immune-mediated mechanisms without directly infecting the
muscle tissue. Further, the treatment of PM/DM patients with immunosuppressive agents
could, in itself, predispose patients to infectious diseases which would result in epilepsy.
Studies have shown that several infectious agents such as bacteria, fungi, parasites, and
viruses could lead to autoimmune/rheumatologic conditions but a plausible mechanism
underlying this association is still to be elucidated [31–33].

In our study, a significant association between PM/DM and epilepsy was documented.
Although not reaching statistical significance, the risk of epilepsy trended positively with
a diagnosis of DM. Another caveat in the current literature is the lack of association
studies between PM/DM and epilepsy biomarkers. Both have an inflammatory infiltrate
in the respective tissue (brain after epileptic seizures and muscle in PM/DM) with shared
cytokine over-expression including IL-1β, IL-6 and TNFα [2,13]. Studies about serum
immune biomarkers in epileptic patients are mainly evaluated after an epileptic seizure
and thus comparison to PM/DM is limited. Moreover, no studies are underway to examine
a biomarker commonly shared by both disorders, although a group of studies report a
shared high concentration of IL-6, TNFα, and Fas in the blood sera of patients [13–17].
Other studies investigated non-immune serum biomarkers—for instance, CK was studied
and found to be independently associated with PM/DM or seizures separately, but no
studies evaluated the interaction and elevation of CK in a cohort of PM/DM patients with
epilepsy as a comorbidity [2,18,19]. Furthermore, seizures caused by autoimmune and
paraneoplastic neurological disorders have been linked to autoantibodies [34,35], none of
which match with those prevalent in PM/DM [20].

Of note, the recent COVID-19 pandemic uncovered possible therapeutic approaches
for refractory epilepsy. This form of epilepsy developing secondary to COVID-19 is sug-
gested to have an autoimmune etiology and a good response to intravenous immunoglob-
ulin treatment was documented [36]. In terms of serum autoantibodies, we could not
identify a statistically significant association between any of the common PM/DM autoanti-
bodies and epilepsy in PM/DM patients. However, we cannot rule out that the association
between PM/DM and epilepsy may be related to the presence of other autoantibodies that
were not included in the routine diagnostic work up of our patients. For instance, epilepsy
is present in 10% of patients with antiphospholipid antibodies [37] and such antibodies
might also be present in PM/DM patients [38].

Although epilepsy represents a high-risk factor for all-cause mortality in the general
population [39,40], epilepsy did not result in increased mortality in PM/DM patients in
our study. Our study has several limitations that warrant consideration. The observa-
tional design and lack of temporal relationship precludes the determination of a causal
relationship between PM/DM and epilepsy. Moreover, input regarding medications used
and disease period was not available. However, these limitations are supplanted by the
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strengths, including the use of data in a real-life setting, thus mirroring existing currents in
the population.

5. Conclusions

Our study reports a significant association between PM and epilepsy. Physicians
should take into consideration this epidemiologic association while treating PM/DM pa-
tients with such comorbidity. More studies are required to further elucidate the mechanisms
underpinning this association.
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with autoimmune rheumatic diseases. Clin. Biochem. 2007, 40, 6–10. [CrossRef]

18. Brigo, F.; Igwe, S.C.; Erro, R.; Bongiovanni, L.G.; Marangi, A.; Nardone, R.; Tinazzi, M.; Trinka, E. Postictal serum creatine kinase
for the differential diagnosis of epileptic seizures and psychogenic non-epileptic seizures: A systematic review. J. Neurol. 2015,
262, 251–257. [CrossRef]

19. Nass, R.D.; Sassen, R.; Elger, C.E.; Surges, R. The role of postictal laboratory blood analyses in the diagnosis and prognosis of
seizures. Seizure 2017, 47, 51–65. [CrossRef]

20. Satoh, M.; Tanaka, S.; Ceribelli, A.; Calise, S.J.; Chan, E.K.L. A Comprehensive Overview on Myositis-Specific Antibodies: New
and Old Biomarkers in Idiopathic Inflammatory Myopathy. Clin. Rev. Allergy Immunol. 2017, 52, 1–19. [CrossRef]

21. Cohen, A.D.; Dreiher, J.; Regev-Rosenberg, S.; Yakovson, O.; Lieberman, N.; Goldfracht, M.; Balicer, R.D. The quality indigators
program in Clalit Health Services: The first decade. Harefuah 2010, 149, 265.

