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Abstract
Background  Despite the importance of recognizing interstitial lung abnormalities, screening methods using 
computer-based quantitative analysis are not well developed, and studies on the subject with an Asian population 
are rare. We aimed to identify the prevalence and progression rate of interstitial lung abnormality evaluated by an 
automated quantification system in the Korean population.

Methods  A total of 2,890 healthy participants in a health screening program (mean age: 49 years, men: 79.5%) with 
serial chest computed tomography images obtained at least 5 years apart were included. Quantitative lung fibrosis 
scores were measured on the chest images by an automated quantification system. Interstitial lung abnormalities 
were defined as a score ≥ 3, and progression as any score increased above baseline.

Results  Interstitial lung abnormalities were identified in 251 participants (8.6%), who were older and had a higher 
body mass index. The prevalence increased with age. Quantification of the follow-up images (median interval: 6.5 
years) showed that 23.5% (59/251) of participants initially diagnosed with interstitial lung abnormality exhibited 
progression, and 11% had developed abnormalities (290/2639). Older age, higher body mass index, and higher 
erythrocyte sedimentation rate were independent risk factors for progression or development. The interstitial lung 
abnormality group had worse survival on follow-up (5-year mortality: 3.4% vs. 1.5%; P = 0.010).

Conclusions  Interstitial lung abnormality could be identified in one-tenth of the participants, and a quarter of them 
showed progression. Older age, higher body mass index and higher erythrocyte sedimentation rate increased the risk 
of development or progression of interstitial lung abnormality.
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Background
Interstitial lung abnormalities (ILAs) are an incidental 
finding of lung parenchymal abnormalities suggestive of 
early interstitial lung disease (ILD), which affects in more 
than 5% of lungs imaged by chest computed tomography 
(CT) [1]. In previous studies, the ILA prevalence ranged 
from 4 to 17% in various cohorts [2–4]. ILAs have also 
been associated with reduced lung function and exercise 
capacity, low quality of life, and increased risk of ILD 
occurrence and all-cause mortality [5–9]. Therefore, early 
detection of ILAs is increasingly being considered impor-
tant [10–12].

In most studies on ILAs, radiologists or pulmonolo-
gists conducted visual assessments. However, image 
analysis by visual assessment is limited by inter-observer 
variation, reproducibility, and time consumption [2–6, 
13, 14]. To overcome these limitations, computer-based 
image analysis methods, such as the measurement of 
high-attenuation areas (HAAs), density histogram evalu-
ation, and texture-based analysis, have been performed 
for the radiological evaluation of ILD and ILAs [15–20]. 
In the Multi-Ethnic Study of Atherosclerosis (MESA), 
Choi et al. showed that a more extended HAA was asso-
ciated with higher odds of ILA occurrence [18]. In a 
study including family members of patients with famil-
ial interstitial pneumonia, deep learning–based textural 
evaluation analysis showed a sensitivity of 84% and a 
specificity of 86% for detecting early ILD [15]. How-
ever, the viability of an automated quantification system 
(AQS) for ILA diagnosis remains unverified because fac-
tors such as slice thickness, the reconstruction algorithm 
used for CT images, the type of CT scanner employed, 
and the inspiration level of the patients potentially inter-
fere with the results [21, 22]. In addition, most studies 
on ILAs have recruited non-Hispanic white or African-
American participants [15–18], whereas Asian cohorts 
are under-represented. Therefore, in this study, we aimed 
to evaluate the usefulness of an automated quantitative 
system (AQS) in the assessment of ILAs and to use this 
method to determine the prevalence, progression rate, 
and risk factors for ILA progression in the Korean gen-
eral population.

Methods
Study population
Overall, we screened 3,578 participants in a health 
screening program conducted between February 1997 
and November 2007 at Asan Medical Centre (Seoul, 
Republic of Korea) for whom serial chest CT images 
were available. Participants whose chest CT images were 
of inadequate quality for AQS analysis (n = 650) owing 
to volume artefacts, unusable thin series, or incomplete 
lung coverage or those for whom serial chest CT images 
obtained more than 5 years apart were unavailable 

(n = 38) were excluded from the analysis. Finally, 2,890 
participants were included, and none of them had a pre-
vious diagnosis of ILD. This study was approved by the 
Institutional Review Board of Asan Medical Center 
(2013 − 0957), and the requirement for informed consent 
was waived owing to the study’s retrospective nature.

Clinical data
The clinical and survival data of all the participants were 
retrospectively collected from medical or National Health 
Insurance of Korea records. The results of laboratory 
tests, including complete blood counts, glucose, glycated 
haemoglobin, total protein, albumin, blood urea nitro-
gen, and creatinine levels, lipid profiles, and erythrocyte 
sedimentation rates (ESR), were also collected. Clinical 
evaluation and laboratory testing were performed along 
with the CT scan on the same day. Spirometry tests were 
conducted in accordance with the American Thoracic 
Society/European Respiratory Society guidelines [23].

Automated quantification of CT images
All participants were scanned with a 16- or 64-detector 
CT scanner during breath-hold at full inspiration, with 
the patient in the supine position. All axial chest CT 
images were reconstructed at a section thickness of 1.00 
or 1.25 mm, at an interval of 5 or 10 mm, using a high-
spatial-frequency reconstruction algorithm (see Addi-
tional file 1). The anonymized CT images were imported 
and consistently labeled using the DICOM information 
and high-throughput tool with the prioritization of thin 
slices (≤ 2 mm) and relatively smooth kernel to maintain 
robust quantitative measurements for ILD [24, 25]. CT 
scans were performed at least twice sequentially (median 
number of CT scans: 3.0, interquartile range [IQR]: 
2.0–4.0), and the first and last CT images were analysed 
(median interval: 78.0 months, IQR: 67.0–93.0 months). 
The lung parenchymal abnormalities were analysed using 
a computer-aided quantitative scoring system described 
in a previous report [26]. Briefly, automated quantitative 
analyses of CT images were performed in five steps: (1) 
de-noising of the image to reduce variation of texture fea-
tures using homogenous landmarks within the CT (see 
the detail for Additional file 1); (2) sampling of each pixel 
from a 4 × 4 grid; (3) conversion of the characteristics of 
grid intensities into texture features; (4) classification of 
the texture features of pixels as specific patterns using a 
built-in model; and (5) calculation of the percentages cor-
responding to the classified pixels. Using this method, 
quantitative lung fibrosis (QLF) (sum of reticulation and 
traction bronchiectasis) ground glass opacity (GGO), 
honeycombing (HC) and quantitative ILD (QILD) score 
(sum of QLF, GGO and HC) were obtained from the 
CT images scores (see Additional file 2: Figure S1). ILAs 
were defined as a QLF score ≥ 3, and ILA progression was 
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defined as any increase in the QLF score obtained from 
the follow-up CT images relative to that obtained from 
the initial CT images. We chose QLF ≥ 3% with consid-
eration of technical reproducibility based on statistical 
evaluation, where the 3% is the sum of at least 1% of the 
evidence in the extent of disease and the highest outlying 
point of 2% [27–29].(see the detail for Additional file 1).

