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Objective: Dermatomyositis (DM) is an autoimmune disease characterized by chronic muscle inflammation and weakness. Patients 
with DM are at an increased risk of thromboembolic events (TEs). This study aimed to investigate the prevalence of TEs in DM and to 
identify the independent predictors.
Methods: A total of 543 patients hospitalized for DM within the past 10 years were analyzed retrospectively and compared with patients 
with DM with and without TEs for demographic, clinical, and laboratory characteristics. The independent predictors were analyzed using 
multivariate logistic regression analysis. The diagnostic performance was calculated by a receiver operating curve (ROC).
Results: Twenty-two (4.1%) patients with DM had TEs, including 12 (54.5%) with venous thromboembolism and 10 (45.5%) with 
arterial thromboembolism. Multivariate logistic regression analysis demonstrated that glucocorticoid therapy (odds ratio (OR)=0.003, 
95% confidence interval (CI) 0.00–0.03, P<0.001) was a protective factor for the patients with DM developing TEs, whereas increased 
D-Dimer (OR=1.885, 95% CI 1.21–2.95, P=0.006) was a risk factor. The combined ROC analysis of glucocorticoid therapy and 
D-Dimer indicated high diagnostic values in distinguishing patients with both DM and TEs from patients without TEs, with 86.4% 
sensitivity, 98.9% specificity, and 0.983 area under the ROC curve (95% CI 0.962–1.000, P<0.001).
Conclusion: Patients with DM who have never received glucocorticoid therapy and have increased D-Dimer (>1.3 mg/L fibrinogen 
equivalent units) should be screened for TEs.
Keywords: Dermatomyositis, thromboembolic events, prevalence, risk factors

Introduction
Idiopathic inflammatory myopathies (IIMs) are a heterogeneous group of autoimmune disorders characterized by chronic 
muscle inflammation and weakness. IIMs have an incidence of 0.2 to 2 per 100,000 person-years and a prevalence of 2 of 
25 per 100,000 people.1–4 Dermatomyositis (DM) is a common clinical IIM subtype, primarily presenting with skin 
manifestations, which can affect the lungs, joints, esophagus, and heart.5 The prevalence of DM is approximately 1 to 
6 per 100,000 people, with a predominance in women. The average age at diagnosis in adults ranges from 40 to 60 
years.6,7 Early diagnosis and more effective drug treatment improve DM; nonetheless, the patients have greater mortality 
than the general population.8 Before the introduction of corticosteroids in DM treatment, its prognosis was poor, with 
mortality ranging from 50% to 61%.7

Thromboembolic events (TEs) are caused by at least one of these potential factors such as endothelial damage, 
stagnant blood flow, and blood hypercoagulability.9–11 DM is typically characterized by systemic inflammation, which 
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can result in a hypercoagulable state associated with endothelial dysfunction, leading to TEs.12 TEs presentation in 
patients with DM is often sudden but may be asymptomatic.13 Patients with DM demonstrate a 2.85 to 4.36-fold 
increased risk of TEs,4,14–16 which includes thrombosis in veins and arteries. Venous thrombosis primarily includes 
venous thromboembolism (VTE), a multifactorial disease manifesting as either deep vein thrombosis (DVT) or 
pulmonary embolism (PE). Arterial thromboembolism (ATE) primarily includes acute coronary syndrome and cerebral 
infarction. TEs are serious complications of DM because they have been associated with a case-fatality rate of up to 30% 
within 30 days.17

The prevalence of DM with TEs in Southeast China remains unclear. Additionally, the TEs-associated independent 
predictors in patients with DM have not been thoroughly identified. In this study, we retrospectively reviewed 543 hospi
talized patients with DM for the prevalence of TEs within the past 10 years at our hospital. The demographic characteristics, 
clinical features, laboratory data, and treatments were recorded to identify the independent factors for TEs.

