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Abstract

Objectives: To investigate health-related quality of life in patients with idiopathic inflammatory myopathies (IIMs) compared with those with
non-IIM autoimmune rheumatic diseases (AIRDs), non-rheumatic autoimmune diseases (nrAlDs) and without autoimmune diseases (controls)
using Patient-Reported Outcome Measurement Information System (PROMIS) instrument data obtained from the second COVID-19 vaccina-
tion in autoimmune disease (COVAD-2) e-survey database.

Methods: Demographics, diagnosis, comorbidities, disease activity, treatments and PROMIS instrument data were analysed. Primary out-
comes were PROMIS Global Physical Health (GPH) and Global Mental Health (GMH) scores. Factors affecting GPH and GMH scores in [IMs
were identified using multivariable regression analysis.

Results: We analysed responses from 1582 [IM, 4700 non-IIM AIRD and 545 nrAID patients and 3675 controls gathered through 23 May 2022.
The median GPH scores were the lowest in [IM and non-IIM AIRD patients {13 [interquartile range (IQR) 10-15] IIMs vs 13 [11-15] non-IIM
AIRDs vs 15 [13-17] nrAIDs vs 17 [15-18] controls, P< 0.001}. The median GMH scores in [IM patients were also significantly lower compared
with those without autoimmune diseases [13 (IQR 10-15) IIMs vs 15 (13-17) controls, P< 0.001]. Inclusion body myositis, comorbidities, active
disease and glucocorticoid use were the determinants of lower GPH scores, whereas overlap myositis, interstitial lung disease, depression, ac-
tive disease, lower PROMIS Physical Function 10a and higher PROMIS Fatigue 4a scores were associated with lower GMH scores in
[IM patients.

Conclusion: Both physical and mental health are significantly impaired in [IM patients, particularly in those with comorbidities and increased fa-
tigue, emphasizing the importance of patient-reported experiences and optimized multidisciplinary care to enhance well-being in people
with IIMs.

Lay Summary

What does this mean for patients?

The COVAD-2 e-survey of >10000 responses sheds light on the health-related quality of life (HRQoL) of individuals living with idiopathic inflam-
matory myopathies (IIMs) and other systemic autoimmune conditions. Our results highlight significant impairment in both physical and mental
HRQoL among those with [IMs. Specific disease factors (subtypes, disease activity), comorbidities (lung disease, depression), symptoms (fa-
tigue) and treatments (steroids) were associated with poorer HRQoL. This study demonstrates the need to address patient-reported experien-
ces like fatigue and mental health to enhance the well-being of those with 1IMs. Our findings stress the importance of developing personalized
healthcare approaches targeting the distinct challenges faced by individuals with autoimmune conditions, ultimately striving for better out-
comes and improved quality of life.
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Impaired health-related quality of life in patients with idiopathic
inflammatory myopathies: results from the COVAD-2 study
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Key messages

* Both physical and mental health are significantly impaired in patients with [IMs.
* |BM subtype, comorbidities and glucocorticoid use were associated with impaired global physical health in [IMs.
* OM subtype, ILD, depression, impaired physical function and fatigue were associated with reduced mental health.

Introduction

Idiopathic inflammatory myopathies (IIMs) are a group of sys-
temic autoimmune rheumatic diseases (AIRDs) that can involve
several organs [1, 2] and are remarkably heterogeneous in pre-
sentation and outcome. The subtypes of IIMs include dermato-
myositis (DM), juvenile DM (JDM), amyopathic DM,
polymyositis (PM), overlap myositis (OM), immune-mediated
necrotizing myopathies (IMNMs), anti-synthetase syndrome
(ASyS) and inclusion body myositis (IBM) [3].

While the International Myositis Assessment and Clinical
Studies Group core set measures are used to objectively mea-
sure disease activity in IIM patients [4], they fall short of pro-
viding a holistic viewpoint on the patients’ lived experiences.
Patient-reported outcome measures (PROMs), including
health-related quality of life (HRQoL), evaluate the impact of
disease on physical and mental health as well as on emotional
and social factors that may adversely influence the well-being
of individuals living with IIMs [5]. HRQoL may be negatively
impacted in IIMs by disease activity and damage, functional

disability, multimorbidity and social and environmental fac-
tors [6]. Pain and fatigue are other important yet under-
studied contributors to HRQoL in I[IMs [7-9]. A substantial
proportion of patients with IIMs experience a chronic disease
course and are prone to relapses, necessitating glucocorti-
coids [10, 11]. Adverse effects resulting from chronic gluco-
corticoid exposure can negatively impact patients’ body
image and lead to comorbidities, including glucocorticoid-
induced myopathy, osteoporosis with fractures and avascular
necrosis, which may influence HRQoL [12, 13]. Despite the
importance of assessing HRQoL in IIMs, current studies are
often limited geographically, by sample size or restricted to
specific subtypes of IIMs. Therefore, a comprehensive assess-
ment of HRQoL in patients with IIMs worldwide to elucidate
the determinants of poor HRQoL is warranted.

