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A B S T R A C T   

Background: Patients with rheumatic diseases (RDs) like DM are known to be vulnerable towards various types of 
infections due to aggressive disease activity mandating high dose immunosuppressive therapy. The severity of 
COVID-19 in RDs is limited in literature due to the heterogeneous nature of the condition. Therefore, specific 
details on mortality is essential to navigate any precautions required in the treatment. 

Objectives: To determine outcomes of COVID-19 in DM as compared to controls, and identify the risk asso
ciation of gender, race, interstitial lung disease, neoplasms, and use of immunosuppressant. 

Methods: Retrospective data of individuals with DM and COVID-19 and the general population with COVID-19 
between January 2020 to August 2021 was retrieved from the TriNetX database. 1:1 Propensity Score matching 
was used to adjust for confounders. We assessed COVID-19 outcomes such as mortality, hospitalisation, ICU 
admission, severe COVID-19, mechanical ventilation (MV), acute kidney injury (AKI), venous thromboembolism 
(VTE), ischemic stroke, acute respiratory distress syndrome (ARDS), renal replacement therapy (RRT) and sepsis. 
Subgroup analyses included gender, race, ILD, cancer patients, disease-modifying rheumatic drugs (DMARDs) 
use, and glucocorticoids (GC) use. 

Results: We identified 5,574 DM patients with COVID-19, and 5,574 general population with COVID-19 
(controls). DM with COVID-19 had a lower risk of mortality in comparison to controls [RR 0.76], hospital
isation [RR 0.8], severe COVID-19 [RR 0.76], AKI [RR 0.83], and sepsis [RR 0.73]. Males and African Americans 
were more likely to develop AKI [RR 1.35, 1.65], while African Americans had higher odds for severe COVID-19 
[RR 1.62] and VTE [RR 1.54]. DM with ILD group also experienced higher odds for severe COVID-19 infection 
[RR 1.64], and VTE [RR 2.06]. 

DM patients receiving DMARDs and glucocorticoids had higher odds for hospitalisation [RR 1.46, 2.12], and 
sepsis [RR 3.25, 2.4] Subgroup analysis of 5-year neoplasm history amongst DM patients with COVID-19 was 
inadequate for meaningful comparison. 

Conclusion: Dermatomyositis patients without comorbities have reasonable COVID-19 outcomes including 
mortality and hospitalisation. Black race, male gender, ILD, DMARDS and glucocorticoid users, are associated 
with poor outcomes.  
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Introduction 

The severity of Coronavirus disease 2 (COVID-19) in rheumatic dis
eases (RDs) is dependent on several factors, such as underlying condi
tion, treatment received, and general debility, apart from age and co- 
morbidities [1,2]. It is clear that there is a higher risk of COVID-19 on 
autoimmune RD patients, but the individual disease specific risks may 
vary considerably [3,4]. Furthermore, the outcomes of COVID-19 in 
those on immunosuppressive medication for severe RDs such as idio
pathic inflammatory myopathies (IIM) are currently unknown [5–7]. 
Given that each chronic RD has unique clinical and pathogenic features, 
it is essential to study outcomes of COVID-19 infection in specific 
chronic RDs [8]. 

Idiopathic Inflammatory Myopathies (IIMs) are heterogenous and 
the specific vulnerability of subsets such as dermatomyositis (DM) is 
unclear [9–13]. The predominant symptoms of DM are muscle weakness 
and rash, with significant frequency of end organ damage such as 
interstitial lung disease (ILD) and cardiac involvement that can exac
erbate the risk of severe COVID-19 outcomes. Furthermore, an emerging 
spectrum of vasculitis, and vasculopathy has been identified recently in 
COVID-19, identifying another convergence point with certain severe 
forms of DM, specifically patients with anti-MDA5 antibodies [14,15]. 
Moreover, some forms of DM may be predisposed to macrophage acti
vation syndrome (MAS), a condition widely prevalent in severe 
COVID-19 [16–18]. DM is a form of interferonopathy, with possible 
heightened interferon response, which may culminate in accentuated 
viral clearance. Mutations or polymorphisms in anti-MDA5 have been 
proposed to be one of the possible pathogenic pathways, creating a 
gateway for virus driven autoimmunity in certain forms of IIM [19,20]. 
With these considerations, it is imperative to explore the risk and out
comes of COVID-19 in patients with IIM, specifically its most common 
subset, DM. 

