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 Background: Anti-melanoma differentiation-associated protein 5-positive dermatomyositis (MDA5+ DM) is characterized by a 
life-threatening complication of rapidly progressive interstitial lung disease (RP-ILD). Early prediction of RP-ILD 
can enhance diagnostic accuracy and therapeutic efficacy. This study was conducted to develop a nomogram 
model for predicting RP-ILD in patients with MDA5+ DM.

 Material/Methods: We retrospectively analyzed 53 patients with MDA5+ DM, of whom 21 patients were diagnosed with RP-ILD 
between January 2018 and January 2021. Univariate analysis (t test, Mann-Whitney U test, chi-squared test, 
or Fisher’s exact test) and receiver operating characteristic (ROC) analysis were used to select candidate vari-
ables. Multivariate logistic regression analysis was conducted to construct a prediction model, which was sub-
sequently transformed into a nomogram. ROC analysis, calibration curve and decision curve analysis were per-
formed to evaluate the model’s performance. The bootstrapping method (resampling=500) was used for internal 
validation.

 Results: We successfully established a nomogram, called the CRAFT model, to predict RP-ILD in MDA5+ DM patients. The 
model included 4 variables, namely C-reactive protein-to-albumin ratio, red blood cell distribution width-coef-
ficient of variation, fever status, and CD3+ T cells. The model presented high predictive power and a good per-
formance in calibration curve and decision curve analysis. In addition, the model had a good predictive ability 
in internal validation.

 Conclusions: The CRAFT model could help to predict RP-ILD in patients with MDA5+ DM.
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Background

Anti-melanoma differentiation-associated protein 5-positive 
dermatomyositis (MDA5+ DM) is a unique subgroup of idio-
pathic inflammatory myopathy, commonly presenting hallmark 
DM skin lesions and relatively rare muscle involvement, name-
ly clinically amyopathic DM (CADM) [1]. Rapidly progressive in-
terstitial lung disease (RP-ILD), the most important pulmonary 
complication in patients with MDA5+ DM, has a rapidly pro-
gressive clinical course and poor responsiveness to immuno-
suppressive treatment, which result in a high 6-month mor-
tality rate [2-4]. Multiple survival curves for RP-ILD descend 
sharply within the first 6 months after disease onset, while 
stabilizing in the following years, implying that patients with 
RP-ILD could achieve long-term survival as long as they got 
through the crisis period of the first 6 months [2-4]. Hence, it 
is crucial to predict high-risk patients who are likely to devel-
op RP-ILD before serious symptoms appear, in order to pur-
sue appropriate management and improve prognosis. When 
a patient with MDA5+ DM is rated as high-risk for develop-
ing RP-ILD by multiple risk factors at admission, more fre-
quent high-resolution computed tomography (HRCT) should 
be performed and more intensive immunosuppressive thera-
py should be initiated.

In recent years, multiple studies have identified a variety of risk 
factors for predicting RP-ILD in patients with MDA5+ DM. Some 
literature focused on the clinical characteristics and found that 
MDA5+ DM patients with high age [5,6], male sex [5], and fe-
ver [6,7] had a greater risk for developing RP-ILD, whereas ar-
thralgia decreased that risk [7]. Others pay attention to serum 
biomarkers, and the following were identified as predictive risk 
factors: C-reactive protein (CRP) [5], ferritin [5,7,8], neutrophil-
to-lymphocyte ratio [6], lactate dehydrogenase [6,7,9], alanine 
aminotransferase [7], carcinoembryonic antigen [7-9], carbohy-
drate antigen 153 [7], cytokeratin 19 fragment [10], lymphope-
nia [7,10], elevated B cells [7], Krebs von den Lungen-6 [11], in-
terluekin-15 [12], higher titers of anti-MDA5 antibody [5,13], and 
anti-Ro 52 antibody [5,13-15]. The genetic marker of theWD-
FY4 variant was also found to be an independent risk factor 
for RP-ILD in patients with MDA5+ DM [16].

A single indicator fails to accurately predict a particular out-
come, owing to limited predictive value; however, a prediction 
model incorporating several relevant risk factors may serve as 
a useful tool to enhance predictive power. To date, many pre-
diction models associated with MDA5+ DM or RP-ILD have 
been established [6,17-21]. In their study, So et al proposed 
a prediction model in MDA5+ DM patients consisting of fever, 
lactate dehydrogenase, age, and neutrophil-to-lymphocyte ra-
tio to stratify the risk of the RP-ILD complication [6]. However, 
the model presented low predictive power.