Visual assessment of CT images
To evaluate the performance of the AQS for predict-
ing visually assessed ILA, we conducted a pilot study 
with 307 participants for whom paired chest CT images 
more than 10 years apart were available. Two radiologists 
(H.H. and T.A.) and one pulmonologist (G.M.H), who 
were blinded to the clinical information associated with 
the CT images, visually assessed the images using the 
sequential reading method [30] (see the detail for Addi-
tional file 1). All the images were scored using a 3-point 
scale: 0 = no evidence of ILA, 1 = equivocal ILA, and 
2 = ILA. ILAs were defined as non-dependent changes 
affecting more than 5% of any lung zone, including a 
reticular abnormality, ground-glass opacity (GGO), trac-
tion bronchiectasis, honeycombing, or non-emphysema-
tous cyst [1]. Unilateral or focal GGO, unilateral or focal 
reticulation, or patchy GGO (< 5% of the lung) were clas-
sified as equivocal ILAs [1, 20].

Statistical analyses
Data are presented as means ± standard deviations or 
numbers (%). Student’s t-test was used for continuous 
variables, and the chi-squared test was used to compare 
categorical variables. When performing the survival anal-
ysis, the follow-up period was calculated from the date 
of the follow-up CT scan to that of death or censoring 
(October 21, 2021). The Kaplan–Meier survival analy-
sis and log-rank test were used for survival analysis. The 
logistic regression analysis was used to determine the 
risk factors for ILAs. The risk factors for ILA progres-
sion or all-cause mortality were analysed using the Cox 
proportional hazards analysis. The receiver-operating 
characteristic (ROC) curve analysis was used to evalu-
ate the performance of the AQS system in predicting 
ILA by visual assessment. Inter-reader agreements were 
assessed with use of the weighted kappa coefficient (κ) 
[31]. Variables with P-value < 0.1 in the unadjusted analy-
sis were included in the multivariable analysis with back-
ward stepwise elimination. A P-value < 0.05 was used to 
indicate statistical significance. The statistical analyses 
were performed using the SPSS software (version 21.0; 
IBM Corporation, Armonk, NY, USA) or MedCalc sta-
tistical software (version 12.7.5; MedCalc Software bvba, 
Ostend, Belgium).

Results
Performance of AQS
The pilot study was conducted using the follow-up CT 
images of 307 participants. The mean age was 59.3 years, 
and 86.6% were men. Among them, 23 (7.5%) presented 
ILAs; 196 (63.8%), equivocal ILAs; and 88 (28.7%), no 
ILAs (Additional file 1). The group diagnosed with ILAs 
showed older age; lower total cholesterol, low-density 
lipoprotein (LDL), and albumin levels; and lower forced 
vital capacity in 1  s (FEV1)/forced vital capacity (FVC) 
than those of the no ILA groups (see Additional file 1: 
Table S1).

In the ROC curve analysis comparing the performance 
of the AQS scores in predicting ILA determined by visual 
assessment, the QLF score had the best predictive per-
formance (area under the curve: 0.758, 95% confidence 
interval: 0.706–0.805; P < 0.001), compared to the other 
AQS scores (see Additional file 2: Figure S2). The mean 
QLF scores for the ILA, equivocal ILA, and no ILA 
groups were 3.5, 2.6, and 1.1, respectively. With the cut-
off value of QLF score ≥ 3, the sensitivity, specificity, and 
accuracy of AQS for predicting ILA were 47.8%, 81.9%, 
and 79.0%, respectively (see Additional file 1: Table S2). 
The AQS categorized 5.7% (5/88) of the cases included in 
the no ILA group, 23.7% (46/196) of those in the equivo-
cal ILA group, and 47.8% (11/23) of those in the ILA 
group as presenting ILA.

Prevalence of ILA
The mean age of all the participants in the study 
(n = 2,890) was 49.4 years; 79.5% were men (see Addi-
tional file 1: Table S3). Using the AQS, ILAs were found 
in 251 participants (8.6%) on the baseline CT scan and 
in 387 participants (13.4%) on the follow-up CT scan 
(Fig. 1). When the participants were stratified according 
to age, the prevalence of ILAs increased with age: 2.9% in 
the participants aged under 40 years and 19.2% in those 
aged over 70 years (Fig. 2).

The ILA group showed older age; a higher proportion 
of women and non-smokers; higher body mass index 
(BMI) and ESR and LDL levels; and lower albumin lev-
els than those of the no ILA group (see Additional file 1: 
Table S3). When evaluated on the basis of follow-up CT 
images, the ILA group also showed older age; a higher 
proportion of women and non-smokers; higher BMI and 
white blood cell (WBC), ESR, triglyceride, and total pro-
tein levels; and lower FVC and high-density lipoprotein 
(HDL) levels than those of the no ILA group (Table 1). In 
the multivariable logistic regression analysis, older age; 
female sex; higher BMI, FEV1/FVC, and levels of WBC 
and total protein; and lower FVC and HDL levels were 
independently associated with the presence of ILAs on 
the follow-up CT images (Table 2).
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Risk factors for ILA development or progression
Among the 251 participants initially included in the ILA 
group, 59 (23.5%) showed progression on the follow-up 
CT images (Fig. 1). Additionally, 290 (10.9%) of the 2,639 
participants who did not present ILAs on the baseline 
CT scan showed ILA development on the follow-up CT 
images (Fig. 1). In the unadjusted Cox regression analy-
sis, older age, female sex, never-smokers, higher BMI and 
ESR, and triglyceride and total protein levels; and lower 
albumin levels were associated with the development or 
progression of ILA (Table 3). According to the multivari-
able Cox regression analysis, older age; never smokers; 
higher BMI, ESR, and triglyceride and protein levels; and 

lower albumin levels were independently associated with 
the development or progression of ILA (Table 3).

