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Abstract

Objective: The presence of comorbidities can substantially affect patients’ quality of life, but data regarding their impact on idiopathic inflamma-
tory myopathies (IIMs) are limited.

Methods: \We examined the prevalence of comorbidities in IIM patients, other autoimmune rheumatic diseases (0AIRDs) and healthy controls
(HCs), using data from the self-reported COVAD-2 survey. We defined basic multimorbidity (BM) as the presence of >2 non-rheumatic chronic
conditions and complex multimorbidity (CM) as the presence of >3 non-rheumatic chronic conditions affecting >3 organ systems. Hierarchical
clustering on principal components was performed for grouping.

Results: Among the COVAD respondents, 1558 IIMs, 4591 oAIRDs and 3652 HCs were analysed. IIMs exhibited a high burden of comorbidities
(odds ratio [OR]: 1.62 vs oAIRDs and 2.95 vs HCs, P<0.01), BM (OR: 1.66 vs oAIRDs and 3.52 vs HCs, P<0.01), CM (OR: 1.69 vs AIRDs and
6.23 vs HCs, P<0.01) and mental health disorders (MHDs) (OR: 1.33 vs 0oAIRDs and 2.63 vs HCs, P<0.01). Among the IIM patients, those
with comorbidities or MHDs had lower PROMIS Global Physical (PGP), PROMIS Global Mental (PGM), and PROMIS Physical Function (SF10)
scores, and higher fatigue (F4a) scores (all P<0.001). PGP, PGM, SF10a and F4a were influenced by age, active disease, BM and MHDs. Four
distinct clusters were identified among the [IMs according to comorbidities and PROMIS scores.

Conclusion: Patients with [IMs have a higher burden of comorbidities that influence physical and mental health, identifiable as clinical clusters
for optimized and holistic management approaches.

Keywords: comorbidity, autoinflammatory condition, myositis, quality of life, observational studies.

Rheumatology key messages

* Among the idiopathic inflammatory myopathies patients, those with comorbidities or mental health disorders had worse physical function.
* Worse physical and mental health were predicted by age, active disease, basic multimorbidity and mental health disorders.

* Four distinct clusters were identified among the idiopathic inflammatory myopathies according to comorbidities and PROMIS scores.

Introduction conditions, demands comprehensive healthcare and can lead

Idiopathic inflammatory myopathies (IIMs) are chronic,
multi-system disorders that often require long-term treatment
with corticosteroids and immunosuppressants [1]. These con-
ditions frequently affect the elderly, who are more vulnerable
to comorbidities [2-4]. These co-existing health issues can
complicate the management of IIM and adversely affect qual-
ity of life (QoL) [5-7].

Chronic illnesses, by nature, often lead to secondary health
issues, either as a direct result of the illness or from treatment
interventions [8]. This complexity, marked by multiple chronic

to a high burden of diagnostic assessments and fragmented
specialized care. The interconnection of these challenges high-
lights the importance of a collaborative, interdisciplinary ap-
proach to ensure best outcomes for patients [9].

Modern social changes, including longer lifespans and wid-
ening socioeconomic gaps, contribute to an increasing trend
in prevalence of comorbidities [10, 11]. While comorbidity in
some autoimmune disorders like rheumatoid arthritis (RA)
[12, 13] and systemic lupus erythematosus (SLE) [14] has
been well-studied, there is a notable scarcity of data on IIMs.
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Using data from the COVAD-2 database, this study ex-
plored the prevalence of multimorbidity in patients with IIMs
compared with other autoimmune rheumatic diseases
(0AIRDs) and healthy controls (HCs). Additionally, it exam-
ined the impact of comorbidities on patients' physical, mental
and social health using the Patient-Reported Outcome
Measurement Information System (PROMIS) instruments.

Methods
Data source

The study utilized the COVAD-2 dataset, generated by the
COVAD study group through a patient-reported global e-
survey, which was extensively pilot tested, validated and
translated into 18 languages. The methodology has been pre-
viously published [15]. The COVAD study group included
157 physicians across 106 countries, collecting data from pa-
tient cohorts in clinics or via patient support groups [15].

The COVAD dataset, information extraction
and cleaning

This study was designed to assess patient demographics, un-
derlying autoimmune condition and associated characteristics
such as disease duration, comorbidities, current treatment
and flares, patient-reported QoL, fatigue and pain, country
and ethnicity, and COVID-19 vaccination and infections.
The data were collected between January and August 2022,
extracted in August 2022, and the responses were screened.
Duplicate or incomplete responses were excluded.

Data variables were categorized for assessment, with spe-
cial emphasis on comorbidities. Patients who reported a diag-
nosis made by a rheumatologist or a physician experienced in
rheumatic diseases were included. Further data cleaning was
undertaken by categorizing those with multiple diagnoses by
the most likely one—based on symptoms described. To avoid
erroneous duplicated and incomplete entries, we removed in-
complete entries and those that lacked a clear diagnosis.

