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Abstract
Objective Idiopathic inflammatory myopathies (IIM) confer an increased risk of morbidity from atherosclerotic cardio-
vascular disease (ASCVD). While ASCVD risk has been studied in other countries, these results may not be applicable to 
patients with dermatomyositis (DM) and polymyositis (PM) in the United States. This retrospective analysis of a cohort of 
patients identified by ICD code from TriNetX investigated the incidence of ASCVD after International Classification of 
Disease (ICD) codes of DM, PM, dermatopolymyositis (DPM) or juvenile dermatomyositis (JDM).
Method Patients were identified by entry of two ICD codes separated by at least 6 months, according to their first diag-
nosis code; ASCVD was defined as first ICD code for myocardial infarction, ischemic stroke, transient ischemic attack, or 
peripheral arterial disease. Cox proportional hazards regression modeled time from first IIM ICD code to ASCVD event.
Results A total of 35,554 patients were identified with the mean age at first IIM code of 54 and 26.1% were male. The most 
common comorbidity for all groups except JDM was hyperlipidemia (39.9%) though 79.2% of patients were on no choles-
terol lowering medication. ASCVD occurred in 30.4% of patients with PM, 24.3% of patients with DM and 0.9% of patients 
with JDM. Patients with PM had a median time to event of 9.7 years (95% Confidence interval (CI) 9.1, 10.7) and 14.3 years 
(95% CI 12.6, 14.8) for DM. This study demonstrates that ASCVD is a comorbidity occurring after a median of 12.5 years 
(95% CI 11.9, 13.6) in patients with IIM.
Conclusions ASCVD appears to be a long-term complication for IIM patients occurring in nearly a quarter of US patients 
without prior ASCVD with at least two ICD codes for IIM, with a median time to event of 12.5 years. There appears to be 
a practice gap in the recognition and treatment of hyperlipidemia in these patients.

Key Points
• Hyperlipidemia was a common comorbidity identified in patients with IIM though most patients were not on cholesterol lowering medication.
• Development of ASCVD appears to be a long-term complication for patients with IIM in the United States.

Keywords Atherosclerotic cardiovascular disease · Dermatomyositis · Polymyositis

Introduction

Atherosclerotic cardiovascular disease (ASCVD) is an 
important cause of morbidity and mortality in patients with 
idiopathic inflammatory myopathies (IIM). A meta-analysis 
of cardiovascular disease defined as ischemic heart disease, 
cerebrovascular accident and/or venous thromboembolism 
in IIM patients compared to the general population found a 
relative risk (RR) of 2.4 (95% confidence interval (CI) 1.5, 
3.7) among PM patients and 2.6 (95% CI 1.7, 3.9) for DM 
patients [2]. Several studies have identified higher risk of 
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coronary artery disease in patients with IIM compared with 
sex and age matched controls [3–7]. While most studies have 
demonstrated an increased risk of MI in PM/DM patients, 
stroke risk has not always been significantly elevated, though 
this may be due to the infrequency of the event in study 
populations [3, 6, 8, 9].

Patients with IIM may be at increased risk of ASCVD 
due to a higher prevalence of traditional ASCVD risk factors 
compared to the general population. An Australian study 
found a higher prevalence of hypertension in patients with 
DM and PM compared with the general population (57%, 
61%, and 9%, respectively). Similarly, 30% of patients with 
DM and 33% with PM had diabetes compared to only 4% in 
the general population [10]. A multicenter study in Denmark 
revealed similar results comparing patients with either PM 
or DM compared to age and sex matched healthy controls 
found a higher percentage of hypertension (71% vs 42%), 
diabetes (13% vs 0%), and obesity (33% vs 10%) [11]. Stud-
ies comparing patients with DM to healthy individuals have 
demonstrated a higher prevalence of hypertension (47.6% vs 
18.1%) [12], (28.7% vs 22.6%) [6], diabetes mellitus (17.9% 
vs 1.0%) [12], (13% vs 9.7%) [6], and metabolic syndrome 
(41.7% vs 7.0%) [12].

