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Objectives: Interstitial lung disease (ILD), the main pulmonary manifestation of

idiopathic inflammatory myopathy (IIM), frequently develops into rapidly

progressive ILD (RP-ILD) with significantly worse prognosis. This meta-analysis

identified risk and protective factors associated with developing RP-ILD in

IIM patients.

Methods: PubMed, Embase, Web of Science, and Scopus (up to October 2024)

were searched, analyzing 21 retrospective studies (2,099 patients). Pooled odds

ratios (ORs) with 95% confidence intervals (CIs) were collected. Subgroup analysis

was performed based on the RP-ILD definition. Sensitivity analysis and publication

bias assessments (Egger’s test and trim-and-fill method) were performed.

Results: The associated risk factors for RP-ILD development in IIM patients

included age (OR = 1.014, 95% CI: 1.002–1.025), clinically amyopathic

dermatomyositis (OR = 3.023, 95% CI: 1.491–6.130), mechanic’s hands (OR =

1.421, 95% CI: 1.054–1.915), fever (OR = 3.090, 95% CI: 1.933–4.939), pulmonary

infection (OR = 2.610, 95% CI: 1.457–4.677), anti-melanoma differentiation-

associated gene 5 (anti-MDA5) antibodies (OR = 6.044, 95% CI: 4.331–8.435),

anti-Ro-52 antibodies (OR = 2.425, 95% CI: 1.807–3.255), and elevated levels of

ferritin (OR = 5.844, 95% CI: 4.121–8.287), lactate dehydrogenase (OR = 3.627,

95% CI: 2.406–5.466), erythrocyte sedimentation rate (OR = 1.598, 95% CI:

1.089–2.344), aspartate aminotransferase (OR = 2.666, 95% CI: 1.864–3.814),

alanine transaminase (OR = 2.702, 95% CI: 1.737–4.201), and C-reactive protein

(OR = 3.366, 95% CI: 2.149–5.274), whereas longer disease duration (OR = 0.790,

95% CI: 0.638–0.977) and dysphagia (OR = 0.773, 95% CI: 0.653–0.916) were

potential protective factors.
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Conclusion: This meta-analysis of 21 retrospective studies identified potential

risk and protective factors associated with RP-ILD development in IIM patients,

providing a basis for early identification and management.

Systematic Review Registration: https://inplasy.com/inplasy-2025-4-0059/,

identifier INPLASY202540059.
KEYWORDS

idiopathic inflammatory myopathy, rapidly progressive interstitial lung disease,
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Introduction

Idiopathic inflammatory myopathy (IIM), collectively known as

myositis, is a rare inflammatory systemic disease of unknown cause,

characterized by skeletal muscle weakness and chronic

inflammation (1). Based on clinical and histopathologic

differences, it can be classified into polymyositis (PM),

dermatomyositis (DM), and other subtypes such as antisynthetase

syndrome (ASyS). IIM often involves multiple organs, including the

skin, heart, gastrointestinal tract, and lungs. The main causes of

morbidity and mortality in patients with IIM are interstitial lung

disease (ILD) (2, 3). The main features of patients with IIM-ILD are

inflammatory infiltration and interstitial fibrosis (1). It has been

shown that the presence of a clinical ILD is a significant associated

factor for poor DM/PM outcomes, even when treated with

immunosuppressive agents (4). Rapidly progressive ILD (RP-

ILD), in particular, is challenging to treat and has a high

mortality rate within a few months, with some patients

progressing to RP-ILD with a mortality rate of 33%–66% despite

intensive treatment (5). RP-ILD has been recognized as a significant

cause of death in IIM patients. Therefore, the systematic

identification of RP-ILD development can provide valuable

assistance in assessing clinical medication and mortality risk,

which is crucial for informed clinical practice.

The development of RP-ILD in patients with IIM has been

associated with various factors, including advanced age, elevated

serum ferritin levels, and anti-melanoma differentiation-associated

gene 5 (anti-MDA5) antibodies. The results of some retrospective

studies (6, 7) have found that the development of RP-ILD in

patients with IIM is associated with high levels of serum ferritin,

older age, anti-MDA5 antibodies, mechanic’s hands, and elevated

white blood cell counts. However, there is incomplete consistency of

conclusions reported in different studies. Some of the results remain

controversial due to the lack of pooled evidence.

Therefore, we assessed the associated factors for RP-ILD

development in IIM patients through a pooled analysis to provide

further assistance for early clinical recognition and management.
02
Materials and methods

The study was conducted in accordance with the Preferred

Reporting Items for Systematic Reviews and Meta-analyses

(PRISMA) guidelines (8) and registered with INPLASY (http://

INPLASY.com) under registration number INPLASY202540059.
Search strategy

A comprehensive search was carried out for English studies

published from the inception date until October 16, 2024, in the

Web of Science, PubMed, Embase, and Scopus databases. The

search terms were as follows: “rapidly progressive interstitial lung

disease”, “Myositis”, “Dermatomyositis”, “Polymyositis”, “Myositis,

Inclusion Body”, “Amyopathic dermatomyositis”, “anti-synthetase

syndrome”, “RP-ILD”, “DM”, and “PM” (Supplementary Table 1).
Eligibility criteria

The main inclusion criteria included the following: i)

retrospective and prospective studies and ii) DM, PM, or

clinically amyopathic dermatomyositis (CADM) diagnosis based

on the European League Against Rheumatism/American College of

Rheumatology (EULAR/ACR) IIM classification criteria (9) or

Bohan and Peter’s diagnostic criteria (10). The diagnosis of ASyS

was established as positive for one of the five tested anti-synthetase

antibodies (Jo-1, PL-7, PL-12, EJ, and OJ), as well as at least one of

the triad, including myositis, arthritis, and ILD (11). iii) RP-ILD

requires radiological progression on High-resolution computed

tomography (HRCT) (new or worsening ground-glass opacities,

consolidation, or interstitial abnormalities) within 3 months of

respiratory symptom onset, accompanied by progressive

worsening of dyspnea, with or without functional decline (PaO2

decrease >10 mmHg, Forced vital capacity (FVC) decline >10%)

(12–15). iv) Logistic regression modeling was used to obtain the
frontiersin.org
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odds ratio (OR) and 95% confidence intervals (CIs) of the

associated factors for RP-ILD development in IIM patients; v)

studies should be written in English.

The exclusion criteria included the following: i) duplicated

literature; ii) case report, conference abstract, review or meta-

analysis, animal or cell study, comment or letter, and other types

of literature; iii) studies not related to IIM-ILD; iv) studies not

reporting RP-ILD as an outcome event; v) data could not be

extracted; and vi) literature not in English.
Variable selection and subgroup analysis

According to the PRISMA declaration process, XZ and YY

comprehensively searched the literature in various databases, read

the abstract and full text of the literature related to RP-ILD in IIM

patients, and selected the associated factors obtained through the

analysis of the univariate logistic regression model. The associated

factors included in the summary analysis should meet the

requirement that at least three pieces of literature provide

relevant data. Thresholds of continuous variables in this analysis

were directly derived from included retrospective studies, with the

minimum reported cut-off values selected for pooled analysis to

optimize clinical sensitivity.

