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ABSTRACT

Objectives: This study aimed to analyze the risk factors for mortality of idiopathic inflammatory
myopathy (IIM) patients admitted with interstitial lung disease (ILD) to guide rapid and accurate
judgment of clinical prognosis.

Patients and methods: This retrospective, single-center cohort study was conducted with
135 participants (37 males, 98 females; mean age: 54.8+11.1 years; range, 24 to 85 years) between
June 1, 2016, and June 30, 2021. The participants were categorized into the survival group (n=111)
and nonsurvivors (n=24) according to whether they survived during the one-year follow-up. The
independent risk factors for mortality in one year after discharge were analyzed. Receiver operating
characteristic curve analysis was used to determine the accuracy of oxygenation index at baseline
combined with pulmonary infection (PI) at follow-up to indicate death in IIM-ILD patients.

Results: Compared to the survival group, nonsurvivors were older (p=0.006) and had a higher
proportion of anti-MDA5 (melanoma differentiation-associated protein 5) positivity (p<0.001). The
ILD duration was shorter (p=0.006), the oxygenation index was lower (p<0.001), and the intensive
care unit occupancy rate (p<0.001) and ventilator utilization rate (p<0.001) were elevated in
nonsurvivors compared to the survival group. Oxygenation index at baseline (odds ratio [OR]=1.021,
95% confidence interval [Cl]: 1.001-1.023, p=0.040) and PI (clinical judgment) at follow-up (OR=16.471,
95% Cl: 1.565-173.365, p=0.020) were found as independent risk factors for death in the year after
discharge in [IM inpatients with ILD. An oxygenation index <279 mmHg at baseline combined with
Pl at follow-up exhibited a promising predictive value for all-cause death in [IM-ILD patients within
one year.

Conclusion: Oxygenation index at baseline and PI during follow-up were independent risk factors
for death of IIM-ILD patients within one year after discharge. Patients with an oxygenation index
<279 mmHg at baseline had an increased risk of death once they developed Pl during the one-year
follow-up.

Keywords: |diopathic inflammatory myopathy, interstitial lung disease, pulmonary infection, risk factors.

Idiopathic inflammatory myopathy (IIM)
is a group of heterogeneous autoimmune
myopathy mainly characterized by chronic
muscle inflammation, skin damage, and
interstitial pneumonia. [IM can be classified
into polymyositis (PM), dermatomyositis (DM),
anti-synthetase syndrome, immune-mediated
necrotizing myopathy, inclusion body myositis,
and overlap syndrome.! Myositis-associated
interstitial pneumonia is the main
extramuscular manifestation of IIM, occurring

in approximately 20 to 80% of patients.?3
The course and severity of myositis-associated
interstitial lung disease (ILD) are highly
heterogeneous, and some patients with mild
ILD can remain relatively stable for long
periods of time and respond well to treatment,
whereas others may progress rapidly, respond
poorly to treatment, and it may even lead to
death.* Therefore, it is essential to investigate
risk factors for progression and mortality of
myositis-associated ILD.
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Previous studies have reported lower
respiratory tract infections as the most common
cause of death in IIM, followed by malignancy
and rapidly progressive ILD (RP-ILD).
Multivariate analysis showed that age and anti-
MDA5 (melanoma differentiation-associated
protein 5) antibody positive were predictive
factors of IIM mortality.® Other studies have
reported that older age, fewer peripheral blood
lymphocytes, and skin involvement are risk
factors for rapid progression of [IM-associated
ILD.® A large number of studies have suggested
that RP-ILD is a risk factor for the increased
mortality in IIM patients. However, the
pathogenesis of lung injury in [IM patients is
still elusive. The present study aimed to analyze
the risk factors for mortality of IIM patients
admitted with ILD to guide rapid and accurate
judgment of clinical prognosis.

