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Risk factors for mortality in
anti-MDA5S antibody-positive
dermatomyositis with interstitial
lung disease: a systematic review
and meta-analysis
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Background: Anti-melanoma differentiation-associated gene 5 (MDAD5)
antibody-positive dermatomyositis with interstitial lung disease (MDA5* DM-
ILD) carries a high mortality risk. This meta-analysis aimed to identify mortality
risk factors to guide early clinical intervention.

Methods: Following PRISMA guidelines, we systematically searched PubMed,
Embase, Web of Science, and Scopus for studies published before November 18,
2024. Pooled hazard ratios (HRs) with 95% confidence intervals (Cls) were
calculated for mortality risk factors. Heterogeneity, sensitivity, and publication
bias were assessed using Cochran’'s Q, one-by-one elimination, and Egger’s
tests, respectively.

Results: Among 1,153 patients from 15 studies, significant risk factors for
mortality included older age (HR = 1.04, 95%Cl: 1.03, 1.05), smoking (HR =
1.62, 95%Cl: 1.06, 2.47), fever (HR = 2.56, 95%Cl: 1.66, 3.95), elevated C-reactive
protein (CRP) (HR = 1.02, 95%Cl: 1.01, 1.02), rapidly progressive ILD (RP-ILD) (HR
=4.02, 95%Cl: 1.89, 8.55), high white blood cell count (WBC) (HR = 1.11, 95%Cl:
1.02, 1.21), Krebs von den Lungen-6 (KL-6) (HR = 1.11, 95%ClI: 1.06, 1.16), ferritin
(>800 ng/mL) (HR = 6.17, 95%Cl: 2.51, 15.20), and lymphocyte count (<1.1x10¢/L)
(HR = 4.88, 95%Cl: 1.80, 13.20). Higher PaO, reduced mortality risk (HR = 0.91,
95%Cl: 0.86, 0.98). Male, creatine kinase (CK), percent predicted diffusing
capacity of the lung carbon monoxide (DLCO%), percent predicted forced vital
capacity (FVC%), and erythrocyte sedimentation rate (ESR) showed no
significant associations.
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Conclusion: Age, smoking, fever, inflammatory markers, and RP-ILD are critical
mortality risk factors in MDA5" DM-ILD. Early identification and management of
these factors may improve prognosis.

Systematic review registration: http://INPLASY.com, identifier

INPLASY202540058.

anti-melanoma differentiation-associated protein 5, dermatomyositis, interstitial lung
disease, mortality, poor prognosis

Introduction

Dermatomyositis (DM) is an idiopathic inflammatory
myopathy (IIM) with inflammatory, immune-mediated organ
damage that can involve muscle, skin, joint, heart, and lung.
Interstitial lung disease (ILD), as a pulmonary complication, is
often associated with DM (1). The anti-melanoma differentiation-
associated gene 5 (MDAS) antibody is a specific antibody found in
20%-35% of patients with DM or clinically amyopathic
dermatomyositis (CADM). The detection of this antibody has
been proved to correlate with a high prevalence of ILD of
approximately 60%-80% (2, 3). Approximately half of patients
with anti-MDA5 antibody-positive DM with ILD (MDA5" DM-
ILD) develop into rapidly progressive ILD (RP-ILD), which usually
has a poor prognosis. The majority of deaths occurred in the first 6
months after disease onset, and even after receiving intensive
immunosuppressive therapy, the 6-month severe mortality rate in
patients with MDA5" DM-ILD is still approximately 50% (2, 4, 5).
Although Xie et al. previously conducted a comprehensive analysis
of risk factors in the broader MDA5" DM cohort (6), specific data
focusing exclusively on the MDA5" DM-ILD subgroup remains
scarce. Given that risk factors may vary across clinical phenotypes,
existing prognostic models may lack the precision necessary for
optimal risk stratification, particularly in the MDA5" DM-ILD
subgroup with a higher mortality rate. Therefore, targeted
research focusing on this high-risk population is essential. A
systematic understanding of the risk factors for mortality in
patients with MDA5" DM-ILD can provide assistance for early
intervention and management of the disease.

The mortality of MDA5" DM-ILD patients is related to a variety
of factors, commonly including malignancies, acute infections, and
disease progression, but there is no more relevant research evidence

Abbreviations: CI, confidence interval; CK, creatine kinase; CRP, C-reactive
protein; DM, dermatomyositis; DLCO%, percent predicted diffusing capacity of
the lung carbon monoxide; ESR, erythrocyte sedimentation rate; FVC%, percent
predicted forced vital capacity; HR, hazard ratio; ILD, interstitial lung disease;
KL-6, Krebs von den Lungen-6; MDA5, melanoma differentiation-associated
gene 5; RP-ILD, rapidly progressive interstitial lung disease; WBC, white blood

cell count.
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at present. The results of some retrospective studies have found that
the mortality of MDA5" DM-ILD patients is associated with age,
smoking, Krebs von den Lungen-6 (KL-6), percent predicted forced
vital capacity (FVC%), and fever (7-9). However, the findings
reported in different studies are not entirely consistent, and
some of the results remain controversial due to the lack of
pooled evidence.

Therefore, we conducted this systematic review and meta-
analysis, aiming to integrate existing evidence and evaluate the
association between mortality and potential risk factors in the
subgroup of patients with MDA5" DM-ILD. By identifying key
prognostic indicators, this study is expected to provide evidence-
based basis for the risk stratification of high-risk populations and
the optimization of early personalized management strategies.

Materials and methods

This study was conducted in accordance with the Preferred
Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) guidelines (10) and was registered at INPLASY (http://
INPLASY.com), (registration no.: INPLASY202540058).

Search strategy

A comprehensive search of English language literature published
in PubMed, Embase, Web of Science, and Scopus databases prior to
November 18, 2024, was performed. The search terms were as

» o«

follows: “Dermatomyositis”, “melanoma differentiation-associated

» o«

gene-5”, “Lung Diseases, Interstitial”, “Lung Diseases, Interstitial”,
“MDAS5”, “ILD”, etc. (Supplementary Table 1).

Eligibility criteria
The criteria for inclusion were as follows: (1) prospective or

retrospective studies; (2) diagnosis of DM was based on the IIM
classification criteria of the European League Against Rheumatism/
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American College of Rheumatology (EULAR/ACR) (11) or Bohan
and Peter’s diagnostic criteria (12); (3) diagnosis of ILD was based
on established clinical guidelines (13, 14), incorporating respiratory
symptoms, physical examination findings, abnormalities on high-
resolution computed tomography (HRCT), and pulmonary
function test results through multidisciplinary evaluation; (4) RP-
ILD was defined as a progressive deterioration of interstitial changes
on radiological assessment of HRCT examination within 3 months,
with or without concomitant clinical symptom deterioration (15-
17) (Supplementary Table 2); (5) hazard ratios (HR) and 95%
confidence intervals of mortality risk factors in MDA5" DM-ILD
were obtained by the Cox proportional hazards regression model;
(6) English literature.

The criteria for exclusion were as follows: (1) duplicate
literature; (2) case report, conference abstract, review or meta-
analysis, animal or cell study, comment or letter, etc.; (3) studies not
related to MDA5" DM-ILD; (4) mortality of MDA5" DM-ILD is
not the outcome event; (5) inability to extract data; (6) literature not
in English.

Variable selection and subgroup analysis

YL and WY searched the databases according to the process of
PRISMA guidelines, read the abstracts and full text of the literature
related to MDA5" DM-ILD, and selected the risk factors obtained
from univariate Cox proportional hazards regression analysis. Risk
factors to be included in the pooled analysis were required to satisfy
that at least two of the included literatures were able to extract
relevant data. Subgroup analyses were performed for different risk
factors. Each risk factor was regarded as an independent meta-
analysis rather than using the traditional subgroup analysis method.
Due to the significant heterogeneity among the subgroups, we did
not perform pooled analyses for the risk factors among
the subgroups.