Currently, the data on outcomes of COVID-19 in DM is very limited, 
and specific details on the mortality of DM patients due to COVID-19 is 
essential to navigate any precautions required in the treatment [22]. DM 
is often chronic and debilitating, and this information can be crucial in 
devising guidelines for specific risk groups [22]. Hence, we investigated 
the outcomes of COVID-19 in patients with DM compared to the general 
population to understand whether they have a higher or lower risk for 
COVID-19 related complications. 

Methods 

Data source 

This study used TriNetX database, a federated database of over 60 
million electronic medical records of unique patients from around 48 
healthcare organizations (HCOs) at the time of analysis. The TriNetX 
Research Network database includes variables on diagnoses, proced
ures, medications, and lab values when possible, using coding such as 
ICD-10, CPT, RxNorm, and LOINC from all contributing HCOs. All data 
is aggregated, deidentified, and Health Insurance Portability and 
Accountability Act-compliant from member HCOs contributing to the 
TriNetX research network in order to generate statistical summaries. 
Data from typical HCOs are mostly from large academic health centers in 
the USA and their affiliates (~93%) while the rest is from international 
HCO’s. Member HCOs remain anonymous due to a Business Associate 
Agreement contract signed with TriNetX where rights, consents, ap
provals, and authority to provide data is possible as long as sources are 
anonymous, and data is to be used for research purposes. This study was 
considered non-human subjects research and was waived from IRB 
review. 

Study design 

A retrospective comparative cohort study was assembled using 

previous literature [23–26] and the TriNetX database to identify 5,578 
and 859,166 COVID-19 patients with and without DM respectively. 
Subsequently propensity matching was undertaken to account for age, 
sex, race, body mass index, as well as a variety of comorbidities - 
essential hypertension, chronic lower respiratory diseases, diabetes 
mellitus, ischemic heart disease, nicotine dependence, cerebrovascular 
diseases, chronic kidney disease, heart failure and alcohol related dis
orders. A 1:1 propensity matched cohort of 5,574 COVID-19 patients 
with and without DM respectively was formed for analysis. 

Participants 

Adults (≥ 18 yrs) diagnosed with COVID-19 anytime from January 
20, 2020 to August 31, 2021 were first identified. Any patient who was 
vaccinated for COVID-19 prior to infection was excluded. Then patients 
were divided into DM and non-DM cohorts. COVID-19 diagnosis was 
identified by validated International Classification of Diseases 10th 
revision (ICD-10) and positive serology codes as defined by the Center 
Disease Control and Prevention (CDC) and the World Health Organiza
tion (WHO). Identification of Dermatomyositis was based using a 
modified adaption of a previously published classification system by 
Leclair et al [23] to work within the confines of the TriNetX database. 
Inclusion for this study was when ≥ 2 visits with an DM diagnosis code 
were recorded and a follow up visit occurred within 1 year for patients 
with an DM code. All of this must have occurred prior to COVID-19 
infection. 

Outcomes 

COVID-19 outcomes included mortality, hospitalization, intensive 
care unit (ICU) admission, mechanical ventilation, severe COVID-19 
(composite of mechanical ventilation or mortality), acute kidney 
injury (AKI), renal replacement therapy (RRT), acute respiratory distress 
syndrome (ARDS), ischemic stroke, venous thromboembolism (VTE), 
and sepsis. All examined outcomes were assessed within 30 days after 
COVID-19 diagnosis using methods detailed in previous reports 
[24–28]. 

Other variables 

Baseline characteristics included age, gender, race, body mass index 
(BMI), comorbidities (hypertension, chronic lower lung disease, dia
betes mellitus, ischemic heart disease, chronic kidney disease, heart 
failure, cerebrovascular disease, nicotine dependence, alcohol-related 
disorders, and neoplasms). Based on established risk factors for worse 
COVID-19 outcomes, subgroup analysis among DM patients with 
COVID-19 were further evaluated. Examined subgroups included how 
differences in gender race, presence of interstitial lung disease, history of 
neoplasms within 5 years of COVID-19 diagnosis, and 1-year recorded 
use of DMARDs or glucocorticoids affected the risk for COVID-19 related 
complications 