PATIENTS AND METHODS

This single-center retrospective cohort
study included 135 IIM inpatients (37 males,
98 females; mean age: 54.8+11.1 vyears;
range, 24 to 85 vyears) complicated with
ILD at the Department of Respiratory and
Critical Care Medicine and the Department of
Infectious Diseases and Clinical Microbiology
between June 1, 2016, and June 30, 2021.
The data of all cases included in the study were
extracted from electronic medical records. The
inclusion criteria were as follows: (i) DM/PM
meeting diagnostic criteria suggested by Bohan
and Peter’'s’” DM/PM classification criteria or
Sontheimer’s® definitions; (ii) presence of a
chest computed tomography (CT) completed
at admission and the examination results
independently reviewed by two radiologists
to diagnose ILD; (iii) age =218 vyears.
Anti-synthetase syndrome was diagnosed
with definitive serology findings of one of
anti-aminoacyl tRNA synthetase antibodies
tested, along with at least one triad finding,
including myositis, arthritis, and ILD.° The
exclusion criteria were as follows: (i) the
outpatient or inpatient follow-up data collected
one year after discharge could not be consulted;
(ii) no chest imaging was found at admission
and one year after discharge. All cases were
divided the into survival group (n=111) and
nonsurvivors (n=24) according to whether they
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died within one year of follow-up (Table 1). A
detailed flowchart is shown in Figure 1.

Baseline and follow-up data were collected
for all subjects who were enrolled in the cohort.
Baseline data included age, sex, duration of
ILD and IIM, length of hospital stay, length
of intensive care unit (ICU) stay, myositis
antibodies, respiratory support conditions, past
medical history, chest CT findings, primary
treatment plan, whether anti-infective therapy
was performed, and efficacy of anti-infective
therapy. Chest CT findings included the presence
of ILD, signs of infection, and pleural effusion.
Chest CT was performed during follow-up
to assess the progression of ILD. Primary
treatment options included pulse therapy with
glucocorticoids, high-dose therapy, the course
of treatment with glucocorticoids, the decision
to use immunosuppressants, and the type of
immunosuppressant.

Pulse therapy with glucocorticoids was
defined as more than 250 mg of prednisone per
day, and high-dose therapy was defined as more
than 30 mg and less than 250 mg of prednisone
per day.!® The duration of glucocorticoid
treatment was measured in months. The type of
immunosuppressive therapy was recorded and
classified into antimetabolites, alkylating agents,
calcineurin inhibitors, biologics.!1+12

The baseline chest high-resolution CT was
compared to the CT revisited after treatment,
and the ILD progression was defined as >10%
worsening in the area of the lesions of ILD.

The oxygenation index is defined as the
arterial oxygen partial pressure/fraction of
inspired oxygen ratio. It is the most commonly
used index for assessment of oxygenation status
in patients with respiratory failure. This study
referred to the relevant classification criteria of
acute respiratory distress syndrome,'® and in the
results section, grouping studies are conducted
according to whether the oxygenation index is
<300.

The primary outcome included death during
follow-up. The progression of ILD was followed
up for one year. The progression of ILD was
assessed based on the comparison of interstitial
lung lesions on chest CT with the baseline stage,
and the results were determined by independent
review performed by two radiologists.
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Table 1. Characteristics of patients at study entry and follow-up according to groups

l-year death (n=24)

n % Mean+SD  Median
Demographics and condition
of disease
Age (year) 60.1+10.2
Sex
Male 7 29.2
Course of IIM (month) 2.3
Course of ILD (month) 1.5
Anti-MDA5+ 19 79.2
ER therapy before admission 18 75.0
ICU admission 10 41.7
Length of stay (day) 9.0
Comorbidity
Hypertension 6 25.0
Diabetes 2 8.3
Coronary heart disease 2 8.3
Cerebrovascular disease 1 4.2
Chronic airway disease 0 0
Radiological findings
Consolidations 8 33.33
Ground-glass attenuation areas 11~ 45.83
Reticular opacities 10 41.67
Pleural effusion 10 41.67
Treatment and relevant data
Mechanical ventilation 11 45.8
Oxygenation index 254
Glucocorticoids using
Pulse therapy (>250 mg/d) 4 16.7
High-dose (>30 mg/d) 19 79.2
More than 1 month 25.0
Combination of two or more 25.0
immunosuppressive agents
Follow-up data
Pulmonary infection (clinical 6 85.7
judgment) at follow-up*
ILD progression at follow-up* 5 71.4
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1l-year alive (n=111)
Min-Max n % Mean+SD  Median Min-Max P
53.3+10.9 0.006
30 27.0 0.831
0.8-40.5 3.0 1.0-15.0 0.856
0.7-4.4 4.0 2.0-18.5 0.006
20 18.0 <0.001
33 29.7 <0.001
3 2.7 <0.001
7.0-25.8 11.0 9.0-15.0 0.926
32 28.8 0.705
9 8.1 1.000
11 9.9 1.000
3 2.7 1.000
10 9.0 0.272
31 2793 0.624
68 61.26 0.178
56  50.45 0.503
14 1261 0.002
4 3.6 <0.001
124-340 371 319-418 <0.001
6 54 0.139
94 84.7 0.720
31 279 0.771
10 9.0 0.064
20 18.0 <0.001
29 26.1 0.033

