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Serum lactate dehydrogenase
and rapidly progressive
interstitial lung disease are
associated with increased
mortality in anti-melanoma
differentiation-associated
gene 5 antibody-positive
dermatomyositis
Gang Wang †, Dong Yan †, Yujie Zhang, Chang Liu
and Zhichun Liu *

Department of Rheumatology and Immunology, The Second Affiliated Hospital of Soochow
University, Suzhou, Jiangsu, China
Objective: This study aims to evaluate the clinical characteristics and prognostic

significance of serum lactate dehydrogenase (LDH) in patients with anti-MDA5+

dermatomyositis (anti-MDA5+ DM).

Methods: We assessed 246 consecutive patients with anti-MDA5+ DM. The

patients were divided into two groups based on LDH levels: the LDH ≤ 338 U/L

group and the LDH > 338 U/L group. We compared the clinical characteristics,

laboratory findings, and long-term prognosis between the two groups.

Results:Overall, the one-year mortality rate in patients with anti-MDA5+ DMwas

high, at 24.39% (60/246). LDH levels exhibited a nonlinear, inverted S-shaped

relationship with the overall mortality risk in anti-MDA5+ DM patients (nonlinear

P = 0.001). Patients in the LDH > 338 U/L group had significantly higher levels of

ALT [64.0 (32.0, 121.0) vs 40.0 (23.0, 66.5), P<0.001], AST [75.0 (47.5, 134.0) vs

40.0 (26.0, 60.6), P<0.001], CK [107.0 (42.0, 208.8) vs 50.0 (35.5, 100.5), P<0.001],

CRP [8.5 (3.5, 17.6) vs 4.7 (2.7, 10.2), P<0.001], and serum ferritin levels [1307.6

(679.8, 1565.5) vs 1001.0 (391.2, 1307.6), P<0.001] compared to the LDH ≤ 338 U/

L group. Additionally, the positivity rate of Anti-Ro52 antibodies (70.7% vs 57.7%,

P = 0.033), the incidence of rapidly progressive interstitial lung disease (RPILD)

(42.3% vs 29.3%, P = 0.033), and themortality rate (35.0% vs 13.8%, P<0.001) were

significantly higher in the LDH > 338 U/L group than in the LDH ≤ 338 U/L group.
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Multivariable regression analysis revealed that LDH > 338 U/L and the presence of

RPILD were associated with poor prognosis [hazard ratios of 2.253 (95% CI 1.258,

4.035, P = 0.006) and 10.293 (95% CI 4.683, 22.623, P < 0.001), respectively].

Conclusion: Patients with different LDH levels exhibit distinct clinical

characteristics, laboratory findings, and long-term prognosis. Elevated LDH

levels (> 338 U/L) and the presence of RPILD are associated with poor prognosis.
KEYWORDS

lactate dehydrogenase, dermatomyositis, anti-MDA5 positive dermatomyositis,
rapidly progressive interstitial lung disease, anti-MDA5 antibody, clinical
characteristics, prognosis
Highlights
• Patients with anti-MDA5+ DM present different clinical

features, laboratory test results, and long-term prognosis

according to different levels of LDH.

• Elevated LDH levels (> 338 U/L) and the presence of RPILD

are poor prognostic risk factors for patients with anti-

MDA5+ DM.

• Understanding the clinical characteristics of these patients

will help clinicians to develop individualised treatment

plans for each patient.
Introduction

Anti-melanoma differentiation-associated gene 5-positive

dermatomyositis (anti-MDA5+ DM) is a special subtype of

dermatomyositis (DM), characterized by a high incidence of

rapidly progressive interstitial lung disease (RPILD) and poor

prognosis, making clinical management extremely challenging (1,

2). Studies have shown that patients with anti-MDA5+ DM are

prone to developing interstitial lung disease (ILD), with a

probability ranging from 50% to 100% (3). A large cohort study

from China reported that 54% of anti-MDA5+ DM patients have

RPILD (4). Approximately 47% of anti-MDA5+ DM patients died

from respiratory failure due to RPILD within one year of diagnosis,

highlighting the urgency of prognosis evaluation and early

intervention (5). In recent years, exploring reliable and easily

accessible biomarkers to optimize risk stratification has become a

research focus. For example, B cell activating factor (BAFF) and the

neutrophil-to-lymphocyte ratio (NLR) have been confirmed to be

associated with disease activity and mortality in anti-MDA5+ DM

(6, 7). Plasma ferritin, as a marker of systemic inflammation, has

also been incorporated into the prognosis evaluation system for

anti-MDA5+ DM (8–11).