We stratified included studies into two subgroups [subgroup 1

(<1-month progression, n = 9) and subgroup 2 (<3-month

progression, n = 12)] to evaluate the methodological heterogeneity

in RP-ILD progression definitions (Supplementary Table 2).
Quality assessment (risk of bias) and data
extraction

XZ and YY independently screened all studies, with conflicts

resolved by an arbitrator (JJ). The Newcastle–Ottawa Scale (NOS)

was applied to assess the quality of the included literature using a

semi-quantitative scoring system, with a maximum score of nine stars

(12); ratings of 1–3 stars, 4–6 stars, and 7–9 stars were defined as low,

medium, and high quality, respectively. The literature quality

assessment was independently completed by SZ and XH

(Supplementary Table 3). The relevant data from the included

literature were extracted independently by XZ and YY, including

study number, author names and publication dates, type of the

studies, total number of patients with IIM-ILD and total number of

patients with RP-ILD in IIM patients, country of origin, time span of

the disease in the included patients, subtypes of IIM, and factors

associated with the development of RP-ILD in IIM patients (Table 1).
Data synthesis

The OR and 95% CI of the associated factors were collected as

statistical effect sizes, and Cochran’s Q statistic and inconsistency
Frontiers in Immunology 03
value (I2) were used to test the heterogeneity of the included studies.

If p < 0.05 and I2 ≥ 50%, heterogeneity was significant, and pooled

analyses were performed using the random-effects model and

DerSimonian–Laird (DL) method. Otherwise, the fixed-effects

model and inverse variance (IV) method were used. Pooled

subgroup analyses were performed for different associated factors.

Excluding one category of study at a time method was utilized for

sensitivity analysis. If there was no significant effect on the results

after excluding a study, it means that our results were stable and

reliable. Publication bias was assessed using a combination of

Egger’s test and the rim-and-fill method. The Stata 16.0 software,

the meta package, and RStudio 4.4.3 were used for meta-analysis,

with statistical significance set at p < 0.05.
Result

As shown in Figure 1, after a thorough evaluation of the

abstracts and full texts of 2,455 studies on IIM patients with RP-

ILD, we excluded 1,407 duplicate studies, 672 case reports, 55

conference abstracts, 94 reviews or meta-analyses, one animal or

cell study, seven letters or comments, 39 studies not related to IIM-

ILD, 95 that did not use RP-ILD as an outcome, 54 with data that

could not be extracted, and 10 not in English, resulting in the

inclusion of 2,099 IIM patients from 21 studies for the pooled

analysis of associated factors for RP-ILD development.

All included studies were retrospective in design. All studies

were conducted in Asia, including China (n = 19) and Japan (n = 2).

Associated factors for RP-ILD development in IIM patients were

pooled and analyzed, including demographic characteristics [female

(6, 13–24), age (6, 7, 13–18, 20, 22, 25–28), and disease duration (7,

15, 20, 27, 29)], IIM subtype [DM (6, 15, 16) and CADM (15, 16,

30)], skin manifestations [Gottron papules (6, 7, 13, 14, 17, 18, 20,

24, 28), heliotrope rash (6, 7, 13, 17, 18, 20, 24, 28), shawl sign (6, 7,

18, 20, 24), skin ulceration (6, 13, 17, 18, 20, 21, 24), and periungual

erythema (6, 13, 18, 20, 22, 24)], other clinical manifestations

[dyspnea (7, 13, 29), mechanic’s hands (6, 7, 13, 17, 18, 20, 24,

28), fever (6, 7, 13, 22), dysphagia (6, 7, 16, 17), V sign (6, 7, 13, 18,

24), muscle weakness (6, 7, 17, 18, 20, 24), arthritis (6, 13, 14, 17, 18,

20, 24), and pulmonary infection (7, 15, 16)] and antibody positivity

[anti-MDA5 antibody (6, 14–17, 20–23, 26), anti-Ro-52 antibody

(6, 7, 15, 16, 19, 20, 28), anti-Jo-1 antibody (6, 15, 16), anti-TIF1-g
antibody (6, 15, 16), anti-ARS antibody (6, 14, 17, 20), and anti-Ku

antibody (6, 15, 16)], and laboratory data [ferritin (>336 ng/mL)

(14, 17–19, 21, 23, 24, 28, 31), creatine kinase (CK) (≥47.5 U/L) (6,

18, 28), C-reactive protein (CRP) (>0.05 mg/L) (6, 18, 21, 28, 31),

lactate dehydrogenase (LDH) (>280 U/L) (6, 19, 27, 28), erythrocyte

sedimentation rate (ESR) (>21 mm/h) (6, 18, 24, 28), aspartate

aminotransferase (AST) (>36 U/L) (6, 19, 21, 28), and alanine

transaminase (ALT) (>27.5 U/L) (6, 27, 28)]. The characteristics of

all studies are presented in Table 1. After evaluating the quality of

the literature using the NOS, all 21 studies were classified as high-

quality (Supplementary Table 3).
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TABLE 1 Baseline characteristics of the 21 included studies.

No. Author Publication Study type nTotal/ Country Time span IIM subtypes Subgroup# Associated factors (threshold value)

Ferritin (>1,000 mg/L), anti-MDA5

Female, DM, Gottron papules, mechanic’s hands, fever,
heliotrope rash, dysphagia, V sign, shawl sign, skin ulceration,
periungual erythema, muscle weakness, anti-MDA5, anti-Ro-
52, anti-Jo-1, anti-TIF1-g, anti-ARS, anti-Ku, CK (elevated),
CRP (elevated > 2.78 mg/L), LDH (elevated), ESR (elevated),
AST (elevated), ALT (elevated), age

Dyspnea, disease duration

Ferritin (>336 ng/mL), female, anti-Ro-52, LDH (>280 U/L),
AST (>36 U/L)

Female, Gottron papules, dyspnea, mechanic’s hands, fever,
heliotrope rash, dysphagia, V sign, shawl sign*, muscle
weakness, arthritis, pulmonary infection, anti-Ro-52, disease
duration, age

Female, DM, CADM, dysphagia, pulmonary infection, anti-
MDA5, anti-Ro-52, anti-Jo-1, Anti-TIF1-g, anti-Ku, age

