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Abstract. – OBJECTIVE: To test the correla-

tion between the visual semi-quantitative score
(VSQS) and different quantitative computed tomography (QCT) analyses and pulmonary physiology variables, and to determine the performance of these types of analyses on the Gender,
Age, and Physiology (GAP) model for the prediction of mortality risk of idiopathic pulmonary fibrosis (IPF).
PATIENTS AND METHODS: High-resolution
computed tomography (HRCT) images of IPF patients were reviewed and the VSQS was calculated. Evaluations were made of the QCT score
of interstitial lung disease (ILD) using four different previously defined methods. Respiratory function tests (RFT) and the 6-minute walk
test (6MWT) were applied to all the patients. The
GAP model was used to evaluate the mortality risk. The performance of the VSQS score and
QCT methods on the GAP model to predict the
mortality risk of the disease was calculated with
ROC analysis.
RESULTS: The study included 40 patients who
met the criteria. A statistically significant correlation was determined between all the quantitative and semi-quantitative measurement results (p<0.001). A significant correlation was
determined between the VSQS and QCT parameters and the RFT and 6MWT. In the ROC analysis, method 4 of the QCT parameters (a value
of the voxels between -700 and -950 HU) and the
VSQS showed the best performance in the differentiation of stage I, stage II, and stage III, according to the GAP model.
CONCLUSIONS: The selection of a quantitative method was useful in the evaluation of
spread in patients with IPF. According to the
GAP model, VSQS performed best in predicting mortality risk. Furthermore, method 4 of
the QCT parameters, which shows well-aerated
lungs, were deemed to have good potential for
the estimation of mortality risk.
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Introduction
Idiopathic pulmonary fibrosis (IPF) is the most
commonly seen chronic idiopathic interstitial
lung disease in adults. The typical radiological
finding of IPF is known as the usual interstitial
pneumonia (UIP) pattern and is characterized by
a honeycomb lung appearance1,2. Several visual
scoring systems and computer-supported computed tomography (CT) analysis have been reported
for IPF for the evaluation of both the spread and
the progression of the disease. Skewness, kurtosis, and average lung weakening calculated from
fine-slice CT histograms have been reported to be
related to the parenchymal pathological changes
of the disease3. Previous studies4,5 have shown the
clinical benefits of quantitative analysis in the diagnosis and monitoring of the progression of IPF.
In addition, methods differentiating fibrotic lungs
from normal lungs, based on CT density value
thresholds, have a reported association with pulmonary function tests in diffuse interstitial lung
disease6. Clinical factors, respiratory function
tests (RFT), high-resolution CT (HRCT) findings
or scores, and molecular biomarkers have been
used as variables in IPF mortality estimation
models in previous studies7-11. In addition, age,
gender, and pulmonary function test results have
been used in the Gender, Age, and Physiology
(GAP) model (index and stage) described by Ley
et al12.
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The aim of the present study was to test
the correlations between pulmonary physiology
variables and the VSQS and different quantitative computed tomography (QCT) analyses in
patients diagnosed with IPF and to determine
the efficacy of these types of analyses in estimating the mortality risk of the disease with the
GAP model.

Patients and Methods
Patient Selection
The study included patients in our hospital
who underwent HRCT examination and were
diagnosed with IPF according to the 2018 IPF/
ATS/ERS/JRS/ALAT guidelines between January 2017 and October 202013. A retrospective scan
identified 71 patients diagnosed with IPF in the
specified period. A total of 31 patients were excluded. Thus, the study included 40 patients who
met the criteria (Figure 1).
Computed Tomography Imaging
The HRCT examinations were performed with
the patient positioned supine, with maximum
inspiration and no administration of intravenous
contrast material. The scans were obtained with
a multi-detector (160 Slice) CT system (Aquilion
Prime, Toshiba Medical Systems, Nasu, Japan)
from the apex to the base of the lung in full inspiration with the following scanning parameters:
120 kV, 300 mAs, slice thickness 1 mm, 0.5 s
rotation time.
Respiratory Function test, 6-Minute
Walk Test, and GAP Model
Measurements included forced vital capacity
(FVC), forced expiratory volume in 1 second
(FEV1), total lung capacity (TLC), and single