At present, there are still limitations in the research on

biomarkers for anti-MDA5+ DM. First, some indicators [such as

specific cytokines or gene expression profiles like Krebs von den
02
Lungen-6 (KL-6) and the proportion of CD4+ CXCR4+ T cells] are

complex to detect and costly, making them difficult to promote in

primary care hospitals (12). Second, most existing studies focus on

single biomarkers and lack systematic integration of

multidimensional indicators (such as inflammation, organ

damage, and immune features). Third, the conclusions of most

studies are based on small sample sizes or single-center data,

without incorporating multi-center data and insufficiently

adjusting for confounding factors (such as treatment regimens

and comorbidities), leading to limited generalizability of the

results (7). In this context, lactate dehydrogenase (LDH) has

become a potential breakthrough due to its unique clinical

applicability. LDH, an enzyme widely involved in cellular

metabolism, has elevated levels that can reflect tissue damage

(such as muscles and lungs) or systemic inflammatory responses,

and is closely associated with disease severity and prognosis in

various autoimmune diseases (such as systemic lupus

erythematosus and idiopathic inflammatory myopathies) (13–15).

LDH testing is low in cost and widely available, but its prognostic

value in anti-MDA5+ DM remains unclear, especially regarding the

predictive efficacy of LDH and its dynamic changes on mortality

risk, which still requires further investigation. Therefore, this study

aims to evaluate the clinical characteristics and prognostic

significance of serum LDH levels in patients with anti-MDA5+

DM, to help achieve accurate assessment of the patient’s condition

and improve the prognosis of anti-MDA5+ DM patients.
Methods

We conducted a retrospective cohort study of patients from the

Nanjing Medical University Myositis-Associated Interstitial Lung

Disease cohort. The Nanjing Medical University Myositis-

Associated Interstitial Lung Disease cohort is a multicenter,

retrospective, longitudinal regional cohort with data from ten

tertiary hospitals in the East China region. This cohort has been

described and used in several previous studies, and the amount of

patient data is still growing and being used by clinicians (1, 16, 17).
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This study utilized the same patient cohort as our previously

published research, but focused on a different research objective—

the prognostic role of LDH (18).

A total of 246 consecutive patients with anti-MDA5+ DM were

included in this study. The clinicians evaluated the patient’s clinical

manifestations, laboratory tests, and recorded the patient’s follow-

up information. The research variables included in the analysis of

this study are as follows: (i) general demographic characteristics:

gender, age, course of the disease (the time interval between onset of

symptoms and diagnosis), follow-up period; (ii) clinical features:

proximal muscle involvement (indicating proximal muscle

weakness), skin rash, Gottron’s papules, mechanic’s hands,

heliotrope rash, V sign, shawl sign, and skin ulcers; (iii)

laboratory tests: aspartate aminotransferase (AST), alanine

aminotransferase (ALT), lactate dehydrogenase (LDH), creatine

kinase (CK), C-reactive protein (CRP), erythrocyte sedimentation

rate (ESR), serum ferritin, anti-nuclear antibodies (ANA), anti-

Ro52 antibodies, and anti-aminoacyl-tRNA synthetase (ARS)

antibodies. All patients were tested for myositis-specific and

related antibodies. Anti-Ro52 antibodies, anti-ARS antibodies,

and anti-MDA5 antibodies were measured by immunoblotting,

with anti-MDA5 titers categorized into three groups (MDA5+,

MDA5++, MDA5+++, Euroimmun, Lubeck, Germany). ANA is

detected using the indirect immunofluorescence assay (IIFAs) (17).

The diagnosis of DM was determined based on the 1975 Bohan/

Peter criteria or Sontheimer’s criteria for polymyositis and DM

classification criteria (19, 20). The presence of ILD and RPILD was

evaluated via chest radiography or high-resolution computed

tomography (HRCT). The diagnosis of ILD and RPILD is based

on currently internationally accepted standards (21–23). The

specific details of the diagnosis and assessment of ILD and RPILD

in this cohort study have been described in detail in previous studies

(1, 16, 17). The exclusion criteria are: (i) the presence of other

autoimmune diseases such as systemic lupus erythematosus,

rheumatoid arthritis, gout, ankylosing spondylitis, IgG4-related

disease, systemic sclerosis, etc.; (ii) patients with missing or

incomplete clinical data. All patients were followed up for 12

months, and if a patient died during the 1-year follow-up period,

it was recorded as an adverse outcome endpoint. Overall survival is

defined as the time from the initial diagnosis to the date of death or

the last follow-up for anti-MDA5+ DM patients.

In this study, laboratory test results (e.g., lactate dehydrogenase)

were obtained at the time of the patient’s initial diagnosis of anti-

MDA5+ DM, which serves as the baseline data. The 12-month

follow-up period corresponds to the first year from the initial

consultation for all patients, and the prevalence of clinical

manifestations (such as mechanic’s hands, RPILD, etc.) refers to

the evaluation results at the time of the initial diagnosis.

The study protocol was approved by the Ethics Committee of the

Second Affiliated Hospital of Soochow University (Ethics approval

number: JD-HG-2023-09). This study was conducted in accordance

with the local legislation and institutional requirements. Written

informed consent for participation in this study was provided by

the participants’ legal guardians/next of kin. All procedures were

carried out in accordance with the declaration of Helsinki.
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Statistical analysis

The data in this study were analyzed using SPSS statistical

software version 25.0 (IBM Corporation, New York, USA) and R

software (version 4.2.1). For continuous variables, the Kolmogorov-

Smirnov test and Levene’s test were first conducted. Normally

distributed continuous variables were presented as mean

(standard deviation, SD) and compared between groups using

Student’s t-test. Skewed distributed continuous variables were

presented as the median and interquartile range (P25, P75) and

compared between groups using the Mann–Whitney U test. For

categorical variables, frequencies (percentages) were presented, and

differences between groups were tested using the chi-squared test or

Fisher’s exact test. Overall survival time was calculated from the

date of initial diagnosis to either death or the end of the study.