SD: Standard deviation; IIM: Idiopathic inflammatory myopathy; ILD: Interstitial lung disease; MDA5: Melanoma Differentiation-Associated protein 5; ER: Emergency room;
ICU: Intensive care unit; * A total of 17 patients died during hospitalization or within 30 days of discharge, thus, these cases were not included in the analysis of disease

assessment during follow-up.

Statistical analysis

Statistical analysis was performed using
IBM SPSS version 23.0 software (IBM Corp.,
Armonk, NY, USA) and MedCalc version
19.6.4 (MedCalc Software, Ostend, Belgium).
Data were presented as either median
(interquartile range) (IQR) or mean + standard
deviation (SD) for numerical variables, and

categorical variables were expressed as
frequency and percentage. Continuous variables
with normal distribution were compared using
a t-test, while those with abnormal distribution
were compared using the Mann-Whitney U
test. Categorical variables were compared
using the chi-square test. Variables that differed
significantly between the survival group and
nonsurvivors were considered potential risk
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e Without chect CT scan (n=8)
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'
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(n=111)

Nonsurvivors

(n=24)

Figure 1. Flowchart of the study.

IIM: Idiopathic inflammatory myopathy; ILD: Interstitial lung disease; CT: computed tomography; MSAs:

Myositis-specific antibodies.

factors. The association of these wvariables
with different statuses was further assessed
using univariate and multivariate logistic
regression analyses. The results were presented
as estimates of relative risk (RR) by odds
ratio (OR) with 95% confidence interval (CI).
Survival was estimated by the Kaplan-Meier
method, and any differences in survival were
evaluated with a stratified log-rank test.
Receiver operating characteristic (ROC) curves
were plotted to calculate the area under the
curve (AUC) values for different diagnostic
tools, and the logistic regression model for
combined diagnoses was established based on
the findings. The predictive probabilities of the
combined diagnoses were calculated, the ROC
curves were plotted according to the predictive
probabilities, and the AUC values for different
combined diagnoses were calculated. A p-value
<0.05 was considered statistically significant.

RESULTS

One year mortality was affected by
multiple factors at baseline and during
follow-up.

Of the 24 nonsurvivors, eight patients died
during the hospitalization period. Compared
to the survival group, nonsurvivors were older
(63.3+£10.9 wvs. 60.1x10.2 years, p=0.006).
The proportion of anti-MDAS antibody-positive
patients was higher (79.2% vs. 18.0%, p<0.001),
ILD duration was shorter (median: 1.5 wvs.
4.0 months; p=0.006), oxygenation index was
lower (median: 371 wvs. 254; p<0.001), ICU
occupancy rate (41.7% vs. 2.7%, p<0.001) and
ventilator usage (45.8% vs. 3.6%, p<0.001) were
higher and the follow-up pulmonary infection
rate (85.7% vs. 18.0%, p<0.001) was higher in
nonsurvivors compared to the survival group.
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Table 2. Univariate and multivariate logistic regression analyses of potential risk factors for death

Univariate logistic regression

Multivariate logistic regression

OR 95% CI p OR 95% CI p
Age 0.938 0.894-0.984 0.008
Anti-MDA5-positive 15.600 5.200-46.798 <0.001
PI (clinical judgment) at follow-up 27.000 3.077-236.886 0.003 16.471 1.565-173.365  0.020
Oxygenation index 1.015 1.009-1.021  <0.001 1.012 1.001-1.023 0.040

PI: Pulmonary infection; OR: Odds ratios; CI: Confidence interval.

Compared to the survival group, nonsurvivors
had a higher proportion of ILD progression
during the one-year follow-up (26.1% vs. 71.4%,
p=0.033).