Study population

The population was divided into three groups: patients’
IIM, including dermatomyositis (DM), polymyositis (PM), in-
clusion body myositis (IBM), immune-mediated necrotizing
myopathy (IMNM), anti-synthetase syndrome disease (ASyS)
and overlap myositis (OM); patients with 0AIRDs (inflam-
matory arthritis: RA, spondyloarthritis; connective tissue dis-
eases [CTDs]: SLE, Sjogren’s syndrome, systemic sclerosis
and systemic vasculitis), and a control group with healthy
individuals (HCs). OM was defined by the coexistence of
a diagnosis of IIM and CTD in the same individual. Patients
diagnosed with non-rheumatic autoimmune diseases
were excluded.

Ethical approval

Ethical approval was obtained from the Institutional Ethics
Committee of SGPGIMS (Lucknow, India).

Comorbidity assessment

The COVAD dataset extensively recorded comorbidities and
mental health disorders (MHD). The comorbidities recorded
are detailed in Supplementary Table S1, available in at
Rheumatology online. Multimorbidity was defined as having
more than one comorbidity beyond a rheumatic disease.
These were further classified into basic multimorbidity (BM),
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defined as the presence of two or more chronic diseases from
the aforementioned list, and complex multimorbidity (CM),
defined as the presence of three or more chronic conditions
affecting three or more different body systems [11]
(Supplementary Table S1, available in at Rbeumatology
online).

Patient outcomes

Demographic data and the Human Development Index
(HDI) of each subject's country of origin were collected, with
HDI assessing a country's development through life expec-
tancy, education and income indicators. PROMIS scores, in-
cluding global physical health (PGP), global mental health
(PGM), fatigue 4a (F4a), and physical function (SF10), were
also acquired (Supplementary Table S2, available in at
Rheumatology online). Among IIMs, disease activity was de-
termined by patients’ perception of the disease, assessed by a
specific question in the survey. Patients who regarded disease
activity as inactive or in remission, as well as stable and man-
ageable, were categorized as being in an inactive status.
Conversely, patients whose disease activity was described as
active and improving, or active and worsening were classified
as being in an active status.

Statistical analysis

Continuous variables were reported as the mean and stan-
dard deviation (SD) for normally distributed variables and as
the median and interquartile range (IQR) for non-normally
distributed variables, whereas categorical variables were
expressed as numbers and the corresponding percentage.
The Kolmogorov-Smirnov test was used for assessment
of normality.

Comparisons between groups were performed by using the
chi-square test, Fisher’s exact test, Student’s ¢-test and the
Mann-Whitney U-test, as appropriate. A logistic regression
analysis adjusting for age, sex, ethnicity and HDI value was
used to compare the risk of comorbidities in IIMs vs compa-
rators (0AIRD and HCs) and among IIM subsets to address
the lack of matching features between the cohorts.

Linear regression models were used to investigate the rela-
tionship between comorbidities and PROMIS scores (PGP,
PGM, F4a and SF10) in the IIM groups. Statistical signifi-
cance was set at P <0.05. Analyses were performed using
SPSS Statistics (version 21; IBM Corp., Armonk, NY, USA).

Hierarchical clustering on principal components was per-
formed to delineate the grouping of IIM patients. Factor
analysis with mixed data (FAMD) is a generalization of prin-
cipal component analysis based on unsupervised machine
learning algorithms that can be deployed on large datasets
with qualitative and quantitative variables [16]. FAMD was
implemented in a Python v. 3.9 environment, using Prince v.
0.7.1, scipy v. 1.9.3, scikit-learn v. 1.1.3 and numpy
v. 1.23.2.

Accurate preprocessing with feature standardization and
autocorrelation was performed for the continuous variables.
Observations with missing data were ablated. One hundred
repeats with different seeds were carried out, and the 95%
confidence interval (CI) of the bootstrapped eigenvalue distri-
bution was used to determine the number of FAMD compo-
nents retained for clustering. To define the number of
clusters, hierarchical clustering on principal components was
performed using Ward’s criterion and a Euclidian distance
metric on the selected FAMD principal components [17].
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The inter-cluster inertia gain was used to determine the opti-
mal division level.

Results
Characteristics of study participants

Out of 10740 respondents, 398 were excluded for incom-
plete data, and 541 for having non-rheumatic autoimmune
diseases, resulting in a final cohort of 1558 individuals with
IIMs, 4591 with oAIRDs and 3652 HCs (Supplementary Fig.
S1, available at Rheumatology online). The IIM group in-
cluded 470 (30.2%) with DM, 217 (13.9%) with PM, 375
(24.1%) with IBM, 103 (6.6%) with ASyS, 96 (6.2%) with
IMNM, and 239 (15.3%) with OM. The oAIRDs group
comprised 2147 (46.8%) with inflammatory arthritis, 2123
(44.2%) with CTDs, and 321 (7%) with systemic vasculitis.

IIM patients were generally older (median [IQR]: 61 [49-
70] years) compared with oAIRDs (48 [37-59] years) and
HCs (38 [30-49] years). The cohort was predominantly fe-
male: 71.4% in IIMs, 84% in 0AIRDs, and 60.2% in HCs.
Most were Caucasian (77.5% in I[IMs, 45.9% in oAIRDs and
28.9% in HCs). Respondents with rheumatic conditions
were primarily from countries with a very high HDI: 93.1%
in IIMs, 60.8% in 0AIRDs and 29.9% in HCs. Demographic
data are detailed in Table 1.