Association of ILA with mortality
During the 10-year follow-up period from the date of the 
last CT scan (median: 116.0 months, IQR: 109.0–120.0 
months), 3.7% (107/2890) of the participants died. The 
ILA group had worse survival than did the non-ILA 
group (5-year mortality: 3.4% vs. 1.5%; 10-year mortal-
ity: 5.4% vs. 3.4%; mean survival time: 116.2 ± 0.8 vs. 
118.0 ± 0.2 months, log-rank P = 0.059; Fig.  3A). Those 
who presented ILA progression or development showed 
significantly worse survival than that of those with no 
ILA or ILA without progression (5-year mortality: 3.8% 

Fig. 2  Interstitial lung abnormality prevalence stratified by age. The prevalence of interstitial lung abnormality (ILA) increased with age. ILA diagnosis was 
based on the baseline chest computed tomography images of the participants. *P-value < 0.05

 

Fig. 1  Flow chart of the participants for the initial and follow-up chest computed tomography analyses. From a total of 2,890 participants, interstitial lung 
abnormalities (ILAs) were identified in 251 participants (8.6%) on the baseline computed tomography (CT) images and in 387 participants (13.4%) on 
the follow-up CT images. On the follow-up CT images, 23.5% (59/251) of the participants included in the ILA group showed ILA progression and 10.9% 
(290/2639) of those in the non-ILA group showed ILA development. CT, computed tomography; ILA, interstitial lung abnormality
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Table 1  Comparison of baseline characteristics between the interstitial lung abnormality (ILA) and no ILA groups*

Characteristics Total ILA No ILA P-value
Number of patients 2,890 387 2,503
Age, years 55.8 ± 9.2 58.1 ± 9.1 55.5 ± 9.2 < 0.001
Male 2,297 (79.5) 292 (75.5) 2,005 (80.1) 0.042
Ever-smoker (n = 2,873) 2,032 (70.7) 250 (64.9) 1,782 (71.6) 0.007
BMI, kg/m2 24.3 ± 3.3 25.3 ± 2.9 24.1 ± 3.4 0.001
WBCs, ×103/µL 5.8 ± 1.7 6.0 ± 1.8 5.8 ± 1.7 0.024
Hgb, g/dL 14.8 ± 1.4 14.8 ± 1.5 14.8 ± 1.3 0.888
Platelet, ×103/µL 231.5 ± 51.1 231.0 ± 50.8 231.5 ± 51.1 0.857
ESR, mm/h 12.3 ± 10.3 14.8 ± 12.4 11.8 ± 9.9 < 0.001
HbA1c†, % 5.8 ± 0.8 5.8 ± 0.8 5.8 ± 0.8 0.076†

Total cholesterol, mg/dL 188.9 ± 34.4 188.6 ± 35.7 189.0 ± 34.1 0.818
Triglyceride, mg/dL 128.5 ± 75.9 137.1 ± 75.4 127.2 ± 75.9 0.017
HDL, mg/dL 53.6 ± 13.9 50.4 ± 13.2 54.1 ± 13.8 < 0.001
LDL, mg/dL 116.1 ± 30.3 116.9 ± 31.3 115.9 ± 30.1 0.058
Protein, g/dL 7.1 ± 0.4 7.2 ± 0.4 7.1 ± 0.4 < 0.001
Albumin, g/dL 4.2 ± 0.3 4.2 ± 0.2 4.2 ± 0.3 0.140
BUN, mg/dL 13.4 ± 3.4 13.4 ± 3.7 13.4 ± 3.4 0.726
Creatinine, mg/dL 0.9 ± 0.2 0.9 ± 0.2 0.9 ± 0.2 0.479
FVC, predicted % 89.0 ± 11.1 85.8 ± 11.1 89.5 ± 10.9 < 0.001
FEV1, predicted % 88.6 ± 16.1 87.6 ± 12.5 88.8 ± 12.2 0.099
FEV1/FVC, % 77.1 ± 3.2 77.7 ± 7.2 76.9 ± 7.3 0.075
Data are presented as means ± standard deviations or numbers (%).;ILA, interstitial lung abnormality; BMI, body mass index; WBCs, white blood cells; Hgb, 
haemoglobin; ESR, erythrocyte sedimentation rate; HbA1c, glycated haemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; BUN, blood urea 
nitrogen; FVC, forced vital capacity; FEV1, forced vital capacity in 1 s; *evaluated on the basis of follow-up chest computed tomography (CT) images; † ILA vs. no ILA: 
5.843 ± 0.765 vs. 5.769 ± 0.764, the values were rounded to one decimal place

Table 2  Logistic regression analysis for risk factors of interstitial lung abnormality presence*

Characteristics Unadjusted analysis Multivariable analysis
OR (95% CI) P-value OR (95% CI) P-value

Age, years 1.035 (1.022–1.048) < 0.001 1.042 (1.026–1.059) < 0.001
Male 0.763 (0.594–0.982) 0.035 0.481 (0.347–0.665) < 0.001
Ever-smoker 0.734 (0.585–0.920) 0.007 - -
BMI, kg/m2 1.145 (1.102–1.189) < 0.001 1.145 (1.092–1.200) < 0.001
WBCs, ×103/µL 1.072 (1.009–1.138) 0.024 1.071 (0.997–1.151) 0.060
Hgb, g/dL 1.006 (0.930–1.088) 0.888 - -
Platelet, ×103/µL 1.000 (0.998–1.002) 0.857 - -
ESR, mm/h 1.024 (1.014–1.033) < 0.001 - -
Glucose, mg/dL 1.004 (1.000–1.008) 0.071 - -
HbA1c, % 1.122 (0.988–1.274) 0.077 - -
Total cholesterol, mg/dL 1.000 (0.997–1.003) 0.818 - -
Triglyceride, mg/dL 1.002 (1.000–1.003) 0.017 - -
HDL, mg/dL 0.979 (0.971–0.988) < 0.001 0.984 (0.974–0.994) 0.002
LDL, mg/dL 1.001 (0.997–1.005) 0.580
Protein, g/dL 1.754 (1.338–2.300) < 0.001 1.667 (1.223–2.270) 0.001
Albumin, g/dL 0.730 (0.481–1.109) 0.140 - -
BUN, mg/dL 1.006 (0.975–1.037) 0.726 - -
Creatinine, mg/dL 0.803 (0.437–1.474) 0.479 - -
FVC, predicted % 0.970 (0.960–0.980) < 0.001 0.985 (0.973–0.997) 0.013
FEV1, predicted % 0.992 (0.983–1.001) 0.099 - -
FEV1/FVC, % 1.015 (0.999–1.031) 0.075 1.019 (1.001–1.039) 0.043
OR, odds ratio; CI, confidence interval; BMI, body mass index; WBCs, white blood cells; Hgb, haemoglobin; ESR, erythrocyte sedimentation rate; HbA1c, glycated 
haemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; BUN, blood urea nitrogen; FVC, forced vital capacity; FEV1, forced vital capacity in 1 s; 
*evaluated on the basis of follow-up chest computed tomography (CT) images
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vs. 1.5%; 10-year mortality 6.1% vs. 3.4%; mean sur-
vival time: 115.7 ± 0.9 vs. 118.1 ± 0.2 months, log-rank, 
P = 0.013) (Fig.  3B). In the ILA group, older age, ever-
smokers, higher ESR, and lower albumin levels were 
independent risk factors for mortality according to the 
results of the multivariable Cox analysis (Table 4).