Age

Ferritin (>336 ng/mL), female, Gottron papules, mechanic’s
hands, heliotrope rash, V sign, shawl sign, skin ulceration,
periungual erythema, muscle weakness, arthritis, CK (>200 U/
L), CRP (>8 mg/L), ESR (>21 mm/h), age

Ferritin (≥417.7 ng/mL), female, Gottron papules, mechanic’s
hands, heliotrope rash, dysphagia, skin ulceration, muscle
weakness, arthritis, anti-MDA5, anti-ARS, age

Ferritin (≥1,500 ng/mL), CRP (≥13 mg/L)

Anti-MDA5, age

Ferritin (>2,000 ng/mL), skin ulceration, anti-MDA5, CRP
(>50 mg/L)

Female, anti-Ro-52, LDH (>356.15 U/L), AST (>71.27 U/L),
ALT (>27.75 U/L), disease duration*, age

Female, Gottron papules, dyspnea, mechanic’s hands, fever,
heliotrope rash, V sign, skin ulceration, periungual erythema,
arthritis, age

(Continued)
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1 Zhang Y et al. (23) 2022 Retrospective study 55/17 China 2013–2021 DM/PM/CADM 2

2 Li Y et al. (6) 2021 Retrospective study 326/86 China 2010–2019 DM/CADM 2

3 Li Y et al. (29) 2024 Retrospective study 103/44 China NA DM (anti-MDA5+) 1

4 Tsai HC et al. (19) 2024 Retrospective study 39/22 China 2018–2022 DM/PM
(anti-MDA5+)

2

5 Zhang Y et al. (7) 2020 Retrospective study 44/10 China 2004–2018 ASyS 2

6 Liang J et al. (16) 2021 Retrospective study 151/29 China 2018–2020 DM/PM/CADM 1

7 Zhu D et al. (25) 2021 Retrospective study 41/16 China 2010–2019 CADM 2

8 Shi Y et al. (18) 2024 Retrospective study 39/20 China NA DM (anti-
MDA5+)/ASyS

1

9 Shen Y et al. (17) 2020 Retrospective study 102/29 China 2005–2016 DM 2

10 Yang Q et al. (31) 2021 Retrospective study 81/35 China 2018–2019 DM/CADM/PM
(anti-MDA5+)

1

11 Karino K et al. (26) 2020 Retrospective study 30/10 Japan 2014–2019 DM 2

12 Xu Y et al. (21) 2016 Retrospective study 40/11 China NA CADM 2

13 Li M et al. (27) 2023 Retrospective study 73/21 China 2017–2021 DM (anti-MDA5+) 2

14 He W et al. (13) 2024 Retrospective study 119/44 China 2014–2022 DM (anti-MDA5+) 2
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TABLE 1 Continued

No. Author Publication Study type nTotal/ Country Time span IIM subtypes Subgroup# Associated factors (threshold value)

a 2017–2020 DM 1 Female, Gottron papules, mechanic’s hands, Heliotrope rash,
shawl sign, skin ulceration, periungual erythema, muscle
weakness, arthritis, anti-MDA5, anti-Ro-52, anti-ARS, disease
duration, age

a 2018–2022 DM 2 Female, fever, periungual erythema, anti-MDA5, age

a 2019–2021 DM (anti-MDA5+) 1 Ferritin (>336.2 ng/mL), female, Gottron papules, mechanic’s
hands, heliotrope rash, V sign, shawl sign, skin ulceration,
periungual erythema, muscle weakness, arthritis, ESR (>21
mm/h)

a 2017–2022 DM 1 Ferritin (≥389.5 ng/mL), female, Gottron papules, arthritis,
anti-MDA5, anti-ARS, age

a 2017–2022 DM/PM/CADM 1 Female, DM, CADM, pulmonary infection, anti-MDA5, anti-
Ro-52, anti-Jo-1, anti-TIF1-g, anti-Ku, disease duration, age

2008–2017 DM 1 CADM

a 2018–2021 DM/ASyS 2 Ferritin (≥823 ng/mL), Gottron papules, mechanic’s hands,
heliotrope rash, anti-Ro-52, LDH (≥282.5 U/L), CK
(maximum ≥47.5 U/L), CRP (≥2.86 mg/dL), ESR (> 29.5 mm/
h), AST (≥52.5 IU/L@), ALT (≥39.5 IU/L), age

progression time <3 months.
aggregated analysis results.
h is also the international unit of enzyme activity. In general, the two are often considered equivalent.
sease; DM, dermatomyositis; PM, polymyositis; CADM: clinically amyopathic dermatomyositis; ASyS, antisynthetase syndrome; MDA5, melanoma
n; LDH, lactate dehydrogenase; ESR: erythrocyte sedimentation rate; AST, aspartate aminotransferase; ALT, alanine transaminase.
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15 Wang K et al. (20) 2022 Retrospective study 257/41 Chin

16 Zhang H et al. (22) 2023 Retrospective study 71/17 Chin

17 Zhu Y et al. (24) 2022 Retrospective study 41/21 Chin

18 Li C et al. (14) 2024 Retrospective study 50/31 Chin

19 Liang J et al. (15) 2021 Retrospective study 61/21 Chin

20 Sagawa T et al. (30) 2019 Retrospective study 29/15 Japan

21 Guo L et al. (28) 2023 Retrospective study 347/101 Chin

#According to the definition of RP-ILD: subgroup 1: RP-ILD progression time <1 month; subgroup 2: RP-ILD
*These data were excluded based on sensitivity analysis due to their significant impact on the robustness of th
@: U/L (unit per liter) is a common unit of enzyme activity; IU/L refers to the international unit per liter, whi
NA, not available; IIM, idiopathic inflammatory myopathy; RP-ILD, rapidly progressive interstitial lung d
differentiation-associated 5; TIF-1g, translation initiation factor-1g; CK, creatine kinase; CRP, C-reactive protei
e
c
i
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Pooled analysis of factors associated with
RP-ILD development in IIM patients:
female sex, disease duration, and age

The heterogeneity results indicated that female sex (I2 = 0%, p =

0.995) and age (I2 = 48.6%, p = 0.021) showed no significant

heterogeneity. Using the fixed-effects model and IV method for

analysis, the pooled results revealed that age (OR = 1.014, 95% CI:

1.002–1.025, p = 0.020) was an associated risk factor for RP-ILD

development in IIM patients, while female sex (OR = 1.225, 95% CI:

0.937–1.601, p = 0.138) showed no significant association. The

results of the subgroup analysis of age showed that there was a

significant association between age and the risk of RP-ILD

development [subgroup 1 (<1 month): OR = 1.010, p = 0.217;

subgroup 2 (<3 months): OR = 1.024, p = 0.124].