Statistical analysis 

Descriptive statistics were used for baseline characteristics that 
included demographics and comorbidities in the cohorts. A comparative 
analysis of COVID-19 outcomes between DM with COVID-19 as 
compared to non-DM with COVID-19 cohorts was performed. To control 
for confounding variables, propensity score matching was conducted 
using the greedy nearest-neighbor algorithm with a caliper of 0.1 pooled 
standard deviations. Cohorts were considered well-matched if the 
standardized mean difference for confounders was <0.1. Unadjusted 
and adjusted Risk ratios were calculated for all assessed outcomes. The 
standard methodology used for this analysis have been described in 
detail elsewhere [23–25]. A two-sided p value <0.05 was considered 
statistically significant. All statistical analyses were performed on the 
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TriNetX platform. Whenever cell counts were <11, TriNetX requires that 
results be obfuscated in order to protect patient privacy. 

Results 

Baseline characteristics of DM versus controls 

A total of 864,744 adults with COVID-19 were identified during the 
assessed timeframe. 5,578 (0.6%) of these COVID-19 positive patients 
had DM. Prior to matching, DM patients with COVID-19 were older 
(58.45 years ±14.58 years) and there was a higher proportion of females 
(78.92%), and whites (74.45%) (Table 1). Most of the patients had one 
or more risk factors for COVID-19 like hypertension (66.79%), diabetes 
mellitus (33.82%), ischemic heart disease (27.18%), heart failure 
(16.1%), cerebrovascular disease (19.5%), nicotine dependence (23%), 
history of neoplasms (67%), alcohol related disorder (7.8%), and 
chronic lower respiratory disease (57%). After matching, the standard
ized mean difference for all baseline characteristics was <0.1, a sign that 
confounders were well-controlled. 

Comparison of unmatched and matched COVID-19 outcomes 

In unmatched analysis, DM patients with COVID-19 had a higher risk 
of being hospitalized (16.8% vs 14.6%, RR 1.15[1.08,1.22]), ICU 
admission (3.3% vs 2.4%, RR 1.41[1.23,1.63]), ARDS (1.5% vs 1.1% RR 
1.28[1.03,1.59]), Ischemic stroke (1.3% vs 0.6%, RR 2.18[1.73, 2.74]), 
VTE (2.9% vs 1.5%, RR 1.96[1.69, 2.29]), AKI (5.5% vs 3.9%, RR 1.43 
[1.28, 1.6]), and sepsis (3.7% vs 3.1%, RR 1.19[1.04, 1.37]) with no 
differences in other outcomes. In matched analysis, DM patients had 
decreased mortality in comparison to those without DM in the setting of 
COVID-19 (2%vs 2.6%, aRR 0.76 [0.6, 0.97]) (Table 2). Patients with 
DM also experienced fewer hospitalizations (16.8% vs. 21.1%, aRR 0.8 
[0.74,0.86]), acute kidney injury (5.5% vs 6.7%, aRR 0.83 [0.72,0.96]), 

sepsis (3.7% vs. 5%, aRR 0.73[0.62,0.88]), and overall less severe 
COVID-19 infections (3.1% vs. 4.1%, aRR 0.76 [0.63,0.92]) when 
compared to the control group (Table 2). No significant difference was 
observed in the number of RRT, mechanical ventilation, critical care/ 
ICU admission, ARDS, ischemic stroke and VTE between the two 
matched cohorts. 

Matched Subgroup analysis of gender 

Among the DM patients with COVID-19, males (n=1141) more likely 
to develop the major complication of AKI with COVID-19 in comparison 
to females (8.5% vs 6.3%, aRR 1.35 [1.01,1.81]) (Supplementary Table 
2). No statistical difference was found in other outcomes between the 
genders. 

Matched Subgroup analysis of race 

Among the DM patients with COVID-19, Blacks (n=970) experienced 
more hospitalizations (20.4% vs. 16.8%, aRR 1.21[1.01,1.46]), me
chanical ventilation (3.4% vs 1.9%, aRR 1.83[1.04,3.23]), AKI (8.7% vs. 
5.3%, aRR 1.65[1.18,2.31]), VTE (5.6% vs. 3.6%, aRR 1.54[1.02, 2.34]) 
and overall severe COVID-19 infection (4.3% vs 2.7%, aRR 1.62[1.01, 
2.61]) in comparison to whites (Supplementary Table 3). However, the 
mortality among black patients were similar to white patients. 