Quiality assessment (risk of bias) and data
extraction

YL and WY independently screened all studies, with conflicts
resolved by an arbitrator (J]). The quality of the included studies
was assessed using the Newcastle-Ottawa Scale (NOS), a
semiquantitative scoring system (18). The NOS is a widely
utilized tool for assessing the quality of case—control and cohort
studies. It evaluates study quality through three major modules
comprising a total of eight items. These items specifically address
the study population selection, comparability, and assessment of
exposure/outcome. The total score of NOS ranges from 0 to 9
“stars,” with higher scores indicating higher quality of included
studies: 7-9 “stars” signifying high quality, 4-6 “stars” indicating
moderate quality, and 0-3 “stars” reflecting low quality.

The literature quality assessment was independently completed
by SZ and XH. Relevant data information about the included
literature was independently extracted by YL and WY, including
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authors’ surnames, publication year, country, type of study, age,
male, proportion of smokers, follow-up time, FVC%, DLCO%,
study sample size and number of deaths, risk factors reported in
the study, hazard ratios (HR), 95% confidence intervals (CI), and
study outcome.

Study outcome and data synthesis

Given that disease-specific mortality is conceptually a subset of
all-cause mortality, and to ensure a uniform endpoint definition for
pooled analysis in this meta-analysis, we regarded all reported
mortality events (including disease-specific mortality) as
contributing to all-cause mortality events in our analysis.
Therefore, the composite effect estimate from this meta-analysis
reflects the risk of all-cause mortality. HR and 95% CI of risk factors
were collected as statistical effect sizes, and Cochran’s Q statistic and
inconsistency value (I*) was used to test for heterogeneity of the
included studies. If P < 0.05 and I* > 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.
Subgroup analyses were executed for different risk 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. Egger’s test was used to assess publication bias, and trim-
and-fill method funnel plots were used to jointly determine the
reliability of the articles. Statistical analyses were computed using
the meta package in Stata 16.0 software, with statistical significance
at P < 0.05.

Result

According to the process of PRISMA guidelines, abstracts and
full texts of 3,945 MDA5" DM-ILD-related studies were critically
evaluated. Through stratified exclusion criteria, we removed 1,853
duplicate studies, 1,162 case reports, 128 conference abstracts, 150
reviews or meta- analysis, 181 animal or cell studies, 75 letters or
comments, 92 not related to ILD, 130 not related to MDA5" DM,
109 mismatched outcome events, 22 unable to extract data, and 28
non-English literatures. A total of 15 studies were finally included
(Figure 1). We performed a pooled analysis of risk factors for
mortality in 1,153 patients from the 15 final included studies. Of all
the included studies, 14 were retrospective study designs and 1 was
a prospective study. The countries involved in the study were China
(n=10), Japan (n=4), and France (n=1). The risk factors of MDA5"
DM-ILD mortality were pooled and analyzed, including age (1, 3, 4,
9,19-23), male (1, 7, 9, 22, 24), smoking (2, 19, 22), fever (7, 19, 24,
25), C-reactive protein(CRP) (1, 8, 9, 19, 21, 22), creatine kinase
(CK) (7, 19, 22), percent predicted diffusing capacity of the lung
carbon monoxide (DLCO%) (1, 8, 19), PaO, (3, 8, 19), FVC% (1, 8,
19), RP-ILD (2, 22, 23), erythrocyte sedimentation rate (ESR) (1, 19,
22), white blood cell count (WBC) (19, 22), KL-6 (7, 9), ferritin
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FIGURE 1

Diagram of the preferred reporting items for systematic review and meta-analysis (PRISMA).

(=800 ng/mL) (3, 24), and lymphocyte count (< 1.1x10%/L) (24, 26).
The content characteristics of all studies are shown in Table 1. After
NOS literature quality evaluation, all 15 studies were recognized as
high quality studies (score >7 stars), among which two studies
received full marks (9 stars), and the remaining studies had a score
range of 7-8 stars (Supplementary Table 3). High-quality research
significantly improved the robustness of the results.

Pooled analysis of the effect of age on
mortality in MDA5™ DM-ILD

The heterogeneity results indicated that among the risk factors
for mortality, age (> = 0%, P = 0.474) showed no significant
heterogeneity. Using the fixed-effects model and IV method for
analysis, the pooled results revealed that age (HR = 1.04, 95%CI:
1.03, 1.05, P < 0.001) was a risk factor for mortality in patients with
MDAS5" DM-ILD (Figure 2).

Pooled analysis of the effects of male,
smoking, and fever on mortality in MDA5*
DM-ILD

The heterogeneity results indicated that among the risk factors
for mortality, male (I* =12.4%, P =0.335), smoking (*=27.7%, P =
0.251), and fever (I* = 0%, P = 0.813) showed no significant
heterogeneity. Using the fixed-effects model and IV method for
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analysis, the pooled results showed that smoking (HR = 1.62, 95%
CI: 1.06, 2.47, P = 0.025) and fever (HR = 2.56, 95%CI: 1.66, 3.95, P
< 0.001) were the risk factors for mortality in patients with MDA5™"
DM-ILD, whereas male (HR = 1.28, 95%CI: 0.90, 1.81, P = 0.171)
had no effect on mortality (Figure 3).

Pooled analysis of the effects of CRP, CK,
and DLCO% on mortality in MDA5* DM-
ILD

The heterogeneity results indicated that among the risk factors
for mortality, CRP (I* = 2.6%, P = 0.400), CK (I* = 0%, P = 0.433),
and DLCO% (I*> = 0%, P = 0.611) showed no significant
heterogeneity. Using the fixed-effects model and IV method for
analysis, the pooled results showed that CRP (HR = 1.02, 95%CI:
1.01, 1.02, P < 0.001) was a risk factor for mortality in patients with
MDAS5" DM-ILD, whereas CK (HR = 1.00, 95%CI: 1.00, 1.00, P =
0.693) and DLCO% (HR = 1.00, 95%CI: 0.97, 1.04, P = 0.817) had
no effect on mortality in MDA5"DM-ILD (Figure 4).

Pooled analysis of the effect of PaO,, FVC
%, and RP-ILD on mortality in MDA5*
DM-ILD

The heterogeneity results indicated that among the risk factors
for mortality, PaO, (I* = 61.1%, P = 0.077), FVC% (I* = 76.5%, P =
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TABLE 1 Clinical characteristics and univariate Cox regression results for mortality risk factors in each included study.

. Risk :
Author Study Age Male @ Smoking Follow- nTotal/ Lower Higher
No " Countr : FVCY% DLCO% factor o = Outcome
year y type (year) N (%) N (%) up time ° ° | nDeath : limit limit
(survival)
All-
Mao M, et al,, 17
ao AL ed China Retrospective NA NA 3m NA NA 40/22 Age 1.10 1.02 1.17 cause
2020 (20) (42.5) .
mortality
Age 1.050 1.013 1.088
Smoking 1.611 0.714 3.633
Fever 2.848 1.251 6.485
CRP 1.020 1.001 1.039
All-
2 LY, etal, China Retrospective 53.0% 7 13 NA 66.09 5845 41/26 o Lo e Lo cause
1 1V 18k
2023 (19) [32.0-77.0] (41.5) (31.7) [36.1-86.2] [8.2-81.7] DLCO% 1.026 0.969 1.086 mortality
PaO, 0.957 0.925 0.989
FVC% 1.064 0.992 1.141
ESR 0.990 0.971 1.009
WBC 1.078 0.940 1.235
All-
Xu W, etal, . . 50 54 60.8
3 2021 (4) China Retrospective [(42-58] (35.5) NA 6m (45.9-72.5] NA 152/62 Age 1.04 1.02 1.07 cau5§
mortality
A 1. 1.02 1.1 Di -
Yamaguchi K, ) . 1 1024d & 09 0 6 \sease
4 1, 2022 (21) Japan Retrospective 55+ 12 (2) NA (20-1095] NA NA 34/8 specific
et al, - CRP 1.98 131 2.99 mortality
Sex 1.631 0.650 4.092
All-
5 Fukada A, Japan Retrospective > 21 ’1 27.3m 780 672 79/20 e >0 0 7 cause
et al,, 2024 (7) [46-65] (26.6) (39.2) [3.5-64.4] [64.4-93.3] [55.3-85.3] CK 1.088 0.954 1.240 mortality
KL-6 1.108 1.049 1.171
Age 1.021 0.981 1.063
Sex 1.173 0.571 2411
Zhou W, et al 12 9 442.19 All
u W, - .
China Retrospective = 58.17 + 9.07 NA NA 41/35 Smoking 0.921 0.401 2.111 cause
2024 (22) (29.3) (22.0) + 623.49d .
mortality
CRP 1.011 1.001 1.022
CK 1.000 0.996 1.005
(Continued)
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TABLE 1 Continued