In the present study, we aimed to develop a prediction model 
based on baseline clinical characteristics and laboratory ex-
aminations by retrospectively using a group of patients with 
MDA5+ DM to early predict RP-ILD in MDA5+ DM patients. 
Subsequently, a nomogram was formulated for better visual-
ization of intricate regression equations.

Material and Methods

Ethics Statement

This study was approved by the Ethics Committee of Union 
Hospital, Tongji Medical College, Huazhong University of 
Science and Technology (protocol code UHCT221032). Written 
informed consent and assent was obtained from patients or 
their guardians.

Patients and Study Design

This was a single-center retrospective study aimed to develop 
a prediction model for predicting the risk possibility of RP-ILD 
in patients with MDA5+ DM using baseline clinical character-
istics and laboratory test data. The study reviewed all first-
diagnosed DM patients at the Department of Rheumatology, 
Union Hospital, Tongji Medical College, Huazhong University 
of Science and Technology (Wuhan Union Hospital) between 
January 2019 and January 2022.

We included all patients who (1) were diagnosed with probable/
definite DM based on the Bohan and Peter criteria [22] or CADM 
based on the Sontheimer’s criteria [23]; and (2) were positive 
for anti-MDA5 antibody. Included patients were excluded if (1) 
other connective tissue disorders, paraneoplastic dermatomyo-
sitis, active infection, or drug-induced ILD were confirmed; (2) in-
adequate demographic, clinical, and laboratory test information 
were retrieved; and (3) HRCT was not performed at admission or 
reexamined within 3 months from respiratory symptoms onset.

A total of 53 patients with MDA5+ DM were analyzed in this study 
according to the above inclusion and exclusion criteria. They were 
followed up for at least 3 months, and the primary outcome of 
interest was the occurrence of RP-ILD. HRCT was performed for 
all the included patients in this study when the DM/CADM was 
first diagnosed and reexamined at least once within 3 months 
after respiratory symptoms onset. ILD was diagnosed based on 
respiratory manifestations (dry cough, dyspnea, and Velcro rales) 
and characteristic findings on HRCT such as ground-glass opac-
ity, consolidations, reticular pattern, or honeycombing [14]. RP-
ILD was considered as progressive dyspnea and hypoxemia and a 
rapid worsening of characteristic HRCT findings within 3 months 
from respiratory symptoms onset. Representative HRCT images 
for RP-ILD in patients with MDA5+ DM is illustrated in Figure 1.
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Data Collection

Clinical and laboratory test data of patients with MDA5+ DM at 
admission before initiating standardized treatment were de-
fined as baseline data. Demographic information included pa-
tients’ age at onset and sex. Clinical data included fever (body 
temperature ³38°C), heliotrope rash, Gottron’s sign/papules, 
erythematous facial rash, V sign, shawl sign, skin ulcers, peri-
ungual erythema, and proximal muscle weakness. Laboratory 
examination results included routine blood tests, biochemical 
and coagulation function, CRP, T lymphocyte subsets, and cy-
tokines. The combined marker of CRP-to-albumin ratio (CAR) 
was calculated by dividing the value of CRP by the value of al-
bumin. All patients’ baseline data were collected through the 
electronic medical record system.

CRP was measured by rate nephelometric assay using a spe-
cific protein analyzer (BN II, Siemens, Germany). Albumin was 

determined by ultraviolet-visible absorption spectroscopy us-
ing a fully automatic biochemical analyzer (AU5831, Beckman 
Coulter, USA). Red blood cell distribution width-coefficient of 
variation (RDW-CV) was estimated by the impedance method 
using an automated hematology analyzer (XN-9000, SYSMEX, 
Japan). The lymphocyte subsets were analyzed by flow cytome-
try assay on a flow cytometer (DxFLEX, Beckman Coulter, USA).

Anti-MDA5 antibody was identified by enzyme-linked immu-
nosorbent assay (ELISA) using a commercial human MDA-5 
Ab ELISA kit (Euroimmun, Germany). According to the analyz-
er’s interpretation of the results, (-) stands for negativity, (+) 
for weak positivity, (++) for moderate positivity, and (+++) for 
strong positivity.