Univariate and multivariate Cox regression models were created

to identify factors associated with mortality for anti-MDA5+ DM,

presented as hazard ratios (HR) and 95% confidence intervals (CI).

Survival analysis was performed using the Kaplan-Meier

method, and differences in mortality rates between two groups of

patients were compared using the Log-rank test. All analyses were

2-tailed and p values <0.05 were considered to indicate

statistical significance.
Results

This study collected data from 246 patients with anti-MDA5+

DM, aiming to explore the potential nonlinear relationship between

serum LDH levels and the risk of death. To do this, we fitted a

restricted cubic spline model with knots at the 10th, 50th, and 90th

percentiles of the LDH distribution. A likelihood ratio test was used

to compare the model with linear terms and the model with spline

terms, in order to examine the nonlinear relationship between the

two. The results showed a significant nonlinear relationship (P for

nonlinear = 0.001), and the inflection point was visually identified

from the plotted spline curve. Based on this inflection point, we

divided the LDH levels into two groups: low LDH (≤ 338 U/L) and

high LDH (>338 U/L) (Figure 1). Kaplan-Meier analysis and log-

rank tests were used to assess the differences in overall survival

between the two groups. Furthermore, we calculated the HR at

different LDH levels and plotted the 95% CI to further quantify the

relationship between LDH levels and the risk of death.

We collected data from 246 patients with anti-MDA5+ DM and

divided them into a survival group (n=186) and a non-survival

group (n=60) based on survival status. The clinical characteristics,

laboratory results, and long-term prognosis of the two groups were

compared. The results showed that there were no significant

statistical differences between the survival and non-survival

groups in terms of proximal muscle involvement, Rash, Gottron

papules, heliotrope rash, V sign, cutaneous ulcers, shawl sign,

periungual erythema, mechanic’s hands, ALT, ESR, positive anti-

ARS antibodies, and positive antinuclear antibodies. The

proportion of female patients in the survival group was higher

(75.3% vs. 60%, P = 0.023), as was the disease course [3.0 (1.0, 6.0)
frontiersin.org
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vs. 1.0 (1.0, 3.0), P<0.001], and follow-up time [12.0 (8.0, 12.0) vs.

3.0 (2.0, 4.0), P<0.001], while the average age was lower in the

survival group [52.0 (45.0, 59.8) vs. 59.5 (49.0, 66.0), P<0.001]. The

incidence of arthritis was higher in the survival group (40.9% vs.

23.3%, P = 0.014). The ALT levels [63.5 (47.0, 89.2) vs. 49.6 (30.4,

80.0), P = 0.003], LDH levels [487.5 (330.0, 727.0) vs. 310.0 (245.5,

399.3), P<0.001], CK levels [109.5 (37.8, 263.0) vs. 60.0 (36.3, 129.8),

P = 0.027], CRP levels [11.5 (4.9, 23.0) vs. 4.9 (2.9, 11.7), P<0.001],

serum ferritin levels [1307.6 (962.0, 2000.0) vs. 1146.4 (422.6,

1307.6), P<0.001], and the incidence of RPILD (83.3% vs. 20.4%,

P<0.001) were significantly higher in the non-survival group. These

factors warrant further research and exploration regarding their

impact on prognosis (Table 1).

We collected data from 246 patients with anti-MDA5+ DM and

divided them into two groups based on LDH levels: LDH ≤ 338 U/L

group and LDH > 338 U/L group. The clinical characteristics,

laboratory results, and long-term prognosis of the two groups were

compared. The results showed no significant statistical differences

between the two groups in terms of gender, age, proximal muscle

involvement, rash, Gottron papules, heliotrope rash, V sign,

cutaneous ulcers, shawl sign, periungual erythema, arthritis,

Mechanic’s hands, ESR, positive anti-ARS antibodies, and positive

antinuclear antibodies. The disease course in the LDH ≤ 338 U/L

group was higher [3.0 (1.0, 6.0) vs 2.0 (1.0, 4.0), P = 0.026]

compared to the LDH > 338 U/L group. The ALT levels [64.0

(32.0, 121.0) vs 40.0 (23.0, 66.5), P<0.001], AST levels [75.0 (47.5,

134.0) vs 40.0 (26.0, 60.6), P<0.001], CK levels [107.0 (42.0, 208.8)

vs 50.0 (35.5, 100.5), P<0.001], CRP levels [8.5 (3.5, 17.6) vs 4.7 (2.7,
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10.2), P<0.001], and serum ferritin levels [1307.6 (679.8, 1565.5) vs

1001.0 (391.2, 1307.6), P<0.001] were significantly higher in the

LDH > 338 U/L group compared to the LDH ≤ 338 U/L group.