For other radiological findings, the most
common finding was ground-glass attenuation
areas (n=79). Reticular opacities (n=66) and
consolidations (n=39) were also frequent
radiological changes. However, the above
radiological changes were not statistically
different between the survival group and
nonsurvivors. Pleural effusion was more common
in nonsurvivors, and the difference between the
two groups was statistically significant.

Oxygenation index and PI at follow-up
increased the risk of death of IIM-ILD
patients during one-year follow-up.

The age, anti-MDAb5-positive results, PI
(clinical judgment) at follow-up, and oxygenation
index were included in univariate logistic
regression analysis with statistical significance.
The meaningful indicators in the present study
were respectively included in the multivariate
logistics regression analysis. Oxygenation index
at baseline (OR=1.021, 95% CI. 1.001-1.023,
p=0.040) and PI (clinical judgment) at follow-up
(OR=16.471, 95% CI: 1.565-173.365, p=0.020)
were found as independent risk factors for death
in one year after discharge in IIM inpatients
with ILD (Table 2).

Low oxygenation index at baseline and
PI at follow-up had influence on survival
of patients.

A total of 135 patients were followed up
for one year, and 24 (17.78%) all-cause deaths
occurred. There were 12 (33.33%) deaths with

PI at follow-up and 12 (12.12%) deaths without
PI. And there were 16 (57.14%) all-cause
deaths with an oxygenation index <279 and

eight (7.55%) deaths with an oxygenation index
>279.

The Kaplan-Meier method and log-rank
test were used in our study to investigate
the relationship between oxygenation index,
Pl at follow-up, and IIM-ILD prognosis
(Figures 2a, b). The results indicated that the
oxygenation index had a significantly lower
overall survival rate than other patients (hazard
ratio [HR]=37.721, p<0.001), and PI at follow-up
had a significantly lower overall survival rate
than non-PI patients (HR=10.685, p<0.001).

Analysis of the oxygenation index ROC
curve that differentiated the survival group
and the mortality group of patients with
[IM-ILD showed that the AUC was 0.809
(95% CI: 0.673-0.946, p<0.006). Analysis of the
PI at the follow-up ROC curve that differentiated
the survival group and the mortality group of
patients with [IM-ILD showed that the AUC was
0.831 (95% CI: 0.674-0.989, p<0.003).

Low oxygenation index at baseline
combined with PI at follow-up could
predict the potential risk of one-year
death.

The prediction value of the two factors
in combination for mortality was assessed.
The findings showed that the AUC of ROC of
oxygenation index + PI (clinical judgment) at
follow-up was 0.895 (95% CI: 0.822-0.949,
p<0.001). The sensitivity was 85.71%, and
the specificity was 88.35%. Compared to the
oxygenation index, oxygenation index + PI
(clinical judgment) at follow-up improved the



218

@@

1-year death

100 |LL,_|_ |
90 'I
80

‘"LL
o] L
50 I_'L

Survival probability (%)

30

20

10

0 100 200 300 400
Time (day)

Oxygenation index
1

2

Arch Rheumatol

(b)

1-year death

100 TLI_I_,_|
90 L|_L
80

S
E T
3 60
[ 1
O
S 50
a.
£ 40
2
A 30

20

10

0

0 100 200 300 400
Time (day)

PI at follow-up
1

Number at risk

Number at risk

B Group 1 28 13 13 12 0

B Group 1 36 22 22 21

B Group 2 100 93 93 93 0

B Group 2 99 91 91 91

Figure 2. (a) Oxygenation index K-M curve. (b) PI at follow-up K-M curve.

K-M: Kaplan-Meier; PI: Pulmonary infection.

prediction accuracy, and the difference was
statistically significant (p=0.028).

Further analysis of the cut-off value for
the oxygenation index with PI at follow-up
demonstrated that it had a satisfactory value in
determining patients' death during a one-year
follow-up, with the presence of PI at follow-up
and an oxygenation index <279 mmHag.

DISCUSSION

Interstitial lung disease is the most
prominent extramuscular manifestation of 1IM,
which significantly affects the prognosis of the
disease. In the present study, 135 patients with
[IM-ILD who were followed up for one year
were enrolled. The risk factors of death in IIM
patients with ILD were analyzed and evaluated.
The oxygenation index at baseline combined
with PI at follow-up was used for the first time
to predict the one-year death of patients.