. Risk :
Author, Smokin Follow- nTotal/ Lower Higher
Country A 9 : DLCO% factor HR o 'gn Outcome
year N (%) up time nDeath . limit limit
(survival)
RP-ILD 1.829 0.928 3.604
ESR 1.002 0.988 1.016
WBC 1.132 1.016 1.261
LY, etal 6 Lymphocyte Disease-
’ . China Retrospective 56.0 £ 9.1 NA NA 795 +17.1 60 + 15.6 28/9 count (< 4.80 1.22 18.92 specific
2020 (26) (21.4) 9 .
1.1x10°/L) mortality
A 1.027 1.002 1.053 All-
Lian X, et al,, . . 52 75 i
8 2023 (23 China Prospective 1673 347 NA NA 63.6 + 11.2 412492 216/85 cause
(23) [16-73] (347) RP-ILD 5.072 2.653 9.695 mortality
CRP 1.594 0.943 2.694
12429 + All-
Waseda Y, ) 7 19 DLCO% 0.988 0.942 1.037
al, 2022 (8) Japan Retrospective =~ 53.6 + 13.5 35) 95) 1324.8 81.9 £ 19.6 NA 20/7 cause
et al, d PaO, 0.886 0.805 0.975 mortality
FVC% 0.937 0.886 0.991
Smoki 221 1.20 4.08 All-
Liu H, et al,, _ _ 50.0 61 32 23.4m mosing
10 2024 (2 China Retrospective 44.0-56.5 333 175 157 NA NA 183/53 cause
@ [44.0-56.5] (333) 17.5) (1-57] RP-ILD 6.66 3.76 11.80 mortality
Age 1.044 0.987 1.105
Sex 1.304 0.674 2.521
All-
11 Gui X, et al, China Retrospective 210 30 NA 12m 637 >37 73/38 o - - Lo cause
2021 (1) (47.0-62.5] (41.1) [47.2-78.8]  [45.3-67.9] DLCO% 1004 0.945 1066 mortality
FVC% 1.014 0.966 1.065
ESR 1.009 0.995 1.023
All-
Bay P, et al,, . 17 77d 62 40
12 France Retrospective 5112 NA 51/31 Fever 1.9 0.9 4.2 cause
2022 (25) (33.3) [38-264] [46-76] [32-47] .
mortality
Age 1.022 0.983 1.052
Di -
Ye Y, et al, ) ) 17 Sex 0.602 0.293 1.728 1se2?se
13 2019 (9 China Retrospective = 50.02 + 9.34 25 NA 23.6m NA NA 68/18 specific
©) (25) CRP 1.020 0.853 1232 mortality
KL-6 1.122 1.031 1.227
(Continued)
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TABLE 1 Continued

: Risk .
Author, Stud Age Male = Smokin Follow- nTotal/ Lower Higher
Country y 9 5 \ng 2 FVC% DLCO% factor o 'gn Outcome
year type (year) N (%) N (%) up time nDeath . limit limit
(survival)

Age 1.04 0.979 1.11
Disease-

Fuji T, 4. 12 1.01 2. P .87 0.7 .94
14 upisawa Japan Retrospective 540 / Olyrs 723 NA 30/10 20, 08 8 0946 specific

et al,, 2019 (3) [31-80] (23) (40) [0.02-18.8] [36.6-125.5] .

Ferritin (= 800 Mortality

5.42 1.35 359

ng/mL)
Sex 2.10 0.94 4.68
Fever 271 1.08 6.78
) Zhao S, et al., hi N ) A 27 NA NA NA NA Ferritin (= 800 653 . o8 All-
5 2022 (24) ina etrospective 27.8) 97/36 ng/mL) - ¢ . cause'
mortality
Lymphocyte
count (< 497 1.17 21.10
1.1x10%/L)

*Median [interquartile range]; #, mean + standard deviation; %, percentage of predicted value; NA, not applicable.

MDA?5, melanoma differentiation-associated gene 5; DM, dermatomyositis; ILD, interstitial lung disease; DLCO%, percent predicted diffusing capacity of the lung carbon monoxide; FVC%, percent predicted forced vital capacity; HR, hazard ratio; CI, confidence interval;
CRP, C-reactive protein; CK, creatine kinase; ESR, erythrocyte sedimentation rate; WBC, white blood cell count; KL-6, Krebs von den Lungen-6; RP-ILD, rapidly progressive interstitial lung disease.
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HR Weight
Study (95% ClI) (%)
Mao M,et al.2020 —;—0— 1.10(1.02, 1.17) 3.19
LiY,et al.2023 —f—‘-— 1.05(1.01,1.09) 11.76
Xu W,et al.2021 —7— 1.04 (1.02,1.07) 26.21
Yamaguchi K,et al.2022 ———————— 1.09(1.02,1.16) 3.63
Zhou W, et al.2024 ——-*—f— 1.02 (0.98, 1.06) 9.31
Lian X,et al.2023 —-O-Ir— 1.03 (1.00, 1.05) 24.35
Gui X,et al.2021 ——i*— 1.04 (0.99, 1.10) 4.71
Ye Y,et al.2019 ——4—:— 1.02 (0.98, 1.05) 13.04
Fujisawa T,et al.2019 ——Eo— 1.04 (0.98, 1.11) 3.81
Overall (I-squared = 0.0%, p = 0.474) <> 1.04 (1.03, 1.05) 100.00
: H
.855 1 1A
FIGURE 2

Forest plot: hazard ratio of age for mortality in MDA5* DM-ILD. HR,

hazard ratio; Cl, confidence interval.

HR Weight
Study (95% Cl) (%)
Male
Fukada A, et al.2024 —_—t 1.63 (0.65, 4.09) 14.36
Zhou W, et al.2024 —_— 1.17 (0.57,2.41) 23.42
Gui X,et al.2021 —_— 1.30 (0.67, 2.52) 27.93
Ye Y,et al.2019 _— 0.60 (0.29, 1.73) 15.43
Zhao S,et al.2022 — 2.10 (0.94, 4.68) 18.86
Subtotal (I-squared = 12.4%, p = 0.335) <> 1.28 (0.90, 1.81) 100.00

Smoking

Li Y,et al.2023
Zhou W, et al.2024
Liu H,et al.2024

|

1.61(0.71, 3.63) 26.83

0.92 (0.40, 2.11) 25.74

2.21(1.20, 4.08) 47.42
(

FIGURE 3

Forest plot: pooled hazard ratio of male, smoking, and fever for mortality in MDA5* DM-ILD. HR, hazard ratio; Cl, confidence interval.
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Subtotal (I-squared = 27.7%, p = 0.251) = 1.62 (1.06, 2.47) 100.00
Fever

Li Y,et al.2023 _— 2.85(1.25, 6.49) 27.76
Fukada A et al.2024 - - 3.39 (1.23, 9.34) 18.29
Bay P,et al.2022 T 1.90 (0.90, 4.20) 31.67
Zhao S,et al.2022 _—— 2.71 (1.08, 6.78) 22.27
Subtotal (I-squared = 0.0%, p = 0.813) O 2.56 (1.66, 3.95) 100.00

T T
107 1 9.34
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HR Weight

Study (95% CI) (%)

CRP

Li Y,et al.2023 . 1.02 (1.00, 1.04) 16.79

Yamaguchi K,et al.2022 _—l—— 1.20 (0.84, 1.73) 0.04

Zhou W,et al.2024 . 1.01 (1.00, 1.02) 54.06

Waseda Y,et al.2022 _— > 1.59 (0.94, 2.69) 0.02

Gui X, et al.2021 . 1.02 (1.01, 1.04) 28.91

Ye Y,et al.2019 1.02 (0.85, 1.23) 0.17

Subtotal (I-squared = 2.6%, p = 0.400) 1.02 (1.01, 1.02) 100.00

CK

Li Y,et al.2023 * 1.00 (1.00, 1.00) 55.86

Fukada A et al.2024 —— 1.09 (0.95, 1.24) 0.05

Zhou W,et al.2024 * 1.00 (1.00, 1.00) 44.09

Subtotal (I-squared = 0.0%, p = 0.433) 1.00 (1.00, 1.00) 100.00

DLCO%

Li Y,et al.2023 - 1.03 (0.97, 1.09) 30.28

Waseda Y,et al.2022 - 0.99 (0.94, 1.04) 42.62

Gui X,et al.2021 - 1.00 (0.94, 1.07) 27.10

Subtotal (l-squared = 0.0%, p = 0.611) T 1.00 (0.97, 1.04) 100.00

T I T
.371 1 2.69
FIGURE 4

Forest plot: pooled hazard ratio of CRP, CK, and DLCO% for mortality in MDA5* DM-ILD. CRP, C-reactive protein; CK, creatine kinase; DLCO%,
percent predicted diffusing capacity of the lung carbon monoxide; HR, hazard ratio; Cl, confidence interval.