Multimorbidity

Comorbidities were common among patients with rheumatic
diseases, present in 67.4% of IIM patients, 44.1% of oAIRD
patients and 25% of HCs. IIM patients had a higher likeli-
hood of comorbidities compared with 0oAIRD patients (odds
ratio [OR]: 1.62, 95% CI: 1.42, 1.86) and HCs (OR: 2.95,
95% CI: 2.45, 3.53) (Table 2).

BM (at least two comorbidities) occurred in 35% of I[IM
patients, 16.2% of oAIRD patients and 6.2% of HCs, with
IIM patients at greater risk than oAIRD patients (OR: 1.66,
95% CI: 1.43,1.93) and HCs (OR: 3.52, 95% CI: 2.72, 5.54).

CM was seen in 14% of IIM patients, 6.5% of oAIRD
patients and 1.4% of HCs, with IIM patients having a higher

Table 1. Demographic characteristics of overall cohort

Marco Fornaro et al.

risk than oAIRD patients (OR: 1.69, 95% CI: 1.37, 2.08)
and HCs (OR: 6.23,95% CI: 3.98, 9.74).

MHDs were present in 34% of IIM patients, 28.1% of
0AIRD patients and 17.3% of HCs, with IIM patients more
likely to have MHDs compared with oAIRD patients (OR:
1.33, 95% CI: 1.16, 1.52) and HCs (OR: 2.63, 95% CI:
2.15,3.22).

Considering the origin of patients from different conti-
nents, we performed a subanalysis by continent, considering
Europe (218 IIMs, 1754 oAIRDs and 668 HCs), North
America (1028 IIMs, 650 oAIRDs and 945 HCs), Asia (135
IIMs, 1320 0oAIRDs and 1151 HCs) and the remaining conti-
nents (Australia, South America, Africa: 177 IIMs, 867
0AIRDs and 888 HCs). The analysis confirmed that patients
with I[IMs had a higher risk of at least one comorbidity, BM,
CM and MHDs compared with HCs. Compared with
0AIRDs, patients with IIMs were confirmed to have a higher
risk for most definitions of comorbidities in Europe, Asia and
the remaining continents, while in North America, there was
a trend towards a higher risk in patients with IIMs (data
shown in Supplementary Table S3, available in at
Rheumatology online).

The full list of comorbidities in IIMs, AIRDs and HCs is
reported in Table 2

In IIM patients compared with 0AIRDs, there was a higher
risk of interstitial lung disease (ILD) (OR: 5.1), ischaemic
heart disease (IHD) (OR: 1.63), diabetes mellitus (OR: 1.71),
dyslipidaemia (OR: 1.38), HIV-AIDS (OR: 4.12) and arterial
hypertension (OR: 1.21). For mental health disorders
(MHDs), IIM patients had higher risks of anxiety (OR: 1.37),
bipolar disorder (OR: 2.28), depression (OR: 1.32) and in-
somnia (OR: 1.34). However, IIM patients had a lower risk
of chronic kidney disease (CKD) (OR: 0.58) compared
with 0AIRDs.

When comparing IIM patients with HCs, they had higher
risks of asthma (OR: 1.82), CKD (OR: 5.51), chronic ob-
structive pulmonary disease (OR: 2.72), ILD (OR: 53.02),
IHD (OR: 3.32), diabetes mellitus (OR: 2.45), dyslipidaemia
(OR: 1.78) and arterial hypertension (OR: 1.87). For MHDs,
IIM patients showed significantly increased risks of anxiety

IIMs (2 =1558) 0AIRDs (n=4591) HCs (n=3652) P-value
Age, median (IQR), years 61 (49-70) 48 (37-59) 38 (30-49) <0.001
Gender, 7 (%) <0.001
Male 462 (27.3) 677 (14.7) 1390 (38.1)
Female 1113 (71.4) 3856 (84) 2200 (60.2)
Others 9 (0.6) 32(0.7) 28(0.8)
Ethnicity, 7 (%) <0.001
Caucasian (White) 1207 (77.5) 2105 (45.9) 1057 (28.9)
Asian 125 (8) 1066 (23.2) 909 (24.9)
African American 64 (4.1) 297 (6.5) 188 (5.1)
Hispanic 66 (4.2) 465 (10.1) 889 (24.3)
Mixed 31(2) 174 (3.8) 252 (6.9)
Native American 4(0.3) 44 (1.0) 29 (0.8)
Do not wish to disclose 30(1.9) 171 (3.7) 162 (4.4)
Others 21 (1.3) 243 (5.3) 132 (3.6)
HDI, 7 (%) <0.001
Very high 1451 (93.1) 2791 (60.8) 1093 (29.9)
High 68 (4.4) 1035 (22.5) 1354 (37.1)
Medium 23 (1.5) 608 (13.2) 955 (26.2)
Low 6(0.4) 128 (2.8) 215(5.9)

HCs: healthy controls; HDI: Human Development Index; IIMs: idiopathic inflammatory myopathies; 0oAIRDs: other autoimmune rheumatic diseases.