The comparative risk of hyperlipidemia for patients with 
PM or DM versus the general population is less clear. In 
the Danish study, mean levels of triglycerides were higher 
in patients than controls but there were no significant dif-
ferences in serum total cholesterol, low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein cholesterol 
(HDL-C), hypercholesterolemia, family history of CVD, or 
smoking habits [11]. A Taiwanese study showed a higher 
frequency of dyslipidemia (15% in DM, 17.4% in PM vs 
5.9% in controls), but this finding was not statistically sig-
nificant. Hyperlipidemia and a family history of premature 
CVD were significantly higher in patients with DM com-
pared to controls in another study [12]. Even before disease-
modifying antirheumatic drug (DMARD) therapy, patients 
with DM may be at increased risk for dyslipidemia. In a case 
control study at a single center in China, patients with DM 
prior to DMARD or steroid treatment, compared with age 
and sex matched controls, had significantly lower HDL-C, 
and higher very low density lipoprotein-cholesterol (VLDL-
C) and triglycerides [13].

In addition to the greater ASCVD risk for patients with 
IIM, there is a significant association between mortality and 
cardiovascular disease in patients with IIM. In a retrospective 
Australian study, cardiovascular disease was the most common 
cause of death in patients with IIM (acute myocardial infarc-
tion caused 16/36 of cardiovascular deaths). In the same study, 
patients with IIM and ischemic heart disease had almost triple 
the risk for death (risk ratio = 3.0, 95% CI 1.6–5.3) compared 
to IIM patients without ischemic heart disease [14]. A large US 
study of hospitalized patients with DM found that about 20% 

of these hospitalizations were associated with ASCVD, that 
DM patients with ASCVD had double the odds of death dur-
ing hospitalization (OR = 2, 95% CI 1.7–2.5), and that patients 
with both DM and cardiovascular disease were almost twice 
as likely to die as those with cardiovascular disease alone 
(OR = 2, 95% CI 1.6–2.5) [15].

Though there are several studies examining ASCVD 
risk in patients with PM or DM in other countries, there 
are limited data available regarding ASCVD risk in PM/
DM patients in the United States (US). We hope to expand 
upon this work through the inclusion of patients with juve-
nile dermatomyositis (JDM) in a US population. The pri-
mary aim was to describe when ASCVD, as defined by ICD 
codes, occurs for patients with IIM without prior coding 
for ASCVD and to assess if there are differences between 
IIM subtypes as defined by initial ICD code. The second-
ary objective was to determine the utilization of cholesterol 
lowering medications.

Materials and methods

Study design and data source

This was a retrospective cohort analysis of TriNetX data-
base, a health research network which incorporates de-
identified data of electronic medical records (diagnoses, 
procedures, medications, laboratory values) from partici-
pating healthcare organizations in the United States. The 
data is de-identified based on the standard defined in Section 
§164.514(a) of the HIPAA Privacy Rule. The process by 
which datasets are de-identified is attested to through a for-
mal determination by a qualified expert as defined in Section 
§164.514(b)(1) of the HIPAA Privacy Rule. TriNetX covers 
most regions with approximately 20% of patients from the 
Northeast, Midwest and West and 40% from the South. The 
data was acquired on March 21, 2022, with dates ranging 
from 01/09/2001 to 01/22/2020, the mean follow-up time 
including censored and time to ASCVD event was 4 years 
(standard deviation 2.7 years).

Patient selection

Only patients in the United States were included and were 
identified by entry of two ICD codes separated by at least 
6 months apart, according to their first diagnosis code 
(i.e., DM, PM, DPM or JDM) (Fig. 1). Exposures included 
the first IIM ICD code which were noted as follows: DM 
(710.3, M33.1x), PM (710.4, M33.2x), DPM (M33.9x, 
M36.0x), or JDM (M33.0 × or anyone less than 18 years 
of age for 710.3 or M33.1x) (Supplementary Table 1). The 
use of ICD codes for DM or PM enrollment for database 
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research has previously been described [16–18]. Patients 
with an ASCVD code that preceded the IIM diagnosis code 
were excluded in order to capture primary prevention (i.e., 
no prior history of ASCVD). Patients were censored at 
the time of last reporting of any diagnosis code. The mean 
length of time that patients were followed was 4 years 
(standard deviation of 2.7 years).

Primary outcome measure

The primary outcome was time from first IIM ICD code 
to ASCVD ICD code. We defined ASCVD as entry of 
an ICD code (Supplementary Table 1) based on the 2018 
American Heart Association definition of ASCVD which 
includes myocardial infarction, ischemic stroke, transient 
ischemic attack or peripheral arterial disease [19].