The heterogeneity results indicated that disease duration (I2 =

84.6%, p < 0.001) showed significant heterogeneity. Using the

random-effects model and the DL method for analysis, the pooled

results revealed that longer disease duration (OR = 0.790, 95% CI:

0.638–0.977, p = 0.030) was a potential protective factor against RP-

ILD development in IIM patients. The results of the subgroup

analysis showed that longer disease duration had a potential

protective association in subgroup 1 (OR = 0.740, p < 0.001), but

had no significant association in subgroup 2 (OR = 0.969, p =

0.101) (Figure 2).
Frontiers in Immunology 06
Pooled analysis of factors associated with
RP-ILD development in IIM patients:
Gottron papules, heliotrope rash, shawl
sign, skin ulceration, and periungual
erythema

The heterogeneity results indicated that heliotrope rash (I2 = 0%,

p = 0.727), shawl sign (I2 = 0%, p = 0.485), skin ulceration (I2 = 48.8%,

p = 0.069), and periungual erythema (I2 = 42.9%, p = 0.119) showed no

significant heterogeneity. Using the fixed-effects model and IV method

for analysis, the pooled results revealed that heliotrope rash (OR =

0.983, 95% CI: 0.733–1.318, p = 0.909), shawl sign (OR = 1.203, 95%

CI: 0.762–1.901, p = 0.428), skin ulceration (OR = 1.557, 95% CI:

0.974–2.491, p = 0.064), and periungual erythema (OR = 1.362, 95%

CI: 0.861–2.155, p = 0.187) showed no significant association.

The heterogeneity results indicated that Gottron papules (I2 =

72.3%, p < 0.001) showed significant heterogeneity. Using a

random-effects model and the DL method for analysis, the pooled

results revealed that Gottron papules (OR = 1.168, 95% CI: 0.725–

1.881, p = 0.524) had no significant association with RP-ILD in IIM

patients. The results of the subgroup analysis showed that Gottron

papules were an associated risk factor for RP-ILD development in

IIM patients in subgroup 1 (OR = 1.695, 95% CI: 1.046–2.748, p =

0.032), while there was no significant association in subgroup 2

(OR = 0.966, p = 0.904) (Figure 2).
FIGURE 1

Diagram of the preferred reporting items for systematic reviews and meta-analyses (PRISMA).
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FIGURE 2

Combined forest plot 1: associated factors for the development of RP-ILD in IIM patients (demographic characteristics, skin manifestations, and
clinical characteristics). RP-ILD, rapidly progressive interstitial lung disease; IIM, idiopathic inflammatory myopathy.
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Pooled analysis of factors associated with
RP-ILD development in IIM patients:
dyspnea, Mechanic’s hands, fever,
dysphagia, V sign, muscle weakness,
arthritis, and pulmonary infection

The heterogeneity results indicated that mechanic’s hands (I2 =

28.3%, p = 0.203), fever (I2 = 50.2%, p = 0.110), dysphagia (I2 = 0%,

p = 0.915), V sign (I2 = 0%, p = 0.973), muscle weakness (I2 = 46.5%,

p = 0.096), arthritis (I2 = 0%, p = 0.940), and pulmonary infection

(I2 = 0%, p = 0.616) showed no significant heterogeneity. Using the

fixed-effects model and IV method for analysis, the pooled result

revealed that mechanic’s hands (OR = 1.421, 95% CI: 1.054–1.915,

p = 0.021), fever (OR = 3.090, 95% CI: 1.933–4.939, p < 0.001), and

pulmonary infection (OR = 2.610, 95% CI: 1.457–4.677, p = 0.001)

were associated risk factors for RP-ILD development in IIM

patients; dysphagia (OR = 0.773, 95% CI: 0.653–0.916, p = 0.003)

was a potential protective factor; and V sign (OR = 1.002, 95% CI:

0.647–1.552, p = 0.992), muscle weakness (OR = 0.935, 95% CI:

0.623–1.403, p = 0.746), and arthritis (OR = 1.065, 95% CI: 0.740–

1.533, p = 0.735) showed no significant association. The results of

the subgroup analysis showed that there was no significant

association between mechanic’s hands and the risk of RP-ILD

development (subgroup 1: OR = 1.339, p = 0.341; subgroup 2: OR

= 1.506, p = 0.181). In subgroup 2, dysphagia was a potential

protective factor (OR = 0.777, p = 0.004), but there was no

significant association in subgroup 1 (OR = 0.588, p = 0.419).

The heterogeneity results indicated that dyspnea (I2 = 91.7%,

p < 0.001) showed significant heterogeneity. Using a random-effects

model and the DL method for analysis, the pooled results revealed

that there was no significant association between dyspnea (OR =

1.991, 95% CI: 0.533–7.441, p = 0.306) and RP-ILD development in

IIM patients. The results of the subgroup analysis showed that

dyspnea was an associated risk factor for RP-ILD development in

IIM patients in subgroup 1 (OR = 8.662, p < 0.001), while there was

no significant association in subgroup 2 (OR = 1.013, p =

0.977) (Figure 2).
Pooled analysis of factors associated with
RP-ILD development in IIM patients: DM
and CADM subtypes

The heterogeneity results indicated that DM (I2 = 0%, p = 0.375)

and CADM (I2 = 0%, p = 0.806) showed no significant

heterogeneity. Using the fixed-effects model and IV method for

analysis, the pooled results revealed that CADM (OR = 3.024, 95%

CI: 1.491–6.130, p = 0.002) was an associated risk factor for RP-ILD

development in IIM patients, while DM (OR = 0.844, 95% CI:

0.534–1.335, p = 0.469) had no significant association. The results of

the subgroup analysis showed that CADM was an associated risk

factor for RP-ILD development in IIM patients in subgroup 1 (OR =

3.024, p = 0.002), while there was no significant association between

DM and the risk of RP-ILD development (subgroup 1: OR = 0.618,

p = 0.151; subgroup 2: OR = 1.134, p = 0.699) (Figure 3).
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Pooled analysis of factors associated with
RP-ILD development in IIM patients: anti-
MDA5, anti-Ro-52, anti-Jo-1, anti-TIF1-g,
anti-ARS, and anti-Ku antibodies

The heterogeneity results indicated that there was no significant

heterogeneity in antibodies including anti-MDA5 antibody (I2 =

22.6%, p = 0.235), anti-Ro-52 antibody (I2 = 37.9%, p = 0.127),

anti-Jo-1 antibody (I2 = 0%, p = 0.685), and anti-TIF1-g antibody

(I2 = 0%, p = 0.864). Using the fixed-effects model and IVmethod for

analysis, the pooled results revealed that anti-MDA5 antibody (OR =

6.044, 95% CI: 4.331–8.435, p < 0.001) and anti-Ro-52 antibody

(OR = 2.425, 95% CI: 1.807–3.255, p < 0.001) were associated risk

factors for RP-ILD development in IIM patients, while anti-

Jo-1 antibody (OR = 0.650, 95% CI: 0.349–1.210, p = 0.174), anti-

TIF1-g antibody (OR = 0.526, 95% CI: 0.194–1.427, p = 0.207), and

anti-Ku antibody (OR = 1.099, 95% CI: 0.316–3.821, p = 0.883) had

no significant association. The results of the subgroup analysis

showed that there were significant associations between anti-MDA5

antibody and the risk of RP-ILD development (subgroup 1: OR =

6.262, p < 0.001; subgroup 2: OR = 5.831, p < 0.001) and between

anti-Ro-52 antibody and the risk of RP-ILD development (subgroup

1: OR = 2.689, p = 0.026; subgroup 2: OR = 2.264, p < 0.001).