G20z 14dY | U Jasn y)esH 21lqnd 40 [00YdS Aq 9e¥S/ /2 2/EELZ/YI9/e10IMe/ABOjOjeWNaY/W0D dNo"dlWspED.//:SA)Y WOI) POPEOJUMOQ


https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keae520#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keae520#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keae520#supplementary-data

Multimorbidity in idiopathic inflammatory myopathies 2137
Table 2. Distribution of comorbidities in [IMs, oAIRDs and HCs
OR (95% CI)?
IIMs (=1558) oAIRDs (#=4591) HCs (n=3652) IIMs vs 0AIRDs IIMs vs HCs

Comorbidities overall, 7 (%) 1050 (67.4) 2023 (44.1) 914 (25) 1.62 (1.42,1.86) 2.95(2.45,3.53)
Basic multimorbidity, 7 (%) 545 (35) 745 2) 226 (6.2) 1.66 (1.43,1.93) 3.52 (2.72,5.54)
Complex multimorbidity, 7 (%) 218 (14) 297 ) 50(1.4) 1.69 (1.37,2.08) 6.23 (3.98,9.74)
Mental health disorders, 7 (%) 530 (34) 1289 1) 632 (17.3) 1.33 (1.16, 1.52) 2.63(2.15,3.22)
List of comorbidities, 7 (%)

Asthma 227 (14.6) 508 (11.1) 256 (7) ns 1.82(1.39,2.38)

CKD 56 (3.6) 243 ) 22 (0.6) 0.58 (0.42,0.81) 5.51(2.58,11.75)

CLD 29 (1.9) 63 ) 21 (0.6) ns ns

COPD 62 (4) 131 ) 32(0.9) ns 2.72 (1.34, 5.54)

ILD 265 (17) 156 ) 9(0.2) 5.1(4.03, 6.45) 53.02 (24.64, 114.07)

IHD 123 (7.9) 117 ) 33(0.9) 1.63(1.2,2.2) 3.32(1.83, 6.05)

DM 208 (13.4) 259 ) 148 (4.1) 1.71 (1.36, 2.14) 2.45 (1.05, 3.49)

Epilepsy 9(0.6) 64 ) 10 (0.3) ns ns

Dyslipidaemia 384 (24.6) 585 (12.7) 265 (7.3) 1.38 (1.17,1.63) 1.78 (1.38,2.29)

HIV-AIDS 8(0.5) 7 ) 10 (0.3) 4.12 (1.16, 14.61) ns

Hypertension 503 (32.2) 899 (19.6) 370 (10.1) 1.21 (1.04, 1.40) 1.87 (1.47,2.39)

Stroke 27 (1.7) 47 9(0.2) ns ns

Tuberculosis 8 (0.5) 55 ) 16 (0.4) ns ns

Organ transplant 4(0.3) 19 (0.4) 7(0.2) ns ns

Others 126 (8.1) 198 ) 51(1.4) ns 1.69 (1.07,2.69)
List of mental health disorders, 7 (%)

Anxiety 329 (21.1) 783 (17.1) 417 (11.4) 1.37 (1.17,1.62) 2.69 (2.12, 3.43)

Bipolar disorder 16 (1) 30(0.7) 21(0.6) 2.28 (1.14,4.56) 3.04 (1.18,7.79)

Depression 307 (19.7) 698 (15.2) 285 (7.8) 1.32 (1.12, 1.56) 3.63(2.78,4.72)

Eating disorder 21(1.3) 98 ) 48 (1.3) ns ns

Insomnia 138 (8.9) 362 ) 113 (3.1) 1.34 (1.07, 1.69) 3.95(2.64,5.92)

Schizophrenia 3(0.2) 14 ) 3(0.1) ns ns

Substance use disorders 6(0.4) 190.4) 5(0.1) ns ns

* Logistic analysis adjusted for age, gender, ethnicity, Human Development Index value. CLD: chronic liver disease; CKD: chronic kidney disease; COPD:
chronic obstructive pulmonary disease; DM: diabetes mellitus; HCs: healthy controls; HIV-AIDS: human immunodeficiency virus-acquired immune
deficiency syndrome; IHD: ischaemic heart disease; [IMs: idiopathic inflammatory myopathies; ILD: interstitial lung disease; ns: not significant; oAIRDs:

other autoimmune rheumatic diseases; OR: odds ratio.

(OR: 2.69), bipolar disorder (OR: 3.04), depression (OR:
3.63) and insomnia (OR: 3.95) compared with HCs.

Considering that ILD may be a possible manifestation re-
lated to AIRDs, we performed the same analysis excluding
ILD from the count of comorbidities in IIMs and oAIRDs.
No variations were observed, as [IMs continued to show a
higher burden of comorbidities, BM and CM compared with
both 0AIRDs and HCs (Supplementary Table S4, available in
at Rheumatology online).

Multimorbidity in subsets of IIM

Supplementary Fig. S2, available at Rbheumatology online,
shows the densities of BM, CM and MHDs in patients
with IIMs according to their different geographic areas of
origin. While the burden of BM (Supplementary Fig. S2A,
available at Rheumatology online) and CM (Supplementary
Fig. S2B, available at Rheumatology online) appears higher
in certain areas, such as North America and Europe, it is evi-
dent that MHDs are consistently observed across multiple
regions of the world (Supplementary Fig. S2C, available at
Rheumatology online).