Methods
Study Design and Patients
Patients who were hospitalized for DM in The First Affiliated Hospital of Sun Yat-sen University from January 2014 to 
December 2023 were selected for this study. To identify DM cases, we compiled a list of all patients aged ≥18 years with 
at least one International Classification of Diseases 10 code for DM (M33.0–1, M33.9). Using their manual medical 
records, they were evaluated for adult-onset DM according to the European League Against Rheumatism/American 
College of Rheumatology 2017 classification criteria.18 This criterion is used to identify a well-defined, relatively 
homogenous population of individuals with DM. Any individual with definite DM as indicated by a score ≥7.5 without 
muscle biopsy or ≥8.7 with muscle biopsy, along with at least one of the three skin criteria, met the criteria for DM.18 

Patients with active DM or those with other autoimmune diseases at presentation were excluded. TEs were determined by 
ultrasonography, computed tomography, magnetic resonance imaging, or angiogram. This study was approved by the 
Ethics Committee of the First Affiliated Hospital of Sun Yat-sen University in China, and the requirement for written 
informed consent was waived because of the retrospective analysis of the anonymized data (No. IIT-2021-778). We 
confirmed that the data maintained with confidentiality and compliance with the Declaration of Helsinki.

Data Acquisition and Laboratory Tests
Demographic and clinical information was collected from the hospitalization records, including types of TEs, age at 
sample collection, sex, complications, medications, and laboratory indices. Creatine kinase (CK) was measured with an 
AU5800-automatic biochemical analyzer using Beckman reagents (Beckman Coulter, CA, USA). Hemoglobin (HGB) 
and the following laboratory indices were collected: inflammatory markers, such as white blood cells, neutrophils, 
lymphocytes, C-reactive protein, erythrocyte sedimentation rate, procalcitonin (PCT), ferritin, serum amyloid A, fibrino
gen, complement 3, and complement 4; coagulation parameters, such as platelets, D-Dimer, anticardiolipin immunoglo
bulin G, and β2 glycoprotein 1 immunoglobulin G; and cardiac injury indicators, such as creatine kinase-myocardial 
band, troponin T, and N-terminal prohormone of brain natriuretic peptide (NT-proBNP). Serum autoantibodies against 16 
autoantigens (Jo-1, OJ, EJ, PL-7, PL-12, MDA5, TIF1γ, SAE1, Mi-2α, Mi-2β, NXP2, SRP, Ku, PM-Scl75, PM-Scl100, 
and Ro-52) were measured using a commercial line blot assay (EUROLINE Autoimmune Inflammatory Myopathies 16 
Ag [IgG] Euroimmun, Lubeck, Germany).19

Statistical Analysis
Statistical analysis was performed using SPSS Statistics version 26 (IBM Corporation, NY, USA) and GraphPad Prism 
version 9 (GraphPad Software, CA, USA). Continuous variables with normal or non-normal distributions are expressed 
as mean ± standard deviation (SD) or median (interquartile range [IQR]). Categorical variables are presented as 
percentages. Student’s t-test was conducted to compare the normally distributed parameters, whereas the Mann– 
Whitney test was conducted to compare the non-normally distributed parameters. Categorical variables were compared 
using the Chi-squared test or Fisher’s exact test. Potential predictors for TEs in patients with DM were identified using 
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a univariate logistic regression model. Significant univariate predictors (P<0.05) were entered into multivariable logistic 
regression (stepwise forward algorithm) to identify the independent factors. A receiver operating characteristic (ROC) 
curve was plotted to evaluate the sensitivity and specificity. The optimal cut-off value was determined by the maximal 
Youden index (sensitivity+specificity-1). A P-value <0.05 was considered statistically significant.

Results
Patient Selection
We enrolled a retrospective cohort of 543 patients with DM and identified 22 patients with TEs. The prevalence of TEs 
was 4.1% in patients with DM. The most common types of TEs were VTE (54.5%), including DVT (36.4%) and PE 
(18.2%) (Table 1). DVT was predominant in the lower limbs (31.8%) than in the upper limbs (4.5%). ATE comprised 
45.5% of TEs, primarily represented by cerebral stroke (36.4%), followed by acute coronary syndrome (9.1%). Four 
patients without TEs were randomly selected for each case. They were matched by their age, admission location (medical 
ward), and admission date. Thus, 110 patients with DM, including 22 patients with TEs and 88 patients without TEs were 
enrolled (Figure 1).