Several tools have been used to measure HRQoL in indi-
viduals living with AIRDs. The Patient-Reported Outcomes
Measurement Information System (PROMIS) is a National
Institutes of Health—funded initiative to develop and validate



PROM s for clinical trials and practice [14]. PROMIS is based
on the item response theory, and its item bank includes vari-
ous measures to assess a patient’s physical, social and emo-
tional functioning. For the assessment of HRQoL, PROMIS
Global Physical Health (GPH) and Global Mental Health
(GMH) summary scores, each consisting of four PROMIS
global health items, were confirmed to be useful in efficiently
summarizing physical and mental health in patient-reported
outcome studies [15].

The COVID-19 Vaccination in Autoimmune Disease
(COVAD) study is an ongoing, international, multicentre,
self-reported e-survey assessing the safety of COVID-19 vac-
cination as well as validated PROMs, including PROMIS
instruments, to outline patient experiences in various AIRDs,
with a particular focus on IIMs. A comprehensive second sur-
vey (COVAD-2) was launched in February 2022 [16]. In the
present study, global data from COVAD-2 were extracted
cross-sectionally to explore the HRQoL in IIMs compared
with control groups using validated PROMIS instruments ad-
justed for confounders.

Methods
COVAD-2 e-survey

Participants were eligible if they were >18 years old, regardless
of whether they were diagnosed with autoimmune diseases or
not. The questionnaire comprised multiple questions on demo-
graphics, previous COVID-19 infection and vaccination, diag-
noses of autoimmune diseases, current treatments, disease
activity, comorbidities and PROMs covering pain, fatigue, phys-
ical function and HRQoL. The survey form was extensively pi-
lot tested and validated by international experts, followed by
translation into 18 languages by the international COVAD
study group, consisting of 156 physicians in healthcare centres
located in at least 109 countries. The survey form was then dis-
seminated on Surveymonkey.com on 1 February 2022. A total
of 10502 responses accrued as of 23 May 2022 were analysed
in the present study. Informed consent was obtained from all
respondents electronically via a cover letter on the survey form
before proceeding with the questions. The COVAD study was
approved by the Institutional Ethics Committee of the Sanjay
Gandhi Postgraduate Institute of Medical Sciences (IEC code:
2021-143-IP-EXP-39) and performed according to the
Declaration of Helsinki. The detailed design of the COVAD-2
e-survey has been published elsewhere [16].

Data extraction

Survey data regarding demographics, diagnoses of autoimmune
diseases including IIM subgroups, disease duration, comorbid-
ities, disease activity, current glucocorticoid or immunomodula-
tory agent use and PROMs including fatigue, pain, physical
function and HRQoL were extracted from the COVAD-2 data-
base. The questions incorporated into the survey form corre-
sponding to each domain are presented in Supplementary Table
S1, available at Rheumatology Advances in Practice online.

The respondents were categorized into four disease groups:
IIMs, non-IIM autoimmune rheumatic diseases (non-IIM
AIRDs) and non-rheumatic autoimmune diseases (nrAIDs)
and those without any autoimmune diseases (controls). The
countries of residence were classified into four categories:
very high-, high-, medium- or low-income countries accord-
ing to the Human Development Index (HDI) scored in 2021
[17]. The HDI is a summary measure of three key dimensions
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of human development: a long and healthy life, knowledge
and a decent standard of living, assessed by life expectancy at
birth, mean or expected years of schooling and gross national
income per capita, respectively. Disease activity was assessed
using a 4-point scale (inactive, active but stable, active and
improving, active and worsening).

PROMIS GPH and GMH scores were calculated using
PROMIS global health items as previously described [15].
The PROMIS GPH score (range: 4-20) is the sum of global03
(physical health), global06 (physical function), global07
(pain) and global08 (fatigue), whereas the PROMIS GMH
score (range: 0-20) is the sum of global02 (quality of life),
global04 (mental health), global05 (satisfaction with discre-
tionary social activities) and global10r (emotional problems).

A 10-cm visual analogue scale (VAS) was used to quantify
pain. Fatigue was assessed using the PROMIS Short Form
version 1.0 Fatigue 4a (PROMIS Fatigue 4a). PROMIS
Fatigue 4a is a four-item questionnaire with a 5-point scale
for each item. A sum of individual scores was used to produce
the final score (range: 4-20), with higher scores indicating
greater fatigue. Physical function was evaluated using the
PROMIS Short Form version 2.0 Physical Function 10a
(PROMIS PF-10a). The PROMIS PF-10a questionnaire con-
sists of 10 items, with each item rated on a 5-point scale. The
final score (range: 10-50) was calculated as the sum of the in-
dividual scores, with higher scores indicating better physi-
cal function.