The heterogeneity results indicated that anti-ARS antibody (I2 =

69.2%, p = 0.021) showed significant heterogeneity. Using a

random-effects model and the DL method for analysis, the pooled

results revealed that anti-ARS (OR = 0.742, 95% CI: 0.316–1.741,

p = 0.493) had no significant association. The results of the

subgroup analysis showed that anti-ARS had a potential

protective association in subgroup 1 (OR = 0.346, p = 0.030), but

had no significant association in subgroup 2 (OR = 1.274, p =

0.538) (Figure 3).
Pooled analysis of factors associated with
RP-ILD development in IIM patients:
ferritin, CK, CRP, ESR, LDH, ALT, and AST

The heterogeneity results indicated that ferritin (>336 ng/mL)

(I2 = 34%, p = 0.146), CRP (>0.05 mg/L) (I2 = 24.9%, p = 0.225), LDH

(>280 U/L) (I2 = 39.3%, p = 0.176), ESR (>21 mm/h) (I2 = 16.3%, p =

0.310), AST (>36 U/L) (I2 = 0%, p = 0.513), and ALT (>27.75 U/L)

(I2 = 27.2%, p = 0.253) showed no significant heterogeneity. Using the

fixed-effects model and IV method for analysis, the pooled results

revealed that ferritin (>336 ng/mL) (OR = 5.844, 95% CI: 4.121–

8.287, p < 0.001), CRP (>0.05 mg/L) (OR = 3.366, 95% CI: 2.149–

5.274, p < 0.001), LDH (>280 U/L) (OR = 3.627, 95% CI: 2.406–5.466,

p < 0.001), ESR (>21 mm/h) (OR = 1.598, 95% CI: 1.089–2.344, p =

0.016), AST (>36 U/L) (OR = 2.666, 95% CI: 1.864–3.814, p < 0.001),

and ALT (>27.75 U/L) (OR = 2.702, 95% CI: 1.737–4.201, p < 0.001)

were associated risk factors for RP-ILD development in IIM patients.

The results of the subgroup analysis showed that ferritin (>336 ng/

mL) (subgroup 1: OR = 4.737, p = 0.003; subgroup 2: OR = 6.407, p <

0.001) and CRP (>0.05 mg/L) (subgroup 1: OR = 4.771, p < 0.001;

subgroup 2: OR = 3.114, p < 0.001) were associated risk factors for
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FIGURE 3

Combined forest plot 2: associated factors for the development of RP-ILD in IIM patients (IIM subtypes, antibody positivity, and laboratory data). RP-
ILD, rapidly progressive interstitial lung disease; IIM, idiopathic inflammatory myopathy.
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RP-ILD development in IIM patients, and ESR (>21 mm/h) was

an associated risk factor particularly in subgroup 2 (OR = 1.521,

p = 0.041).

The heterogeneity results indicated that CK (≥47.5 U/L) (I2 =

69.7%, p = 0.037) showed significant heterogeneity. Using a random-

effects model and the DL method for analysis, the pooled results

revealed that CK (≥47.5 U/L) (OR = 0.994, 95% CI: 0.393–2.513, p =

0.989) had no association with RP-ILD development (Figure 3).
Sensitivity analysis and publication bias

The results of the sensitivity analysis showed stable results in all our

studies (Supplementary Figures 1–6). The results of the heterogeneity

analysis showed that, among all subgroup factors, there was no

significant heterogeneity in the included literature for any subgroup

factor, except for Gottron papules, dyspnea, CK (≥47.5 U/L), CRP

(>0.05mg/L), and disease duration. The included studies were found to

be largely free of publication bias by Egger’s test (p > 0.05) (Table 2).

Next, we corrected all pooled studies for associated factors on RP-ILD

development in IIM patients using the trim-and-fill method, and our

results showed that ferritin (>336 ng/mL) (n = 1), Gottron papules (n =

1), fever (n = 2), anti-MDA5 antibody (n = 1), anti-Ro-52 antibody

(n = 2), anti-Jo-1 antibody (n = 2), anti-ARS antibody (n = 2), anti-Ku

antibody (n = 1), CRP (>0.05 mg/L) (n = 3), ALT (>27.75 U/L) (n = 1),

and age (n = 3) showed symmetrical funnel plots and unchanged

statistics after supplementing with the corresponding literature. The

funnel plots for the remaining parameters were also symmetrical,

indicating that our included studies were largely free of publication

bias (Supplementary Figures 7–12).
Discussion

Clarifying the associated factors for RP-ILD development in

IIM patients helps us gain a more systematic and comprehensive

understanding of the disease, aiding in its intervention and

management. Through pooled analysis of potential associated

factors, we identified demographic characteristic (age), IIM

subtype (CADM), clinical manifestations (mechanic’s hands,

fever, dysphagia, and pulmonary infection), antibody activities

(anti-MDA5 antibody and anti-Ro-52 antibody), and laboratory

data (ferritin >336 ng/mL, LDH > 280 U/L, ESR > 21 mm/h, CRP >

0.05 mg/L, AST >36 U/L, and ALT >27.75 U/L) as associated risk

factors for RP-ILD development, while longer disease duration and

dysphagia were potential protective factors.

Pooled results showed that older age was an associated risk

factor for RP-ILD development in IIM patients. A study by Zhang Y

et al. (7) showed that the mean age at the onset of RP-ILD in IIM

patients was greater than 50 years, which may be because aging of

the lungs increases the probability of the occurrence of ILD (32).

However, subgroup analysis showed that age had no significant

correlation with RP-ILD development in IIM patients, whether in

the subgroups with progression time <1 or <3 months. This result

suggests that the impact of age on the risk of RP-ILD may be related
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to the rate of disease progression: elderly patients may be more

likely to accumulate lung damage during chronic progression rather

than directly drive rapid progression. Further studies are needed in

the future to explore this association in greater detail.

A study by Li et al. (29) showed that a longer duration of the

disease acted as a potential protective factor against RP-ILD

development in IIM patients. Patients with longer disease

durations inherently represent survivors who may have passed

the highest-risk window for de novo fulminant lung injury.