Discussion
Our study suggests that the AQS has a good perfor-
mance for detecting ILAs and may be useful in identify-
ing their presence and progression. The ILA prevalence 

determined by the AQS in the Korean population was 
8.6% on baseline CT images and increased with age. ILA 
progression was identified in approximately one-fourth 
of the participants, and ILA development in approxi-
mately 10% of the participants during the roughly 6-year 
follow-up. Furthermore, participants with ILAs had 
worse survival than did those without ILAs.

In previous studies, ILA prevalence ranged from 3 to 
10% in the general population [2, 6, 32, 33] and from 7 
to 17% in smokers and in cohorts screened for lung can-
cer [4, 5, 20]. In our study, the ILA prevalence was 8.6%, 

Table 3  Cox regression analysis for risk factors of interstitial lung abnormality development or progression
Characteristics Unadjusted analysis Multivariable analysis

HR (95% CI) P-value HR (95% CI) P-value
Age, years 1.035 (1.022–1.047) < 0.001 1.024 (1.011–1.037) < 0.001
Male, No. (%) 0.706 (0.549–0.907) 0.007 - -
Ever-smoker 0.806 (0.709–0.917) 0.001 0.739 (0.580–0.941) 0.014
BMI, kg/m2 1.071 (1.035–1.109) < 0.001 1.061 (1.019–1.105) 0.004
WBCs, ×103/µL 1.028 (0.967–1.091) 0.378 - -
Hgb, g/dL 0.997 (0.923–1.077) 0.942 - -
Platelet, ×103/µL 1.000 (0.998–1.002) 0.918 - -
ESR, mm/h 1.034 (1.025–1.044) < 0.001 1.019 (1.007–1.030) 0.002
Glucose, mg/dL 1.004 (0.999–1.009) 0.132 - -
HbA1c, % 1.086 (0.947–1.246) 0.239 - -
Total cholesterol, mg/dL 0.999 (0.996–1.002) 0.667 - -
Triglyceride, mg/dL 1.002 (1.000–1.003) 0.007 1.002 (1.001–1.003) 0.002
HDL, mg/dL 0.992 (0.984–1.001) 0.087 - -
LDL, mg/dL 1.000 (0.996–1.003) 0.901 - -
Protein, g/dL 1.486 (1.144–1.930) 0.003 1.670 (1.140–2.446) 0.008
Albumin, g/dL 0.530 (0.364–0.770) 0.001 0.455 (0.271–0.764) 0.003
BUN, mg/dL 1.015 (0.981–1.049) 0.394 - -
Creatinine, mg/dL 0.800 (0.425–1.504) 0.488 - -
HR, hazard ratio; CI, confidence interval; BMI, body mass index; WBCs, white blood cells; Hgb, haemoglobin; ESR, erythrocyte sedimentation rate; HbA1c, glycated 
haemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; BUN, blood urea nitrogen

Fig. 3  Comparison of survival outcomes. A. Comparison of Kaplan–Meier survival curves between the interstitial lung abnormality (ILA) and no ILA 
groups. B. Comparison of Kaplan–Meier survival curves between participants with and without ILA development or progression. The ILA group showed 
higher mortality than that of the no ILA group (5-year mortality: 1.5% vs. 3.4%; 10-year mortality: 3.4% vs. 5.4%; log-rank P = 0.059). Those who exhibited ILA 
progression or development also showed higher mortality than that of those without ILA or progression (5-year mortality: 1.5% vs. 3.8%; 10-year mortality: 
3.4% vs. 6.1%; log-rank P = 0.013). ILA, interstitial lung abnormality
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which is similar to that reported in previous popula-
tion-based studies. However, in some studies including 
Asian cohorts, prevalence of ILA have been reported to 
be around 3%, which is lower than individuals in West-
ern countries [34–36]. Results on the prevalence of ILA 
may be influenced by a number of factors, including 
cohort characteristics, reader experience, and assess-
ment methods. The study by Tsushima et al. including a 
Japanese general population with a prevalence of ILA of 
approximately 3%, had a mean age of 57.2 years, indicat-
ing a younger cohort compared with other ILA studies, 
and the definition of ILA in this study included honey-
combing, interlobular septal thickening, ground glass 
opacity, ill-defined subpleural line, and combined pulmo-
nary fibrosis and emphysema, which differs from recent 
ILA studies [36]. Chae et al. applied deep learning-based 
texture analysis to assess ILA in a lung cancer screening 
cohort, and reported a relatively low prevalence of ILA 
of 4% [34]. However, this lower prevalence may be due 
to the prior exclusion of images containing lung destruc-
tion, underinspiration, or dependent and passive atelec-
tasis, which may have influenced the assessment of ILA 
by AQS. Thus, the variation in the prevalence of ILA 
does not indicate an inadequate application of quanti-
tative assessments, but rather highlight the complexity 
of the ILA assessment, which require the detection of 
subtle lung parenchymal abnormalities. Therefore, we 

suggest that given that ILA is an indicator of early ILD, 
an automated quantification method may have useful 
clinical value in rapidly and objectively detecting lung 
parenchymal abnormalities that may be associated with 
early ILD, rather than focusing solely on the accurate dis-
crimination of ILA diagnosed by visual assessment. This 
is supported by our findings that the ILA group identi-
fied by AQS has a worse prognosis than those without. 
The utility of using automated quantification techniques 
to identify early ILDs has also been demonstrated in the 
example of high attenuation area [17].