Statistical analysis

Means with s.n.s and medians with interquartile ranges
(IQRs) were used as appropriate to present continuous varia-
bles. One-way analysis of variance or the Kruskal-Wallis test
and the chi-squared test or Fisher’s exact test were used for
continuous and categorical variables, respectively. Dunn’s
test with Bonferroni correction was used for multiple com-
parisons. The primary outcomes were PROMIS GPH and
GMH scores. The secondary outcomes included PROMIS
PF-10a, pain VAS and PROMIS Fatigue 4a scores. Each out-
come was compared between IIMs, non-IIM AIRDs, nrAIDs
and controls, followed by multivariable analysis to assess
whether each disease group is associated with lower PROMIS
GPH or GMH scores when adjusted for demographics and
comorbidities. Next, each PROM was stratified by IIM sub-
groups. Here, we combined JDM and DM into one category
because the number of patients with JDM included in the pre-
sent study was very small (n=35).

Independent factors affecting PROMIS GPH scores in
patients with IIMs were identified using multivariable analy-
sis. We incorporated all variables of interest available in the
COVAD-2 dataset into the multivariable model: age, gender,
ethnicity, HDI, disease duration, I[IM subtype, comorbidities,
disease activity and glucocorticoid use. Here, we excluded
PROMIS PF-10a, pain VAS and PROMIS Fatigue 4a from
the covariates because PROMIS GPH scores comprise ques-
tions on physical function, pain and fatigue. In contrast, mul-
tivariable analysis to identify independent factors for
PROMIS GMH scores was performed using age, gender, eth-
nicity, HDI, disease duration, IIM subtype, comorbidities,
disease activity, glucocorticoid use, PROMIS PF-10a, pain
VAS and PROMIS Fatigue 4a scores as covariates. A linear
regression model was used to perform multivariate analyses.

We applied complete case analysis in the multivariable pro-
cesses. When there was more than 10% missing data in a
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variable, sensitivity analysis excluding the variable from
covariates was performed. We also performed sensitivity
analyses excluding patients with IBM in all multivariable
processes, considering the substantial differences in outcomes
between those with IBM and non-IBM IIMs. A two-sided
P-value <0.05 was considered statistically significant. All
statistical analyses were conducted using R (version 4.2.1; R
Foundation for Statistical Computing, Vienna, Austria).

Results

Demographics and clinical characteristics

A total of 10502 responses accrued as of 23 May 2022 from
1582 IIM, 4700 non-IIM AIRD and 545 nrAID patients and
3675 controls were analysed (Fig. 1). The mean age of all
respondents was 47 years (s.0. 15) and 7694 (73.8%) were
women. Caucasians accounted for 52.2%, and 54.8% were

living in countries with a very high HDI. RA (39.0%) was the
most common type of non-IIM AIRD, followed by SLE
(23.5%) and AS (7.9%), while in nrAID patients, autoimmune
thyroid disease (64.6%) was the most common, followed by in-
flammatory bowel disease (15.0%) and type 1 diabetes (6.1%).

The demographics and clinical characteristics of the partici-
pants in each disease group are summarised in Table 1.
Compared with other disease groups, patients with IIMs were
older, more likely to be Caucasian and living in countries with a
very high HDI (all P < 0.001). The median disease duration was
shorter in patients with IIMs than in those with non-IIM AIRDs
or nrAIDs (P < 0.001). Patients with IIMs were more likely to
have comorbidities, including mental disorders, than controls
(P <0.001). The proportion of patients with active disease (ac-
tive but stable, active and improving, active and getting worse)
was higher in IIMs than in non-IIM AIRDs or nrAIDs
(P <0.001). Patients with IIMs or non-IIM AIRDs received

10,783 responses as of May 23, 2022

281 responses excluded
* Incorrect responses (n = 43)

* Responses from pregnant or
breastfeeding women (n = 238)

10,502 responses included in the analysis

(n=1582) (n=4700)

IIMs non-lIM AIRDs

ASSD (n = 105)
DM/JDM (n = 481)

IBM (n = 382)

IMNM (n = 99)

OM (n = 246)
< PM(n=221)

Controls
(n = 3675)

nrAlDs
(n = 545)

« Ethnicity missing (n = 93)

540 responses excluded from the multivariable analysis

Living countries missing (n = 10)
« 1IM subtype not reported (n = 48)
« Disease activity indeterminate or missing (n = 516)

1042 responses included in the multivariable model for HRQoL
(1459 responses included when disease activity removed from covariates)

Figure 1. Flow diagram of participant selection
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Table 1. Demographics and clinical characteristics of participants in the COVAD-2 e-survey