Covariable assessment

Demographics in TriNetX include sex and age, but missing 
data precluded addition of race and ethnicity information. The 
following comorbidities, which could influence the risk of 
ASCVD, were also evaluated, with inclusion if the patient 
had two ICD codes separated by at least 90 days: hyperlipi-
demia, hypertension, diabetes, overweight, obesity, smoking, 
alcohol. Hyperlipidemia was assessed by ICD code not by 
measured lipid level. Steroid use was assessed by National 
Drug Code (NDC) which represents at least one dispense for 
the following: methylprednisolone, prednisone, prednisolone, 
dexamethasone (Supplementary Table 4).

Statistical analysis

Cox proportional hazards (CPH) regression was performed 
to model the time from initial IIM diagnosis code to ASCVD 
outcome allowing the generation of hazard ratios to compare 
ASCVD risk by ICD code (e.g., DM, DPM, PM or JDM). 
The CPH model was adjusted for age at first IIM diagnosis, 
sex, comorbidities and steroid use listed above, and use of 

5-group generation from year of birth as strata to account 
for calendar effects. We assessed for evidence of effect 
modification between ICD IIM code and other covariables 
using interaction terms at 0.05 alpha level. We also assessed 
for evidence of non-proportional hazards using Schoenfeld 
residuals and used stratification, if evidence was found for 
any covariables.

Results

A total of 35,553 patients were identified, of whom 26.1% 
were male, and the mean age at first IIM diagnosis code was 
54.4 years (Table 1). Patients were grouped into PM, DM, 
DPM or JDM based off the first ICD code entry. The most 
frequent group was PM, a small subset (70 patients) had a 
code for DM and PM on the same date although this made 
up 0.2% of the sample and was not included in the main 
statistical modeling (available in Supplementary Tables 2 
and 3). Age at diagnosis was similar among DM, PM, and 
DPM, although PM had a slightly higher mean age (Table 1). 
The most common comorbidity overall was hyperlipidemia 
(39.9%), which was the most frequent among all groups 
except JDM, where the most common comorbidity was over-
weight and/or obese status (5.8%). Most patients (79.2%) 
were not on a cholesterol medication, and 20% had a prior 
dispensation for a statin medication.

In the overall sample, ASCVD occurred in 24.5% of 
patients with a median time from first ICD code to event 
of 12.5 years (95% CI 11.9, 13.6). Of the patients who had 
an ASCVD code, 589 (6.8%) had more than 1 ASCVD 
code on the same date (e.g., myocardial infarction and 
coronary arterial disease code). The ASCVD outcome 
was most frequent among patients with PM (30.4%), DM 
(24.3%), DPM (14.8%) and was infrequent among patients 
with JDM (< 1%). The median time to ASCVD event was 
9.7 years (95% CI 9.1, 10.7) for PM, 14.3 (95% CI 12.6, 
14.8) years for DM, and not estimable for JDM due to the 
low frequency of events (Fig. 2).

Fig. 1  Strobe diagram of patient 
selection. Abbreviations: 
DM: Dermatomyositis; PM: 
Polymyositis; JDM: Juvenile 
Dermatomyositis; DPM: 
Dermatopolymyositis; ASCVD: 
Atherosclerotic Cardiovascular 
Disease
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Due to the low frequency of events in the JDM group, 
all other IIM categories had a higher unadjusted hazard 
of ASCVD. Although when adjusting for other comor-
bidities, such as age, this was not statistically signifi-
cant (Table 2). Patients with PM had approximately 30% 
increased hazards of ASCVD development compared to 
DPM (aHR 1.29, 95% CI 1.21, 1.39) and DM (aHR 1.27, 

95% CI 1.21, 1.33) when adjusted for age at first diagno-
sis, birth strata, sex, overweight, obesity, hyperlipidemia, 
hypertension, diabetes, smoking, alcohol use and anytime 
use of steroids. We found evidence of effect measure modi-
fication for hyperlipidemia at 0.05 alpha level, thus we 
stratified the results by hyperlipidemia (Table 2). The aHR 
was similar although slightly higher among those with PM 

Table 1  Demographic characteristics of the US TriNetX population with at least two codes for PM, DM, DPM or JDM, n = 35,553