The ILA progression rate varies from 30 to 70%, 
depending on the cohort and observation periods [2–4, 
6, 20, 37]. However, our results showed a lower progres-
sion rate than those of other studies including the gen-
eral population with similar follow-up periods [2, 37]. In 
the study by Araki et al. that included the Framingham 
Heart Study cohort, ILA progression was reported in 
43% (23/53) of participants with ILAs during the 6-year 
follow-up period [2]. A recent longitudinal ILA study of 
a large Chinese population also reported a progression 
rate of 43.6% over 4 years [37]. Considering that older 
age is an important risk factor for ILA progression [6], 
the between-cohort age difference may have caused this 
discrepancy, as the participants in the present study were 
younger than those in other studies; the mean age of the 
ILA group was 52.8 years (at baseline CT) in our study 

Table 4  Cox regression analysis for risk factors of mortality in participants with interstitial lung abnormality*

Characteristics Unadjusted analysis Multivariable analysis
HR (95% CI) P-value HR (95% CI) P-value

Age, years 1.085 (1.037–1.137) < 0.001 1.062 (1.012–1.115) 0.015
Male 1.976 (0.582–6.707) 0.275 - -
Ever-smokers 3.306 (0.974–11.222) 0.055 3.802 (1.044–13.842) 0.043
BMI, kg/m2 1.003 (0.864–1.165) 0.967 - -
WBCs, ×103/µL 1.226 (1.042–1.443) 0.014 - -
Hgb, g/dL 0.838 (0.637–1.103) 0.208 - -
Platelet, ×103/µL 0.999 (0.990–1.007) 0.739 - -
ESR, mm/h 1.044 (1.022–1.066) < 0.001 1.036 (1.005–1.067) 0.021
Glucose, mg/dL 1.008 (0.990–1.026) 0.401 - -
HbA1c, % 1.476 (0.997–2.187) 0.052 - -
Total cholesterol, mg/dL 0.987 (0.974–0.999) 0.041 - -
Triglyceride, mg/dL 1.000 (0.995–1.006) 0.916 - -
HDL, mg/dL 0.942 (0.902–0.984) 0.007 - -
LDL, mg/dL 0.990 (0.977–1.004) 0.175 - -
Protein, g/dL 0.498 (0.165–1.506) 0.217 - -
Albumin, g/dL 0.061 (0.020–0.193) < 0.001 0.173 (0.040–0.738) 0.018
BUN, mg/dL 1.070 (0.965–1.186) 0.202 - -
Creatinine, mg/dL 2.822 (0.553–14.401) 0.212 - -
FVC, predicted % 0.960 (0.919–1.003) 0.069 - -
FEV1, predicted % 0.981 (0.945–1.019) 0.324 - -
FEV1/FVC, % 0.805 (0.709–0.912) 0.001 - -
HR, hazard ratio; CI, confidence interval; BMI, body mass index; WBCs, white blood cells; Hgb, haemoglobin; ESR, erythrocyte sedimentation rate; HbA1c, glycated 
haemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; BUN, blood urea nitrogen; FVC, forced vital capacity; FEV1, forced vital capacity in 1 s; 
*evaluated on the basis of follow-up chest computed tomography (CT) images
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and 60 or 70 years in previous studies [2, 6, 20]. Addi-
tionally, our study assessed ILA progression according 
to changes in the QLF scores, whereas other studies of 
various lung parenchymal abnormalities, including GGO, 
reticulation, non-emphysematous cysts, and honeycomb-
ing, evaluated ILA progression qualitatively (side-by-side 
comparison) using visual assessment [2, 6, 20, 37].

Older age, polymorphisms in the MUC5B promoter, 
and air pollution are reportedly risk factors for ILA [5, 
17, 32, 38]. Our study also revealed that the ILA group 
had lower HDL levels than did the non-ILA group, and 
lower HDL levels were associated with ILAs in the mul-
tivariable analysis. Previous studies have suggested a role 
for plasma lipid profiles and lipoproteins in ILD [39, 40]. 
In a study that included 6,814 MESA participants, Podol-
anczuk et al. reported that lower plasma HDL levels were 
associated with a higher HAA (percentage change in 
HAA per standard deviation of HDL: -2.12; 95% CI: -2.79 
to -1.44; P < 0.001, adjusted by demographics, smoking, 
and inflammatory biomarkers) [39]. In another study that 
included 266 patients with IPF, Barochia et al. showed 
that serum levels of small HDL particles were negatively 
correlated with the gender–age–physiology (GAP) index 
(r = − 0.29, P = 0.03) and that higher serum levels of small 
HDL particles were associated with a lower risk of death 
or lung transplantation (odds ratio [OR]: 0.9; 95% CI: 
0.82–0.97 at 1 year, adjusted by race, BMI, GAP index, 
and treatment status) in patients with IPF [40]. These 
findings suggest that HDL or its components might have 
protective effects in lung parenchymal injury and fibrosis.

Furthermore, in our study, higher triglyceride levels 
and BMI were independently associated with ILA devel-
opment or progression. The results of previous reports 
support our findings [6, 39]. Podolanczuk et al. showed 
that each standard deviation increment in triglyceride 
levels was associated with a 2.81% increment in metal-
loproteinase-7 levels (95% CI: 0.30–5.37; P = 0.03) [39], 
which had been associated with ILD progression in pre-
vious studies [41, 42]. In a study including 3,167 partici-
pants from the Age, Gene/Environment Susceptibility 
(AGES)–Reykjavik cohort, Putman et al. reported that 
BMI was significantly associated with ILA progression 
(OR: 1.06; 95% CI: 1.02–1.09; P = 0.001) in a multivari-
able logistic regression analysis [6]. In addition, in a study 
involving 6,784 participants enrolled in MESA, Anderson 
et al. showed that every doubling in pericardial adipose 
tissue volume was associated with increased odds of ILAs 
by 20% (OR: 1.2; 95% CI: 0.98–1.5; P = 0.07) [43]. On the 
basis of these results, adiposity might be associated with 
parenchymal lung injury [6, 43], and adipose-derived 
pro-inflammatory cytokines such as interleukin-6 and 
monocyte chemoattractant protein–1 have been impli-
cated in ILD pathogenesis [44–47].

In this study, we revealed that ILAs were associated 
with a higher risk of all-cause mortality, and that par-
ticipants with progressive ILA (ILA progression or 
development) had worse survival than did those with no 
ILA or ILA without progression. These results are com-
parable with those from previous studies [2, 6, 33]. A 
study including the general population as well as smoker 
cohorts showed that the absolute mortality rate var-
ied between the cohorts owing to differences in cohort 
characteristics and follow-up periods [33]. However, 
compared with the no ILA group, the ILA group was 
consistently associated with an increased risk of mortal-
ity in all the cohorts (hazard ratio [HR]: 1.3–2.7, adjusted 
by age, sex, race, BMI, and smoking status) [33]. Further-
more, in the AGES–Reykjavik cohort, ILA progression 
was associated with an increased risk of death (HR: 1.9; 
95% CI: 1.3–2.8; P = 0.0009; adjusted by age, sex, BMI, 
and smoking history) [6]. Therefore, considering these 
results, even if there are no significant clinical manifesta-
tions for accidentally discovered ILA cases, these patients 
are expected to have a poor prognosis, and progression 
should be closely monitored and addressed with appro-
priate treatment interventions.