Variables IIMs (n=1582) AIRDs (=4700) nrAlIDs (z=545) Controls (#=3675) P-value
Age, years, mean (s.D.) 59 (14) 48 (14) 45 (14) 40 (14) <0.001
Female, n/N (%) 1126/1573 (71.6)  3943/4667 (84.5) 435/540 (80.6) 2190/3646 (60.1) <0.001
Ethnicity, 7 (%) <0.001
Caucasian 1232/1489 (82.7)  2159/4060 (53.2) 301/482 (62.4) 1063/3085 (34.5)
Asian 127/1489 (8.5) 1080/4060 (26.6) 69/482 (14.3) 908/3085 (29.4)
Hispanic 67/1489 (4.5) 478/4060 (11.8) 93/482 (19.3) 892/3085 (28.9)
African American or of African origin 59/1489 (4.0) 302/4060 (7.4) 16/482 (3.3) 193/3085 (6.3)
Native American, Indigenous, Pacific Islander 4/1489 (0.3) 41/4060 (1.0) 3/482 (0.6) 29/3085 (0.9)
HDI, #/N (%) <0.001
Very high 1474/1572 (93.8)  2865/4671 (61.3) 268/541 (49.5) 1101/3638 (30.3)
High 68/1572 (4.3) 1064/4671 (22.8) 208/541 (38.4) 1362/3638 (37.4)
Medium 24/1572 (1.5) 612/4671 (13.1) 54/541 (10.0) 959/3638 (26.4)
Low 6/1572 (0.4) 130/4671 (2.8) 11/541 (2.0) 216/3638 (5.9)
Disease duration, years, median (IQR) 7 (3-14) 9 (4-18) 0 (4-17) NA <0.001
Comorbidity, 7 (%)
Asthma 225 (14.2) 500 (10.6) 50(9.2) 246 (6.7) <0.001
Chronic kidney disease 51(3.2) 239 (5.1) 18 (3.3) 20 (0.5) <0.001
Chronic liver disease 28 (1.8) 62 (1.3) 8 (1.5) 20 (0.5) <0.001
COPD 60 (3.8) 131 (2.8) 5(0.9) 32(0.9) <0.001
ILD 264 (16.7) 152 (3.2) 8 (1.5) 9(0.2) <0.001
Cardiovascular disease 122 (7.7) 115 (2.4) 4(0.7) 33(0.9) <0.001
Diabetes 207 (13.1) 255(5.4) 73 (13.4) 147 (4.0) <0.001
Dyslipidaemia 382 (24.1) 583 (12.4) 71 (13.0) 261 (7.1) <0.001
Hypertension 500 (31.6) 893 (19.0) 83 (15.2) 367 (10.0) <0.001
Stroke 26 (1.6) 45 (1.0) 4(0.7) 9(0.2) <0.001
Epilepsy 9(0.6) 60 (1.3) 4(0.7) 10 (0.3) <0.001
Tuberculosis 7(0.4) 54 (1.1) 6(1.1) 15(0.4) <0.001
HIV/AIDS 7(0.4) 7(0.1) 1(0.2) 10 (0.3) 0.203
Anxiety disorder 327(20.7) 809 (17.2) 95 (17.4) 426 (11.6) <0.001
Depression 308 (19.5) 713 (15.2) 84 (15.4) 291 (7.9) <0.001
Insomnia 140 (8.8) 379 (8.1) 39(7.2) 120 (3.3) <0.001
Eating disorder 23 (1.5) 99 (2.1) 18 (3.3) 53(1.4) 0.005
Disease activity, #/N (%) <0.001
Inactive 158/1066 (14.8) 707/2796 (25.3) 91/297 (30.6) NA
Active but stable 555/1066 (52.1) 1374/2796 (49.1) 159/297 (53.5) NA
Active and improving 73/1066 (6.8) 228/2796 (8.2) 21/297 (7.1) NA
Active and getting worse 280/1066 (26.3) 487/2796 (17.4) 26/297 (8.8) NA
Glucocorticoid use (mg/day®), n (%) <0.001
No glucocorticoids 972 (61.4) 3118 (66.3) 494 (90.6) 3621 (98.5)
<10 398 (25.2) 1189 (25.3) 30(5.5) 38 (1.0)
10-20 123 (7.8) 293 (6.2) 14 (2.6) 11 (0.3)
>20 89 (5.6) 100 (2.1) 7 (1.3) 5(0.1)
Immunomodulatory agent use, 7 (%)
Methotrexate 326 (20.6) 1272 (27.1) 11 (2.0) 0 <0.001
Mycophenolate mofetil 269 (17.0) 376 (8.0) 6(1.1) 0 <0.001
Azathioprine 140 (8.8) 341 (7.3) 23 (4.2) 0 <0.001
Hydroxychloroquine 228 (14.4) 1407 (29.9) 20 (3.7) 0 <0.001
Sulfasalazine 15(0.9) 328 (7.0) 13 (2.4) 0 <0.001
Leflunomide 13 (0.8) 229 (4.9) 1(0.2) 0 <0.001
Tacrolimus 28 (1.8) 31(0.7) 3(0.6) 0 <0.001
Ciclosporin 29 (1.8) 53(1.1) 4(0.7) 0 <0.001
Cyclophosphamide 14 (0.9) 54 (1.1) 1(0.2) 0 <0.001
IVIG or SQIG 213 (13.5) 30 (0.6) 4(0.7) 0 <0.001
Rituximab 156 (9.9) 188 (4.0) 10 (1.8) 0 <0.001
Janus kinase inhibitors 18 (1.1) 93 (2.0) 2(0.4) 0 <0.001

? Prednisolone/prednisone-equivalent dose.