Abbreviations: SD, standard deviation; IQR, interquartile range; ICD, International Classification of Disease; PM, polymyositis; DM, dermato-
myositis; DPM, Dermatopolymyositis; JDM, Juvenile dermatomyositis; PCSK9, Proprotein convertase subtilisin/kexin type; ne, Not Estimable
* Steroid identified by NDC code which includes methylprednisolone, prednisone, prednisolone, dexamethasone
** Cholesterol medication history not mutually exclusive
+ Comorbidity identified by 2 ICD codes within 90 days

Characteristic Overall PM DM DPM JDM PM & DM same date

Diagnosis n (%) 35553 16913 (47.6) 10475 (29.5) 6591 (18.5) 1504 (4.2) 70 (0.2)
Male n (%) 9294 (26.1) 5260 (31.1) 2220 (21.2) 1354 (20.5) 444 (29.5) 16 (22.9)
Age at first diagnosis, mean ± SD 

years, (range: 1–88)
54.4 (± 17.2) 58.1 (± 13.9) 54.9 (± 15.1) 54.7 (± 15.3) 9.6 (± 4.1) 57.3 (± 13.3)

Age group at first PM, DM, DPM or JDM ICD code (years), n %
   0–5 301 (0.8) – – – 301 (20.0) –
   6–11 644 (1.8) – – – 644 (42.8) –
   12–17 559 (1.6) – – – 559 (37.2) –
   18–24 988 (2.8) 263.0 (1.6) 450 (4.3) 274 (4.2) 1 (1.4)
   25–34 2189 (6.2) 861.0 (5.1) 767 (7.3) 558 (8.5) 3 (4.3)
   35–44 3846 (10.8) 1737 (10.3) 1298 (12.4) 801 (12.2) 10 (14.3)
   45–54 6682 (18.8) 3291 (19.5) 2081 (19.9) 1299 (19.7) 11 (15.7)
   55–64 8931 (25.1) 4510 (26.7) 2743 (26.2) 1656 (25.1) 22 (31.4)
   65–74 8247 (23.2) 4417 (26.1) 2338 (22.3) 1474 (22.4) 18 (25.7)
   75–84 3067 (8.6) 1773 (10.5) 788 (7.5) 501 (7.6) 5 (7.1)
   85 + 99 (0.3) 61 (0.4) 10 (0.1) 28 (0.4) –

Comorbidity  history+

Overweight or obesity 8722 (24.5) 4579 (27.1) 2485 (23.7) 1550 (23.5) 87 (5.8) 21 (30.0)
Obesity 6776 (19.1) 3630 (21.5) 1876 (17.9) 1186 (18.0) 66 (4.4) 18 (25.7)
Hyperlipidemia 14,189 (39.9) 7684 (45.4) 4161 (39.7) 2291 (34.8) 20 (1.3) 33 (47.1)
Hypertension 10,406 (29.3) 5912 (35.0) 3381 (32.3) 1063 (16.1) 26 (1.7) 24 (34.3)
Diabetes 8695 (24.5) 4936 (29.2) 2437 (23.3) 1268 (19.2) 30 (2.0) 24 (34.3)
Smoking 6047 (17.0) 3014 (17.8) 1745 (16.7) 1236 (18.8) 42 (2.8) 10 (14.3)
Alcohol 321 (0.9) 168 (1.0) 92 (0.9) 59 (0.9) 2 (0.1) –
Steroid* use at any time 16,660 (46.9) 7969 (47.1) 4934 (47.1) 3391 (51.4) 624 (41.5) 32 (45.7)
Cholesterol medication**
Statin 7025 (19.8) 3662 (21.7) 2096 (20.0) 1253 (19.0) 2 (0.1) 12 (17.1)
Ezetimibe  622 (1.7) 410 (2.4) 128 (1.2) 82 (1.2) – 2 (2.9)
PCSK9 162 (0.5) 108 (0.6) 38 (0.4) 16 (0.2) – –
Cholesterol medications/person

   none 28,150 (79.2) 12,993 (76.8) 8297 (79.2) 5302 (80.4) 1502 (99.9) 56 (80.0)
   1 7012 (19.7) 3669 (21.7) 2099 (20.0) 1228 (18.6) 2 (0.1) 14 (20.0)
   2 376 (1.1) 242 (1.4) 74 (0.7) 60 (0.9) – –
   3 15 (0.0) 9 (0.1) 5 (0.0) 1 (0.0) – –