In the present study, the risk of Pl was
significantly elevated in nonsurvivors, and
Pl during follow-up was an independent risk
factor for death in IIM-ILD patients, which was
consistent with previous findings that respiratory
tract infection was the cause of progression
and death of IIM-ILD."* Several reasons may
cause infection, particularly PI, in IIM-ILD
patients. Among hospitalized individuals with
I[IM, infection is not rare and is the leading cause
of mortality.’® In addition, several studies have
found evidence of occult respiratory infections
at autopsy in patients who died of acute
exacerbation of idiopathic pulmonary fibrosis,!®
which would refer to a respiratory tract infection
as a risk factor for death. Studies have found
that the cumulative mortality at one year after
diagnosis with 1IM was 9%.7 However, Chen
et al.’® demonstrated that after severe infection
in I[IM patients, survival declined to 84.7% at
30 days and 68.3% at one year. In our study,
the mortality of hospitalized IIM-ILD patients in
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the first year after discharge was 17.8%, and the
leading cause of death was Pl

The mechanism by which PI leads to poor
prognosis may be multifactorial. It is speculated
that on the one hand, the pathogen may directly
damage the lungs, leading to pulmonary fibrosis
and aggravated ILD, or activate the immune
system, causing macrophages, neutrophils,
eosinophils, and T helper type 2 cells to
accumulate in the injured site and release a large
number of proinflammatory and profibrotic cells
or factors. The combination of pathogens and
these factors leads to persistent and substantial
lung injury, promotes pulmonary fibrosis, and
causes aggravation of ILD.?” On the other hand,
PI may change the microecological environment
of pulmonary pathogens, promote pulmonary
fibrosis, and aggravate ILD.2°

Although infection was not found as an
independent risk factor for death in IIM-
ILD patients in a past study,® Bai et al.?!
demonstrated that infection was the main
factor for death in IIM-ILD patients. At the
same time, it was also found in the present
study that the rates of baseline PI, all-cause
infection, and follow-up PI were significantly
higher in nonsurvivors, and the differences were
statistically significant, suggesting that vigilant
against infection is still essential throughout the
treatment, particularly PI.

The oxygenation index is an important
predictor of the prognosis of patients in a
critical condition. In patients with persistent
pneumonia, the oxygenation index was shown
to decrease, indicating that the body was in
severe hypoxia. Through dynamic monitoring
of the oxygenation index, treatment protocols
can be effectively guided while evaluating
the prognosis.?? However, some patients
with severe ILD and low oxygenation index
cannot tolerate bronchoscopy, which limits the
predictive role of bronchoalveolar lavage fluid
in RP-ILD death in [IM patients. It is crucial
to simply, quickly, and effectively determine
whether IIM-ILD patients die within one year.
The present study is the first to combine
the oxygenation index during hospitalization
with PI at follow-up, and it was found that an
oxygenation index at baseline <279 mmHg
combined with Pl at one-year follow-up had
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a promising value in predicting the death of
[IM patients combined with ILD within one
year. Arterial blood gas analysis is a routine
examination for IIM-ILD patients admitted to
a hospital, and PI is also a routine monitoring
content for these patients during follow-up.
This combination has a strong clinical utility
and provides an important evaluation tool for
the follow-up of such patients.

Some limitations of the present study
should be noted. First, this study included
135 hospitalized [IM patients with ILD from
a single center. The clinical condition of these
patients who necessitated hospitalization was
relatively severe or complicated, making it
difficult to generalize the findings, and there
may be a potential selection bias. Additionally,
the small sample size limited the statistical
power. Second, due to the influence of other
factors, such as the interference of COVID-19
(coronavirus disease 2019), the follow-up of
this study was only one year, and thus the
conclusions may be limited by the duration of
follow-up. These limitations can be eliminated
in future multicenter prospective studies.

In conclusion, it was found that oxygenation
index at baseline and PI during follow-up
were independent risk factors for the death of
[IM-ILD patients within one year after discharge.
Oxygenation index <279 mmHg at baseline
combined with PI at follow-up exhibited a
promising predictive value for all-cause death in
[IM-ILD patients within one year.
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