Table 3 shows the comorbidities in the different IIM sub-
sets. According to logistic regression analysis, patients with
PM and ASyS had a higher risk of having at least one comor-
bidity (OR: 2.19, 95% CI: 1.21, 3.19; OR: 2.57, 95% CI:
1.53, 4.34, respectively) compared with other subsets of IIM,
whereas patients with DM had a lower risk (OR: 0.70, 95%
CI: 0.54, 0.89), which persisted despite adjusting for age, sex,
ethnicity and country HDI. The presence of BM (at least two

comorbidities) was more common in patients with PM (OR:
1.68, 95% CI: 1.24, 2.29), ASyS (OR: 1.56, 95% CI: 1.01,
2.42), and IMNM (OR: 1.72, 95% CI: 1.12, 2.67), while a
lower likelihood was observed for patients with DM (OR:
0.64, 95% CI: 0.50, 0.82), and IBM (OR: 0.73, 95% CI:
0.54,0.97).

Notably, individuals with IMNM were more likely to be
diagnosed with concomitant CM, (OR: 2.05, 95% CI: 1.23,
3.39), whereas a lower probability was observed for patients
with DM (OR: 0.60, 95% CI: 0.42, 0.85) compared with
other subsets of IIM.

Finally, MHDs were evenly distributed across all [IMs sub-
sets, except for ASyS, where a reduced risk was observed
compared with other IIM subsets (OR: 0.61, 95% CI: 0.38,
0.96). A complete list of comorbidities in patients with IIMs
is provided in Supplementary Table S5, available in at
Rheumatology online. Additionally, we conducted the analy-
sis excluding ILD as a comorbidity in IIMs, and the results
are reported in Supplementary Table S6, available in at
Rheumatology online. In this case, an inversion of the risk of
having at least one comorbidity for ASS was observed (OR:
0.64, 95% CI: 0.42, 0.99), while no increased risk was ob-
served for BM and CM.

PROMIS outcome measures in [IMs

Table 4 reports the PROMIS results in IIM patients. As ob-
served, IIM patients with BM, CM and MHDs had worse
physical function, including low PGP, PGM and SF10, and
higher F4a scores compared with patients without.
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Table 3. Characteristics of the respondents in the cohort in [IMs
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DM (n=470) PM (n=217) IBM (n=375) ASS (n=103) IMNM (n=96) OM (n=239)
Age, median (IQR), years 58 (48-67) 64 (50-70) 71 (65-76) 52 (42-63) 7 (49-66) 49 (40-60)
Gender, 7 (%)
Male 84 (17.9) 54 (24.9) 221 (58.9) 16 (15.5) 27 (28.1) 18 (7.5)
Female 383 (81.5) 161 (74.2) 152 (40.5) 85 (82.5) 69 (71.9) 213 (89.1)
Do not wish to disclose 1(0.2) 1(0.4) 2(0.5) 1(0.2) 0(0) 1(0.4)
Others 1(0.2) 1(0.4) 0(0) 0(0) 0(0) 1(0.4)
Ethnicity, 7 (%)
Caucasian (White) 378 (80.4) 171 (78.8) 349 (93.1) 81 (78.6) 74 (77.1) 120 (50.2)
Asian 24 (5.1) 13 (6) 6(1.6) 9(8.7) 7(7.3) 58 (24.3)
African American 20 (4.3) 13 (6) 4(1.1) 2(1.9) 6(6.3) 13 (5.4)
Hispanic 31 (6.6) 5(2.3) 9(2.4) 3(2.9) 7(7.3) 8(3.3)
Mixed 10 (2.1) 5(2.3) 0(0) 4(3.9) 1(1) 9(3.8)
Native American 0(0) 0(0) 1(0.3) 0(0) 0(0) 2(0.8)
Do not wish to disclose 6(1.3) 4(1.8) 5(1.3) 0(0) 1(1) 13 (5.4)
Others 0(0) 4(1.8) 5(1.3) 0(0) 1(1) 13 (5.4)
HDI, #n (%)
Very high 453 (96.4) 202 (93.1) 370 (98.7) 100 (97.1) 93 (96.9) 187 (78.2)
High 12 (2.6) 7(3.2) 4(1.1) 2(1.9) 3(3.1) 35 (14.6)
Medium 4(0.9) 5(2.3) 1(0.3) 0(0) 0(0) 6(2.5)
Low 0(0) 1(0.5) 0(0) 0(0) 0(0) 5(2.1)
Disease activity, 7 (%)
Inactive 328 (88.2) 137 (82.5) 142 (49) 64 (81) 50 (72.5) 125 (86.8)
Active 44 (11.8) 9(17.5) 148 (51) 15 (19) 19 (27.5) 19 (13.2)
Comorbidities overall, 7 (%) 285 (60.6) 174 (80.2) 269 (71.7) 83 (80.6) 66 (68.6) 133 (55.6)
OR (95% CI) 0.7 (0.54,0.89) 2.19(1.21,3.19) ns 2.57 (1.53, 4.34) ns ns
Basic multimorbidity, 7 (%) 127 (27) 100 (46.1) 153 (40.8) 40 (38.8) 43 (44.8) 65(27.2)
OR (95% CI) 0.64 (0.5,0.82) 1. 68 (1.24,2.29) 0.73 (0.54,0.97) 1.56(1.01,2.42) 1.72(1.12,2.67) ns
Complex multimorbidity, 7 (%) 50 (10.6) 9 (18) 44 (11.7) 16 (15.5) 23 (24) 35 (14.6)
R (95% CI) 0.6 (0.42, 0.85) ns ns ns 2.05 (1.23, 3.39) ns
Mental health disorders, 7 (%) 166 (35.3) 76 (35) 105 (28) 31(30.1) 34 (35.4) 94 (39.3)
OR (95% CI) ns ns ns 0.61 (0.38, 0.96) ns ns