Furthermore, the positivity rate of Anti-Ro52 antibodies (70.7% vs

57.7%, P = 0.033), the incidence of RPILD (42.3% vs 29.3%, P =

0.033), and the mortality rate (35.0% vs 13.8%, P<0.001) were

significantly higher in the LDH > 338 U/L group compared to the

LDH ≤ 338 U/L group. These factors warrant further research and

exploration regarding their impact on prognosis (Table 2).

In the 246 anti-MDA5+ DM patients, univariate and

multivariate Cox regression analyses were performed to assess the

risk factors for mortality. The results indicated that age, course of

the disease, LDH>338 U/L, CRP levels, male, anti-Ro52 antibody

positivity, increased anti-MDA5 antibody titers, and the presence of

RPILD were significantly associated with poor overall prognosis in

the patients. Subsequently, all meaningful variables used as

covariates were included in the multivariate analysis. Multivariate

regression analysis showed that elevated LDH levels (>338 U/L) and

the presence of RPILD were associated with poor prognosis, with

hazard ratios of 2.253 (95% CI 1.258, 4.035, P = 0.006) and 10.293

(95% CI 4.683, 22.623, P < 0.001), respectively (Table 3).

The follow-up time for 246 patients ranged from 0.5 months to

12 months, with a median follow-up time of 12 months. There were

a total of 60 patients died during the follow-up period (one year).

The survival times of the two groups of patients were compared.

The survival analysis showed a significant difference in mortality

between the two groups with different LDH levels (Log-Rank P <

0.001). The Kaplan-Meier curve is shown in Figure 2.
FIGURE 1

Nonlinear analysis of the relationship between LDH levels and mortality risk. This figure illustrates the relationship between LDH levels and mortality
risk. The red curve in the figure represents the hazard ratio, which exhibits an inverted S-shaped trend as LDH levels increase, indicating a nonlinear
relationship between LDH levels and overall mortality risk. The 95% confidence interval (CI) is also marked in the figure, shown as the shaded red
area. The displayed P-values (P for overall < 0.001 and P for nonlinear = 0.001) suggest that this relationship is statistically significant.
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Discussion

This study found that serum LDH levels have important value in

the clinical features and prognosis assessment of anti-MDA5+ DM
Frontiers in Immunology 05
patients. Through the analysis of 246 patients, the study showed that

patients with LDH > 338 U/L had significantly higher levels of liver

enzymes (ALT, AST), CK, CRP, and serum ferritin. Additionally, the

positive rate of anti-Ro52 antibodies, the incidence of RPILD, and the
TABLE 1 Clinical characteristics of patients grouped by survival status (Survival or Un-survival).

Variable Total (n = 246) Survival (n=186) Un-survival (n=60) P-value

Gender

0.023Male, n (%) 70 (28.5) 46 (24.7) 24 (40.0)

Female, n (%) 176 (71.5) 140 (75.3) 36 (60.0)

Age, median (range), (years) 53.0 (47.0, 63.0) 52.0 (45.0, 59.8) 59.5 (49.0, 66.0) <0.001*

Course of the disease,
median (range), (months)

2.0 (1.0, 5.0) 3.0 (1.0, 6.0) 1.0 (1.0, 3.0) <0.001*

Follow-up periods,
median (range), (months)

12.0 (3.0, 12.0) 12.0 (8.0, 12.0) 3.0 (2.0, 4.0) <0.001*

Proximal muscle involvement#, n (%) 112 (45.5) 88 (47.3) 24 (40.0) 0.323

Rash, n (%) 229 (93.1) 176 (94.6) 53 (88.3) 0.168

Gottron papule, n (%) 168 (68.3) 125 (67.2) 43 (71.7) 0.518

Heliotrope rash, n (%) 140 (56.9) 110 (59.1) 30 (50.0) 0.214

V sign, n (%) 89 (36.2) 70 (37.6) 19 (31.7) 0.403

Cutaneous ulcers, n (%) 34 (13.8) 24 (12.9) 10 (16.7) 0.463

Shawl sign, n (%) 55 (22.4) 39 (21.0) 16 (26.7) 0.357

Periungual erythema, n (%) 52 (21.1) 39 (21.0) 13 (21.7) 0.908

Arthritis, n (%) 90 (36.6) 76 (40.9) 14 (23.3) 0.014

Mechanic’s hands, n (%) 67 (27.2) 50 (26.9) 17 (28.3) 0.826

ALT, median (range), (U/L) 47.3 (29.0, 80.5) 46.0 (26.2, 81.4) 53.0 (36.0, 79.3) 0.154

AST, median (range), (U/L) 52.0 (32.9, 83.0) 49.6 (30.4, 80.0) 63.5 (47.0, 89.2) 0.003

LDH, median (range), (U/L) 421.1 ± 311.8 310.0 (245.5, 399.3) 487.5 (330.0, 727.0) <0.001*

CK, median (range), (U/L) 63.0 (36.8, 158.0) 60.0 (36.3, 129.8) 109.5 (37.8, 263.0) 0.027