This study has some limitations. First, since the QLF 
score, which is the sum of traction bronchiectasis and 
reticulation, was only considered for ILA evaluation by 
AQS, the effects of other parenchymal lung abnormalities 
(including GGO, honeycombing, and non-emphysema-
tous cysts) could not be evaluated. However, considering 
that reticulation and traction bronchiectasis have been 
associated with ILA prognosis in previous studies [6, 37], 
QLF scores may have more important clinical implica-
tions for ILA evaluation. Second, the prevalence of ILA 
may have been overestimated. Visual assessment of ILA 
excludes dependent, focal, or unilateral lung parenchy-
mal changes among the lung parenchymal abnormalities 
[1, 2, 33]. In our study, the location and distribution of 
parenchymal changes were not considered in the AQS-
based assessment. Therefore, some cases classified as 
equivocal ILA by visual assessment may have been mis-
classified as ILA by the AQS. However, our study sug-
gests that ILA assessment by the AQS could provide 
results that are comparable to those obtained by visual 
assessment. Third, in this study, we only presented all-
cause mortality because information on specific causes of 
death was not available. As shown in the AGES-Reykjavik 
study, we might expect the increased risk of respiratory 
death in ILA [33]. However, data on cause of death were 
also not available in other studies because of difficulties 
in collecting this information [33]. Finally, our study was 
a retrospective study conducted in a single centre and 
only included participants from a health screening pro-
gram with serial chest CT images. Therefore, there is a 
possibility of selection bias. This issue seems to have 
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contributed to some different findings in our study com-
pared with other reports; female sex and ever-smoking 
status have not been identified as independent risk fac-
tors in previous ILA studies [3, 6, 32, 48]. However, in 
our study, they showed a significant association with the 
presence or progression of ILA, respectively. At the ini-
tial CT or during follow-up, most participants diagnosed 
with chronic lung diseases such as ILD/ILA or those with 
severe symptoms may have been referred to a respiratory 
clinic and did not undergo follow-up CT scans as part of 
the health screening examination. Therefore, it is possible 
that males or smokers at high risk of chronic lung disease 
were excluded from the cohort. Despite these limitations, 
our study is valuable in that it included a relatively large 
number of participants with a wide age range (under 40 
to over 70 years) who were followed up for an extended 
period.

In conclusion, our study suggests that an AQS might be 
a useful tool for detecting ILAs, and that the prevalence, 
progression rate, and prognostic impact in the Korean 
population are comparable to what has been reported in 
previous studies.

Abbreviations
AQS	� Automated quantification system
BMI	� Body mass index
CT	� Computed tomography
ESR	� Erythrocyte sedimentation rates
FEV1	� Forced vital capacity in 1 s
FVC	� Forced vital capacity
GGO	� Ground-glass opacity
HAAs	� High-attenuation areas
HbA1c	� Glycated haemoglobin
HDL	� High-density lipoprotein
ILA	� Interstitial lung abnormalities
ILD	� Interstitial lung disease
LDL	� Low-density lipoprotein
QLF	� Quantitative lung fibrosis
ROC	� Receiver-operating characteristic
WBCs	� White blood cells

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12931-024-02715-3.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
We thank Hiroto Hatabu, Tetsuro Araki (Department of Radiology, Brigham and 
Women’s Hospital, Harvard Medical School, USA), and Gary M Hunninghake 
(Division of Pulmonary and Critical Care, Brigham and Women’s Hospital, 
Harvard Medical School, USA) for radiological analyses.

Author contributions
J.W.S. had full access to all of the data in the study and takes responsibility 
for the integrity of the data and the accuracy of the data analysis; J.W.S. 
participated in the study conception and design; J.H.O., G.H.J.K., and J.W.S. 
were involved in the acquisition, analysis, or interpretation of data for the 
study; J.H.O., G.H.J.K., and J.W.S. contributed to the collection and analysis of 
data; J.H.O. and J.W.S. contributed to the interpretation of data and writing of 

the manuscript; all authors participated in the revision of the manuscript for 
important intellectual content and gave final approval for the version to be 
published.

Funding
This study was supported by grants from the Basic Science Research 
Program (NRF-2022R1A2B5B02001602) and the Bio & Medical Technology 
Development Program (NRF-2022M3A9E4082647) of the National Research 
Foundation of Korea (NRF) funded by the Ministry of Science & ICT, Republic 
of Korea. This study was also supported by the Korea National Institute of 
Health research project (2021ER120701) and the Korea Environment Industry 
& Technology Institute through Core Technology Development Project for 
Environmental Diseases Prevention and Management Program funded by the 
Korea Ministry of Environment (RS-2022-KE002197), Republic of Korea.

Data availability
The datasets from this study are available from the corresponding author 
upon request.

Declarations

Ethics statement
This study was performed in accordance with the Declaration of Helsinki. This 
study was approved by the Institutional Review Board of Asan Medical Center 
(2013 − 0957), and the requirement for informed consent was waived due to 
the retrospective nature of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 25 September 2023 / Accepted: 29 January 2024

References
1.	 Hatabu H, Hunninghake GM, Richeldi L, Brown KK, Wells AU, Remy-Jardin 

M, Verschakelen J, Nicholson AG, Beasley MB, Christiani DC, et al. Interstitial 
lung abnormalities detected incidentally on CT: a position paper from the 
Fleischner Society. The Lancet Respiratory Medicine. 2020;8:726–37.

2.	 Araki T, Putman RK, Hatabu H, Gao W, Dupuis J, Latourelle JC, Nishino M, 
Zazueta OE, Kurugol S, Ross JC, et al. Development and Progression of Inter-
stitial Lung Abnormalities in the Framingham Heart Study. Am J Respir Crit 
Care Med. 2016;194:1514–22.

3.	 Lee TS, Jin KN, Lee HW, Yoon SY, Park TY, Heo EY, Kim DK, Chung HS, Lee JK. 
Interstitial Lung Abnormalities and the clinical course in patients with COPD. 
Chest. 2021;159:128–37.

4.	 Mackintosh JA, Marshall HM, Slaughter R, Reddy T, Yang IA, Bowman RV, Fong 
KM. Interstitial lung abnormalities in the Queensland Lung Cancer Screening 
Study: prevalence and progression over 2 years of surveillance. Intern Med J. 
2019;49:843–9.

5.	 Hoyer N, Wille MMW, Thomsen LH, Wilcke T, Dirksen A, Pedersen JH, Saghir 
Z, Ashraf H, Shaker SB. Interstitial lung abnormalities are associated with 
increased mortality in smokers. Respir Med. 2018;136:77–82.

6.	 Putman RK, Gudmundsson G, Axelsson GT, Hida T, Honda O, Araki T, 
Yanagawa M, Nishino M, Miller ER, Eiriksdottir G, et al. Imaging Patterns Are 
Associated with interstitial lung abnormality progression and mortality. Am J 
Respir Crit Care Med. 2019;200:175–83.