0.014), and RP-ILD (I* = 76.7%, P = 0.014) showed significant
heterogeneity. Analyzed by the random effects model and DL
method, the pooled results showed that RP-ILD (HR = 4.02, 95%
CI: 1.89, 8.55, P < 0.001) was a risk factor for mortality in patients
with MDAS5" DM-ILD, and PaO, (HR = 0.91, 95%CI: 0.86, 0.98, P =
0.010) was a protective factor against MDA5" DM-ILD mortality,
whereas FVC% (HR = 1.00, 95%CI: 0.94, 1.07, P = 0.964) had no
effect on mortality in MDA5" DM-ILD (Figure 5).

Pooled analysis of the effects of ESR, WBC,
and KL-6 on mortality in MDA5* DM-ILD

The heterogeneity results indicated that among the risk factors
for mortality, ESR (I* = 19.3%, P = 0.290), WBC (I* = 0%, P =
0.582), and KL-6 (I = 0%, P = 0.811) showed no significant
heterogeneity. Using the fixed-effects model and IV method for
analysis, the pooled results showed that WBC (HR = 1.11, 95%CI:
1.02, 1.21, P = 0.015) and KL-6 (HR = 1.11, 95%CI: 1.06, 1.16, P <
0.001) were the risk factors for mortality in patients with MDA5"*
DM-ILD whereas ESR (HR = 1.00, 95%CI: 0.99, 1.01, P = 0.613) had
no effect on mortality (Figure 6).
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Pooled analysis of the effect of ferritin (>
800 ng/mL) and lymphocyte count
(<1.1x10°/L) on mortality in MDA5* DM-ILD

The heterogeneity results indicated that among the risk factors
for mortality, ferritin (=800 ng/mL) (> = 0%, P = 0.852) and
lymphocyte count (< 1.1 x 10°/L) (I* = 0%, P = 0.973) showed no
significant heterogeneity. The analysis was performed using the
fixed-effects model and IV method, and the pooled results showed
that ferritin (2800 ng/mL) (HR = 6.17, 95%CIL: 2.51, 15.20, P <
0.001) and lymphocyte count (<1.1x10°/L) (HR = 4.88, 95%CI:
1.80, 13.20, P = 0.002) were risk factors for mortality in patients
with MDA5" DM-ILD (Figure 7).

Sensitivity analysis and publication bias

The sensitivity analysis indicated that our findings were stable
(Supplementary Figures 1-15). The results of heterogeneity analysis
showed that there was no significant heterogeneity in the included
literature for all factors, except for PaO,, FVC%, and RP-ILD for
which there was significant heterogeneity in the included literature.
Egger’s test indicated no significant publication bias (P > 0.05) for
factors with >3 studies (Table 2). Subsequently, all pooled studies on
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HR Weight
Study (95% Cl) (%)
PaO2
LiY,et al.2023 . 0.96 (0.93,0.99) 47.90
Waseda Y,et al.2022 * 0.89 (0.81,0.97) 25.87
Fujisawa T,et al.2019 = 0.87 (0.78,0.95) 26.23
Subtotal (I-squared =61.1%, p = 0.077) O 0.91 (0.86, 0.98) 100.00
FVC%
Li Y,et al.2023 o 1.06 (0.99, 1.14) 30.14
Waseda Y,et al.2022 * 0.94 (0.89,0.99) 33.95
Gui X,et al.2021 > 1.01(0.97, 1.06) 35.91
Subtotal (I-squared =76.5%, p = 0.014) 1.00 (0.94, 1.07) 100.00
RP-ILD
Zhou W, et al.2024 T— 1.83(0.93,3.60) 32.21
Lian X,et al.2023 5.07 (2.65,9.70) 32.96
Liu H,et al.2024 —#—— 6.66 (3.76, 11.80) 34.83
Subtotal (I-squared =76.7%, p = 0.014) <> 4.02 (1.89, 8.55) 100.00
NOTE: Weights are from random effects analysis

T T
.0847 1 11.8
FIGURE 5

Forest plot: pooled hazard ratio of PaO,, FVC%, and RP-ILD for mortality in MDA5* DM-ILD. FVC%, percent predicted forced vital capacity; RP-ILD,

rapidly progressive interstitial lung disease; HR, hazard ratio; Cl, confidence interval.

HR Weight
Study (95% ClI) (%)
ESR
Li Y,et al.2023 —er 0.99 (0.97, 1.01) 20.83
Zhou W,et al.2024 - 1.00 (0.99, 1.02) 39.31
Gui X et al.2021 T 1.01(0.99, 1.02) 39.86
Subtotal (I-squared = 19.3%, p = 0.290) O 1.00 (0.99, 1.01)  100.00
WBC
Li Y,et al.2023 1.08 (0.94, 1.24) 38.52
Zhou W,et al.2024 > 1.13(1.02, 1.26) 61.48
Subtotal (I-squared = 0.0%, p = 0.582) _ 1.11(1.02,1.21)  100.00
KL-6
Fukada Aet al.2024 1.11(1.05,1.17) 71.45
Ye Y,et al.2019 ———%———  1.12(1.03,1.23) 2855
Subtotal (I-squared = 0.0%, p = 0.811) 1.11 (1.06, 1.16) 100.00

FIGURE 6

T
.793

1.26

Forest plot: pooled hazard ratio of ESR, WBC, and KL-6 for mortality in MDA5* DM-ILD. ESR, erythrocyte sedimentation rate; WBC, white blood cell

count; KL-6, Krebs von den Lungen-6; HR, hazard ratio; Cl, confidence interval.
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HR Weight

Study (95% Cl) (%)

Ferritin (= 800ng/mL)

Fujisawa T,et al.2019 g 5.42 (1.35, 35.90) 30.17

Zhao S,et al.2022 _ 6.53 (2.22, 19.18) 69.83

Subtotal (l-squared = 0.0%, p = 0.852) <> 6.17 (2.51, 15.20)  100.00

Lymphocyte count (< 1.1 x 1079/L)

Li Y,et al.2020 _ 4.80(1.22,18.92)  52.68

Zhao S,et al.2022 —_— 497 (1.17,21.10)  47.32

Subtotal (I-squared = 0.0%, p = 0.973) <> 4.88(1.80,13.20)  100.00

T T
.0279 1 35.9
FIGURE 7

Forest plot: pooled hazard ratio of ferritin (>800 ng/mL) and lymphocyte count (< 1.1x10°/L) for mortality in MDA5* DM-ILD. HR, hazard ratio; Cl,

confidence interval.

risk factors associated with MDAS5" DM-ILD mortality were
adjusted by the trim-and-fill method. The analyses for age (n =
2), fever (n = 1), CRP (n = 3), CK (n = 1), and DLCO% (n = 2)
showed that after supplementing corresponding literatures, the
funnel plots were symmetrical and the statistical results remained
unchanged (Figures 8A-E). Male, smoking, PaO,, FVC%, RP-ILD,
and ESR had symmetrical funnel plots (Supplementary
Figures 16A-F). For risk factors with only two studies (WBC, KL-
6, ferritin (=800 ng/mL), lymphocyte count (<1.1x10o/L)), Egger’s
test was not applicable. However, although the number of included
studies was small, the combination of sensitivity analysis and the
results of the trim-and-fill method funnel plot indicated that
publication bias was not considered in the pooled results
(Supplementary Figures 12-15, 16G-J). This indicates that all the
studies we included did not consider publication bias.