Comparison of Characteristics Between Patients with DM with and without TEs
Tables 2–4 summarize the demographic, clinical, and laboratory data of the 110 patients. Compared with patients without 
TEs, patients with TEs were older (mean age 63.1 years vs 50.1 years, P<0.001) and had a higher prevalence of 
hypertension (31.8% vs 10.8%, P=0.041) and a lower proportion of glucocorticoid (22.7% vs 98.9%, P<0.001) and 
immunosuppressant (45.5% vs 92.0%, P<0.001) therapies (Table 2). The levels of PCT (median 0.17 vs 0.07 ng/mL, 
P<0.001), D-Dimer (median 2.5 vs 0.90 mg/L fibrinogen equivalent units (FEU), P<0.001), and NT-proBNP (median 
488.7 vs 84.2 pg/mL, P<0.001) were significantly higher in patients with TEs (Table 3). Conversely, HGB levels (median 
107.0 vs 128.5 g/L, P=0.005) were significantly lower in patients with TEs (Table 3). Additionally, no significant 
differences in myositis-related autoantibodies were observed between the groups (Table 4).

Independent Predictors of TEs in Patients with DM
Univariate logistic regression suggested that age (OR=1.077, 95% CI 1.03–1.12, P<0.001), hypertension (OR=3.837, 
95% CI 1.24–11.91, P=0.020), glucocorticoids (OR=0.003, 95% CI 0.00–0.03, P<0.001), immunosuppressants 
(OR=0.072, 95% CI 0.02–0.23, P<0.001), HGB (OR=0.971, 95% CI 0.95–0.99, P=0.005), D-Dimer (OR=2.294, 95% 
CI 1.44–3.65, P<0.001), and NT-ProBNP (OR=1.006, 95% CI 1.00–1.01, P<0.001) were the potential predictors of TEs 
(Table 5). Multivariable logistic regression suggested that glucocorticoid therapy (OR=0.003, 95% CI 0.00–0.03, 
P<0.001) was a protective factor for patients with DM developing TEs, whereas increased D-Dimer (OR=1.885, 95% 
CI 1.21–2.95, P=0.006) was a risk factor (Table 5).

Table 1 Types of Thromboembolic Events in Patients with 
Dermatomyositis

Thromboembolic events (TEs) Number of cases (%)

Total 22 (100%)
Venous thromboembolism (VTE) 12 (54.5%)

Deep vein thrombosis (DVT) 8 (36.4%)

Lower limbs 7 (31.8%)
Upper limbs 1 (4.5%)

Pulmonary embolism (PE) 4 (18.2%)

Arterial thromboembolism (ATE) 10 (45.5%)
Acute coronary syndrome 2 (9.1%)

Cerebral stroke 8 (36.4%)
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Diagnostic Performance of Glucocorticoid Therapy and D-Dimer for TEs in Patients 
with DM
The diagnostic performance of glucocorticoid therapy to differentiate the patients with and without TEs presented 77.3% 
sensitivity, 98.9% specificity, and 0.881 AUC (95% CI 0.774–0.987, P<0.001) (Figure 2). The ROC analysis suggested 
an optimal D-Dimer cut-off value of 1.3 mg/L FEU to differentiate the patients with and without TEs, with 86.4% 
sensitivity, 79.5% specificity, and 0.893 AUC (95% CI 0.831–0.954, P<0.001). Upon combining glucocorticoid therapy 
and D-Dimer to differentiate the patients with and without TEs, the AUC increased to 0.983 (95% CI 0.962–1.000, 
P<0.001), with 86.4% sensitivity and 98.9% specificity.