A

C

B

D

Figure 1.  Representative high-resolution computed tomography (HRCT) images for rapidly progressive interstitial lung disease (RP-
ILD) in patients with anti-melanoma differentiation-associated protein 5-positive dermatomyositis (MDA5+ DM). (Image 
A and B were from the same patient, and image C and D were from another patient). (A, C) HRCT images when ILD was 
first diagnosed. (B) Rapidly aggravated ground-glass opacity (upper right) and reticular patterns (subpleural area) within 3 
months compared to image A. (D) Rapidly aggravated consolidation within 3 months compared to image B (orange arrows). 
(Created by RStudio software, version 4.2.0.).
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Statistical Analyses

Division of Groups

All 53 patients with MDA5+ DM were divided into an RP-ILD 
group and non-RPILD group based on the occurrence of RP-
ILD during follow-up.

Missing Value Processing

Variables with missing data larger than 10% were removed. 
The missing values of the remaining variables were multiply 
imputed by the missForest algorithm.

Variable Selection

Between-group differences of continuous variables with nor-
mal distribution were assessed by the t test, and between-
group differences of continuous variables with non-normal 
distribution were analyzed using the Mann-Whitney U test. 
All continuous variable data were transformed into standard-
ized values ranging from 0 to 1 by the min-max normaliza-
tion according to the following algorithm: standardized value 
of continuous variable = [continuous variable – min (contin-
uous variable)] / [max (continuous variable) – min (continu-
ous variable)]. Categorical variables were expressed as num-
ber (percentage), and their between-group differences were 
measured using the chi-squared test without continuity cor-
rection (theoretical frequency ³5), chi-squared test with con-
tinuity correction (1£ theoretical frequency <5), or Fisher’s 
exact test (theoretical frequency <1). Statistically significant 
variables in univariate analysis were selected for ROC analy-
sis, in which variables with an area under the ROC curve (AUC) 
>0.6 were regarded as candidate variables for model construc-
tion. Candidate continuous variables were converted to bina-
ry variables according to the cut-off values corresponding to 
the highest Youden index.

Construction of the Prediction Model

Stepwise multivariable logistic regression analysis was used 
to develop a prediction model for predicting RP-ILD in pa-
tients with MDA5+ DM. Then, the prediction model was con-
verted to a nomogram.

Assessment and Internal Validation of the Prediction Model

The ROC analysis, calibration curve, and decision curve anal-
ysis were performed to evaluate the discriminatory capacity 
of the model. The bootstrapping method was used for inter-
nal validation. In the process of repeated model selection and 
AUC calculation, 500 bootstrapping samples were extracted. 
The corrected AUC was obtained by subtracting the average 

difference between the original AUC and the recalculated AUC 
from the original AUC.

All statistical analyses were conducted using SPSS software 
22.0 (IBM Corp., Armonk, NY, USA), and RStudio software (ver-
sion 4.2.0). Standard error, 95% CI, and P values of the AUC 
were generated automatically by SPSS software. The R pack-
ages used included “rms”, “mstate”, “ROCR”, “rmada”, “gg-
plot2”, “dplyr”, “grid”, “showtext”, “Cairo”, “rio”, “boot”, and 
“missForest”.

Results

Patient Characteristics

The study recruited 53 patients with MDA5+ DM, including 32 
non-RPILD patients and 21 RP-ILD patients. Our data showed 
that the prevalence of RP-ILD reached 40% in MDA5+ DM pa-
tients. The baseline demographic and clinical characteristics 
of MDA5+ DM patients are shown in Table 1.

Variable Selection

A total of 99 variables (25 clinical features and 74 laborato-
ry variables) were analyzed in this study. As Table 1 shows, 4 
of the 25 clinical features (age, erythematous facial rash, me-
chanic’s hands, and fever) had differences between groups by 
univariate analysis. Subsequently, ROC analysis suggested that 
age and fever presented a good ability for early prediction of 
RP-ILD, and the AUCs were 0.71 (95% CI: 0.56-0.85, P=0.011) 
and 0.75 (95% CI: 0.60-0.89, P=0.003), respectively. However, 
mechanic’s hands and erythematous facial rash had no predic-
tive value for RP-ILD in MDA5+ DM patients (P³0.05; Table 2).