Discussion

In recent years, the exploration of risk factors for mortality in
MDAS5" DM-ILD has become a hot research topic in the medical field.
Given that patients with MDA5" DM-ILD still exhibit an alarmingly
high short-term mortality rate of 50% despite early detection and
aggressive treatment (4), and considering that prognostic factors may
differ across clinical phenotypes, prognostic models derived from
pooled analyses of general MDA5" DM cohorts (with or without
ILD) may lack the precision required for optimal risk stratification of
this high-mortality subgroup. Therefore, although Xie et al. (6) have
conducted a comprehensive meta-analysis on prognostic factors in
MDAS5" DM (regardless of ILD status), it is imperative to perform
targeted research specifically focused on the high-mortality MDA5"
DM-ILD subpopulation. Moreover, some controversial results were
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observed across different studies. Identifying the risk factors for
mortality in MDA5" DM-ILD not only contributes to a more
systematic and comprehensive understanding of the disease but also
serves as a foundation for developing clinical early intervention
strategies and disease management, which is both scientifically
valuable and clinically significant. Therefore, this study focused on
patients with MDA5" DM particularly combined with ILD, aiming to
explore novel biomarkers and potential cutoff values and conduct a
pooled analysis of these potential risk factors. It was found that age,
smoking, fever, CRP, RP-ILD, WBC, KL-6, ferritin (=800 ng/mL), and
lymphocyte count (<1.1x10°/L) were associated with mortality in
MDAS5" DM-ILD.

Pooled analyses showed that age was a risk factor for mortality in
MDAS5" DM-ILD patients. For every decade increase in age, the
mortality rate of patients with MDA5" DM rises 1.5-fold (6).
Yamaguchi et al. reported that older patients with more insidious
clinical symptoms than younger patients had a higher mortality rate
and that combined immunosuppressive therapy was usually
ineffective for RP-ILD in older patients (27). This phenomenon
may correlate with age-related declines in organ function and drug
metabolism capacity. In addition, current or former smoking status
was associated with high mortality risk. It has long been known that
smoking causes lung damage. One study found that the development
of ILD was significantly associated with a significantly higher
likelihood of exposure to tobacco smoke in smokers (28). The
underlying mechanism involves an inflammatory cascade activation
across multiple immune cell types, perpetuating a vicious cycle of
inflammatory cell recruitment (29). This suggests that smoking not
only contributes to ILD pathogenesis but also exacerbates mortality
risk. Fever and RP-ILD were also risk factors for mortality in MDA5 "
DM-ILD. Fever has been identified as an independent predictor of
RP-ILD in MDA5" DM patients (30). Niu et al. incorporated fever
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TABLE 2 Sensitivity analysis, Egger’s test, MetaTrim-filled study, funnel plot, and publication bias of included studies with different groups.

Rick factors Sensitivity analysis  Included Egger s test MetaTrim-filed ~ Funnel Publication

(excluded study) items t p study plot bias

Age 0 9 1.99 0.087 2 Symmetry No

Male 0 5 -0.23 0.831 0 Symmetry No
Smoking 0 3 -1.65 0.346 0 Symmetry No
Fever 0 4 2.10 0.170 1 Symmetry No

CRP 0 6 2.41 0.073 3 Symmetry No

CK 0 3 2.82 0217 1 Symmetry No
DLCO% 0 3 1.02 0.493 2 Symmetry No
PaO, 0 3 -7.73 0.082 0 Symmetry No
FVC% 0 3 0.39 0.763 0 Symmetry No
RP-ILD 0 3 -1.61 0.354 0 Symmetry No

ESR 0 3 -2.15 0.277 0 Symmetry No

WBC 0 2 NA NA 0 Symmetry No

KL-6 0 2 NA NA 0 Symmetry No
Ferritin (=800 ng/mL) 0 2 NA NA 0 Symmetry No
Lwapif?fgglcf)“m 0 2 NA NA 0 Symmetry No

NA, not applicable; CRP, C-reactive protein; CK, creatine kinase, DLCO%, percent predicted diffusing capacity of the lung carbon monoxide; FVC9%, percent predicted forced vital capacity; RP-
ILD, rapidly-progressive interstitial lung disease; ESR, erythrocyte sedimentation rate; WBC, white blood cell count; KL-6, Krebs von den Lungen-6.

into a clinical prediction model demonstrating high accuracy for ~ than 90% of RP-ILD and 84% of death occurring within the first 6
mortality risk stratification (31), aligning with our findings that  months after the onset of the disease (32). This further demonstrates
febrile states may accelerate disease progression. Wang et al.  the serious threat of RP-ILD to patients’ lives in early stages of the
highlighted temporal patterns in RP-ILD outcomes, with more  disease. Therefore, clinical attention should be paid to patients with

A Filled funnel plot with pseudo 95% confidence limits B Filled funnel plot with pseudo 95% confidence limits C Filled funnel plot with pseudo 95% confidence limits
a1 2 s
05
EH ] E
0
o
05 -5
o 01 .02 03 04 0 2 4 6 0 1 3
s.e. of: theta, filled s.e. of: theta, filled s.e. of: theta, filled
D Filled funnel plot with pseudo 95% confidence limits E Filled funnel plot with pseudo 95% confidence limits
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o
=05
2 -1
o 02 04 06 08 o 01 02 03
s.e. of: theta, filled s.e. of: theta, filled
FIGURE 8
Funnel plots of trim-and-fill analysis for hazard ratio predicting mortality of MDA5* DM-ILD ((A) age, (B) fever, (C) CRP, (D) CK, (E) DLCO%). MDAS5,
melanoma differentiation-associated gene 5; DM, dermatomyositis; ILD, interstitial lung disease; CRP, C-reactive protein; CK, creatine kinase; DLCO
%, percent predicted diffusing capacity of the lung carbon monoxide.
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fever or RP-ILD, and timely therapeutic interventions are essential to
improve the survival of patients. Elevated CRP levels inversely
correlated with survival. It has been noted that CRP <0.8 mg/dL is
positively correlated with survival in patients with MDA5" DM (6),
supporting its prognostic utility. Some studies have pointed out that
increased WBC is independently correlated with decreased lung
function, which may be a simple and easily obtained indicator
reflecting changes in lung function (33). A finding extended by our
study showed that elevated WBC levels were associated with an
increased risk of mortality in MDA5" DM-ILD, suggesting that WBC
may be indicative of poor prognostic outcomes. High serum KL-6
level was also a risk factor for poor patient prognosis. Ye et al
analyzed that the optimal critical value of KL-6 for predicting survival
was 792 U/mL, with higher values reflecting more severe pulmonary
lesions and functional impairment (9). This suggests that KL-6 levels
are valuable in assessing the risk of mortality in patients with MDA5"
DM-ILD. Compared with previous studies (6), these newly identified
risk factors (smoking, fever, and elevated WBC) were not
systematically evaluated in prior research. Moreover, we further
identified critical thresholds for mortality risk stratification,
including ferritin (=800 ng/mL) and lymphocyte count (<1.1 x 10o/
L). Ferritin (=800 ng/mL) was found to be a risk factor for mortality
in MDA5" DM-ILD patients in this study. Consistent with the results
of this study, Gono et al. found that ferritin level (=828 ng/mL) was a
poor prognostic factor for MDA5" DM combined with RP-ILD (34).
Ferritin was an indicator of the RP-ILD related to IIM, which
indicated the systemic inflammatory state and the risk of multiple-
organ injury, and was an important biomarker to predict the
mortality of IIM-ILD (35). This showed the importance of
detecting ferritin levels in assessing the condition and prognosis of
MDA5* DM-ILD patients. Lymphocyte count (<1.1x10°/L) similarly
predicted mortality, with multicenter data showing inverse
correlations between lymphocyte counts and 1-month survival (36).
Subset analyses further implicated that CD3" CD8" T-lymphocyte
count (<31.38/uL) was associated with 180-day mortality in patients
with DM-ILD (37). These findings were consistent with the results of
our study, providing mechanistic insights for targeted therapies.
Notably, the pooled analysis of this study found that PaO, was a
protective factor for mortality. Higher PaO, levels conferred
protection against mortality, consistent with Xie et al.’s findings (6).
This protective effect may stem from enhanced pulmonary gas
exchange efficiency and consequent preservation of organ function.
A number of factors that may not be associated with mortality
in MDA5" DM-ILD were also identified through the pooled
analysis of this study. While some studies suggest that male sex
correlates with poorer prognosis in MDA5" DM patients (38), this
association was not observed in our study, probably due to the low
proportion of male patients in our study and gender distribution
bias. Similarly, elevated CK levels did not predict mortality in
MDAS5" DM-ILD patients. Previous studies have suggested that
elevated CK was a risk factor for poor prognosis in MDA5" DM (6).
However, considering that death in patients with MDA5" DM-ILD
is influenced by a combination of factors and that patients face a
very high risk of death if the lung lesions progress rapidly, leading to
severe pulmonary dysfunction, respiratory failure, etc., these factors
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may obscure the relationship between CK and death. FVC% and
DLCO%, as key lung function indices, are routinely combined in
clinical practice to comprehensively evaluate lung function (39).
Pooled data from Xie et al. (6) showed no significant correlation
between DLCO% and the risk for mortality in patients with MDAS5"
DM, which is in line with our results. However, they observed a
threefold increased risk in patients with FVC% <50%. Previous
studies that included all patients with MDA5" DM (with or without
ILD) have certain limitations and may not be sufficient to conduct
the optimal risk stratification for the ILD subgroup with a higher
risk of death. Moreover, the rapid deterioration of MDA5" DM-ILD
may have led to death before a significant decline in lung function.
A retrospective study of DM patients by Dong Jin Go et al. showed
that the continuous increase of ESR predicted a worse overall
mortality (40). In our findings, the increase of ESR had no effect
on mortality in MDA5" DM-ILD, possibly attributable to baseline
population differences.