Logistic analysis (bold) adjusted for age, gender, ethnicity, HDI value is reported as OR (95% CI). ASS: antisynthetase syndrome; DM: dermatomyositis;
HDI: Human Development Index; IBM: inclusion body myositis; IMNM: immune mediated necrotizing myopathy; ns: not significantly different from other
idhiopatic inflammatory myopathies; OM: overlap myositis; PM: polymyositis; OR: odds ratio.

Table 4. PROMIS outcome measures among IIMs according to comorbidities

Basic multimorbidity Complex multimorbidity MHDs

Yes No Yes No Yes No
PROMIS Global Physical health score 1(9-14) 3(11-15)* 11 (9-13) 12 (10-15)* 11 (9-13) 3(11-15)*
PROMIS Global Mental Health score 2 (10-15) 3(11-16)* 12 (9-14) 3(11-16)* 11 (9-14) 4 (11-16)*
PROMIS Physical function SF10a score 1(23-37) 7 (27-44.5)* 30 (23-36.25) 5 (26— 43)* 32 (25-40) 4 (26-44)*
PROMIS Fatigue 4a score (0-20) 2 (8-16) 1(8-14)* 13 (10-16) 1(8-14 13 (10-16) 0 (8-13)*
Pain VAS of PROMIS (0-10) 3(1-5) 3(1-5)* 4 (2-6) 3(1 5) 4 (2-6) 2 (0-4)*
Fatigue VAS of PROMIS (1-5) 3(2-3) 3(2-3)* 3(3-4) 3 (2-3)* 3(3-4) 3(2-3)*

* P <0.001. MHD: mental health disorders; PROMIS: Patient-Reported Outcome Measurement Information System; VAS: visual analogue scale.

Among the IIMs, PGP was positively correlated with age
(regression coefficient [B]: 0.35; P=0.030) and negatively
correlated with active disease (B: —1.51; P < 0.001), BM (B:
-1.11; P<0.001) and MHDs (B: -1.47; P<0.001). PGM
was positively correlated with age (B: 0.51; P=0.004) and
negatively correlated with active disease (B: -1.34,
P <0.001), BM (B: —0.75; P=0.001) and MHDs (B: —2.22;
P <0.001). SF10a included a negative correlation with age
(B: —3.86; P <0.001), active disease (B: —7.03; P < 0.001),
BM (B: -2.95; P<0.001) and MHDs (B: -2.37; P <0.001),
but female gender was positively correlated (B: 2.85;
P <0.001). F4a score was negatively correlated with age (B:
-0.96, P<0.001) and showed a positive correlation with

active disease (B: 1.45, P<0.001), country HDI (B: 0.95;
P=0.04), BM (B: 1.11; P<0.001) and MHDs (B: 2.17;
P <0.001) (Table 5).

Cluster analysis

Hierarchical clustering on principal components identified
four distinct clusters of I[IM patients (Table 6). Cluster 1 in-
cluded younger patients with fewer comorbidities and good
health. Cluster 2 comprised older patients with a higher prev-
alence of CM, MHDs, metabolic syndrome-related comor-
bidities and a higher burden of cardiovascular events. Cluster
3 featured a higher prevalence of MHDs, low PGP/PGM
scores and a high F4a score, with common conditions like
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Table 5. Linear regression analysis of predictors of PROMIS outcomes in [IMs

PROMIS Global PROMIS Global PROMIS Physical Fatigue 4a

Physical Health mental health function (SF10 score)

B P-value B P-value B P-value B P-value
Age 0.35 0.03 0.51 0.004 -3.86 <0.001 -0.96 <0.001
Active disease -1.51 <0.001 -1.34 <0.001 -7.03 <0.001 1.45 <0.001
Gender (F/M) 0.08 0.67 -0.12 0.59 2.85 <0.001 0.33 0.21
Basic multimorbidity -1.12 <0.001 -0.75 0.001 -2.95 <0.001 1.11 <0.001
Complex multimorbidity 0.27 0.39 0.40 0.26 -0.01 1.00 -0.24 0.58
Mental health disorders -1.47 <0.001 -2.22 <0.001 -2.36 0.001 2.17 <0.001
HDI classification -0.56 0.09 -0.11 0.76 -0.04 0.97 0.95 0.04

B: regression coefficient; F: female; HDI: Human Development Index; M: male; PROMIS: Patient-Reported Outcome Measurement Information System.

Table 6. Cluster analysis in idiopathic inflammatory myopathies

Cluster 1 (2=219)

Cluster 2 (n=564) Cluster 3 (n=318) Cluster 4 (n=422)

189 (86.3)°
30

6)
8)?