COPD: chronic obstructive pulmonary disease; NA: not applicable; SQIG: subcutaneous immunoglobulin.

treatment with glucocorticoids or immunomodulatory agents
more frequently than those with nrAIDs (P < 0.001).

Among the IIMs, DM/JDM was the most common
(31.4%), followed by IBM (24.9%) and OM (16.0%)
(Supplementary Table S2, available at Rbeumatology
Advances in Practice online). Patients with IBM were older
and more likely to be men than those with other subtypes
(P <0.001). Except for those with OM, >75% of patients
with IIMs were Caucasian and living in countries with a very

high HDI. The median disease duration was longer in
patients with IBM, OM and PM than in those with ASyS,
DM/JDM and IMNM.

The proportion of patients with active disease was higher
in the IBM group than in the other subtypes (P < 0.001). The
prevalence of interstitial lung disease (ILD) was highest in
ASyS (P <0.001), while atherosclerotic diseases, including
cardiovascular disease, diabetes, dyslipidaemia and hyperten-
sion, were more common in those with IBM, IMNM and
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PM. As for mental disorders, patients with OM most fre-
quently experienced insomnia (P =0.002). Patients with IBM
were rarely treated with glucocorticoids or immunomodula-
tors. Mycophenolate mofetil and rituximab were frequently
used in patients with ASyS, while the use of intravenous or
subcutaneous human immunoglobulin was most common in
patients with IMNM.

HRQolL, physical function, pain and fatigue

PROMIS GPH and GMH, PROMIS PF-10a, pain VAS and
PROMIS Fatigue 4a scores in each disease group are pre-
sented in Fig. 2. PROMIS GPH median scores were lowest in
patients with IIMs and non-IIM AIRDs [IIMs: 13 (IQR
10-15) vs non-IIM AIRDs: 13 (11-15) vs nrAlDs: 15
(13-17) vs controls: 17 (15-18), P <0.001]. PROMIS GMH
median scores in [IM patients were significantly lower than
the scores in controls (P < 0.001), but were marginally lower
or comparable to the scores in non-IIM AIRD (P =0.048) or
nrAID (P=0.560) patients [[IMs: 13 (IQR 10-15) vs non-
IIM AIRDs: 13 (10-15) vs nrAIDs: 13 (11-16) vs controls:
15 (13-17)].

It should be noted that PROMIS PF-10a median scores were
the lowest in IIM patients [[IMs: 34 (IQR 25-43) vs non-IIM
AIRDs: 40 (34-46) vs nrAlDs: 47 (40-50) vs controls:
49 (45-50), P < 0.001], suggesting significantly impaired physi-
cal function in patients with IIMs. Meanwhile, pain VAS me-
dian scores were the highest in patients with non-IIM AIRDs
[[IMs: 3 (IQR 1-5) vs non-IIM AIRDs: 4 (2-6) vs nrAlDs:
2 (0-4) vs controls: 0 (0-2), P < 0.001]. Notably, PROMIS
Fatigue 4a median scores were highest in I[IM patients [[IMs:
11 (8-14) vs non-IIM AIRDs: 10 (8-14) vs nrAIDs: 9 (7-13) vs
controls: 7 (4-10), P <0.001], indicating increased fatigue in
patients with I[IMs.

Multivariate analysis in the overall population revealed that
the diagnosis of IIMs (reference: controls) was independently as-
sociated with lower PROMIS GPH scores (Supplementary
Table S3A, available at Rheumatology Advances in Practice on-
line) and PROMIS GMH scores (Supplementary Table S3B,
available at Rbheumatology Advances in Practice online) when
adjusted for age, gender, ethnicity, HDI and comorbidities.
Sensitivity analyses excluding IBM also showed that the diagno-
sis of non-IBM IIMs was an independent factor for lower
PROMIS GPH (Supplementary Table S3C, available at
Rheumatology Advances in Practice online) and GMH scores
(Supplementary Table S3D, available at Rbeumatology
Advances in Practice online). These results suggest that both
physical and mental QoL are significantly impaired in patients
with IIMs compared with controls, independent of demo-
graphics and comorbidities.