Moreover, a longer disease course may require a more stable ILD

phenotype less prone to rapid progression. Additionally, patients

with longer-standing disease are more likely to have received

prolonged corticosteroid and immunosuppressive therapy, which

may mitigate pulmonary inflammation and prevent the onset or

acceleration of fibrosis. Thus, the observed protection may mainly

reflect epidemiological reality rather than biological causation—

those with longer courses had already cleared the danger zone

before RP-ILD could develop.

Shorter disease durations suggest that RP-ILD occurs more

often in the early stage of IIM, which may be similar to the

mechanism by which coronavirus disease 2019 (COVID-19) leads

to acute lung injury (33). It has been reported that patients with RP-

ILD tend to exhibit a higher inflammatory load (34), especially in

the early stage of the disease when they are in a state of systemic

hyperinflammation. Inflammatory factors may directly affect the

lung’s interstitial tissue, causing acute lung injury and the

subsequent development of RP-ILD (33, 35). Fever in IIM may

indicate systemic inflammatory activity or infection, which can lead

to an elevated ESR. Similarly, elevated CRP and LDH represent

systemic hyperinflammatory conditions, and all four serve as

correlates of RP-ILD development in IIM patients (6, 28), which

aligns with our summarized conclusions. Shi et al. (29) found that

serum markers, such as CRP and LDH, combined with the level of

elevated serum B-cell activating factor (BAFF), reflect the severity of

lung injury and contribute to the early identification of RP-ILD in

IIM patients.

Our pooled analysis identified mechanic’s hands as an

associated risk factor for RP-ILD. This trend was consistent in

subgroup analyses, although without statistical significance,

potentially due to the limited number of studies included in these

subgroups. Pulmonary infection was an associated risk factor in

both subgroups for RP-ILD development, and the mechanism of

action is complex, potentially involving multiple levels of

immunosuppressive therapy, structural lung damage, and a

vicious cycle of infection and inflammation (36).

Elevated serum ferritin and anti-MDA5 antibody are the

strongest risk factors for developing RP-ILD in IIM patients, as

reported in the present study, which is consistent with the findings

of He et al. (37) and Xu et al. (21). MDA5 is a viral cytoplasmic

sensor involved in the innate immune response, recognizing viral

RNA and activating the expression of type I interferon (38). In

susceptible individuals, anti-MDA5 antibodies generated during the

autoimmune process amplify the type I interferon (IFN) response.

This provokes a hyperinflammatory state characterized by a

cytokine storm—driven by an antiviral, pro-inflammatory
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TABLE 2 Meta-analysis results of the associated factors in IIM patients with RP-ILD development.

Classification Factors No. of No. of No. of Effects I2 (%) p-Value OR (95% CI) p-Value
(OR)

Egger’s test Influence on RP-
ILD development

t p-Value

1.601) 0.138 −1.33 0.211 NS

1.592) 0.748 NS

1.968) 0.087 NS

0.977) 0.030 −4.00 0.057 PF

0.841) <0.001 PF

1.006) 0.101 NS

1.025) 0.020 2.57 0.024 RF

1.026) 0.217 NS

1.055) 0.124 NS

1.881) 0.524 2.66 0.032 NS

2.748) 0.032 RF

1.680) 0.904 NS

1.318) 0.909 −0.15 0.888 NS

1.429) 0.507 NS

1.495) 0.769 NS

1.901) 0.428 −3.76 0.064 NS

2.054) 0.716 NS

2.653) 0.430 NS

2.491) 0.064 −0.15 0.884 NS

1.936) 0.680 NS

5.763) 0.098 NS

2.155) 0.187 −1.78 0.150 NS

2.408) 0.482 NS

4.471) 0.980 NS
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11
studies total
patients

RP-ILD model (heterogeneity)

Demographic
characteristics

Female 13 1,373 392 Fixed 0 0.995 1.225 (0.937

<1 month 6 599 163 Fixed 0 0.996 1.068 (0.716

<3 months 7 774 229 Fixed 0 0.929 1.371 (0.955

Disease duration 4 465 116 Random 84.6 <0.001 0.790 (0.638

<1 month 3 421 106 Fixed 44.4 0.166 0.740 (0.652

<3 months 1 44 10 NA NA NA 0.969 (0.933

Age 14 1,711 476 Fixed 48.6 0.021 1.014 (1.002

<1 month 5 558 142 Fixed 0 0.467 1.010 (0.994

<3 months 9 1,153 334 Random 62.6 0.006 1.024 (0.994

Skin
manifestations

Gottron papules 9 1,325 383 Random 72.3 <0.001 1.168 (0.725

<1 month 4 387 113 Fixed 38.4 0.181 1.695 (1.046

<3 months 5 938 270 Random 73.2 0.005 0.966 (0.556

Heliotrope rash 8 1,275 352 Fixed 0 0.727 0.983 (0.733

<1 month 3 337 82 Fixed 0 0.547 0.833 (0.485

<3 months 5 938 270 Fixed 0 0.604 1.054 (0.743

Shawl sign 4 663 168 Fixed 0 0.485 1.203 (0.762

<1 month 3 337 82 Fixed 13.9 0.313 1.119 (0.610

<3 months 1 326 86 NA NA NA 1.323 (0.660

Skin ulceration 7 924 252 Fixed 48.8 0.069 1.557 (0.974

<1 month 3 337 82 Fixed 0 0.749 0.838 (0.363

<3 months 4 587 170 Random 62.8 0.045 2.229 (0.862

Periungual
erythema

6 853 229 Fixed 42.9 0.119 1.362 (0.861

<1 month 3 337 82 Fixed 0 0.706 1.261 (0.661

<3 months 3 516 147 Random 74.8 0.019 1.019 (0.232
–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–
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–

–
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TABLE 2 Continued

Classification Factors No. of No. of No. of Effects I2 (%) p-Value OR (95% CI) p-Value
(OR)

Egger’s test Influence on RP-
ILD development

t p-Value

41) 0.306 3.70 0.168 NS

665) <0.001 RF

36) 0.977 NS

15) 0.021 0.07 0.950 RF

41) 0.341 NS

47) 0.181 NS

39) <0.001 0.71 0.549 RF

NA

39) <0.001 0.71 0.549 RF

16) 0.003 −0.39 0.737 PF

34) 0.419 NS

22) 0.004 PF

52) 0.992 −0.75 0.508 NS

26) 0.741 NS

59) 0.833 NS

03) 0.746 −0.20 0.851 NS

37) 0.374 NS

78) 0.333 NS

33) 0.735 −0.23 0.829 NS

10) 0.850 NS

76) 0.767 NS

77) 0.001 0.37 0.736 RF

47) 0.009 RF

416) 0.032 RF
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12
studies total
patients

RP-ILD model (heterogeneity)

Clinical
characteristics

Dyspnea 3 266 98 Random 91.7 <0.001 1.991 (0.533-7.4

<1 month 1 103 44 NA NA NA 8.662 (2.923-25

<3 months 2 117 31 Random 80.4 0.024 1.013 (0.421–2.