A total of 180 laboratory variables were collected in the study, 
of which 106 parameters with missing data greater than 10% 
were removed. Finally, 74 continuous variables of laboratory 
examination were used for subsequent analysis. Twelve vari-
ables had differences between the RP-ILD group and non-
RPILD group by the t test or Mann-Whitney U test. Specifically, 
the levels of complement 4, CRP, fibrinogen, and CAR in the 
RP-ILD group were significantly higher than those in the non-
RPILD group, while the levels of suppressor T cells, CD3+ T cells, 
thrombin time, calcium, albumin, RDW-CV, red blood cell distri-
bution width-standard deviation (RDW-SD), and procalcitonin 
were significantly lower (Figure 2). Calcium level had no pre-
dictive value for RP-ILD in subsequent ROC analysis, while the 
remaining 11 continuous variables showed a good identifica-
tion ability between RP-ILD and non-RPILD patients. CAR had 
the highest AUC, at 0.78 (95% CI: 0.65-0.91, P=0.001; Table 2).
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Characteristic
Non-RP-ILD	Group	

(n=32)
RP-ILD	Group 

(n=21)
Statistical 
methods

P value

Age, years, median (range)  50 (42-57)  57 (52-63) Mann-Whitney U test 0.011

Sex, n (%)

 Female  21 (66)  13 (62)

 Male  11 (34)  8 (38) Chi-squared test 0.78

ILD, n (%)  28 (86)  21 (100) Fisher’s exact test 1

CADM, n (%)  10 (31)  10 (48) Chi-squared test 0.23

Anti-MDA5 titer, n (%)

 +  11 (34)  2 (10)

 ++  4 (13)  7 (33)

 +++  17 (53)  12 (57) Chi-squared test 0.32

Clinical features, n (%)

 Heliotrope rash  14 (44)  12 (57) Chi-squared test 0.34

 Gottron’s sign/papules  25 (78)  15 (71) Chi-squared test 0.58

 Erythematous facial rash  24 (75)  9 (43) Chi-squared test 0.018

 Periungual erythema  5 (06)  8 (38) Chi-squared test 0.063

 Mechanic’s hands  2 (6)  6 (29) Fisher’s exact test 0.047

 V sign  11 (34)  5 (24) Chi-squared test 0.41

 Shawl Sign  1 (3)  5 (24) Chi-squared test 0.41

 Skin ulcers  11 (34)  3 (14) Chi-squared test 0.105

 Pruritus  4 (13)  4 (19) Fisher’s exact test 0.70

 Dry mouth  5 (16)  4 (19) Fisher’s exact test 1

 Oral ulcer  5 (16)  3 (14) Fisher’s exact test 1

 Raynaud’s phenomenon  7 (22)  2 (10) Fisher’s exact test 0.29

 Arthritis  25 (78)  13 (62) Chi-square test 0.2

 Morning stiffness  6 (19)  4 (19) Fisher’s exact test 1

 Myalgia  13 (41)  6 (29) Chi-squared test 0.37

 Proximal weakness  22 (69)  11 (52) Chi-squared test 0.23

 Fever  4 (13)  13 (62) Chi-squared test <0.001

 Dysphagia  2 (6)  3 (14) Fisher’s exact test 0.37

 Alopecia  8 (25)  1 (5) Fisher’s exact test 0.071

 Weight loss  1 (3)  2 (10) Fisher’s exact test 0.56

Table 1. The baseline demographic and clinical characteristics of patients with MDA5+ DM (n=53).

MDA5 – anti-melanoma differentiation-associated gene 5; RP-ILD – rapidly progressive interstitial lung disease; ILD – interstitial lung 
disease; CADM – clinically amyopathic dermatomyositis.
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Construction of the Prediction Model for Predicting RP-ILD 
in MDA5+ DM Patients

Based on the analysis of variable selection, we confirmed 13 
candidate variables (2 clinical features and 11 laboratory exam-
inations) for model construction, including fever, age, comple-
ment 4, CRP, fibrinogen, CAR, suppressor T cells, CD3+ T cells, 
thrombin time, albumin, RDW-CV, RDW-SD, and procalcitonin. 
Then, all the continuous variables were converted into binary 
variables based on their calculated cut-off values for subse-
quent analysis. The cut-off values of each variable are shown 
in Table 3. Multivariate stepwise logistic regression analysis 
was used to determine variables in the final model. According 
to the results, 4 important parameters (fever, CAR, RDW-CV, 
and CD3+ T cells) were identified (Table 4). Then, we integrated 
the 4 parameters to construct a nomogram to predict MDA5+ 
DM-RPILD (Figure 3A). After statistical evaluation, we found 
that the diagnostic nomogram possessed high predictive power 

(AUC=0.93; 95% CI: 0.86-0.99; sensitivity, 0.81; specificity, 0.94; 
P<0.05; Figure 3B). A good performance in calibration curve 
(Figure 3C) and decision curve analysis (Figure 3D) showed 
that the nomogram in this study had an advantage in iden-
tifying RP-ILD risk in patients with MDA5+ DM. The threshold 
probability was 0.42, which means that the nomogram might 
be useful in clinical practice.