ESR, median (range), (mm/h) 42.0 ± 23.8 37.1 (23.0, 54.8) 42.0 (27.8, 62.0) 0.086

CRP, median (range), (mg/L) 5.9 (3.1, 12.2) 4.9 (2.9, 11.7) 11.5 (4.9, 23.0) <0.001*

Serum ferritin (ng/mL) 1307.6 ± 2363.3 1146.4 (422.6, 1307.6) 1307.6 (962.0, 2000.0) <0.001*

ANA positive, n (%) 129 (52.4) 98 (52.7) 31 (51.7) 0.890

Anti-Ro52 positive, n (%) 158 (64.2) 112 (60.2) 46 (76.7) 0.021*

Anti-ARS positive, n (%) 15 (6.1) 13 (7.0) 2 (3.3) 0.472

Anti-MDA5 antibody titer, n (%) 0.002

+ 72 (29.3) 64 (34.4) 8 (13.3) –

++ 46 (18.7) 36 (19.4) 10 (16.7) –

+++ 128 (52.0) 86 (46.2) 42 (70.0) –

ILD, n (%) 246 (100.0) 186 (100.0) 60 (100.0) –

RPILD, n (%) 88 (35.8) 38 (20.4) 50 (83.3) <0.001*
*The bolded numbers in the table represent statistical results with a p-value <0.05, indicating that the differences between groups are statistically significant. anti-MDA5+ DM, anti-melanoma
differentiation-associated gene 5 positive dermatomyositis; RPILD, rapidly progressive interstitial lung disease; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine
kinase; LDH, lactate dehydrogenase; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; ANA, antinuclear antibody; Anti-ARS, anti-aminoacyl-tRNA synthetase. #Proximal muscle
involvement denotes Proximal muscle weakness.
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one-year mortality rate (35.0% vs 13.8%) were also significantly

higher compared to the LDH ≤ 338 U/L group. Multivariate

regression analysis further emphasized the independent predictive

role of elevated LDH levels (> 338 U/L) and RPILD, which increased

the risk of death by 2.253 times and 10.293 times, respectively.

Notably, LDH showed a non-linear, inverted S-shaped relationship
Frontiers in Immunology 06
with overall mortality risk (non-linear P = 0.001), suggesting that the

clinical significance of LDH may not be limited to a single threshold,

and its dynamic changes or monitoring may provide more valuable

references for disease progression.

Currently, the treatment of anti-MDA5+ DM patients has yet to

achieve optimal outcomes, and prognostic biomarkers are crucial
TABLE 2 Clinical characteristics grouped by LDH Levels.

Variable LDH ≦ 338U/L (n=123) LDH > 338U/L (n=123) P-value

Gender

0.572Male, n (%) 33 (26.8) 37 (30.1)

Female, n (%) 90 (73.2) 86 (69.9)

Age, median (range), (years) 54.0 (47.0, 63.0) 52.0 (47.0, 62.0) 0.453

Course of the disease,
median (range), (months)