Mechanic’s
hands

8 1,275 352 Fixed 28.3 0.203 1.421 (1.054–1.

<1 month 3 337 82 Fixed 0 0.967 1.339 (0.735–2.

<3 months 5 938 270 Random 58.5 0.047 1.506 (0.826–2.

Fever 4 560 157 Fixed 50.2 0.110 3.090 (1.933–4.

<1 month 0

<3 months 4 560 157 Fixed 50.2 0.110 3.090 (1.933–4.

Dysphagia 4 623 154 Fixed 0 0.915 0.773 (0.653–0.

<1 month 1 151 29 NA NA NA 0.588 (0.162–2.

<3 months 3 472 125 Fixed 0 0.842 0.777 (0.655–0.

V sign 5 569 181 Fixed 0 0.973 1.002 (0.647–1.

<1 month 2 80 41 Fixed 0 0.583 0.866 (0.370–2.

<3 months 3 489 140 Fixed 0 0.976 1.056 (0.634–1.

Muscle weakness 6 809 207 Fixed 46.5 0.096 0.935 (0.623–1.

<1 month 3 337 82 Fixed 52.1 0.124 1.400 (0.667–2.

<3 months 3 472 125 Fixed 43.7 0.169 0.787 (0.485–1.

Arthritis 7 652 196 Fixed 0 0.940 1.065 (0.740–1.

<1 month 4 387 113 Fixed 0 0.713 1.048 (0.643–1.

<3 months 3 265 83 Fixed 0 0.825 1.086 (0.629–1.

Pulmonary
infection

3 256 60 Fixed 0 0.616 2.610 (1.457–4.

<1 month 2 212 50 Fixed 0 0.638 2.313 (1.230–4.

<3 months 1 44 10 NA NA NA 5.303 (1.152-24
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TABLE 2 Continued

Classification Factors No. of No. of No. of Effects I2 (%) p-Value OR (95% CI) p-Value
(OR)

Egger’s test Influence on RP-
ILD development

t p-Value

34–1.33 0.469 −0.68 0.619 NS

20–1.19 0.151 NS

99–2.14 0.699 NS

91–6.13 0.002 −1.26 0.426 RF

91–6.13 0.002 −1.26 0.426 RF

RF

31–8.43 <0.001 1.00 0.347 RF

14-10.0 <0.001 RF

35-9.35 <0.001 RF

07–3.25 <0.001 0.61 0.564 RF

26–6.42 0.026 RF

73–3.25 <0.001 RF

49–1.21 0.174 72.38 0.009 NS

20–2.27 0.750 NS

43–1.20 0.135 NS

94–1.42 0.207 0.27 0.833 NS

81–2.40 0.528 NS

79–1.81 0.223 NS

16–1.74 0.493 −0.62 0.596 NS

33–0.90 0.030 NS

89–2.75 0.538 NS

16–3.82 0.883 0.47 0.719 NS

82–5.61 0.989 NS

96-7.41 0.841 NS
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5)

2)

7)

0)

0)

5)

19)

5)

5)

3)

9)

0)

3)

9)

7)

4)

0)

1)

4)

7)

1)

3)

5)
studies total
patients

RP-ILD model (heterogeneity)

IIM subtypes DM 3 538 136 Fixed 0 0.375 0.844 (0.

<1 month 2 212 50 Fixed 0 0.601 0.618 (0.

<3 months 1 326 86 NA NA NA 1.134 (0.

CADM 3 241 65 Fixed 0 0.806 3.024 (1.

<1 month 3 241 65 Fixed 0 0.806 3.024 (1.

<3 months 0

Antibody positivity Anti-MDA5 10 1,143 292 Fixed 22.6 0.235 6.044 (4.

<1 month 4 519 122 Fixed 50.5 0.109 6.262 (3.

<3 months 6 624 170 Fixed 9.5 0.355 5.831 (3.

Anti-Ro-52 8 1,298 331 Fixed 37.9 0.127 2.425 (1.

<1 month 3 469 91 Random 65.6 0.055 2.689 (1.

<3 months 5 829 240 Fixed 21.0 0.281 2.264 (1.

Anti-Jo-1 3 538 136 Fixed 0 0.685 0.650 (0.

<1 month 2 212 50 Fixed 0 0.605 0.852 (0.

<3 months 1 326 86 NA NA NA 0.542 (0.

Anti-TIF1-g 3 538 136 Fixed 0 0.864 0.526 (0.

<1 month 2 212 50 Fixed 0 0.947 0.659 (0.

<3 months 1 326 86 NA NA NA 0.378 (0.

Anti-ARS 4 735 187 Random 69.2 0.021 0.742 (0.

<1 month 2 307 72 Fixed 26.8 0.242 0.346 (0.

<3 months 2 428 115 Fixed 48.0 0.166 1.274 (0.

Anti-Ku 3 538 136 Fixed 0 0.841 1.099 (0.

<1 month 2 212 50 Fixed 0 0.566 1.012 (0.

<3 months 1 326 86 NA NA NA 1.205 (0.
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TABLE 2 Continued

Classification Factors No. of No. of No. of Effects I2 (%) p-Value OR (95% CI) p-Value
(OR)

Egger’s test Influence on RP-
ILD development

t p-Value

7) <0.001 0.4 0.7 RF

55) 0.003 RF

2) <0.001 RF

3) 0.989 −0.71 0.608 NS

3) 0.592 NS

9) 0.878 NS

4) <0.001 2.85 0.065 RF

70) <0.001 RF

3) <0.001 RF

6) <0.001 −0.69 0.562 RF

NA

6) <0.001 −0.69 0.562 RF

4) 0.016 0.43 0.707 RF

7) 0.140 NS

7) 0.041 RF

4) <0.001 −0.04 0.971 RF

NA

4) <0.001 −0.04 0.971 RF

1) <0.001 0.86 0.546 RF

NA

1) <0.001 0.86 0.546 RF

ressive interstitial lung disease; DM, dermatomyositis; CADM, clinically amyopathic
nase; ESR, erythrocyte sedimentation rate; AST, aspartate aminotransferase; ALT,
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RP-ILD model (heterogeneity)

Laboratory data Ferritin
(>336 ng/ml)

9 794 287 Fixed 34 0.146 5.844 (4.121–8.2

<1 month 4 211 107 Random 68.6 0.023 4.737 (1.680-13.