7.	 Hunninghake GM. Interstitial lung abnormalities: erecting fences in the path 
towards advanced pulmonary fibrosis. Thorax. 2019;74:506–11.

8.	 Salisbury ML, Hewlett JC, Ding G, Markin CR, Douglas K, Mason W, Guttentag 
A, Phillips JA 3rd, Cogan JD, Reiss S, et al. Development and Progression of 
Radiologic Abnormalities in individuals at risk for familial interstitial lung 
disease. Am J Respir Crit Care Med. 2020;201:1230–9.

9.	 Doyle TJ, Washko GR, Fernandez IE, Nishino M, Okajima Y, Yamashiro T, Divo 
MJ, Celli BR, Sciurba FC, Silverman EK. Interstitial lung abnormalities and 
reduced exercise capacity. Am J Respir Crit Care Med. 2012;185:756–62.

https://doi.org/10.1186/s12931-024-02715-3
https://doi.org/10.1186/s12931-024-02715-3


Page 10 of 10Oh et al. Respiratory Research           (2024) 25:78 

10.	 Aiello M, Bertorelli G, Bocchino M, Chetta A, Fiore-Donati A, Fois A, Marinari 
S, Oggionni T, Polla B, Rosi E, et al. The earlier, the better: impact of early diag-
nosis on clinical outcome in idiopathic pulmonary fibrosis. Pulm Pharmacol 
Ther. 2017;44:7–15.

11.	 Collins BF, Raghu G. Antifibrotic therapy for fibrotic lung disease beyond 
idiopathic pulmonary fibrosis. Eur Respir Rev 2019, 28.

12.	 Hunninghake GM, Goldin JG, Kadoch MA, Kropski JA, Rosas IO, Wells AU, 
Yadav R, Lazarus HM, Abtin FG, Corte TJ et al. Detection and Early Referral of 
Patients With Interstitial Lung Abnormalities: An Expert Survey Initiative. Chest 
2021.

13.	 Widell J, Lidén M. Interobserver variability in high-resolution CT of the lungs. 
Eur J Radiol Open. 2020;7:100228.

14.	 Watadani T, Sakai F, Johkoh T, Noma S, Akira M, Fujimoto K, Bankier AA, Lee 
KS, Müller NL, Song J-W. Interobserver variability in the CT assessment of 
honeycombing in the lungs. Radiology. 2013;266:936–44.

15.	 Mathai SK, Humphries S, Kropski JA, Blackwell TS, Powers J, Walts AD, Markin 
C, Woodward J, Chung JH, Brown KK, et al. MUC5B variant is associated with 
visually and quantitatively detected preclinical pulmonary fibrosis. Thorax. 
2019;74:1131–9.

16.	 Ash SY, Harmouche R, Ross JC, Diaz AA, Hunninghake GM, Putman RK, 
Onieva J, Martinez FJ, Choi AM, Lynch DA, et al. The objective identification 
and quantification of interstitial lung abnormalities in smokers. Acad Radiol. 
2017;24:941–6.

17.	 Podolanczuk AJ, Oelsner EC, Barr RG, Hoffman EA, Armstrong HF, Austin JH, 
Basner RC, Bartels MN, Christie JD, Enright PL, et al. High attenuation areas 
on chest computed tomography in community-dwelling adults: the MESA 
study. Eur Respir J. 2016;48:1442–52.

18.	 Choi B, Kawut SM, Raghu G, Hoffman E, Tracy R, Madahar P, Bernstein EJ, Barr 
RG, Lederer DJ, Podolanczuk A. Regional distribution of high-attenuation 
areas on chest computed tomography in the multi-ethnic study of athero-
sclerosis. ERJ Open Res 2020, 6.

19.	 Kliment CR, Araki T, Doyle TJ, Gao W, Dupuis J, Latourelle JC, Zazueta OE, 
Fernandez IE, Nishino M, Okajima Y. A comparison of visual and quantita-
tive methods to identify interstitial lung abnormalities. BMC Pulm Med. 
2015;15:1–9.

20.	 Jin GY, Lynch D, Chawla A, Garg K, Tammemagi MC, Sahin H, Misumi S, Kwon 
KS. Interstitial lung abnormalities in a CT lung cancer screening population: 
prevalence and progression rate. Radiology. 2013;268:563–71.

21.	 Mascalchi M, Camiciottoli G, Diciotti S. Lung densitometry: why, how and 
when. J Thorac Dis. 2017;9:3319–45.

22.	 Lau KK, Nandurkar D. High attenuation areas in pulmonary computed 
tomography: their meaning and use in interstitial lung disease. Volume 25. 
Wiley Online Library; 2020. pp. 787–9.

23.	 Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, Crapo R, 
Enright P, van der Grinten CP, Gustafsson P, et al. Standardisation of spirom-
etry. Eur Respir J. 2005;26:319–38.

24.	 Chong DY, Kim HJ, Lo P, Young S, McNitt-Gray MF, Abtin F, Goldin JG, Brown 
MS. Robustness-driven feature selection in classification of Fibrotic interstitial 
lung disease patterns in computed tomography using 3D texture features. 
IEEE Trans Med Imaging. 2016;35:144–57.

25.	 Wang X, Teng P, Lo P, Banola A, Kim G, Abtin F, Goldin J, Brown M. High 
throughput lung and lobar segmentation by 2D and 3D CNN on chest CT 
with diffuse lung disease. In Image Analysis for Moving Organ, Breast, and 
Thoracic Images: Third International Workshop, RAMBO 2018, Fourth Interna-
tional Workshop, BIA 2018, and First International Workshop, TIA 2018, Held in 
Conjunction with MICCAI 2018, Granada, Spain, September 16 and 20, 2018, 
Proceedings 3. Springer; 2018: 202–214.

26.	 Kim HG, Tashkin DP, Clements PJ, Li G, Brown MS, Elashoff R, Gjertson DW, 
Abtin F, Lynch DA, Strollo DC, Goldin JG. A computer-aided diagnosis system 
for quantitative scoring of extent of lung fibrosis in scleroderma patients. Clin 
Exp Rheumatol. 2010;28:26–35.

27.	 Kim HJ, Brown MS, Elashoff R, Li G, Gjertson DW, Lynch DA, Strollo DC, 
Kleerup E, Chong D, Shah SK, et al. Quantitative texture-based assessment of 
one-year changes in fibrotic reticular patterns on HRCT in scleroderma lung 
disease treated with oral cyclophosphamide. Eur Radiol. 2011;21:2455–65.