Stratification by [IM subtypes

To further explore HRQoL and other PROMs in patients with
IIMs, each outcome was stratified by IIM subtype (Fig. 3).
PROMIS GPH median scores were lowest in patients with IBM
(P<0.001) (Fig. 3A). A similar trend was observed in PROMIS
PF-10a median scores, which were also lowest in those with
IBM (P < 0.001) (Fig. 3C). In contrast, PROMIS GMH median
scores were lower in patients with ASyS or OM than in those
with the other subtypes (P<0.001) (Fig.3B). Pain VAS
(Fig. 3D) and PROMIS Fatigue 4a median scores (Fig. 3E) were
highest in patients with OM (P < 0.001).

Factors affecting HRQoL in patients with [IMs

Multivariable regression analyses were performed to identify
factors affecting PROMIS GPH or GMH scores in patients with
IIMs (Table 2). IBM (P=0.002 vs ASyS; P <0.001 vs DM/
JDM; P=0.022 vs PM); comorbidities including asthma
(P=0.021), cardiovascular disease (P=0.006), hypertension
(P <0.001) and depression (P < 0.001); disease activity (active
and getting worse: P < 0.001; active and improving: P =0.047;
active but stable: P=0.001); and glucocorticoid use (predniso-
lone/prednisone-equivalent dose of <10 mg/day: P = 0.006; 10—
20 mg/day: P=0.005; >20 mg/day: P=0.010) were identified
as factors independently associated with lower PROMIS GMH
scores (Table 2A). In contrast, living in countries with medium/
low HDI (P =0.039), OM (P =0.003), ILD (P = 0.006), mental
disorders including anxiety disorder (P =0.021) and depression
(p <0.001), disease activity (active and improving: P=0.004),
lower PROMIS PF-10a (P<0.001), higher pain VAS
(P=0.011) and higher PROMIS Fatigue 4a scores (P < 0.001)
were identified as independent factors associated with lower
PROMIS GMH scores (Table 2B).

In the sensitivity analyses excluding IBM, the diagnosis of
IMNM, OM or PM (reference: DM/JDM) was identified as a
further factor for lower PROMIS GPH scores, as well as
comorbidities including asthma, cardiovascular disease, hy-
pertension, and depression, active disease and glucocorticoid
use (Supplementary Table S4A, available at Rbheumatology
Advances in Practice online). In contrast, OM, ILD, depres-
sion, active disease, lower PROMIS PF-10a scores and higher
PROMIS Fatigue 4a scores were independent factors for
lower PROMIS GMH scores in non-IBM IIM patients, while
higher pain VAS did not have a significant association
(Supplementary Table S4B, available at Rbeumatology
Advances in Practice online).

Considering that 540 responses were excluded from the
multivariable models mainly due to indeterminate disease ac-
tivity status (Fig. 1), we also performed sensitivity analyses
excluding disease activity from the covariates. This increased
the number of responses included in the multivariable models
from 1042 to 1459. Factors independently associated with
lower PROMIS GPH or GMH scores identified in these sensi-
tivity analyses were generally consistent with the primary
analyses that included disease activity as a covariate
(Supplementary Table S5, available at Rhbeumatology
Advances in Practice online).

Discussion

Using cross-sectional data obtained from a large global dataset,
our study establishes that both physical and mental health are
significantly impaired in patients with IIMs. PROMIS GPH and
GMH scores were lower in patients with IIMs than in controls,
independent of demographics and comorbidities. Among IIM
patients, PROMIS GPH and PROMIS PF-10a scores were low-
est in patients with IBM, suggesting significantly impaired phys-
ical function and QoL in this subtype. IBM, comorbidities
including asthma, cardiovascular disease, hypertension and de-
pression, active disease, and glucocorticoid use were the inde-
pendent factors for lower PROMIS GPH scores. On the other
hand, PROMIS GMH scores were adversely affected by the co-
existence of ILD, depression, active disease, increased fatigue
and impaired physical function. To the best of our knowledge,
this is the first study to investigate HRQoL using PROMIS
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Figure 2. Patient-reported outcomes in each disease group. The (A) PROMIS GPH score, (B) PROMIS GMH score, (C) PROMIS PF-10a score, (D) Pain
VAS score and (E) PROMIS Fatigue 4a score were compared between disease groups. *P< 0.05, ***P < 0.001. N.S.: not significant; PF:

physical function
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Table 2. Multivariable regression analysis to identify factors affecting PROMIS GPH or GMH scores in patients with [IMs

Akira Yoshida et al.