3.0 (1.0, 6.0) 2.0 (1.0, 4.0) 0.026

Proximal muscle involvement#, n (%) 52 (42.3) 60 (48.8) 0.306

Rash, n (%) 118 (95.9) 111 (90.2) 0.078

Gottron papule, n (%) 91 (74.0) 77 (62.6) 0.055

Heliotrope rash, n (%) 73 (59.4) 67 (54.5) 0.440

V sign, n (%) 47 (38.2) 42 (34.2) 0.507

Cutaneous ulcers, n (%) 15 (12.2) 19 (15.5) 0.460

Shawl sign, n (%) 30 (24.4) 25 (20.3) 0.444

Periungual erythema, n (%) 24 (19.5) 28 (22.7) 0.532

Arthritis, n (%) 47 (38.2) 43 (35.0) 0.596

Mechanic’s hands, n (%) 39 (31.7) 28 (22.8) 0.115

ALT, median (range), (U/L) 40.0 (23.0, 66.5) 64.0 (32.0, 121.0) <0.001*

AST, median (range), (U/L) 40.0 (26.0, 60.6) 75.0 (47.5, 134.0) <0.001*

CK, median (range), (U/L) 50.0 (35.5, 100.5) 107.0 (42.0, 208.8) <0.001*

ESR, median (range), (mm/h) 37.0 (21.5, 56.0) 42.0 (26.9, 54.5) 0.236

CRP, median (range), (mg/L) 4.7 (2.7, 10.2) 8.5 (3.5, 17.6) <0.001*

Serum ferritin (ng/mL) 1001.0 (391.2, 1307.6) 1307.6 (679.8, 1565.5) <0.001*

ANA positive, n (%) 64 (52.0) 65 (52.9) 0.898

Anti-Ro52 positive, n (%) 71 (57.7) 87 (70.7) 0.033*

Anti-ARS positive, n (%) 9 (7.3) 6 (4.9) 0.424

Anti-MDA5 antibody titer, n (%) 0.021*

+ 45 (36.6) 27 (22.0) –

++ 24 (19.5) 22 (17.9) –

+++ 54 (43.9) 74 (60.2) –

ILD, n (%) 123 (100.0) 123 (100.0) –

RPILD, n (%) 36 (29.3) 52 (42.3) 0.033*

Death, n (%) 17 (13.8) 43 (35.0) <0.001*
*The bolded numbers in the table represent statistical results with a p-value <0.05, indicating that the differences between groups are statistically significant. anti-MDA5+ DM, anti-melanoma
differentiation-associated gene 5 positive dermatomyositis; RPILD, rapidly progressive interstitial lung disease; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine
kinase; LDH, lactate dehydrogenase; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; ANA, antinuclear antibody; Anti-ARS, anti-aminoacyl-tRNA synthetase. #Proximal muscle
involvement denotes Proximal muscle weakness.
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for patient stratification and appropriate management (24). A

recent study proposed the “FLAIR score,” which consists of five

key indicators: ferritin levels, LDH levels, anti-MDA5 antibody

grading, HRCT imaging score, and RPILD/non-RPILD, to predict

mortality in patients with amyopathic dermatomyositis (ADM)-

associated ILD (25). Additionally, KL-6, interleukin (IL)-15, serum

chitinase-3-like-1 protein (YKL-40), IL-6, interferon-a, and CD4

+CXCR4+ T cells have also been reported as prognostic biomarkers

in anti-MDA5+ DM patients, although none have been widely

accepted so far (26–29). Our study elucidates the close association

between elevated serum LDH levels and poor prognosis in anti-

MDA5+ DM patients, revealing significant prognostic differences

based on LDH levels and the presence of RPILD. The findings

suggest that patients with LDH > 338 U/L or those with RPILD have

a significantly higher risk of mortality, and dynamic monitoring of

LDH levels can help identify the prognostic characteristics of these

high-risk patients early. From the perspective of clinical practice,

these findings provide important evidence for the individualized

management of anti-MDA5+ DM patients. LDH, as an easily
Frontiers in Immunology 07
accessible inflammatory marker, combined with the presence of

RPILD, can effectively screen for patients who require intensified

interventions. For example, in patients with LDH > 338 U/L or

those with RPILD, clinicians can prioritize initiating enhanced

immunosuppressive treatments (such as a combination of

corticosteroids and immunoglobulin) or multidisciplinary

collaboration (such as early respiratory support and lung

protection strategies) to delay lung disease progression and

improve survival outcomes. Furthermore, the widespread

applicability of LDH makes it an economically efficient risk

stratification tool in resource-limited areas, particularly suitable

for medical settings where complex biomarkers cannot be

frequently tested, providing a practical and feasible prognostic

assessment solution for primary care hospitals. By incorporating

dynamic monitoring of LDH into routine clinical pathways, early

warning and precise interventions for high-risk patients can be

achieved, thus optimizing overall treatment strategies (3, 30).

Previous studies have consistently reported that the mortality

rate of anti-MDA5+ DM-associated ILD patients exceeds 60%,
TABLE 3 Prognostic factors for survival in 246 anti-MDA5+ DM patients.

Variable
Univariate analysis Multivariate analysis

HR(95% CI) P-value HR(95% CI) P-value

Age 1.043 (1.020 ~ 1.067) <0.001 1.024 (0.998 ~ 1.051) 0.068

Course of the disease 0.918 (0.848 ~ 0.993) 0.033 0.992 (0.946 ~ 1.040) 0.741

LDH

LDH ≦ 338U/L 1.000 (Reference) 1.000 (Reference)

LDH > 338U/L 2.793 (1.593~ 4.899) <0.001 2.253 (1.258~ 4.035) 0.006

CRP 1.020 (1.013 ~ 1.028) <0.001 1.008 (0.999 ~ 1.017) 0.091

Sex

Female 1.000 (Reference) 1.000 (Reference)

Male 1.798 (1.072 ~ 3.015) 0.026 1.207 (0.697 ~ 2.088) 0.502

Arthritis

No 1.000 (Reference) 1.000 (Reference)

Yes 0.501 (0.275 ~ 0.911) 0.023 0.494 (0.268 ~ 0.912) 0.024

Anti-Ro52 antibody

– 1.000 (Reference) 1.000 (Reference)

+ 2.085 (1.146 ~ 3.795) 0.016 0.793 (0.406 ~ 1.549) 0.497

Anti-MDA5 antibody titer

+ 1.000 (Reference) 1.000 (Reference)

++ 2.015 (0.795 ~ 5.107) 0.140 1.113 (0.432 ~ 2.863) 0.825

+++ 3.273 (1.536 ~ 6.975) 0.002 1.636 (0.742 ~ 3.607) 0.223

RPILD

No 1.000 (Reference) 1.000 (Reference)