Discussion
DM is a systemic autoimmune disorder with activated inflammatory response and infiltrated inflammatory cells into the 
skeletal muscle.12 TEs, including VTE and ATE, are potentially fatal complications in patients with DM, of which VTE 

Figure 1 Flow-chart of patient selection. 
Abbreviations: DM, dermatomyositis; TEs, thromboembolic events; CT, computed tomography; MRI, magnetic resonance imaging; VTE, venous thromboembolism; ATE, 
arterial thromboembolism.

Table 2 Comparison of Demographic Characteristics, Complications and Treatment Between TEs and Non-TEs 
Groups

Total (N=110) % or  
mean±SD

TEs (n=22) % or  
mean±SD

Non-TEs (n=88) % or  
mean±SD

P value

Age, years 52.7±14.2 63.1±14.5 50.1±13.0 <0.001

Gender, female 72.7% 68.2% 73.9% 0.592

Complications
Hypertension 15.2% 31.8% 10.8% 0.041

Diabetes mellitus 10.5% 9.1% 10.8% 1.000

Coronary heart disease 3.8% 4.5% 3.6% 1.000
Treatment

Oral/intravenous glucocorticoids 83.6% 22.7% 98.9% <0.001

Immunosuppressants 82.7% 45.5% 92.0% <0.001
Intravenous immunoglobulin 21.8% 4.5% 26.1% 0.057

Abbreviations: TEs, thromboembolic events; SD, standard deviation.
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Table 3 Comparison of Laboratory Characteristics Between TEs and Non-TEs Groups

Total (N=110)  
mean±SD or 

median (IQR)

TEs (n=22)  
mean±SD or 
median (IQR)

Non-TEs (n=88)  
mean±SD or 
median (IQR)

P value

CK, U/L 77.0 (39.5–222.5) 72.0 (39.0–396.5) 78.5 (38.8–211.8) 0.909

HGB, g/L 126.0 (106.0–135.3) 107.0 (83.3–128.0) 128.5 (112.5–136.0) 0.005
Inflammatory markers

WBC, ×10^9/L 7.3 (5.8–10.6) 7.6 (5.8–12.6) 7.3 (5.7–10.5) 0.773

Neutrophils, ×10^9/L 5.4 (3.8–8.5) 5.5 (3.8–10.7) 5.4 (3.8–8.4) 0.483
Lymphocytes, ×10^9/L 1.2±0.6 1.0±0.7 1.2±0.6 0.162

CRP, mg/L 5.6 (2.0–29.5) 114.6 (4.1–79.3) 4.4 (1.7–13.4) 0.054
ESR, mm/h 34.0 (16.0–53.0) 31.5 (16.8–43.0) 34.0 (13.5–63.0) 0.453

PCT, ng/mL 0.07 (0.07–0.12) 0.17 (0.12–0.35) 0.07 (0.07–0.07) <0.001

Ferritin, μg/L 675.8±521.5 887.7±556.6 534.6±475.6 0.210
SAA, mg/L 18.5 (9.0–83.8) 24.9 (17.9–339.0) 14.5 (7.1–53.8) 0.092

Fibrinogen, g/L 3.1 (2.5–4.2) 3.6 (2.8–4.3) 3.0 (2.4–4.0) 0.088

C3, g/L 0.95±0.19 0.91±0.25 0.96±0.18 0.389
C4, g/L 0.22 (0.19–0.30) 0.22 (0.17–0.26) 0.22 (0.19–0.30) 0.472

Coagulation parameters

Platelets, ×10^9/L 246.2±89.0 227.9±82.1 250.8±90.5 0.259
D-Dimer, mg/L FEU 0.90 (0.72–1.65) 2.5 (1.5–3.7) 0.90 (0.53–1.19) <0.001

aCL-IgG, CU 3.0 (3.0–5.5) 4.0 (3.0–6.3) 3.0 (3.0–5.0) 0.529

β2GP1-IgG, CU 6.4 (6.4–6.4) 6.4 (6.4–11.5) 6.4 (6.4–6.4) 0.519
Cardiac injury indicators