(A) Population: all IIMs; outcome: PROMIS GPH scores

Covariates Coefficient 95% CI P-value
Age 0.004 -0.011, 0.019 0.636
Male (reference: female) -0.109 -0.503, 0.286 0.588
Ethnicity (reference: Caucasian)
Asian 1.523 0.776,2.271 <0.001
Hispanic —-0.003 -0.921,0.914 0.994
African American or African origin -0.141 -1.163, 0.881 0.787
Native American, Indigenous, Pacific Islander 2.753 -0.969, 6.475 0.147
HDI (reference: very high)
High 0.968 -0.178,2.114 0.098
Low/medium -0.467 -2.126,1.193 0.581
Disease duration —0.006 —0.014, 0.002 0.119
IIM subtype (reference: IBM)
ASyS 1.354 0.489,2.218 0.002
DM/]DM 1.306 0.755,1.857 <0.001
IMNM 0.291 -0.509, 1.091 0.475
OM -0.107 —0.809, 0.594 0.764
PM 0.723 0.104, 1.341 0.022
Asthma -0.570 —1.054, -0.086 0.021
Chronic kidney disease 0.452 —0.543, 1.447 0.373
Chronic liver disease -1.227 -2.687,0.233 0.099
COPD -0.684 —1.634,0.266 0.158
ILD -0.292 -0.775,0.190 0.235
Cardiovascular disease -0.880 -1.503, -0.258 0.006
Diabetes -0.273 -0.763,0.216 0.273
Dyslipidaemia 0.256 —-0.137, 0.649 0.202
Hypertension -0.981 —1.354, -0.607 <0.001
Stroke -1.097 —2.406, 0.212 0.100
Anxiety disorder -0.186 —0.656,0.283 0.436
Depression -1.182 -1.650, -0.713 <0.001
Eating disorder -0.427 -2.075,1.222 0.612
Insomnia -0.534 -1.197,0.128 0.114
Disease activity (reference: inactive)
Active and getting worse -2.317 -2.904, -1.729 <0.001
Active and improving -0.775 -1.539,-0.010 0.047
Active but stable -0.822 -1.321,-0.323 0.001
Glucocorticoid use (mg/day?) (reference: no glucocorticoids)
<10 -0.574 -0.979, -0.169 0.006
10-20 -0.895 -1.523, -0.266 0.005
>20 —0.949 -1.675,-0.223 0.010
(B) Population: all IIMs; outcome: PROMIS GMH scores
Covariates Coefficient 95% CI P-value
Age 0.012 —0.003, 0.028 0.107
Male (reference: female) -0.033 -0.419, 0.353 0.867
Ethnicity (reference: Caucasian)
Asian -0.412 -1.151,0.327 0.274
Hispanic 0.214 -0.684, 1.111 0.641
African American or African origin 0.309 -0.691,1.310 0.544
Native American, Indigenous, Pacific Islander -0.978 -4.620, 2.665 0.598
HDI (reference: very high)
High 0.844 -0.275,1.963 0.139
Medium/low -1.717 —3.344, -0.090 0.039
Disease duration -0.002 -0.010, 0.006 0.585
IIM subtype (reference: IBM)
ASyS -0.706 -1.587,0.174 0.116
DM/JDM -0.408 -1.001, 0.186 0.178
IMNM -0.546 —1.349,0.256 0.182
OM -1.092 -1.807, -0.378 0.003
PM -0.384 -1.017,0.249 0.234
Asthma 0.252 —0.223,0.727 0.297
Chronic kidney disease 0.536 —-0.439,1.512 0.281
Chronic liver disease 0.241 -1.187,1.669 0.741
COPD -0.228 -1.158, 0.702 0.631
ILD -0.667 —1.139, -0.195 0.006

(continued)



HRQoL in [IMs 1
Table 2. (continued)
(B) Population: all IIMs; outcome: PROMIS GMH scores
Covariates Coefficient 95% CI P-value
Cardiovascular disease -0.240 —0.849, 0.369 0.439
Diabetes -0.066 —-0.545,0.418 0.788
Dyslipidaemia 0.185 -0.200, 0.570 0.347
Hypertension 0.106 -0.262,0.474 0.572
Stroke 0.575 -0.706, 1.855 0.379
Anxiety disorder -0.539 -0.997,-0.080 0.021
Depression -1.218 —-1.684,-0.751 <0.001
Eating disorder 1.273 -0.338,2.885 0.121
Insomnia -0.435 -1.084,0.215 0.190
Disease activity (reference: inactive)

Active and getting worse -0.502 -1.095, 0.091 0.097

Active and improving -1.092 —-1.840, -0.344 0.004

Active but stable -0.160 -0.652,0.331 0.522
Glucocorticoid use (mg/day?) (reference: no glucocorticoids)

<10 0.229 -0.168, 0.626 0.258

10-20 —-0.069 —-0.688, 0.549 0.826

>20 0.545 -0.209, 1.218 0.165
PROMIS PF-10a scores 0.061 0.039, 0.084 <0.001
Pain VAS -0.109 -0.192, -0.025 0.011
PROMIIS Fatigue 4a scores -0.323 -0.376, -0.270 <0.001

? Prednisolone/prednisone-equivalent dose.
COPD: chronic obstructive pulmonary disease; PF: physical function.

instruments in a global cohort of patients with AIRDs includ-
ing [IMs.