Matched Subgroup analysis of Interstitial Lung Disease 

Among the DM patients with COVID-19, those with ILD (n=382) 
experienced a higher number of hospitalizations (37.2% vs. 28.5%, aRR 
1.3[1.06,1.6]) and severe COVID-19 infection (10.7% vs. 6.5%, aRR 
1.64[1.02,2.64]) in comparison to those with DM COVID-19 patients 
without ILD (Supplementary Table 4). An increased likelihood of VTE 
was also observed in those with ILD as opposed to those without (8.6% 

Table 1 
Baseline demographics and comorbidities of unmatched and matched cohort of myositis with COVID-19 as compared to controls.  

Characteristics Unmatched DM with 
COVID-19 

Unmatched General population 
with COVID-19 

Matched DM with 
COVID-19 

Matched General population 
with COVID-19 

Total numbers N = 5,578 N = 859,166 Standard Mean 
Difference 

N = 5,574 N =5,574 Standard Mean 
Difference  

Age at Index 58.46±14.58 47.5±18.62 0.656 58.45±14.58 58.95 
±15.15 

0.034  

Female 4403 (78.94%) 467889 
(54.46%) 

0.538 4399 (78.92%) 4368 
(78.36%) 

0.014  

BMI 32.1±7.58 30.57±7.5 0.204 32.09±7.58 32.85±7.72 0.099 
RACE White 4154 (74.47%) 529948 

(61.68%) 
0.277 4150 (74.45%) 4228 

(75.85%) 
0.032 

Black 985 (17.66%) 156260 
(18.19%) 

0.014 985 (17.67%) 917 
(16.45%) 

0.032 

COMORBIDITIES Hypertension 3727 (66.82%) 215211 
(25.05%) 

0.923 3723 (66.79%) 3747 
(67.22%) 

0.009 

CKD 993 (17.8%) 43365 (5.05%) 0.409 990 (17.76%) 968 
(17.37%) 

0.01 

Diabetes mellitus 1889 (33.87%) 104305 
(12.14%) 

0.534 1885 (33.82%) 1923 
(34.5%) 

0.014 

IHD 1516 (27.18%) 62753 (7.3%) 0.545 1515 (27.18%) 1454 
(26.09%) 

0.025 

HF 898 (16.1%) 35174 (4.09%) 0.407 897 (16.09%) 848 
(15.21%) 

0.024 

CVD 1087 (19.49%) 37116 (4.32%) 0.482 1083 (19.43%) 1008 
(18.08%) 

0.034 

Nicotine Dependence 1285 (23.04%) 60529 (7.05%) 0.459 1281 (22.98%) 1279 
(22.95%) 

0.001 

Neoplasms 3756 (67.34%) 144764 
(16.85%) 

1.19 3752 (67.31%) 3767 
(67.58%) 

0.006 

Alcohol Related Disorder 378 (6.78%) 19292 (2.25%) 0.22 374 (6.71%) 328 (5.88%) 0.034 
Chronic Lower 
Respiratory Diseases 

3180 (57.01%) 117805 
(13.71%) 

1.016 3176 (56.98%) 3197 
(57.36%) 

0.008 

CKD- Chronic kidney disease, IHD- Ischemic heart disease, HF- Heart failure, CVD- Cerebrovascular disease.  
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Table 2 
Frequency and comparison of adverse outcomes related to COVID-19 infection between propensity-matched myositis cohort with COVID-19 as compared to control.  

Parameters Unmatched DM 
with COVID-19 

Unmatched General 
population with COVID- 
19  

Matched DM 
with COVID-19 

Matched General 
population with 
COVID-19  

Outcome N = 5,578 N = 859,166 Risk Ratio Risk Difference p-value N = 5,574 N =5,574 Adjusted Risk 
Ratio 

Risk Difference p- 
value 

Mortality 2% (112/5578) 1.8% (15527/859166) 1.11 
(0.92,1.34) 

0.2% 
(-0.17%,0.57%) 

0.262 2% (112/5574) 2.6% (147/5574) 0.76 
(0.6,0.97) 

-0.63% (-1.19%,- 
0.07%) 

0.028 

Renal Replacement Therapy 0.3% (19/5485) 0.3% (2630/852378) 1.12 
(0.72,1.76) 