Internal	Validation	of	the	Nomogram	Prediction	Model	for	
MDA5+ DM-RPILD

To internally validate the predictive power of the nomogram 
model, the bootstrapping method (resampling=500) was used 
for internal validation. Figure 4 shows that the nomogram pre-
sented a good predictive ability for RP-ILD, and the AUC was 
0.93 (95% CI: 0.85-0.99, P<0.05).

Variables AUC Standard error P values
95% CI

Upper Lower

Up variables/risk factors

 Mechanic’s hands 0.612 0.082 0.173 0.45 0.773

 Fever 0.747 0.074 0.003 0.603 0.891

 Age 0.708 0.073 0.011 0.565 0.852

 CAR 0.775 0.067 0.001 0.645 0.906

 FIB 0.675 0.076 0.033 0.527 0.823

 TT 0.679 0.074 0.029 0.533 0.824

 CRP 0.769 0.069 0.001 0.635 0.904

 C4 0.694 0.076 0.018 0.546 0.842

Down variables/protective factors

 Erythematous facial rash 0.661 0.078 0.05 0.507 0.815

 PCT 0.719 0.071 0.007 0.58 0.859

 RDW-SD 0.732 0.072 0.005 0.592 0.872

 RDW-CV 0.746 0.069 0.003 0.611 0.88

 ALB 0.696 0.075 0.017 0.55 0.842

 Calcium 0.641 0.077 0.084 0.49 0.793

 CD3+ T cells 0.665 0.083 0.044 0.503 0.828

 Ts cells 0.722 0.079 0.007 0.567 0.876

Table 2. Receiver operating characteristic analysis of significant variables.

ROC – receiver operating characteristic; AUC – area under the ROC curve; CAR – C-reactive protein to albumin ratio; FIB – fibrinogen; 
TT – thrombin time; CRP – C-reactive protein; C4 – complement 4; PCT – procalcitonin; RDW-SD – red blood cell distribution width-
standard deviation; RDW-CV – red blood cell distribution width-coefficient of variation; ALB – albumin.
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RDW.CV**
RDW.SD**
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NEUT
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IL-4
IL-2
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NK cells
B cells
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C3

MCV
IgM
IgA
IgG
IgE
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APTT
INR
PT

D-dimer
LDH
HCT
CK

SLDL
LDL
HDL
TG
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AG

Mg2+
CI-

HGB
K+

Na+
GFR
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Cr

BUN
TBA
PA

AGR
GLB
RBC
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GGT
ALP
AST
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DBIL
TBIL
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0.002
0.0072
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0.0091
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0.1106
0.0048
0.0045

0.0196
0.0295

0.0507
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0.0015
0.2259
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0.0331

0.0038
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0.504
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0.0062
0.0107
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0.0016

0.2506
0.2975

0.009
0.345

0.2541
0.674

0.2093
0.0107
0.0106

0.0024
0.0729

0.0096
0.151

0.2664
0.2793

0.312
0.1758

0.0077
0.0207

0.0683
0.0364

0.0247
0.0162

0

1
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0.0533
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0.0985
0.0429
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2e-04
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0.0016
0.0148

0.0066
0.0838
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0.0141

0.0535
0.0064
0.0064
0.006

0.0224
0.0481

0.1329
0.0886

0.2558
0.0037
0.0068

0.0407
0.6156

0.0994

0.0017
0.0065
0.0024
0.0048

0.0117

0.0017
0.2906

0.5672

0.3264
0.01

0.3996
0.3233

0.7967
0.1484

0.0127
0.016

0.003
0.0838

0.0106
0.1809

0.1959
0.217

0.2545
0.1793

0.0101
0.0295

0.081
0.0406

0.0271
0.0151

0

0.0162
0.0357

0.089
0.1037

0.0023
0.0365

0.0031
1

1e-04

Figure 2.  The comparison of baseline laboratory examinations between rapidly progressive interstitial lung disease (RP-ILD) and non-
RP-ILD patients. The values represented standardized values ranging from 0 to 1 by the min-max normalization. * P<0.05 
and ** P<0.001. (Created by RStudio software, version 4.2.0.). MONO – monocytes; PLT – platelet; Ts cells – suppressor T cells; 
C4 – complement 4; CRP – C-reactive protein; TT – thrombin time; MCHC – mean corpuscular hemoglobin concentration; 
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Discussion