ASCVD after IIM code 8699 (24.5) 5138 (30.4) 2543 (24.3) 976 (14.8) 13 (0.9) 29 (41.4)
Median years to ASCVD (95% CI) 12.5 (11.9, 13.6) 9.7 (9.1, 10.7) 14.3 (12.6, 14.8) 21.6 (12.7, ne) ne 7.1 (5.2, ne)
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and no hyperlipidemia (PM vs DM without hyperlipidemia 
(aHR 1.34, 95% CI 1.24, 1.45) compared to those with 
hyperlipidemia (aHR 1.23, 95% CI 1.15, 1.30) although 
this effect was small as the confidence intervals overlap.

The association between time to ASCVD development 
and IIM category (assessed by first TriNetX ICD code) 
displayed evidence of non-proportional hazards for age 
and presence of hypertension (Table 3). The effect of these 

Fig. 2  Kaplan–Meier ASCVD 
free survival curve with 95% 
confidence intervals. Legend: 
ASCVD free survival with 
number of participants at risk, 
participants were censored with 
a vertical line at the time of 
last reporting of any diagnosis 
code. Abbreviations: ASCVD: 
Atherosclerotic Cardiovascular 
Disease; JDM: Juvenile Der-
matomyositis; DPM: Dermat-
opolymyositis; DM: Dermato-
myositis; PM: Polymyositis
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Table 2  Cox Proportional Hazard regression modeling time to ASCVD, overall (unadjusted model 0, adjusted model 1), stratified by hyperlipi-
demia (model 2) and inclusion of any steroid use (model 3)

HR, hazard ratio; aHR, adjusted hazard ratio; CI, confidence interval; ne, not estimable due to small cell counts
aHR shown in BOLD if statistically significant at alpha = 0.05; patients were censored at time of last reporting of any diagnosis code
* Adjusted for covariables: age at first myositis International Classification of Disease code, sex, overweight, obesity, hyperlipidemia, hyperten-
sion, diabetes, smoking, alcohol; 5-group generation from year of birth as strata
** Adjusted for covariables: steroid use at any time, age at first myositis International Classification of Disease code, sex, overweight, obesity, 
hyperlipidemia, hypertension, diabetes, smoking, alcohol; 5-group generation from year of birth as strata

Model 0 Model 1: adjusted* Model 2: interaction with hyperlipidemia Model 3: adjusted 
with steroid use**

IIM ICD code (comparator) Overall
HR (95% CI)

Overall
aHR (95% CI)

No hyperlipidemia
aHR (95% CI)

Hyperlipidemia
aHR (95% CI)

Overall
aHR (95% CI)

PM (vs JDM) 4.32 (1.44, 12.9) 2.31 (0.75, 7.16) ne ne 2.39 (0.78, 7.30)
DM (vs JDM) 3.11 (1.04, 9.31) 1.83 (0.59, 5.66) ne ne 1.89 (0.62, 5.77)
DPM (vs JDM) 3.01 (1.01, 9.00) 1.78 (0.57, 5.50) ne ne 1.85 (0.60, 5.66)
PM (vs DPM) 1.44 (1.34, 1.54) 1.30 (1.21, 1.39) 1.45 (1.30, 1.62) 1.21 (1.11, 1.32) 1.29 (1.20, 1.38)
DM (vs DPM) 1.03 (0.96, 1.11) 1.03 (0.95, 1.11) 1.08 (0.96, 1.22) 0.99 (0.90, 1.09) 1.02 (0.95, 1.10)
PM (vs DM) 1.39 (1.32, 1.46) 1.27 (1.21, 1.33) 1.34 (1.24, 1.45) 1.23 (1.15, 1.30) 1.27 (1.21, 1.33)
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two covariables (age and hypertension) varied over time. 
Thus, the analysis was stratified by hypertension and age 
group ≥ 65 and aHR were shown by these strata. While PM 
compared to DM had increased hazards of 42% (aHR 1.42, 
95% CI 1.29, 1.56) for patients without hypertension and 
less than age 65 — this was larger than the hazard for PM 
compared to DM for patients with hypertension and age 65 
or older (aHR 1.18, 95% CI 1.08, 1.29).