0.04% 
(-0.12%,0.19%) 

0.615 0.3% (19/5482) 0.5% (26/5457) 0.73 
(0.4,1.31) 

-0.13% 
(-0.37%,0.11%) 

0.289 

Mechanical Ventilation 1.9% (107/5578) 1.8% (15791/859166) 1.04 
(0.86,1.26) 

0.08% 
(-0.28%,0.44%) 

0.656 1.9% (107/5574) 2.4% (136/5574) 0.79 
(0.61,1.01) 

-0.52% 
(-1.06%,0.02%) 

0.060 

Hospitalization 16.8% (939/5578) 14.6% (125783/859166) 1.15 
(1.08,1.22) 

2.19% 
(1.21%,3.18%) 

<0.001 16.8% (938/ 
5574) 

21.1% (1174/5574) 0.8 
(0.74,0.86) 

-4.23% (-5.69%,- 
2.78%) 

0.000 

Critical Care/ICU Admission 3.3% (186/5578) 2.4% (20268/859166) 1.41 
(1.23,1.63) 

0.98% 
(0.5%,1.45%) 

<0.001 3.3% (186/5574) 3.8% (213/5574) 0.87 
(0.72,1.06) 

-0.48% 
(-1.17%,0.21%) 

0.169 

ARDS 1.5% (82/5578) 1.1% (9866/859166) 1.28 
(1.03,1.59) 

0.32% 
(0.01%,0.64%) 

0.025 1.5% (82/5574) 1.5% (85/5574) 0.96 
(0.71,1.3) 

-0.05% 
(-0.5%,0.4%) 

0.815 

Severe COVID 
(Mortality+Ventilation) 

3.1% (174/5578) 2.8% (24329/859166) 1.1 
(0.95,1.28) 

0.29% 
(-0.17%,0.75%) 

0.197 3.1% (174/5574) 4.1% (229/5574) 0.76 
(0.63,0.92) 

-0.99% (-1.68%,- 
0.29%) 

0.005 

Ischemic Stroke 1.3% (74/5578) 0.6% (5231/859166) 2.18 
(1.73,2.74) 

0.72% 
(0.42%,1.02%) 

<0.001 1.3% (74/5574) 1.5% (85/5574) 0.87 
(0.64,1.19) 

-0.2% 
(-0.64%,0.24%) 

0.380 

VTE 2.9% (163/5578) 1.5% (12779/859166) 1.96 
(1.69,2.29) 

1.43% 
(0.99%,1.88%) 

<0.001 2.9% (163/5574) 2.7% (153/5574) 1.07 
(0.86,1.32) 

0.18% 
(-0.44%,0.8%) 

0.568 

AKI 5.5% (308/5578) 3.9% (33170/859166) 1.43 
(1.28,1.6) 

1.66% 
(1.06%,2.26%) 

<0.001 5.5% (308/5574) 6.7% (371/5574) 0.83 
(0.72,0.96) 

-1.13% (-2.02%,- 
0.24%) 

0.013 

Sepsis 3.7% (205/5578) 3.1% (26447/859166) 1.19 
(1.04,1.37) 

0.6% 
(0.1%,1.09%) 

0.010 3.7% (205/5574) 5% (279/5574) 0.73 
(0.62,0.88) 

-1.33% (-2.08%,- 
0.57%) 

0.001 

ICU- Intensive care unit, AKI- Acute kidney injury, ARDS- Acute respiratory distress syndrome, VTE- Venous thromboembolism  
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vs. 4.2%, aRR 2.06 [1.15,3.68]) (Supplementary Table 4). 

Matched Subgroup analysis of DMARDs 

DM patients with COVID-19 and a 1-year history of DMARDs use 
(n=457) compared to those without DMARD use (n=457) had higher 
hospitalizations (26.3% vs. 17.9, aRR 1.46[1.14,1.88]), ICU admissions 
(6.1% vs 3.1%, aRR 2.00[1.07,3.75]), severe COVID-19 (5.9% vs. 2.6%, 
aRR 2.25 [1.15,4.39]) and sepsis (8.5% vs. 2.6%, aRR 3.25 [1.72,6.13]) 
(Supplementary Table 5). 

Matched Subgroup analysis of neoplasms 

The data for the presence and absence of neoplasms in DM patients 
within 5 years prior to infection (n=969) was inadequate for meaningful 
comparison, however, intergroup comparison did not yield any differ
ence in outcomes between the two groups (Supplementary Table 6). 