22. Bengtsson, C.; Nordmark, B.; Klareskog, L.; Lundberg, I.; Alfredsson, L. Socioeconomic status and the risk of developing
rheumatoid arthritis: Results from the Swedish EIRA study. Ann. Rheum. Dis. 2005, 64, 1588–1594. [CrossRef]

23. Calixto, O.-J.; Anaya, J.-M. Socioeconomic status. The relationship with health and autoimmune diseases. Autoimmun. Rev. 2014,
13, 641–654. [CrossRef] [PubMed]

24. Findlay, A.R.; Goyal, N.A.; Mozaffar, T. An overview of polymyositis and dermatomyositis. Muscle Nerve 2015, 51, 638–656.
[CrossRef] [PubMed]

25. Vulliemoz, S.; Lurati-Ruiz, F.; Borruat, F.X.; Delavelle, J.; Koralnik, I.J.; Kuntzer, T.; Bogousslavsky, J.; Picard, F.; Landis, T.; Du
Pasquier, R.A. Favourable outcome of progressive multifocal leucoencephalopathy in two patients with dermatomyositis. J.
Neurol. Neurosurg. Psychiatry 2006, 77, 1079–1082. [CrossRef] [PubMed]

26. Jimenez, C.; Rowe, P.C.; Keene, D. Cardiac and Central Nervous System Vasculitis in a Child with Dermatomyositis. J. Child.
Neurol. 1994, 9, 297–300. [CrossRef]

27. Regan, M.; Haque, U.; Pomper, M.; Pardo, C.; Stone, J. Central nervous system vasculitis as a complication of refractory
dermatomyositis. J. Rheumatol. 2001, 28, 207–211. [PubMed]

28. Michael, J.R.; Mitch, W.E. Reversible renal failure and myositis caused by phenytoin hypersensitivity. JAMA 1976, 236, 2773–2775.
[CrossRef]

29. Dimachkie, M.M.; Vriesendorp, F.J.; Heck, K.A. Phenytoin-induced dermatomyositis: Case report and literature review. J. Child.
Neurol. 1998, 13, 577–580. [CrossRef]

30. Coupal, T.M.; Chang, D.R.; Pennycooke, K.; Ouellette, H.A.; Munk, P.L. Radiologic Findings in Gabapentin-Induced Myositis. J.
Radiol. Case Rep. 2017, 11, 30–37. [CrossRef]

31. Vezzani, A.; Fujinami, R.S.; White, H.S.; Preux, P.-M.; Blümcke, I.; Sander, J.W.; Löscher, W. Infections, inflammation and epilepsy.
Acta Neuropathol. 2016, 131, 211–234. [CrossRef] [PubMed]

32. Crum-Cianflone, N.F. Bacterial, Fungal, Parasitic, and Viral Myositis. Clin. Microbiol. Rev. 2008, 21, 473–494. [CrossRef] [PubMed]
33. Zampieri, S.; Ghirardello, A.; Iaccarino, L.; Briani, C.; Sarzi-Puttini, P.; Atzeni, F.; Arienti, S.; Todesco, S.; Doria, A. Polymyositis–

dermatomyositis and infections. Autoimmunity 2006, 39, 191–196. [CrossRef] [PubMed]
34. Serafini, A.; Lukas, R.V.; VanHaerents, S.; Warnke, P.; Tao, J.X.; Rose, S.; Wu, S. Paraneoplastic epilepsy. Epilepsy Behav. 2016, 61,

51–58. [CrossRef]
35. Britton, J. Autoimmune epilepsy. Neurocutan. Syndromes 2016, 133, 219–245. [CrossRef]
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