RP-ILD is a common and life-threatening complication of MDA5+ 
DM, with a reported prevalence of 39.8% to 63.6% [2,5-7]. 
Early diagnosis seems rather important, owing to the refrac-
tory nature of RP-ILD. Recently, with the growth of clinical data 
and advanced machine learning methodologies, an increasing 
number of studies have developed mathematical models based 

on several markers to improve the predictive performance 
for severe diseases. In the present study, we successfully de-
veloped a model for predicting RP-ILD in MDA5+ DM patients 
based on baseline clinical features and laboratory examina-
tions. We named it the “CRAFT” model because it includes the 
CRP-to-albumin ratio, RDW-CV, fever status, and CD3+ T cells. 
The CRAFT model had a good performance in internal valida-
tion, with sensitivity of 0.81, specificity of 0.94, and AUC of 

Variables Values Sensitivity Specificity Youden index

Age 50.5 0.857 0.438 0.419

CAR 0.2944 0.714 0.219 0.495

FIB 3.18 0.905 0.613 0.292

TT 20.35 0.476 0.161 0.315

CRP 10.6 0.714 0.188 0.526

C4 0.255 0.600 0.226 0.374

PCT 0.265 0.556 0.105 0.451

RDW-SD 43.25 0.806 0.450 0.356

RDW-CV 12.9 0.969 0.524 0.445

ALB 28.5 0.969 0.667 0.302

Calcium 2.25 0.219 0.000 0.219

CD3+ T cells 61.485 0.929 0.550 0.379

Ts cells 23.78 0.679 0.200 0.479

Table 3. The cut-off values of candidate variables.

CAR – C-reactive protein to albumin ratio; FIB – fibrinogen; TT – thrombin time; CRP – C-reactive protein; PCT – procalcitonin; 
RDW-SD – red blood cell distribution width-standard deviation; RDW-CV – red blood cell distribution width-coefficient of variation; 
ALB – albumin.

FIB – fibrinogen; ALB – albumin; RDW-CV – red blood cell distribution width-coefficient of variation; RDW-SD – red blood 
cell distribution width-standard deviation; PCT – procalcitonin; LYMPH – lymphocytes; NEUT – neutrophils; CAR – C-reactive 
protein to albumin ratio; IFN-g – interferon-g; MCH – mean corpuscular hemoglobin; TNF-a – tumor necrosis factor-a; IL-
10 – interleukin-10; IL-6 – interleukin-6; IL-4 – interleukin-4; IL-2 – interleukin-2; Th/Ts, helper T cells/suppressor T cells; NK 
cells, natural killer cells; Th cells, helper T cells; C3 – complement 3; MCV – mean corpuscular volume; IgM – immunoglobulin 
M; IgG – immunoglobulin G; IgA – immunoglobulin A; IgE – immunoglobulin E; ESR – erythrocyte sedimentation rate; 
APTT – activated partial thromboplastin time; INR – international normalized ratio; PT – prothrombin time; LDH – lactate 
dehydrogenase; HCT – hematocrit; CK – creatine kinase; SLDL – small dense low-density lipoprotein; LDL – low density 
lipoprotein; HDL – high density lipoprotein; TG – triglyceride; TC – total cholesterol; FBS – fasting blood sugar; AG – anion 
gap; HGB – hemoglobin; GFR – glomerular filtration rate; UA – uric acid; Cr – creatinine; BUN – blood urea nitrogen; TBA – 
total bile acid; PA – prothrombin activity; AGR – albumin-to-globulin ratio; GLB – globulin; RBC – red blood cell; TP – total 
protein; GGT – gamma-glutamyl transpeptidase; ALP – alkaline phosphatase; AST – aspartate transaminase; ALT – alanine 
transaminase; DBIL – direct bilirubin; TBIL – total bilirubin; PLCR – platelet large cell ratio; PDW – platelet distribution width; 
MPV – mean platelet volume; WBC – white blood cells. 
Units: monocytes, 109/L; PLT, 109/L; Ts cells,%; CD3+ T cells,%; C4, g/L; CRP, mg/L; TT, s; MCHC, g/L; FIB, g/L; ALB, g/L; RDW-
CV,%; RDW-SD, fl; PCT, ng/mL; lymphocytes, 109/L; neutrophils, 109/L; IFN-g, pg/mL; MCH, pg; TNF-a, pg/mL; IL-10, pg/mL; 
IL-6, pg/mL; IL-4, pg/mL; IL-2, pg/mL; Th/Ts,%; NK cells,%; B cells,%; Th cells,%; C3, g/L; MCV, fl; IgM, g/L; IgA, g/L; IgG, g/L; 
IgE, IU/mL; ESR, mm/h;APTT, s; PT, s; D-Dimer, mg/L; LDH, U/L; HCT,%; CK, U/L; SLDL, mmol/L; LDL, mmol/L; HDL, mmol/L; TG, 
mmol/L; TC, mmol/L; FBS, mmol/L; AG, mmol/L; Mg2+, mmol/L; Cl–, mmol/L; HGB, g/L; K+, mmol/L; Na+, mmol/L; GFR, ml/min; 
UA, μmol/L; Cr, μmol/L; BUN, mmol/L; TBA, μmol/L;; AGR,%; GLB, g/L; RBC, 1012/L; TP, g/L; GGT, U/L; ALP, U/L; AST, U/L; ALT, 
U/L; DBIL, μmol/L; TBIL, μmol/L; PLCR,%; PDW,%; MPV, fl; WBC, 109/L.
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Figure 3.  Calibration and clinical utility of the nomogram for the prediction of rapidly progressive interstitial lung disease (RP-ILD) 
in patients with anti-melanoma differentiation-associated protein 5-positive dermatomyositis (MDA5+ DM). (A) Diagnostic 
nomogram for predicting RP-ILD in MDA5+ DM. (B) Receiver operating characteristic curve of the nomogram. (C) Calibration 
curve of the nomogram. (D) Decision curve analysis of the nomogram. CAR – C-reactive protein-to-albumin ratio; 
RDW-CV – red blood cell distribution width-coefficient of variation. (Created by RStudio software, version 4.2.0.).