Discussion

The risk of ASCVD in US patients with IIM is understud-
ied, and the primary aim was to describe when ASCVD 
occurs a population of patients with IIM without prior 
ASCVD. We show that a quarter of IIM patients develop 
new onset ASCVD with a median of 12.5 years from diag-
nosis, appearing sooner for PM, than DM. Furthermore, PM 
patients seem to be at uniquely elevated risk. Our data define 
a window of increased risk for the development of ASCVD 
in patients without preceding ASCVD and highlight the 
surprising underutilization of lipid-lowering therapy in a 
patient population with elevated risk. This previously unrec-
ognized gap represents an opportunity for enhanced risk 
management in IIM patients. Assessing long-term ASCVD 
risk may be key: in a Swedish population based study of 
patients with IIM, the incidence rate of deaths from diseases 
of the circulatory system was persistently elevated compared 
to the general population but highest after 10 years from 
IIM diagnosis (28.5 deaths/1000 person years compared to 
12.8 deaths/1000 person years in the general population) 
[20]. Studying the time preceding an event is critical as this 
represents an ideal target window for risk reduction. The 
increased risk of ASCVD faced by IIM patients may not be 
captured by traditional risk calculators. From a single center 

in Czech Republic, there was a discordance for patients with 
IIM between Systemic Coronary Risk Evaluation (SCORE), 
a widely used European cardiovascular disease risk calcula-
tor, and imaging of subclinical atherosclerosis, resulting in 
approximately one third of patients getting reclassified to a 
higher CV risk level after imaging [21].

Patients at high risk of ASCVD may have suboptimal 
management from concern for a potential association 
between statin use and dermatomyositis development 
[22–24] or concern for triggering a myositis flare or mus-
cle symptoms [25, 26]. In support of this point, although 
40% of patients with IIM in our study had a diagnosis 
of hyperlipidemia, four out of five (79.2%) were not on 
any cholesterol medication. Use of statins for primary 
prevention in IIM is understudied: a single retrospective 
cohort of IIM patients found 32 of 214 patients reported 
statin use, of whom, most were used (21/32) for primary 
prevention. Within this cohort, the mean ASCVD Pooled 
Cohort Equation of 10-year ASCVD risk was 11.8% for 
patients not on statins this was not significantly different 
from those on statins, however this highlights a potential 
gap in care as a score above 7.5% would indicate statin 
treatment. This study found no significant difference in 
disease activity between those on statins and not on statins 
and for a subgroup started on statins (n = 7), no increase 
in disease activity measures [27]. A UK population-based 
assessment of patients with a systemic autoimmune rheu-
matic disease, including IIM, who initiated statin use had 
reduced all-cause mortality when compared to a group 
not on statins although there was no subgroup analysis by 
primary or secondary prevention and the IIM subgroup 
was too small to evaluate on its own [28]. These studies 
highlight the need for assessment of primary prevention 
and statin use for IIM patients.

Table 3  Adjusted associations of diagnosis with time to ASCVD, stratified by age and hypertension

aHR, adjusted hazard ratio; CI, confidence interval; ne, not estimable due to small cell counts; aHR shown in BOLD if statistically significant at 
alpha = 0.05; Cox proportional hazard regression modeling the time from myositis International Classification of disease (ICD) code to ASCVD 
event; patients were censored at time of last reporting of any ICD code. Adjusted for covariables: age at first myositis ICD code, sex, overweight, 
obesity, hyperlipidemia, hypertension, diabetes, smoking, alcohol; 5-group generation from year of birth as strata

Diagnosis type risk factor No hypertension Hypertension

Age at diagnosis < 65 Age at diagnosis ≥ 65 Age at diagnosis < 65 Age at diagnosis ≥ 65

Number n = 18,304 n = 6843 n = 5836 n = 4570
aHR (95% CI) aHR (95% CI) aHR (95% CI) aHR (95% CI)