Indeed, exploring risk factors for mortality in patients with
MDAS5" DM-ILD is a long-term endeavor, and there are still some
important contents that have not been developed yet. On the one
hand, the relationship between biomarkers with potential
diagnostic value and mortality in MDA5" DM-ILD remains
undefined, such as lactate dehydrogenase (LDH), antinuclear
antibody titers (ANA), and albumin. On the other hand, whether
immunosuppressants can improve the poor prognosis of MDA5"
DM-ILD is an important direction for future research. The recently
proposed treat-to-target strategies in the latest juvenile
dermatomyositis (JDM) guidelines, specifically the optimization
of immunomodulatory therapy, may provide valuable insights for
improving outcomes in MDA5" DM-ILD (41). Future research
should explore the application of similar strategies in adult DM-ILD
populations. Although this meta-analysis specifically focused on
MDAS5" DM-ILD patients, it is noteworthy that a recently reported
case described an anti-MDA5 antibody-negative JDM patient who
developed fatal RP-ILD within 1.5 months of diagnosis (42). This
suggests that certain risk factors, particularly RP-ILD, may
transcend serological status and warrant vigilance regardless of
MDAS5 antibody positivity.

There are some limitations in our pooled study. Firstly, among
the included studies, the confounders adjusted for in the
multivariable Cox models were inconsistent. Pooling these
adjusted HRs could compromise the comparability and validity of
the pooled analysis and potentially affect the reliability of the results.
To avoid bias caused by differences in adjustment models, this study
ultimately opted to pool risk factors derived from univariate Cox
proportional hazards regression analyses. However, using only
univariate HRs may influence the study findings, potentially
leading to overestimation or underestimation of effects due to
uncontrolled confounding. Future studies may consider
conducting a meta-analysis based on multivariable Cox models
derived from a sufficient number of included studies that have
adjusted for the same set of potential confounding factors in order
to guide patient management. Secondly, after a careful review of the
15 included studies, 11 explicit reports used all-cause mortality as
the endpoint of the studies. The remaining four studies reported
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mortality rates related to respiratory failure. Given that respiratory
failure-related deaths are a component of all-cause deaths, in this
meta-analysis, all mortality rates reported in studies (including
disease-specific mortality rates) were regarded as all-cause
mortality rates. This method is statistically reasonable, but it may
introduce potential heterogeneity. If there are significant non-
respiratory failure deaths, it may lead to a slight underestimation
of the true all-cause mortality rate. Thirdly, for the pooled estimates
of some risk factors (for example, WBC, KL-6, ferritin (=800 ng/
mL), and lymphocyte count (<1.1x10°/L)), only two studies were
concluded for each factor. The limited number of included studies
may affect the stability and reliability of the aggregated results.
Future large-scale studies are necessary to verify the reliability of
these findings. Fourthly, there is significant heterogeneity in PaO,,
FVC%, and RP-ILD, possibly due to differences in the severity of
lung involvement, treatment strategies, and comorbidities. Since
there are only three studies for each factor, conducting subgroup
analysis may yield unreliable results. Therefore, we are unable to
conduct a reliable and in-depth exploration of the sources of
heterogeneity. Future studies could consider conducting subgroup
analyses/meta-regressions on risk factors with significant
heterogeneity (such as PaO,, FVC%, and RP-ILD) based on a
sufficient number of included studies to further explore the
sources of heterogeneity. In addition, after NOS literature quality
evaluation, the studies included in this research demonstrated high
quality, significantly enhancing the robustness of the results.
However, future studies should place greater emphasis on
controlling for key confounding factors (e.g., age) during design
to enhance comparability, and improve follow-up rates/report
response rates to reduce selection bias. Finally, although MDA5"
DM-ILD has been reported in different ethnic populations, it is
mainly among the Japanese and the Chinese (5). Similarly, among
the 15 studies included in our meta-analysis, 14 were from East Asia
(China/Japan), which to some extent reflects that these regions have
a higher prevalence rate. Therefore, there may be selection bias in
our research. Future studies may consider conducting a meta-
analysis in non-Asian populations to verify the general
applicability of the pooled estimates in our research.

Conclusion

In summary, the results of our pooled analysis demonstrated
that age, smoking, fever, CRP, RP-ILD, WBC, KL-6, ferritin (=800
ng/mL), and lymphocyte count (<1.1x10°/L) were associated with
mortality in MDA5" DM-ILD. Early intervention and management
of risk factors associated with MDA5" DM-ILD are crucial for
improving the poor prognosis of patients.

Data availability statement
The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Frontiers in Immunology

14

10.3389/fimmu.2025.1628748

Author contributions

YY: Conceptualization, Formal analysis, Methodology,
Software, Validation, Visualization, Writing - original draft,
Writing - review & editing. YL: Data curation, Formal analysis,
Methodology, Software, Validation, Writing - original draft. WY:
Data curation, Methodology, Writing — original draft. XH: Formal
analysis, Methodology, Software, Validation, Writing - original
draft. SZ: Funding acquisition, Methodology, Writing - original
draft. JJ: Conceptualization, Project administration, Supervision,
Writing - original draft, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by the National Natural Science Foundation of China (No.
82400093) and the Natural Science Foundation of Sichuan
Province, China (No. 2025ZNSFSC1540).

Acknowledgments

Thanks are given for the effort of all research group members.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.
1628748/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1628748/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1628748/full#supplementary-material
https://doi.org/10.3389/fimmu.2025.1628748
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Yang et al.