Variables b coefficient Standard error HR
95% CI

P values
Upper Lower

Fever 2.371 1.027 10.706 1.430 80.178 0.021

CAR 1.949 0.956 7.020 1.078 45.735 0.042

RDW-CV -3.328 1.393 0.036 0.002 0.551 0.017

CD3+ T cells -3.302 1.266 0.037 0.003 0.440 0.009

Table 4. Significant indexes in the multivariable logistic regression analysis.

CAR – C-reactive protein to albumin ratio; RDW-CV – red blood cell distribution width-coefficient of variation.
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0.93 (95% CI: 0.86-0.99), suggesting its potential efficacy in 
clinical settings. Excitingly, the bootstrapping method (resam-
pling=500) also showed a good predictive power in predicting 
RP-ILD. In addition, indicators in the CRAFT model are read-
ily available, especially in primary hospitals or economically 
underdeveloped areas. When patients with MDA5+ DM are at 
greater risk of developing RP-ILD, early referral to senior hos-
pitals for further treatment can reduce their mortality.

The model includes not only clinical characteristics and single 
laboratory indexes but also combined indexes such as CAR. 
CRP is a well-known inflammatory biomarker, and albumin is 
a visceral protein valuable for assessing status of nutrition 
and inflammation [24]. CAR is a better marker for inflamma-
tion and nutritional status than CRP or albumin alone. Qi et al 
found that CAR is a useful marker to predict diabetes melli-
tus in patients with pulmonary tuberculosis [25]. Interestingly, 
there have been no studies that investigated the correlation 
between CAR and RP-ILD, to the best of our knowledge. Our 
findings proved that CAR was an independent risk factor for 
RP-ILD in MDA5+ patients and had a good diagnostic value, 
with an AUC value of 0.78 (95% CI: 0.65-0.91).

The red blood cell distribution width (RDW), a simple index in pe-
ripheral blood circulation, reflects the size heterogeneity of red 
blood cells, commonly used for differential diagnosis of anemia 
[26]. Several studies have demonstrated that elevated RDW is 
correlated with inflammatory status in various diseases [27,28]. 
However, we found a downregulated RDW level in RP-ILD pa-
tients, similar to the results of Alparslan Bekir et al, in which lower 

RDW values were observed in patients with moderate and se-
vere acute exacerbation of chronic obstructive pulmonary disease 
[29]. However, these conflicting results still need further stud-
ies. Furthermore, we demonstrated that decreased CD3+ T cells 
was an independent risk factor for the development of RP-ILD in 
patients with MDA5+ DM, consistent with a previous study [7]. 
Although the exact role of T cells in this serious complication re-
mains unclear, Huang et al hypothesized that lymphocytes can 
escape from blood circulation to local lung tissue to participate 
in an immune response, rendering blood lymphopenia in MDA5+ 
DM-ILD [30]. Taken together, RP-ILD in MDA5+ DM is an intrac-
table disease, with hyperinflammation being a key role in the 
disease pathogenesis. Our CRAFT model might indirectly pre-
dict RP-ILD incidence risk through immune inflammation status.