PROMIS GPH scores, which were lowest in IIMs among
disease groups, were calculated as the sum of four items:
overall physical health, physical function, pain and fatigue
[15]. PROMIS PF-10a scores were lowest and PROMIS
Fatigue 4a scores were highest in [IMs, while pain VAS scores
in [IMs were lower than the scores in non-IIM AIRDs, sug-
gesting that impaired physical function and increased fatigue
are major determinants of reduced physical QoL in patients
with IIMs. Fatigue is currently an understudied phenomenon
in IIMs. Our analysis from the initial COVAD e-survey
revealed that patients with [IMs experience increased fatigue
compared with healthy controls, regardless of disease activ-
ity, and the determinants of fatigue included being female
and Caucasian [9]. Recent studies from clinical trials in
patients with RA demonstrated that most patients did not
achieve sustained fatigue improvement despite intensive treat-
ment with DMARDs [18], and the importance of non-
pharmacological interventions, including exercise programs
and behavioural therapy, has been emphasized in patients
with risk factors for sustained fatigue [19, 20]. Our results
warrant future studies to investigate the determinants and
trajectory of fatigue and non-pharmacological strategies to
address fatigue in patients with IIMs.

Among IIM patients, physical function and QoL were most
significantly affected in IBM, which is also consistent with
previous studies [21, 22]. The significantly impaired physical
health of IBM patients likely reflects the treatment-refractory
nature of the disease and the accumulation of muscle damage
[23, 24]. Comorbidities including asthma, cardiovascular dis-
ease, hypertension and depression were also identified as fac-
tors associated with lower PROMIS GPH scores. While the
mechanisms by which these comorbidities affect physical
health in patients with IIMs remain to be elucidated, our
results call for greater attention to patients with IIMs with
certain comorbidities as a vulnerable population.

PROMIS GMH scores were significantly lower in IIM
patients than in controls. While the multivariable analysis in
IIM patients identified mental disorders as independent fac-
tors associated with lower PROMIS GMH scores, as
expected, it is intriguing to note that ILD was another factor
independently associated with impaired mental health in IIM
patients. The hallmark symptoms of ILD are cough and dys-
pnoea, which are associated with frustration, shame, anger
and isolation and negatively impact the mental health of af-
fected patients as identified in another study [25]. Since our
investigation is limited due to the lack of ILD-related PROMs
in the survey form, future studies assessing the detailed effect
of ILD on patients’ lives in IIMs are warranted. PROMIS
GMH scores were lower in patients with ASyS or OM in the
univariable analysis; however, ASyS was not found to be an
independent factor for lower PROMIS GMH scores in the
multivariable analysis. The high prevalence of ILD in patients
with ASyS could explain the lower PROMIS GMH scores in
these subtypes.

The strength of our study is that we were able to include a
large number of patients with IIMs, encompassing all sub-
types, by utilizing the large-scale, international COVAD-2
database. In contrast, as limitations, we acknowledge the
presence of selection bias arising from convenience sampling
as well as reporting bias inherent to the e-survey. The
COVAD-2 study successfully involved participants from pre-
viously overlooked regions, such as Africa and South
America; however, this inclusivity was unfortunately not the
case for the IIM group. A total of 82.7% were Caucasian and
93.8% were living in countries with a very high HDI, limiting
the generalizability of our results. Also, due to the nature of
the self-reported e-survey, diagnoses of autoimmune diseases,
including IIM subtypes and disease activity, were patient-
reported and not verified objectively. Furthermore, the
nrAID group was overrepresented by autoimmune thyroid
disease (64.6%). Our results should be confirmed in an inter-
national cohort study involving patients with [IMs as well as
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various rheumatic and non-rheumatic autoimmune condi-
tions from diverse ethnic and socio-economic backgrounds.
The COVAD-2 e-survey was circulated in early 2022, when
the COVID-19 pandemic still had a substantial impact on
patients’ physical and mental health. Further studies are war-
ranted to elucidate the trajectory of global health status in
people living with IIMs from the early pandemic to the post-
pandemic period. Finally, PROMIS GPH, GMH, PF-10a and
Fatigue 4a scores have not been validated in an academic co-
hort of patients with IIMs, whereas PROMIS PF-20, PF-8b,
Fatigue 7a and Pain interference 6a scores demonstrated
favourable test-retest reliability and construct validity in a
cohort of adult patients with IIMs [26, 27]. In addition, a
minimal clinically important difference (MCID) in each
PROM has not been assessed in a cohort of patients with
IIMs. Understanding the psychometric properties of PROMIS
instruments and their MCIDs may provide further insights
into their use in clinical practice and trials.

In conclusion, both physical and mental health were signifi-
cantly impaired in patients with IIMs compared with those with
non-IIM AIRDs, nrAIDs or controls. Our results call for greater
attention to patient-reported experiences and comorbidities, in-
cluding mental disorders, to provide targeted approaches and
optimize global well-being in people with IIMs.
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