Female, 72 (%)
Age, mean (SD) 44 (1
BM, 7 (%) 10 (4.
CM, n (%) 4 (1.
Ethnicity, 7 (%)

Caucasian (White) 115

Asian 59

African American 10

Hispanic 13
Very high HDIL, 7 (%) 176

Asthma

CKD

CLD

COPD

ILD

IHD

DM

Epilepsy

Dyslipidaemia

HIV-AIDS

Hypertension

Stroke

Tuberculosis

Organ transplant

Others
MHDs, 7 (%)

Anxiety

Bipolar disorder

Depression

Eating disorder

Insomnia

Schizophrenia

Substance use disorders
PROMIS Global Physical Health, mean (s.p.) 15.8
PROMIS Global Mental Health, mean (s.D.) 15.4
PROMIS Physical Function SF10a, mean (s.p.) 45.8
PROMIS Fatigue 4a score, mean (s.D.) 7.2

—_ S

[NSINON)
ORr JUnrkFE LONN P, OO, VO UNOO WD W

—_

358 (63.5)° 288 (90.6)° 258 (61.1)°
66 (10)° 45 (12) 66 (9)°
330 (58.5)° 44 (13.8)¢ 156 (37)¢
153 (27.1)° 27 (8.5)¢ 31(7.3)
502 (89)° 192 (60.4) 386 (91.5)°

2(0.4) 52 (16.4)° 8 (1.9)°

26 (4.6)* 15 (4.7) 12 (2.8)2

15 (2.7)> ¢ 28 (8.8)* 7 (1.7)
557(98.8)° 277 (87.1) 419 (99.3)®
119 (21.1)° 50 (15.7)>¢ 46 (10.9)

28 (5)° 12 (3.8)° 11 (2.6)

16 (2.8) 5(1.6) 5(1.2)

44 (7.8)° 7 (2.2) 8(1.9)

93 (16.5) 55(17.3) 73 (17.3)

88 (15.6)° 7 (2.2) 27 (6.4)°
130 (23)° 13 (4.1)° 59 (14)°

6 (1.1 3(0.9) 0 (0)*
220 (39)° 27 (8.5) 123 (29.1)¢

5(0.9) 1(0.3) 1(0.2)2
289 (51.2)° 34 (10.7) 164 (38.9)°

19 (3.4)° 1(0.3) 7 (1.7)>b

5(0.9) 3(0.9)° 0 (0)?*

2(0.4) 0(0) 0(0)

70 (12.4)° 9 (2.8)° 43(10.2)°
241 (42.7)° 176 (55.3)¢ 61 (14.5)
146 (25.9)° 117 (36.8)° 34 (8.1)*

6 (1.1 8 (2.5) 1(0.2)2

153 (27.1)° 108 (34)° 28 (6.6)*

4(0.7)b* 11 (3.5) 0 (0)?

63 (11.2)° 53 (16.7)° 10 (2.4)

1(0.2)% 1(0.3) 0 (0)*

2 (0.4) 3(0.9) 0 (0)
10.2 (1.9)" 10.5 (2.3)" 14.5 (1.7)¢
11.2 (2.7)° 10.8 (3.0)® 15.2 (2.4)2
25.6 (8.5)° 34.3 (8.6)° 36.4 (9.5)¢
13.7(3.2)° 13.8(3.3)° 8.0 (2.3)

Each superscript letter indicates a subset of the four groups analysed for which the means or proportions showed no difference at a significance level of 0.05.
BM: basic multimorbidity; CM: complex multimorbidity; HDI: Human Development Index; MHD: mental health disorder; PROMIS: Patient-Reported

Outcome Measurement Information System.

depression, anxiety and insomnia. Cluster 4, consisting of
older patients with higher BM but better health as indicated
by PROMIS scores, showed less comorbidity impact than
cluster 2.

Supplementary Fig. S3, available at Rheumatology online,
shows the distribution of IIMs across clusters. DM and ASyS
were evenly distributed, while IMNM was less common in
cluster 1 (11.8%). IBM and PM were more prevalent in

clusters 2 (61.7% and 45.3%) and 4 (36.4% and 34.6%),
and OM was more common in cluster 3 (45.4%).

Discussion

To provide holistic, high-quality care for rheumatic patients,
understanding the impact of comorbidities is essential.
However, only a few studies have assessed this significant
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impact in rheumatic patients to date. Our analysis of the
COVAD cohort shows that IIM patients have a significantly
higher burden of comorbidities, including MHDs, compared
with both 0AIRDs and HCs.

The concept of comorbidity is broad, encompassing the si-
multaneous presence of multiple conditions within an indi-
vidual. Recently, the term ‘complex multimorbidity’ has
emerged, defined as the presence of three or more chronic
conditions affecting three or more different body systems.
The CM assessment approach is based on evidence that the
occurrence of diseases in multiple body systems can have a
significant impact on the overall assessment of health [10].
When applying these rigorous definitions to the COVAD co-
hort, it becomes evident that I[IM patients carry a higher bur-
den of CM, emphasizing the extraordinary complexity that
rheumatologists managing these patients must contend with.
This further underscores the heightened vulnerability of these
patients and reinforces the imperative for a comprehensive
approach to their care, addressing not only the underlying
rheumatic condition, but also all other facets of their health.

Our study found that IIM patients have a higher risk of
IHD, likely due to increased prevalence of risk factors like
dyslipidaemia and hypertension. This aligns with other stud-
ies [18] showing an independently increased cardiovascular
risk in IIM patients [19, 20]. Certainly further research is
needed to explore the roles of disease, comorbidities and ther-
apies in this risk.