References

1. Gui X, Ma M, Ding J, Shi S, Xin X, Qiu X, et al. Cytokeratin 19 fragment is
associated with severity and poor prognosis of interstitial lung disease in anti-MDA5
antibody-positive dermatomyositis. Rheumatol (United Kingdom). (2021) 60:3913-22.
doi: 10.1093/rheumatology/keaa843

2. Liu H, Chen B, Guo Y, Liu H, Ran J, Liu R, et al. Hypouricemia as a novel
predictor of mortality in anti-MDAS5 positive dermatomyositis patients with ILD: A
retrospective cohort study. Respir Med. (2024) 222:107530. doi: 10.1016/
jrmed.2024.107530

3. Fujisawa T, Hozumi H, Yasui H, Suzuki Y, Karayama M, Furuhashi K, et al.
Clinical significance of serum chitotriosidase level in Anti-MDAS5 antibody-positive
dermatomyositis-associated interstitial lung disease. ] Rheumatol. (2019) 46:935-42.
doi: 10.3899/jrheum.180825

4. Xu W, Wu W, Zheng Y, Chen Z, Tao X, Zhang D, et al. A computed tomography
radiomics-based prediction model on interstitial lung disease in anti-MDAS5-positive
dermatomyositis. Front Med (Lausanne). (2021) 8:768052. doi: 10.3389/
fmed.2021.768052

5. Wu W, Guo L, Fu Y, Wang K, Zhang D, Xu W, et al. Interstitial lung disease in
anti-MDA5 positive dermatomyositis. Clin Rev Allergy Immunol. (2021) 60:293-304.
doi: 10.1007/s12016-020-08822-5

6. Xie H, Zhang D, Wang Y, Shi Y, Yuan Y, Wang L, et al. Risk factors for mortality
in patients with anti-MDAS5 antibody-positive dermatomyositis: A meta-analysis and
systematic review. Semin Arthritis Rheum. (2023) 62:152231. doi: 10.1016/
j.semarthrit.2023.152231

7. Fukada A, Fujisawa T, Hozumi H, Koda K, Akamatsu T, Oyama Y, et al
Prognostic role of interferon-A3 in anti-melanoma differentiation-associated gene 5-
positive dermatomyositis-associated interstitial lung disease. Arthritis Rheumatol.
(2024) 76:796-805. doi: 10.1002/art.42785

8. Waseda Y, Johkoh T, Prosch H, Nemec S, Saeki K, Watanabe S, et al. Chest
computed tomography findings of adult patients with antimelanoma differentiation-
associated protein 5 antibody-positive interstitial lung disease. Mod Rheumatol. (2022)
32:365-72. doi: 10.1093/mr/roab006

9. Ye Y, Fu Q, Wang R, Guo Q, Bao C. Serum KL-6 level is a prognostic marker in
patients with anti-MDAS5 antibody-positive dermatomyositis associated with
interstitial lung disease. J Clin Lab Anal. (2019) 33:22978. doi: 10.1002/jcla.22978

10. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
Bmj. (2021) 372:n71. doi: 10.1136/bmj.n71

11. Lundberg IE, Tjirnlund A, Bottai M, Werth VP, Pilkington C, de Visser M, et al.
2017 European league against rheumatism/American college of rheumatology
classification criteria for adult and juvenile idiopathic inflammatory myopathies and
their major subgroups. Arthritis Rheumatol. (2017) 69:2271-82. doi: 10.1002/art.40320

12. Bohan A, Peter JB. Polymyositis and dermatomyositis (first of two parts). N Engl
J Med. (1975) 292:344-47. doi: 10.1056/NEJM197502132920706

13. Raghu G, Remy-Jardin M, Myers JL, Richeldi L, Ryerson CJ, Lederer DJ, et al.
Diagnosis of idiopathic pulmonary fibrosis. An official ATS/ERS/JRS/ALAT clinical
practice guideline. Am ] Respir Crit Care Med. (2018) 198:e44-68. doi: 10.1164/
rcem.201807-12558T

14. Travis WD, Costabel U, Hansell DM, King TJ, Lynch DA, Nicholson AG, et al. An
official American Thoracic Society/European Respiratory Society statement: Update of the
international multidisciplinary classification of the idiopathic interstitial pneumonias. Am
J Respir Crit Care Med. (2013) 188:733-48. doi: 10.1164/rccm.201308-1483ST

15. Chen Z, Cao M, Plana MN, Liang J, Cai H, Kuwana M, et al. Utility of anti-
melanoma differentiation-associated gene 5 antibody measurement in identifying
patients with dermatomyositis and a high risk for developing rapidly progressive
interstitial lung disease: a review of the literature and a meta-analysis. Arthritis Care Res
(Hoboken). (2013) 65:1316-24. doi: 10.1002/acr.21985

16. Won HJ, Soon KD, Keun LC, Yoo B, Bum §J, Kitaichi M, et al. Two distinct
clinical types of interstitial lung disease associated with polymyositis-dermatomyositis.
Respir Med. (2007) 101:1761-69. doi: 10.1016/j.rmed.2007.02.017

17. Ichikado K, Suga M, Miiller NL, Taniguchi H, Kondoh Y, Akira M, et al. Acute
interstitial pneumonia: comparison of high-resolution computed tomography findings
between survivors and nonsurvivors. Am ] Respir Crit Care Med. (2002) 165:1551-56.
doi: 10.1164/rccm.2106157

18. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of
the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. (2010) 25:603—
05. doi: 10.1007/s10654-010-9491-z

19. Li Y, Liu X, Tian M, Zou R, Gao Y, Huang M, et al. Soluble CD206 levels
correlate with disease deterioration and predict prognosis of anti-MDAS5 antibody-
positive dermatomyositis related interstitial lung disease. Clin Respir J. (2023) 17:507—
15. doi: 10.1111/crj.13616

Frontiers in Immunology

15

10.3389/fimmu.2025.1628748

20. Mao M, Xia S, Guo B, Qian W, Zheng Z, Peng X, et al. Ultra-low dose
rituximab as add-on therapy in anti-MDAS5-positive patients with polymyositis/
dermatomyositis associated ILD. Respir Med. (2020) 172:105983. doi: 10.1016/
j.rmed.2020.105983

21. Yamaguchi K, Nakajima T, Yamaguchi A, Itai M, Onuki Y, Shin Y, et al.
Quantitative CT analysis of interstitial pneumonia in anti-melanoma differentiation-
associated gene 5 antibody-positive dermatomyositis: a single center, retrospective
study. Clin Rheumatol. (2022) 41:1473-81. doi: 10.1007/s10067-021-06033-7

22. Zhou W, Chen H, Ji T, Chen R, Xu Q, Chen L, et al. Prognostic factors of fungal
infection in anti-melanoma differentiation-associated gene 5 antibody-positive
associated interstitial lung disease. Clin Rheumatol. (2024) 43:1381-92. doi: 10.1007/
510067-024-06899-3

23. Lian X, Ye Y, ZouJ, Wu C, Ye S, Guo Q, et al. Longitudinal study of patients with
antimelanoma differentiation-Associated gene 5 antibody-positive dermatomyositis-
Associated interstitial lung disease. Rheumatol (United Kingdom). (2023) 62:1910-19.
doi: 10.1093/rheumatology/keac525

24. Zhao S, Ma X, ZhangX, Jin Z, Hu W, Hua B, et al. Clinical signiﬁcance of HScore
and MS score comparison in the prognostic evaluation of anti-MDA5-positive patients
with dermatomyositis and interstitial lung disease. Mod Rheumatol. (2022) 32:373-79.
doi: 10.1093/mr/roab017

25. Bay P, de Chambrun MP, Rothstein V, Mahevas M, De Prost N, Roux A, et al.
Efficacy of plasma exchange in patients with anti-MDAS5 rapidly progressive
interstitial lung disease. J Autoimmun. (2022) 133:102941. doi: 10.1016/
j.jaut.2022.102941

26. LiY,Li Y, Wu J, Miao M, Gao X, Cai W, et al. Predictors of poor outcome of
anti-MDAS5-associated rapidly progressive interstitial lung disease in a chinese cohort
with dermatomyositis. J Immunol Res. (2020) 2020:2024869. doi: 10.1155/2020/
2024869

27. Yamaguchi K, Yamaguchi A, Onuki Y, Itai M, Kashiwagi C, Takehara K, et al.
Clinical features of dermatomyositis associated with anti-MDAS5 antibodies by age.
Mod Rheumatol. (2021) 31:177-85. doi: 10.1080/14397595.2020.1740400

28. Margaritopoulos GA, Vasarmidi E, Jacob J, Wells AU, Antoniou KM. Smoking
and interstitial lung diseases. Eur Respir Rev. (2015) 24:428-25. doi: 10.1183/
16000617.0050-2015

29. Vassallo R, Ryu JH. Smoking-related interstitial lung diseases. Clin Chest Med.
(2012) 33:165-78. doi: 10.1016/j.ccm.2011.11.004

30. Zuo Y, Ye L, Chen F, Shen Y, Lu X, Wang G, et al. Different multivariable risk
factors for rapid progressive interstitial lung disease in anti-MDAS5 positive
dermatomyositis and anti-synthetase syndrome. Front Immunol. (2022) 13:845988.
doi: 10.3389/fimmu.2022.845988