<3 months 5 583 180 Fixed 0 0.714 6.407 (4.116-9.9

CK
(≥47.5 U/L)

3 712 207 Random 69.7 0.037 0.994 (0.393–2.5

<1 month 1 39 20 NA NA NA 0.593 (0.088–4.0

<3 months 2 673 187 Random 83.4 0.014 1.091 (0.356–3.3

CRP
(>0.05 mg/L)

5 833 253 Fixed 24.9 0.225 3.366 (2.149–5.2

<1 month 2 120 55 Fixed 0 0.688 4.771 (2.195-10.

<3 months 3 713 198 Fixed 46.0 0.157 3.114 (1.666–5.8

LDH
(>280 U/L)

4 785 230 Fixed 39.3 0.176 3.627 (2.406–5.4

<1 month 0

<3 months 4 785 230 Fixed 39.3 0.176 3.627 (2.406–5.4

ESR (>21 mm/h) 4 753 228 Fixed 16.3 0.310 1.598 (1.089–2.3

<1 month 2 80 41 Fixed 37.7 0.205 2.523 (0.739–8.6

<3 months 2 673 187 Fixed 28.1 0.238 1.521 (1.016–2.2

AST (>36 U/L) 4 785 230 Fixed 0 0.513 2.666 (1.864–3.8

<1 month 0

<3 months 4 785 230 Fixed 0 0.513 2.666 (1.864–3.8

ALT (>27.75
U/L)

3 746 208 Fixed 27.2 0.253 2.702 (1.737–4.2

<1 month 0

<3 months 3 746 208 Fixed 27.2 0.253 2.702 (1.737–4.2

p-Values were two-sided, and values of <0.05 were considered statistically significant.
OR, odds ratios; CI, confidence interval; NA, not available; NS, no association; PF, protective factor; RF, risk factor; IIM, idiopathic inflammatory myopathy; RP-ILD, rapidly pro
dermatomyositis; MDA5, melanoma differentiation-associated 5; TIF-1g, translation initiation factor-1g; CK, creatine kinase; CRP, C-reactive protein; LDH, lactate dehydrog
alanine transaminase.
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network orchestrated by activated monocytes and macrophages—

that directly damages the pulmonary vascular endothelium (39, 40).

Serum ferritin levels are a crucial biomarker for macrophage

activation syndrome and a predictor of RP-ILD (41, 42). Ferritin,

a key molecule for storing iron, is secreted by activated

macrophages and plays an essential role in sequestering

potentially harmful reactive iron molecules. High serum ferritin

levels in patients with RP-ILDmay, through macrophage activation,

indicate abnormal ferritin level production (21). Based on the first

clustering analysis in a large sample of anti-MDA5+DM patients in

Asia, which revealed the characteristics of RP-ILD in high-

inflammatory state anti-MDA5+DM patients, the coexistence of

anti-Ro-52 antibodies and anti-MDA5 antibodies predicted high-

risk RP-ILD patients (43). Like the anti-MDA5 antibody, the anti-

Ro-52 antibody is a specific biomarker for IIM-associated RP-ILD

(6, 19) and is strongly associated with the development of RP-ILD.

Liver dysfunction in DM patients was linked to anti-MDA5,

which was significantly associated with RP-ILD (44). AST (>36 U/L)

and ALT (>27.75 U/L) were associated factors for RP-ILD

development in IIM patients, which aligns with the findings of Li

et al. (27). The mechanism may involve activating hepatic Kupffer

cells and other macrophages, leading to liver injury. Therefore, ALT

and AST levels are elevated (45), and alveolar macrophages are

activated, leading to neutrophil activation and subsequent

pulmonary fibrosis (25).

Our pooled results indicate that IIM patients with dysphagia are

associated with a lower risk of developing RP-ILD, which may be

related to the following factors: first, different myositis-specific

autoantibodies (MSAs) are associated with different clinical

phenotypes in IIM (46). Previous studies have found that MSAs

(such as anti-TIF1-g and anti-HMGCR) associated with dysphagia in

IIM patients are often accompanied by a lower risk of ILD (46, 47).

Second, someMSAsmay bemore likely to involve the muscle tissue in

IIM patients (48) [anti-Jo-1 antibodies (49)] and less likely to involve

the lungs. Third, patients with IIM who have dysphagia are more

likely to receive intravenous corticosteroid therapy (50), which may

serve as a potential factor in reducing the incidence of RP-ILD in IIM

patients. Last, patients with CADM, as a type of IIM, were less likely to

have dysphagia compared to typical DM (51, 52). The presence of

dysphagia symptoms in IIM patients can serve as an important clue

for non-CADMpatients and is also associated with a lower risk of RP-

ILD. However, the specific mechanisms underlying the association

between dysphagia and a lower risk of RP-ILD remain unclear, and

further research is needed to explore this topic in the future.

There are some limitations in our pooled study: i) all included

studies were small-sample and retrospective study designs, and the

associated factors obtained from the pooled results need to be further

clarified by large-sample, prospective, multicenter studies. ii) We did

not perform pooled analyses of the potential risk factors [such as

Antinuclear antibody (ANA) (6, 20, 28), HRCT pattern (6, 7), and

Krebs Von den Lungen-6 (KL-6) (14, 24, 26, 31)] and outcomes of

RP-ILD associated with recurrence, hospitalization, and mortality in

some RP-ILD patients. This was primarily due to insufficient

evidence for meta-analysis or the inability to harmonize the units

of classification variables. iii) Some of the included studies did not
Frontiers in Immunology 15
perform stratified analyses for antibody subtypes or ILD phenotypes

(e.g., histopathologic subtypes). iv) Most of the studies originated

from the Asian region, which may limit the generalizability of the

findings. v) Future studies should conduct meta-analyses with

sufficient MSA data to further evaluate valuable antibodies for

predicting RP-ILD development in IIM patients. vi) Due to the

lack of studies on the thresholds for factors associated with the

development of RP-ILD in IIM patients, our study is merely an

exploratory attempt to identify relevant parameter thresholds. The

thresholds we have identified should be interpreted with caution in

clinical practice, and we suggest that large-scale prospective studies be

conducted in the future to verify the reliability of these thresholds.
Conclusion

In conclusion, our pooled analyses showed that advanced age,

CADM, mechanic’s hands, fever, dysphagia, pulmonary infection,

anti-MDA5 antibody, anti-Ro-52 antibody, ferritin (>336 ng/mL),

LDH (>280 U/L), ESR (>21 mm/h), CRP (>0.05 mg/L), AST (>36

U/L), and ALT (>27.75 U/L) were risk factors for RP-ILD

development in IIM patients. In contrast, longer disease duration

and dysphagia were protective factors against RP-ILD development,

potentially providing a key decision node for the early identification

of high-risk patients and providing an essential basis for clinical risk

stratification and intervention decisions.
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