Yes 13.357 (6.730 ~ 26.510) <0.001 10.293 (4.683 ~ 22.623) <0.001
The bolded numbers in the table represent statistical results with a p-value <0.05. LDH, lactate dehydrogenase; CRP, C-reactive protein; anti-MDA5, anti-melanoma differentiation-associated
gene 5; RPILD, rapidly progressive interstitial lung disease.
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particularly in East Asian populations, such as in China (31). Most

deaths occur within the first 3 months (2). It is widely believed that

excessive inflammatory responses are associated with an increased

risk of RPILD and all-cause mortality (32). Excessive inflammation

plays a crucial role in the onset and progression of anti-MDA5+

DM-associated ILD. Uncontrolled excessive inflammation and

persistent immune activation lead to severe lung damage and

RPILD, which may resemble the “cytokine storm” phenomenon

observed in COVID-19 (33). A study aimed to identify the best

prediction model for the 3-month mortality risk in patients with

anti-MDA5+DM-associated ILD, revealing that RPILD, ESR, serum

albumin level, age, CRP, AST, NLR, and LDH are eight key variables

with significant predictive importance. Most of these variables are

inflammatory markers reflecting a high inflammatory state, with

LDH being one of the important risk factors (30). Previous studies

have shown that poor prognosis in DM patients is associated with

certain factors, including advanced age and elevated levels of serum

ferritin, LDH, NLR, and CRP, which is consistent with the findings

of our study (31). LDH is easily accessible and observable in clinical

settings for DM patients, making it of significant practical relevance.

Another large-scale single-center cohort study in China proposed a

model called the “FLAIR score,” which combines ferritin(<636 ng/

mL, 0; ≥636 ng/mL, 2), LDH(<355 U/L, 0; ≥355 U/L, 2), anti-MDA5
Frontiers in Immunology 08
antibody(negative, 0; +, 2; ++, 3; +++, 4), HRCT imaging scores

(<133, 0; ≥133, 3), and RPILD(non-RPILD, 0; RPILD, 2) to predict

the mortality of amyopathic dermatomyositis (ADM)-associated

ILD (25). Furthermore, elevated LDH not only suggests poor

prognosis but also has clinical significance in other aspects. One

study evaluated the predictive factors for relapse in polymyositis/

dermatomyositis (PM/DM), revealing that serum LDH levels

exceeding 450U/L could predict relapse in PM/DM-related ILD

patients, with an area under the curve of 0.718 (34). In conclusion,

LDH is considered a prognostic indicator for poor outcomes in

patients with anti-MDA5+ DM.

However, different studies have used varying prognostic cutoff

values for LDH. A study on Chinese anti-MDA5+ DM patients with

RPILD and its prognostic factors reported that elevated LDH levels

were associated with RPILD and mortality, with a threshold of

356.15 U/L (3). Another study in anti-MDA5+ DM patients showed

that LDH levels were positively correlated with RPILD and

mortality risk, but the threshold was not defined (5). A recent

cohort study indicated that survivors of MDA5+ DM-ILD had

significantly lower serum LDH levels than those who died, and LDH

(>355 U/L) may be an independent high-risk factor for poor

prognosis (25). Our threshold of 338 U/L is consistent with these

studies and further optimized risk stratification through nonlinear
FIGURE 2

Survival analysis of two groups of anti-MDA5+ DM patients based on LDH levels. Survival analysis revealed a statistically significant difference in
mortality between the two groups of patients with different LDH levels (Log-rank P < 0.001).
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analysis (inverse S-shaped relationship, nonlinear P = 0.001). Using

this threshold, we were able to classify patients into low-risk (LDH

≤ 338 U/L) and high-risk (LDH>338 U/L) groups, with the high-

risk group having a significantly higher mortality rate (35.0% vs.

13.8%, P<0.001) and LDH >338 U/L is an independent predictor of

mortality (hazard ratio 2.253), similar to the FLAIR model by Lian

et al. (25). This suggests that in clinical practice, LDH>338 U/L can

serve as a simple and rapid bedside indicator to help physicians

identify patients who may require closer monitoring and more

active intervention. However, we acknowledge that thresholds may

vary depending on the population, testing methods, and laboratory

standards, and therefore our results require external validation. We

suggest that future multicenter studies use standardized protocols to

validate this threshold and explore the development of a composite

scoring system incorporating other biomarkers (such as serum

ferritin) to improve predictive accuracy.

LDH is an intracellular enzyme released into the bloodstream

during cell damage or death, so its elevation usually reflects tissue

destruction and an inflammatory state. In anti-MDA5+ DM,

elevated LDH may be associated with the disease pathophysiology

through the following mechanisms. First, the core features of

dermatomyositis include muscle inflammation and skin lesions

(35). LDH is a stable cytoplasmic enzyme present in all cells.

When cells are damaged or undergo necrosis, the permeability of

the cell membrane increases, leading to the release of LDH (36).

Anti-MDA5 antibodies may induce muscle cell apoptosis and

necrosis through the activation of the type I interferon pathway,

resulting in LDH release. Second, anti-MDA5+ DM is often

associated with RPILD, characterized by rapid damage and

fibrosis of alveolar epithelial cells and vascular endothelial cells.

Recent studies have confirmed that activated macrophages play a

role in the occurrence and progression of pulmonary fibrosis in

various ways, such as by inducing neutrophil activation and

triggering the formation of neutrophil extracellular traps (37, 38).