31. Niu Q, Zhao LQ, Ma WL, Xiong L, Wang XR, He XL, et al. A new predictive
model for the prognosis of MDA5(+) DM-ILD. Front Med (Lausanne). (2022)
9:908365. doi: 10.3389/fmed.2022.908365

32. Wang L, Lv C, You H, Xu L, Yuan F, Li J, et al. Rapidly progressive interstitial
lung disease risk prediction in anti-MDA5 positive dermatomyositis: the CROSS
model. Front Immunol. (2024) 15:1286973. doi: 10.3389/fimmu.2024.1286973

33. Yang HF, Kao TW, Wang CC, Peng TC, Chang YW, Chen WL. Serum white
blood cell count and pulmonary function test are negatively associated. Acta Clin Belg.
(2015) 70:419-24. doi: 10.1080/17843286.2015.1107204

34. Gono T, Sato S, Kawaguchi Y, Kuwana M, Hanaoka M, Katsumata Y, et al. Anti-
MDAS5 antibody, ferritin and IL-18 are useful for the evaluation of response to treatment
in interstitial lung disease with anti-MDA5 antibody-positive dermatomyositis.
Rheumatol (Oxford). (2012) 51:1563-70. doi: 10.1093/rheumatology/kes102

35. He X, Ji ], Chen X, Luo Z, Fang S, Yan H, et al. Serum ferritin as a significant
biomarker for patients with idiopathic inflammatory myopathy-associated interstitial
lung disease: A systematic review and meta-analysis. Semin Arthritis Rheum. (2024)
64:152350. doi: 10.1016/j.semarthrit.2023.152350

36. Tian Y, He P, Ren L, Xin H, Xi B, Zou R, et al. Dynamic change of lymphocytes
associated with short-term prognosis in anti-MDA5-positive dermatomyositis with
interstitial lung disease: a multicenter retrospective study. Clin Rheumatol. (2024)
43:3399-408. doi: 10.1007/s10067-024-07110-3

37. Ren FP, Chen Q, Yao SS, Feng L, Xue XY, Zhao WC, et al. Characteristics and
prognostic implications of peripheral blood lymphocyte subsets in patients with anti-
MDAS5 antibody positive dermatomyositis-interstitial lung disease. BMC Pulm Med.
(2023) 23:411. doi: 10.1186/512890-023-02706-y

38. Cheng L, Xu L, Xu Y, Yuan F, Li J, Wu M, et al. Gender differences in patients
with anti-MDAS5-positive dermatomyositis: a cohort study of 251 cases. Clin
Rheumatol. (2024) 43:339-47. doi: 10.1007/s10067-023-06816-0

frontiersin.org


https://doi.org/10.1093/rheumatology/keaa843
https://doi.org/10.1016/j.rmed.2024.107530
https://doi.org/10.1016/j.rmed.2024.107530
https://doi.org/10.3899/jrheum.180825
https://doi.org/10.3389/fmed.2021.768052
https://doi.org/10.3389/fmed.2021.768052
https://doi.org/10.1007/s12016-020-08822-5
https://doi.org/10.1016/j.semarthrit.2023.152231
https://doi.org/10.1016/j.semarthrit.2023.152231
https://doi.org/10.1002/art.42785
https://doi.org/10.1093/mr/roab006
https://doi.org/10.1002/jcla.22978
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1002/art.40320
https://doi.org/10.1056/NEJM197502132920706
https://doi.org/10.1164/rccm.201807-1255ST
https://doi.org/10.1164/rccm.201807-1255ST
https://doi.org/10.1164/rccm.201308-1483ST
https://doi.org/10.1002/acr.21985
https://doi.org/10.1016/j.rmed.2007.02.017
https://doi.org/10.1164/rccm.2106157
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1111/crj.13616
https://doi.org/10.1016/j.rmed.2020.105983
https://doi.org/10.1016/j.rmed.2020.105983
https://doi.org/10.1007/s10067-021-06033-7
https://doi.org/10.1007/s10067-024-06899-3
https://doi.org/10.1007/s10067-024-06899-3
https://doi.org/10.1093/rheumatology/keac525
https://doi.org/10.1093/mr/roab017
https://doi.org/10.1016/j.jaut.2022.102941
https://doi.org/10.1016/j.jaut.2022.102941
https://doi.org/10.1155/2020/2024869
https://doi.org/10.1155/2020/2024869
https://doi.org/10.1080/14397595.2020.1740400
https://doi.org/10.1183/16000617.0050-2015
https://doi.org/10.1183/16000617.0050-2015
https://doi.org/10.1016/j.ccm.2011.11.004
https://doi.org/10.3389/fimmu.2022.845988
https://doi.org/10.3389/fmed.2022.908365
https://doi.org/10.3389/fimmu.2024.1286973
https://doi.org/10.1080/17843286.2015.1107204
https://doi.org/10.1093/rheumatology/kes102
https://doi.org/10.1016/j.semarthrit.2023.152350
https://doi.org/10.1007/s10067-024-07110-3
https://doi.org/10.1186/s12890-023-02706-y
https://doi.org/10.1007/s10067-023-06816-0
https://doi.org/10.3389/fimmu.2025.1628748
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Yang et al.

39. Matson SM, Baqir M, Moua T, Marll M, Kent J, Iannazzo NS, et al.
Treatment outcomes for rheumatoid arthritis-associated interstitial lung
disease: A real-world, multisite study of the impact of immunosuppression on
pulmonary function trajectory. Chest. (2023) 163:861-69. doi: 10.1016/
j.chest.2022.11.035

40. Go DJ, Lee EY, Lee EB, Song YW, Konig MF, Park JK. Elevated erythrocyte
sedimentation rate is predictive of interstitial lung disease and mortality in
dermatomyositis: a korean retrospective cohort study. J Korean Med Sci. (2016) 31:389-
96. doi: 10.3346/jkms.2016.31.3.389

Frontiers in Immunology

16

10.3389/fimmu.2025.1628748

41. Ravelli A, Rosina S, MacMahon JM, Baird T, Rebollo-Gimenez Al, Hinze C, et al.
Treating juvenile dermatomyositis to target: Paediatric Rheumatology European Society/
Childhood Arthritis and Rheumatology Research Alliance-endorsed recommendations from
an international task force. Ann Rheum Dis. (2025) 84:1055-67. doi: 10.1016/
j.ard.2025.04.024

42. Yesilbas O, Yildiz M, Yozgat CY, Tahaoglu I, Yazan H, Cakir E, et al. A fatal
interstitial lung disease in an anti-melanoma differentiation-associated gene 5 (anti-
MDAS) antibody negative patient with juvenile dermatomyositis. Turk ] Pediatr.
(2021) 63:903-08. doi: 10.24953/turkjped.2021.05.018

frontiersin.org


https://doi.org/10.1016/j.chest.2022.11.035
https://doi.org/10.1016/j.chest.2022.11.035
https://doi.org/10.3346/jkms.2016.31.3.389
https://doi.org/10.1016/j.ard.2025.04.024
https://doi.org/10.1016/j.ard.2025.04.024
https://doi.org/10.24953/turkjped.2021.05.018
https://doi.org/10.3389/fimmu.2025.1628748
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Risk factors for mortality in anti-MDA5 antibody-positive dermatomyositis with interstitial lung disease: a systematic review and meta-analysis
	Introduction
	Materials and methods
	Search strategy
	Eligibility criteria
	Variable selection and subgroup analysis
	Quality assessment (risk of bias) and data extraction
	Study outcome and data synthesis

	Result
	Pooled analysis of the effect of age on mortality in MDA5+ DM-ILD
	Pooled analysis of the effects of male, smoking, and fever on mortality in MDA5+ DM-ILD
	Pooled analysis of the effects of CRP, CK, and DLCO% on mortality in MDA5+ DM-ILD
	Pooled analysis of the effect of PaO2, FVC%, and RP-ILD on mortality in MDA5+ DM-ILD
	Pooled analysis of the effects of ESR, WBC, and KL-6 on mortality in MDA5+ DM-ILD
	Pooled analysis of the effect of ferritin (&ge; 800 ng/mL) and lymphocyte count (&lt;1.1&times;109/L) on mortality in MDA5+ DM-ILD
	Sensitivity analysis and publication bias

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