Matched Subgroup analysis of glucocorticoids 

The occurrence of hospitalization amongst DM patients with COVID- 
19 with a 1-year history of gluccorcoticoid use (n=690) was found to be 
higher than those that were not taking glucocorticoids within the past 
year (17.8% vs. 8.4%, aRR 2.12[1.58,2.85]) (Supplementary Table 7). 
Patients with glucocorticoid history for one year also had a higher risk of 
developing AKI (5.4% vs. 2.5%, aRR 2.18), and sepsis (3.5% vs 1.4%, 
aRR 2.4) (Supplementary Table 7). 

Discussion 

This was a retrospective cohort analysis of 5,574 patients with DM 
and COVID-19 versus 859,166 non-DM patients with COVID-19 fol
lowed by a 1:1 propensity matched analysis. The COVID-19 outcomes of 
matched DM patients exhibited lower mortality, hospitalization, severe 
COVID-19, AKI and sepsis. Therefore, DM could be assumed as a pro
tective factor against COVID-19. However, conventional risk factors 
such as the male gender and the black race predisposed individuals with 
DM to worse outcomes. Additionally, matched patients with ILD and 
those on DMARDs and glucocorticoids fared worse, with higher occur
rences of severe COVID-19 infection. 

These observations are surprising and almost counter intuitive, as 
patients with chronic RDs, particularly those with debilitating illnesses 
such as DM are expected to be more vulnerable to severe COVID-19 
[21]. In fact, most patients with IIM have been anxiety ridden and 
shielding during the entirety of the pandemic [22]. While outcomes of 
COVID-19 in individual RDs such as RA suggest worse outcomes, it is 
possible that DM patients were shielding better due to wider awareness 
of risks incurred by the sheer severity of underlying IIM. The incidence 
of COVID-19 on IIM patients is relatively low as reported by many 
studies, however, they are also strongly recommended to adhere to 
prevention measures and their former treatment plans [27,28]. 

While favorable outcomes of this study are noteworthy, it seems 
imperative for physicians to still account for biases while triaging pa
tients with RDs, particularly during waves in the pandemic when bed 
availability may be limited. The hospitalization and mortality rates in 
matched DM patients are lower in comparison to the general population 
in our study according to Table 2. The use of particular immunosup
pression medications in DM patients may be a protective factor in this 
case, as suggested by a previous study done on systemic lupus erythe
matosus [29]. On the other hand, our results on patients taking gluco
corticoids show a higher risk of a multitude of outcomes such as 
hospitalization, AKI and sepsis. Our analysis on matched DM patients 
with COVID-19 taking DMARDs also show higher risk in hospitalization, 
severe COVID-19 outcomes, ICU admissions, and sepsis. Generally, the 
use of biological DMARDs, such as Ritixumab, are known to be associ
ated with a higher immunosuppressed state which increases the risk of 

opportunistic infections [39,40]. This is in alignment with trends of 
higher COVID-19 mortality among other research cohorts with auto
immune diseases like myasthenia gravis and inflammatory RDs on 
Ritixumab, in contrast to those on conventional DMARDs who survive 
fairly better [39,41,42]. Ritixumab had also shown severe COVID-19 
outcomes in a study done on rheumatoid arthritis patients with 
COVID-19 [43]. Thus the identification on what kind of immunosup
pressants can be protective against COVID-19 should be further inves
tigated. It could also be plausible that pathogenic pathways specific to 
IIM provide them a distinctive advantage in survival. The pathophysi
ology being that COVID-19 associated ARDS is caused by the cytokine 
storm, which is the hyperactivation of T-cells, however, in patients with 
autoimmune diseases that are being treated with immunosuppressants 
such as DMARDS, the cytokine storm is inactivated thus preventing the 
advancement to ARDS. Additionally, interferons which are key antiviral 
cytokines are elevated in majority of the individuals with autoimmune 
disease, which may have some protective effect against the SARS-CoV-2 
virus [30]. A head-to-head comparison of various RDs with sizable 
numbers may provide further insights into this hypothesis and pave the 
way for further in vitro studies to understand this aspect. 