A significant finding is the higher incidence of MHDs in
IIM, compared with oAIRDs and HCs. Our data show that
MHDs are a global concern for IIM patients, with a uniform
distribution across all regions in the COVAD cohort. This
may be due to IIMs being rare diseases with limited access to
effective therapies and a high risk of disability, increasing vul-
nerability to MHDs like anxiety and depression.

Additionally, the use of glucocorticoids, which are com-
monly prescribed for managing IIMs, can further exacerbate
this risk by contributing to the development of MHDs [21].

The PROMIS is a crucial tool for assessing patient health
and performs well in I[IM patients [22, 23]. In this study,
comorbidities—including BM, CM, and MHDs—were linked
to worse patient-reported outcomes across multiple health
domains, such as global physical and mental health, physical
function, and fatigue. Notably, having at least two comorbid-
ities or MHDs was the primary factor negatively impacting
all PROMIS domains.

Note that other intriguing correlations were found. Older
age was linked to better mental and physical health and less
fatigue. Mental health issues like anxiety and depression are
common in younger patients with chronic rheumatic diseases
[24, 25] and may significantly impact their fatigue levels [26].
Female gender was associated with better physical function,
possibly due to the higher prevalence of IBM in males, a con-
dition causing severe physical disability [23]. A higher HDI
was linked to greater fatigue, though this finding should be
cautiously interpreted due to the small number of IIMs in
other HDI categories. Further research is needed to explore
this discrepancy.

This approach emphasizes the need for individualized care
for these patients, potentially through specialized clinics or
prioritized follow-ups to prevent delays, while acknowledg-
ing the greater burden on healthcare systems. IIMs represent
a diverse group of conditions, involving multiple organ sys-
tems and requiring different therapeutic strategies [1]. Our

Marco Fornaro et al.

study analysed the distribution of IIM subsets across four
identified clusters. DM, ASyS and IMNM were evenly dis-
tributed, whereas IBM and PM were primarily found in clus-
ters 2 and 4. Notably, most IBM and PM patients were in
cluster 2, characterized by high comorbidity prevalence and
poorer PROMIS outcomes. IBM, common in older adults, of-
ten leads to profound disability and significantly impacts
patient-reported outcome scores [23, 27]. Currently, there is
no effective therapy available. Comprehensive management
should include non-pharmacological approaches, as recom-
mended for other rheumatic conditions like lupus and sclero-
derma [28].

The link between PM and IBM may arise from diagnostic
confusion, with some PM patients potentially having IBM.
OM was mainly in cluster 3, consisting predominantly of
females with a high incidence of MHDs, reflecting known ep-
idemiology in rheumatology [25, 29]. Interestingly, despite
the differing physical comorbidities, clusters 2 (characterized
by a high comorbidity burden) and 3 (marked by a high bur-
den of MHDs) showed similarly poor outcomes in PROMIS
assessments. This emphasizes the significant impact of
MHDs on overall physical health, mental well-being and fa-
tigue. However, functional status, as measured by the SF-
10a, appeared to be less impaired in cluster 3, despite the
high burden of MHDs.

The strength of our study is its use of the extensive
COVAD survey, the most ethnically and geographically di-
verse dataset of I[IM patients to date. However, we acknowl-
edge limitations such as convenience sampling, recall bias
and reliance on unverified self-reported data.

To mitigate this, our survey underwent extensive pilot test-
ing and validation across multiple languages and regions to
ensure clarity and comprehensibility. Additionally, we in-
cluded questions verified by rheumatologists to improve the
accuracy of the reported diagnoses. There is the possibility
that some patients with IBM may have been misclassified as
having PM. Most patients with IIMs came from countries
with very high HDI, and some underdiagnosed comorbidities
from developing countries might have introduced some bias
[30, 31]. However, we attempted to correct for this discrep-
ancy by adjusting all analyses for HDI. Furthermore, the
scope of the survey was limited to specific comorbidities, po-
tentially leading to an underestimate of total comorbidity
burden. It should be noted that in the COVAD database, ILD
was recorded as a comorbidity, although it is recognized as a
possible manifestation of the disease itself. To avoid bias,
since it is assessed within the database context as a comorbid-
ity, we have chosen to retain this involvement as a comorbid-
ity in our analysis. However, we conducted a sub-analysis
excluding ILD as a comorbidity for all AIRDs, which con-
firmed the results of a higher risk of comorbidities, BM and
CM for IIMs. In this context, only for ASS do we observe a
reversal of the risk of having at least one comorbidity. To
bolster the credibility of our findings, future research should
aim to include verification through hospital record linkage
and a broader range of evaluated conditions to provide a
more comprehensive understanding of the comorbidity bur-
den in [IM patients.

In conclusion, our study underscores a substantial burden
of comorbidities, including MHDs, among individuals with
[IMs. Whether assessed by the presence of multiple concur-
rent conditions, the involvement of various organs/systems or
mental health, these comorbidities significantly affect various
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facets of patients' lives. Therefore, the clinical management
of IIM patients must adopt a comprehensive perspective that
recognizes the influence of comorbidities and embraces a ho-
listic approach to patient care.
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Supplementary material is available at Rheumatology online.
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