A few previous studies have demonstrated that elderly age 
at disease onset increased the risk for developing RP-ILD in 
patients with MDA5+ DM [5,6]. Consistent with past results, 
we found elderly patients were more prone to develop RP-
ILD with MDA5+ DM (AUC: 0.71, 95% CI: 0.57-0.85, P=0.011). 
Nevertheless, we did not further include elderly age into our 
model, because no statistical significance was drawn in the 
multivariate logistic analysis. In addition, MDA5+ DM patients 
with fever reportedly easily developed RP-ILD, while the pres-
ence of arthralgia was negatively associated with RP-ILD inci-
dence [7]. Our results showed that patients with RP-ILD man-
ifested more fever and less erythematous facial rash than did 
non-RPILD patients, and fever was identified as an indepen-
dent risk factor for RP-ILD in subsequent logistic regression 
analysis (AUC 0.75, 95% CI: 0.60-0.89, P=0.003). Yet, no more 
evidence of any difference was reported regarding the appear-
ance of other cutaneous lesions, muscular involvement, and 
systemic symptoms between RP-ILD and non-RP-ILD patients; 
perhaps the reason lies in the small number of patients with 
this rare disease. Nevertheless, risk relevance of clinical man-
ifestations still warrant investigation in future studies, since 
clinical features are the easiest to obtain in clinical practice.

Additionally, the CRAFT model might contribute to the ther-
apeutic field. According to a previously described evidence-
based study, the treatment of the first choice for RP-ILD asso-
ciated with MDA5+ DM is a combination therapy of high-dose 
glucocorticoids and a calcineurin inhibitor (cyclosporine A or 
tacrolimus) with or without intravenouscyclophosphamide [31]. 
Some reports suggest that up-front administration of the 
combined triple therapy might significantly improve progno-
sis [32,33]. However, opportunistic infection of CMV reactiva-
tion can emerge during the treatment course, which may ag-
gravate the severity of ILD [32,33]. Therefore, the pros and cons 
must be weighed before giving potent drugs. The CRAFT mod-
el might act as a suitable stratification tool for predicting pa-
tients with MDA5+ DM at higher risk of the complication RP-ILD, 
thus guiding clinical decision-making and improving prognosis.
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Figure 4.  Internal validation of the prediction model using 
bootstrapping method (resampling=500). AUC – area 
under the ROC curve. (Created by RStudio software, 
version 4.2.0.).
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Nevertheless, our study had several limitations. First and fore-
most, our study was retrospectively conducted at a Chinese 
single tertiary referral center, and the referral bias can make 
our findings less generalizable. Second, this study has a small 
sample size owing to the rarity of MDA5+ DM. The limited 
sample size and the lack of external validation can decrease 
the credibility of the nomogram and therefore limit its clinical 
application. Although the CRAFT model had a relatively good 
performance in internal validation, it is imperative to conduct 
multi-center external validation on a large scale before tak-
ing the CRAFT model into clinical application. Third, some pre-
viously identified predictors, such as ferritin, did not exhibit 
statistical significance in our study, owing to missing data. In 
addition, nearly one-third of patients with MDA5+ DM in our 
institution failed to perform pulmonary function tests, and 
we speculated that critical patients were not able to complete 
the examination, and patients with mild cases refused it for 
the lack of clinical symptoms. Overall, large-scale prospective 
studies are needed in the future to further explore more prac-
tical risk factors predicting the development of RP-ILD in pa-
tients with MDA5+ DM.

Conclusions

We successfully created the CRAFT model using a combina-
tion of baseline parameters in patients with MDA5+ DM to 
predict RP-ILD. The CRAFT model could potentially facilitate 
early recognition and management of this troublesome and 
death-threatening complication, and insights from our find-
ings might be beneficial for better understanding of its com-
plex pathogenesis.
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