One potential area of concern in the setting of COVID-19 seems to be 
VTE as observed to be higher in matched patients with DM and COVID- 
19. The risk of VTE is already high in the COVID-19 infection alone, but 
with the added disease of DM, the risk is greater than in the general 
population [31,32]. We found an accentuated risk of VTE in the matched 
subset with ILD, which may be contributed by immobility due to the 
lung condition. The contribution of VTE in most autoimmune rheumatic 
diseases is because of chronic inflammation and/or the presence of the 
antiphospholipid syndrome (APLs) [33]. However, APLs are rare in IIM, 
and transient in COVID-19 [34]. NETosis is known to contribute to 
inflammation and thrombosis in both COVID-19 and IIM, and the pos
sibility of its interplay with transient aPLs merits further exploration. 

Thrombosis is also an area of overlap for several forms of IIM, such as 
anti-MDA5 positive disease, which may at times be confused with 
COVID-19 [35]. However, the current data set does not include details 
on myositis autoantibodies, limiting further analysis. Whether similar 
pathogenic pathways in both diseases (COVID-19 and anti-MDA5 posi
tive disease) lead to protective effect in viral clearance is a hypothesis 
worth exploring. Activated IFN pathways may also accentuate viral 
clearance, potentially limiting viral load and reducing disease severity. 
Studies in other IFN driven diseases such as systemic lupus erythema
tosus may render a clearer picture in this regard. 

The current study identified conventional risk factors such as the 
male gender, which faced an increased risk of AKI in the matched 
COVID-19 with myositis cohort, and the black ethnicity, which experi
enced a higher risk of mechanical ventilation, hospitalization, severe 
COVID-19, VTE and AKI in the matched COVID-19 with myositis cohort. 
This could be due to a genetic predisposition which is known in this 
population however absence of individual data is a limitation from 
TrinetX database [36]. Many studies show that cancer patients with 
COVID-19 in comparison to cancer patients without COVID-19 have a 
higher probability of mortality and are strongly recommended to adhere 
to preventive measures [37,38]. Therefore, more data is required to 
identify the severe outcomes between DM cancer patients with 
COVID-19 and those without the infection. 

Our study also showed a higher risk of severe COVID-19 outcomes 
and hospitalization, amongst matched ILD patients versus non-ILD pa
tients. COVID-19 attacks the respiratory system by terminating its host 
with ARDS. ILD and other structural lung diseases such as COPD are 
known to contribute to severe COVID-19 [44–46]. A study done on ILD 
patients with COVID-19 versus non ILD patients with COVID-19 showed 
that the former was of a higher risk and the susceptibility of COVID-19 
was not different by the type of ILD including that associated with CTD 
[47]. 

The limitations in our study stem from the TriNetX database itself, 
such as the nondisclosure of the health care organizations from which 
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the data is obtained and the dependency of this study data quality of the 
contributing networks. The cohort was classified through ICD codes and 
therefore would not necessarily meet the current classification for IIM. 
This was evident in the approach our study used to identify DM patients 
when utilizing a modified adaption of the algorithm proposed by Leclair 
et al. Since identification was based on ICD 10 codes without any indi
cation on whether DM was diagnosed by a specialist (dermatologist, 
internist, neurologist, or rheumatologist) as in the Leclair et al algo
rithm, it is possible that some patients may have been misclassified as 
DM and included in this study [45,46]. Additionally the proportion of 
cancer was overrepresented in our study population as 5-year history of 
both benign and malignant neoplasms prior to COVID-19 infection were 
included in the analysis. Therefore it was not possible to discern current 
cancer status or whether patients had myositis associated cancer due to 
the aggregate nature of the dataset.. Further limitations include not 
being able to analyze individualized data, the lack of information about 
disease activity at time of infection, and severity of DM in patients. Our 
results are on a large-scale database including multiple healthcare 
centers with deidentified data, therefore, our sample is representative 
and generalizable. The results were compared against propensity 
matching which allowed us to identify additional factors such as sex, 
age, and comorbidities in determining poor COVID-19 outcomes. 

Conclusion 

Dermatomyositis patients without comorbities have reasonable 
COVID-19 outcomes, including a lower risk of severe COVID-19, hos
pitalization, and even mortality, among others. The intake of DMARDs 
and glucocorticoids is associated with higher sepsis and AKI. The black 
race, male gender, and ILD, are also associated with poor outcomes. 
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