The specific mechanism by which LDH participates in pulmonary

fibrosis is not fully understood, but studies suggest that LDH is a

marker enzyme of macrophages, and its activity can serve as an

indicator of macrophage activation (36). High LDH concentrations

are consistently associated with severe pulmonary fibrosis and lung

injury (39). Our data show that the LDH>338 U/L group has a

higher incidence of RPILD (42.3% vs. 29.3%, P = 0.033), and in

multivariable analysis, RPILD is a strong predictor of mortality

(hazard ratio 10.293), which supports the role of LDH as an

alternative biomarker for lung injury. Finally, anti-MDA5

antibodies may activate the innate immune response (such as

MDA5 recognizing viral RNA mimics), leading to macrophage

and lymphocyte activation and the release of pro-inflammatory

cytokines (e.g., IL-6, TNF-a) (35). These factors can induce

widespread cell death, further elevating LDH levels. Additionally,

high serum ferritin levels (higher in the LDH>338 U/L group in this

study) suggest that macrophage activation may exacerbate tissue

damage. These mechanisms are hypothesized based on the current

understanding of the pathophysiology of anti-MDA5+ DM, but

further experimental research is needed for validation.
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Although we performed a multivariable Cox regression analysis,

adjusting for variables such as age, gender, key laboratory markers,

potential confounding factors such as treatment regimens (e.g.,

immunosuppressive therapy, corticosteroid dosage) and

comorbidities were not fully controlled. In anti-MDA5+ DM

patients, glucocorticoids may indirectly lower LDH levels by

inhibiting inflammatory responses and cellular damage.

Conversely, if patients do not respond well to treatment, LDH

levels may remain elevated, indicating poor prognosis. Moreover,

the type and dosage of immunosuppressants may vary due to

patient heterogeneity. In our study, we did not systematically

collect data on treatment doses and specific regimens. We

acknowledge that differences in treatment regimens may still act

as residual confounding factors, potentially leading to an

underestimation or overestimation of the association between

LDH and prognosis. Future prospective studies should

systematically document treatment data and further control for

these confounders through sensitivity analyses. The impact of

comorbidities should not be overlooked. LDH is widely

distributed in various tissues (such as the liver, heart, muscles,

and lungs), and therefore, comorbidities like liver diseases (e.g., fatty

liver or hepatitis), heart failure, or chronic kidney disease may

independently lead to elevated LDH levels. For instance, liver

comorbidities might indirectly affect LDH levels by elevating ALT

and AST levels, and our data show significantly higher ALT and

AST levels in the LDH>338 U/L group, suggesting that liver injury

may partially mediate the association between LDH and prognosis.

In the multivariable analysis, we partially controlled for this

confounding factor by adjusting for liver function markers (ALT,

AST), but could not completely eliminate its influence. In

conclusion, these factors may complicate the relationship between

LDH and mortality.

In this study, some patients were simultaneously positive for

both anti-MDA5 and anti-ARS antibodies. In clinical practice,

when patients test positive for multiple myositis-specific

antibodies, they are typically categorized based on their most

representative clinical manifestations and antibody types. Anti-

MDA5 antibodies are strongly associated with RPILD and have a

poor prognosis, which is the central focus of our study. If patients

who are also positive for anti-ARS antibodies were separately

classified as having “anti-synthetase syndrome,” it would dilute

the clinical characteristics of the anti-MDA5+ DM cohort,

particularly in analyses related to RPILD and mortality risk. This

study classifies patients who test positive for anti-ARS antibodies as

anti-MDA5+ DM patients, based on the research objectives, the

predominance of clinical phenotypes, and the consistency of

statistical analysis. This approach helps to more clearly reveal the

independent role of anti-MDA5 antibodies in RPILD and mortality

risk, without interference from other antibody phenotypes.

The strengths of this study are attributed to its large multicenter

sample size (246 consecutive cases) and the combination of

systematic analytical methods. By comprehensively evaluating

clinical features, laboratory markers, and long-term prognosis, the

study not only revealed the association between LDH and the
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prognosis of anti-MDA5+ DM but also controlled for potential

confounding factors through multivariate regression models,

enhancing the reliability of the results. Furthermore, as LDH is a

routine diagnostic test, its clinical applicability further increases the

practical value of the study. However, the study also has some

limitations. First, the retrospective design may introduce selection

bias, and future multicenter prospective studies are needed to

validate the generalizability of the conclusions. Second, although

some confounding factors have been adjusted for, differences in

treatment regimens, comorbidities, and other variables were not

fully included in the analysis, which may affect the accuracy of the

results. Third, the LDH threshold (338 U/L) was defined based on

the current cohort, and its applicability in different populations

requires external validation. Fourth, the follow-up period was

relatively short, and there was a lack of assessment of long-term

survival conditions. Finally, the biological mechanisms underlying

elevated LDH in anti-MDA5+ DM (such as the contributions of

tissue damage and systemic inflammation) have not been clarified

and require further investigation through basic research.
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