CK-MB, ng/mL 2.0 (1.2–4.8) 2.6 (1.3–6.9) 1.9 (1.1–4.8) 0.508

TnT, ng/mL 0.03 (0.01–0.07) 0.05 (0.02–0.16) 0.03 (0.01–0.06) 0.053
NT-proBNP, pg/mL 84.2 (83.4–326.2) 488.7 (487.5–539.0) 84.2 (70.7–157.8) <0.001

Abbreviations: TEs, thromboembolic events; SD, standard deviation; IQR, interquartile range; CK, creatine kinase; HGB, hemoglobin; 
WBC, white blood cell; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PCT, procalcitonin; SAA, serum amyloid A; C3, 
complement 3; C4, complement 4; FEU, fibrinogen equivalent units; aCL, anticardiolipin; β2GP1, β2 glycoprotein 1; IgG, immunoglobulin 
G; CK-MB, creatine kinase isoenzyme MB; TnT, troponin T; NT-proBNP, N-terminal prohormone of brain natriuretic peptide.

Table 4 Comparison of Myositis-Related Autoantibodies Between TEs and Non-TEs 
Groups

Autoantibodies Total (N=110) % TEs (n=22) % Non-TEs (n=88) % P value

MSA†

Jo-1 20.0% 9.1% 21.7% 0.303

OJ 1.3% 0.0% 1.4% 1.000
EJ 7.5% 0.0% 8.7% 0.313

PL-7 3.8% 0.0% 4.3% 0.582

PL-12 6.3% 0.0% 7.2% 0.462
MDA5 42.0% 27.3% 44.3% 0.146

TIF1γ 16.0% 18.2% 15.7% 1.000

Mi-2α 3.7% 0.0% 4.3% 0.582
Mi-2β 8.6% 9.1% 8.6% 1.000

NXP2 4.5% 13.6% 2.3% 0.086

SRP 3.8% 0.0% 4.3% 0.582
MAA

Ku 1.3% 0.0% 1.4% 1.000

PM-Scl75 5.0% 9.1% 4.3% 0.753
PM-Scl100 1.3% 0.0% 1.4% 1.000

Ro-52 39.1% 22.7% 43.2% 0.079

Note: †All participants were negative for anti-SAE1 autoantibody. TEs, thromboembolic events; MSA: myositis- 
specific autoantibodies; MAA: myositis-associated autoantibodies.
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is predominant. European studies have demonstrated a three-fold increase in the risk of VTE in patients with IIM after 
hospitalization.20–22 ATE is a sudden obstruction of arterial blood flow caused by the dislodgment of a blood clot from its 
formation site.23 The pathogenesis of ATE differs from that of VTE and it occurs because of endovascular injury or 
endothelial activation caused by the action of numerous proinflammatory mediators with subsequent platelet and 
coagulation pathway activation.24 In our study, the prevalence of TEs was 4.1% in patients with DM, consistent with 
the prevalence of 4.4% to 6.6% in patients of non-Asian descent.10 Men are more likely to present with TEs than 
women,25 despite unclear biological explanations for sex-based differences. However, in our cohort, there was no 
significant difference in TEs between men and women.

Glucocorticoids are the first-line regimen and standard of care in DM treatment. The association between glucocorticoid 
therapy and the risk of TEs is unclear. Pan et al suggested that glucocorticoids increase the risk of TEs in a dose- and 

Table 5 Multivariate Analysis of Risk Factors of TEs in Patients with Dermatomyositis

Variables Univariate Multivariate

OR 95% CI P value OR 95% CI P value

Age, years 1.077 1.03–1.12 <0.001

Hypertension 3.837 1.24–11.91 0.020
Oral/intravenous glucocorticoids 0.003 0.00–0.03 <0.001 0.003 0.00–0.03 <0.001

Immunosuppressants 0.072 0.02–0.23 <0.001

HGB 0.971 0.95–0.99 0.005
D-Dimer 2.294 1.44–3.65 <0.001 1.885 1.21–2.95 0.006

NT-proBNP 1.006 1.00–1.01 <0.001

Abbreviations: TEs, thromboembolic events; OR, odds ratio; CI, confidence interval; HGB, hemoglobin; NT-proBNP, 
N-terminal prohormone of brain natriuretic peptide.