28.	 Kafaja S, Clements PJ, Wilhalme H, Tseng C-h, Furst DE, Kim GH, Goldin J, Volk-
mann ER, Roth MD, Tashkin DP. Reliability and minimal clinically important 
differences of FVC. Results from the Scleroderma Lung studies (SLS-I and 
SLS-II). Am J Respir Crit Care Med. 2018;197:644–52.

29.	 Obuchowski NA, Reeves AP, Huang EP, Wang XF, Buckler AJ, Kim HJ, Barnhart 
HX, Jackson EF, Giger ML, Pennello G, et al. Quantitative imaging biomarkers: 

a review of statistical methods for computer algorithm comparisons. Stat 
Methods Med Res. 2015;24:68–106.

30.	 Washko GR, Lynch DA, Matsuoka S, Ross JC, Umeoka S, Diaz A, Sciurba 
FC, Hunninghake GM, Estépar RSJ, Silverman EK. Identification of early 
interstitial lung disease in smokers from the COPDGene Study. Acad Radiol. 
2010;17:48–53.

31.	 Kundel HL, Polansky M. Measurement of observer agreement. Radiology. 
2003;228:303–8.

32.	 Hunninghake GM, Hatabu H, Okajima Y, Gao W, Dupuis J, Latourelle JC, 
Nishino M, Araki T, Zazueta OE, Kurugol S. MUC5B promoter polymorphism 
and interstitial lung abnormalities. N Engl J Med. 2013;368:2192–200.

33.	 Putman RK, Hatabu H, Araki T, Gudmundsson G, Gao W, Nishino M, Okajima 
Y, Dupuis J, Latourelle JC, Cho MH, et al. Association between Interstitial Lung 
Abnormalities and all-cause mortality. JAMA. 2016;315:672–81.

34.	 Chae KJ, Lim S, Seo JB, Hwang HJ, Choi H, Lynch D, Jin GY. Interstitial 
lung abnormalities at CT in the Korean National Lung Cancer Screening 
Program: Prevalence and Deep Learning-based texture analysis. Radiology. 
2023;307:e222828.

35.	 Lee JE, Chae KJ, Suh YJ, Jeong WG, Lee T, Kim Y-H, Jin GY, Jeong YJ. Prevalence 
and long-term outcomes of CT interstitial lung abnormalities in a health 
screening cohort. Radiology. 2022;306:e221172.

36.	 Tsushima K, Sone S, Yoshikawa S, Yokoyama T, Suzuki T, Kubo K. The radiologi-
cal patterns of interstitial change at an early phase: over a 4-year follow-up. 
Respir Med. 2010;104:1712–21.

37.	 Zhang Y, Wan H, Richeldi L, Zhu M, Huang Y, Xiong X, Liao J, Zhu W, Mao L, Xu 
L. Reticulation is a risk factor of Progressive Subpleural non-fibrotic interstitial 
lung abnormalities. Am J Respir Crit Care Med 2022.

38.	 Sack C, Vedal S, Sheppard L, Raghu G, Barr RG, Podolanczuk A, Doney B, 
Hoffman EA, Gassett A, Hinckley-Stukovsky K. Air pollution and subclinical 
interstitial lung disease: the multi-ethnic study of atherosclerosis (MESA) air–
lung study. Eur Respir J 2017, 50.

39.	 Podolanczuk AJ, Raghu G, Tsai MY, Kawut SM, Peterson E, Sonti R, Rabi-
nowitz D, Johnson C, Barr RG, Hinckley Stukovsky K, et al. Cholesterol, 
lipoproteins and subclinical interstitial lung disease: the MESA study. Thorax. 
2017;72:472–4.

40.	 Barochia AV, Kaler M, Weir N, Gordon EM, Figueroa DM, Yao X, WoldeHanna 
ML, Sampson M, Remaley AT, Grant G. Serum levels of small HDL particles are 
negatively correlated with death or lung transplantation in an observational 
study of idiopathic pulmonary fibrosis. Eur Respir J 2021, 58.

41.	 Rosas IO, Richards TJ, Konishi K, Zhang Y, Gibson K, Lokshin AE, Lindell KO, 
Cisneros J, Macdonald SD, Pardo A, et al. MMP1 and MMP7 as potential 
peripheral blood biomarkers in idiopathic pulmonary fibrosis. PLoS Med. 
2008;5:e93.

42.	 Bauer Y, White ES, de Bernard S, Cornelisse P, Leconte I, Morganti A, Roux S, 
Nayler O. MMP-7 is a predictive biomarker of disease progression in patients 
with idiopathic pulmonary fibrosis. ERJ Open Res 2017, 3.

43.	 Anderson MR, Kim JS, Allison M, Giles JT, Hoffman EA, Ding J, Barr RG, 
Podolanczuk A. Adiposity and Interstitial Lung Abnormalities in Community-
Dwelling adults: the MESA Cohort Study. Chest. 2021;160:582–94.

44.	 Papiris SA, Tomos IP, Karakatsani A, Spathis A, Korbila I, Analitis A, Kolilekas L, 
Kagouridis K, Loukides S, Karakitsos P, Manali ED. High levels of IL-6 and IL-8 
characterize early-on idiopathic pulmonary fibrosis acute exacerbations. 
Cytokine. 2018;102:168–72.

45.	 Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, Ferrante AW Jr. 
Obesity is associated with macrophage accumulation in adipose tissue. J Clin 
Invest. 2003;112:1796–808.

46.	 Bruun JM, Lihn AS, Pedersen SB, Richelsen B. Monocyte chemoattractant pro-
tein-1 release is higher in visceral than subcutaneous human adipose tissue 
(AT): implication of macrophages resident in the AT. J Clin Endocrinol Metab. 
2005;90:2282–9.

47.	 Ohnishi H, Yokoyama A, Kondo K, Hamada H, Abe M, Nishimura K, Hiwada K, 
Kohno N. Comparative study of KL-6, surfactant protein-A, surfactant protein-
D, and monocyte chemoattractant protein-1 as serum markers for interstitial 
lung diseases. Am J Respir Crit Care Med. 2002;165:378–81.

48.	 McGroder CF, Hansen S, Stukovsky KH, Zhang D, Nath PH, Salvatore MM, 
Sonavane SK, Terry N, Stowell JT. D’Souza BM: Incidence of interstitial lung 
abnormalities: the MESA Lung Study. Eur Respir J 2023, 61.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Interstitial lung abnormality evaluated by an automated quantification system: prevalence and progression rate
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study population
	﻿Clinical data
	﻿Automated quantification of CT images
	﻿Visual assessment of CT images
	﻿Statistical analyses

	﻿Results
	﻿Performance of AQS
	﻿Prevalence of ILA
	﻿Risk factors for ILA development or progression
	﻿Association of ILA with mortality

	﻿Discussion
	﻿References