   PM (vs JDM) 2.53 (0.73, 8.74) ne ne ne
   DM (vs JDM) 1.79* (0.52, 6.18) ne ne ne
   DPM (vs JDM) 1.92 (0.56, 6.63) ne ne ne
   PM (vs DPM) 1.32 (1.17, 1.49) 1.25 (1.10, 1.43) 1.29 (1.08, 1.53) 1.28 (1.09, 1.49)
   DM (vs DPM) 0.93 (0.82, 1.06) 1.04 (0.90, 1.20) 1.03 (0.86, 1.24) 1.08 (0.92, 1.28)
   PM (vs DM) 1.42 (1.29, 1.56) 1.20 (1.08, 1.34) 1.25 (1.14, 1.37) 1.18 (1.08, 1.29)
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This study found that individuals with coding for PM 
experience higher hazards of ASCVD, and these events 
appear sooner than peers with DM or DPM. Our results 
stand in contrast to a meta-analysis which defined cardiovas-
cular events as ischemic heart disease, stroke and/or venous 
thromboembolism which demonstrated a slightly higher 
relative risk for patients with DM compared to PM (2.55, 
95% CI 1.66, 3.93 and 2.35, 95% CI 1.51, 3.66, respec-
tively) [2]. A South Korean population based study found 
lower hazards for cardiovascular disease for PM patients 
[29]. While some studies have noted a higher relative risk 
of coronary disease for patients with PM compared to DM 
[3, 4], many have reported pooled results compared to the 
general population [5, 7]. The inconsistency between DM 
and PM likely reflects the heterogeneity of PM. There has 
been greater understanding and molecular phenotyping of 
IIM with the addition of myositis-specific autoantibodies. 
This heterogeneity is not reflected in the current ICD codes 
which lack terms for immune-mediated necrotizing myopa-
thy (IMNM) and anti-synthetase syndrome. Patients with 
PM likely represent a heterogenous collection of patients 
with IMNM, anti-synthetase syndrome, and other IIM enti-
ties, which may confer different risks. Patients with IMNM 
may be at increased risk compared to other subtypes from a 
single center assessment of atherosclerosis, 20 patients with 
IMNM had a trend towards the highest measures of subclini-
cal atherosclerosis, when compared to other 70 patients with 
different IIM subtypes [21]. The PM group in this study 
may include patients with IMNM and patients with anti-
HMG CoA reductase antibody who should not be on statin 
medications potentially making ASCVD risk management 
more challenging.

A strength of this study is the evaluation of a large num-
ber of patients evaluated in a real-world dataset. IIM is a 
rare disease with an estimated prevalence of 14 to 17.4 per 
100,000 making an infrequent event (ASCVD) challeng-
ing to study at a single center [30]. This study has several 
limitations, the first of which is the reliance on ICD cod-
ing to identify cases of IIM and the lack of ability to per-
form chart review to ensure appropriate patient inclusion 
or assess disease activity. There is misclassification bias 
associated with use of ICD codes for case detection — we 
anticipate that there would be inclusion of more false posi-
tive cases (patients with the ICD code without disease) 
than false negative cases. By requiring at least two codes 
six months apart — we also may be introducing bias by 
not be capturing sicker patients who do not have full six 
months of data. Another limitation is that this dataset has a 
high amount of missing race/ethnicity data and is confined 
to patients who have health insurance. Age is an important 
confounder, and we did find evidence that this covariable’s 
effect on ASCVD varied with time (e.g., non-proportional 
hazards). However, we were able to stratify by age greater 

than or equal to 65 compared to less than 65 and overall, 
the effects were similar with a slight increase in hazards 
for patients who have the diagnosis code of PM compared 
to DM or DPM. Another limitation is the lack of an age or 
sex-matched population comparator in this study.

This study highlights that in a group of US patients with 
ICD codes for IIM without pre-existing ASCVD, ASCVD 
occurred in approximately a quarter of the patients with 
a median time to event of 12.5 years. Individuals with an 
initial ICD code for PM had higher hazards of ASCVD 
compared to individuals with DM or DPM code. Despite 
nearly 40% of patients with the diagnosis of hyperlipi-
demia, most patients (79.2%) were not on any cholesterol 
lowering medications which may reflect a need for more 
accurate risk stratification and treatment or concern that 
cholesterol lowering medications may trigger muscle 
symptoms or disease activity. This may represent a signifi-
cant practice gap. Additional study is needed to evaluate 
how ASCVD develops in patients with IIM, how patients 
should be risk stratified and how cholesterol lowering 
medications are used in this population.
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