Figure 2 ROC curves for the diagnostic performance of thromboembolic events in patients with dermatomyositis. 
Abbreviations: ROC, receiver operator characteristic; AUC, area under the curve; CI, confidence interval; GCs, glucocorticoids.
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duration-dependent manner.26 An epidemiologic prospective study from the UK using the General Practice Research 
Database indicated a greater risk of VTE in current oral glucocorticoid users, compared with nonusers (OR=3.05, 95% CI 
2.51–3.69).27 Additionally, Orsi et al reported that glucocorticoid treatment increases VTE risk.28 Glucocorticoids increase 
the levels of coagulants, such as plasminogen activator inhibitor-1, thus reducing fibrinolytic activity. Therefore, adverse 
effects, such as abnormal clotting, may increase the risk of VTE in glucocorticoid users.20–22 However, Liu et al reported that 
glucocorticoid application will not increase the risk of VTE.29 Multivariate analysis indicated a trend toward the prevention 
of relapse with glucocorticoid use (HR=0.62, 95% CI 0.40–0.97, P=0.058).30 In this study, treatment with glucocorticoids 
reduces the risk of TEs in patients with DM. However, the mechanism by which they reduce the risk of TEs in patients with 
DM, and the length and dose of glucocorticoid use are unclear, warranting further studies.

D-Dimer is a biological marker of hemostatic abnormalities as well as an indicator of fibrinolysis indicating TEs or risk of 
TEs.31 D-Dimer levels during the diagnosis of acute lymphocytic leukemia may help identify the patients at a high risk of VTE or 
ATE.32 These levels are sensitive to PE diagnosis in patients with coronavirus disease 2019.33 Thus, D-Dimer serves as a valuable 
marker of activated coagulation and fibrinolysis in several clinical scenarios. D-Dimer has been extensively investigated for 
excluding VTE diagnosis and is used routinely for this indication.34 Elevated D-Dimer levels indicate an improvement in the 
coagulation and fibrinolysis systems. It can be utilized as a sensitive diagnostic criterion of hypercoagulability.35 Plasma 
D-Dimer levels increase after TEs; conversely, non-elevated D-Dimer levels are used to exclude such events.36 In our study, 
D-Dimer levels were significantly higher in patients with TEs than in patients without TEs. Additionally, the difference was 
statistically significant, consistent with previous results.

The inflammatory state of DM, as well as the use of glucocorticoids, increases the risk of infection. Systemic or 
localized infections increase the risk of TEs by 2 to 20 times and are the independent risk factors for TEs.37 We analyzed 
infection markers in patients with DM with and without TEs; PCT was significantly increased in patients with TEs. 
However, the logistic regression analysis did not indicate PCT as an independent factor. The incidence of infection in 
patients with both DM and TEs has rarely been investigated, thus necessitating additional studies to explore the 
association between infection and TEs in patients with DM.

Because of the low prevalence of TEs in patients with DM, we had a relatively small sample size, which may have 
weakened the generalizability of our findings and affected the results. Thus, well-designed prospective studies with 
a large sample size would facilitate understanding the association between the prevalence of TEs in patients with DM 
under glucocorticoid therapy and with increased D-Dimer levels.

Conclusion
TEs are a major issue in patients with DM, which is often overlooked. The prevalence of TEs was low in patients with 
DM, and the absence of glucocorticoid therapy and elevated D-Dimer levels indicated an increased risk of TEs. Patients 
with DM and risk factors for TEs should be screened for TEs. Moreover, anticoagulation should be considered to prevent 
TEs. Future studies investigating the association between DM and TEs are needed to guide interventions for TEs.
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