breath diffusion capacity (DLCO). RFTs were obtained using widely accepted techniques, and the
results were expressed as percentage of estimated
performance14. The 6-minute walk test (6MWT)
values were also recorded15.
GAP index scores were determined according
to the system described by Ley et al12 (Table I).
The GAP index was determined as 0-8 points.
The GAP stage was determined based on the
total GAP index score: stage I (0-3 points), stage
II (4-5 points), and stage III (6–8 points). The patients were evaluated in two groups according to
the GAP model as low mortality risk (GAP stage
I) and high mortality risk (GAP stage II and III).
Visual Semi-Quantitative CT Analysis
All the HRCT images were obtained in
the lung window settings of window center
between -500 and -600 Hounsfield units (HU)
and window width of 1600 HU and were evaluated in consensus by two observers blinded
to the clinical findings and RFT results. The
HRCT examination was made separately by
two radiologists (Observer 1, Observer 2) using
the semi-quantitative visual scoring method
described by Warrick et al16. Each abnormality
was scored as follows: frosted glass appearance=1, irregular pleural borders=2, septal/
subpleural lines=3, honeycomb appearance=4,
and subpleural cysts=5. A total score was obtained by counting and summing the number of
bronchopulmonary segments containing each
abnormality: involvement (1-3 segments + 1
point, 4-9 segments +2 points, >9 segments
+3 points) to give a total score ranging from
Table I. GAP (gender, age, and physiology) index.
Predictor
Gender

Female
Male
Age years
< 61
61-65
> 65
Physiology		
FVC % predicted
> 75
50-75
< 50
DLCO % predicted
> 55
36-55
≤ 35
Cannot perform
Figure 1. Flow diagram of the patient selection protocol.

Points
0
1
0
1
2
0
1
2
0
1
2
3

FVC, forced vital capacity; DLco, diffusing capacity of the
lung for carbon monoxide.
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0-30. In cases where the observers could not
reach agreement, the case was re-evaluated,
discussed in a second session, and a consensual
decision was made.
Quantitative CT Analysis
The HRCT images were evaluated by a single trained radiologist. The HRCT images were
viewed with OsiriX software (Pixmeo, Switzerland, https://www.osirix-viewer.com), which is an
open access DICOM viewer, and threshold values
of -200 HU to -1024 HU were used to calculate
total lung volume (TLV) with the threshold of
-950 HU to exclude areas of emphysema6. The
observer made small corrections if incorrect segmentation areas, such as lobular or segmental
bronchi, were evident. Four different methods
were used for QCT analysis.

Method-1: İnterstitial lung disease (ILD) volume
was calculated in the voxel range of -200 to
-700 HU using OsiriX software17,18. The ILD
volume was calculated as the percentage of
TLV (Figure 2).
Method-2: The ILD volume was calculated in the
voxel range of -260 to -600 HU using OsiriX
software19. The ILD volume was calculated as
the percentage of TLV.
Method-3: To isolate the lungs, all voxels between
-200 and -1024 HU were selected. The mean
lung density of the lung parenchyma was calculated (MLA-3). Skewness (SKEW-3) and kurtosis (KURT-3) values were also calculated20.
Method-4: The well-aerated lung (WAL) volume
was calculated in the voxel range of -700 to
-950 HU using OsiriX software. The WAL volume was calculated as a percentage of TLV21,22.

Figure 2. A, A 65-year-old male patient diagnosed with IPF; bilateral interstitial thickening, subpleural honeycomb, traction
bronchiectasis, and ground glass areas are observed. B, Quantitative lung assessment images taken from the same HRCT
section using Method-1. C, All voxels between −200 and 700 HU show the volume of ILD and were 2072 cm3. D, All voxels
between −200 and −1024 HU show total lung volume and were 3480 cm3.
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Statistical Analysis
Data obtained in the study were analyzed
statistically using SPSS version 25.0 software
(IBM Corp., Armonk, NY, USA). Continuous
variables were presented as mean±Standard
Deviation (SD) values and categorical variables
as number (n) and percentage (%). The independent samples Student’s t-test was applied in
the analysis of differences between paired independent groups of continuous variables, and
the Chi-square test was used for categorical
variables. Differences between the VSQ and
QCT scores and the laboratory test results were
analyzed with the Pearson Correlation test. A
Spearman r value was considered to indicate
fair (0-0.30), moderate (0.31-0.50), good (0.510.70), and excellent (0.71-1.00) correlation. The
Kruskal-Wallis test was applied for evaluation
of the differences in the VSQS and QCT values
between the GAP stage groups. The mortality
risk in the GAP model was evaluated according
to the different performances of the VSQS and
QCT points by applying Receiver Operating
Characteristic (ROC) curve analysis. A value
of p<0.05 was accepted as statistically significant.

Results
Evaluation was made of 40 patients, comprising 33 males and 7 females. Males were significantly taller than females (p=0.001). No statistically significant difference was determined
between the genders in terms of weight, BMI,

FVC%, FEV1, DLCO, and 6MWT. The mean
GAP index was 3.85±1.42 points (range, 1-6). In
total, 15 (37.5%) patients were at GAP stage I,
19 (47.5%) at GAP stage II, and 6 (15%) at GAP
stage III. A statistically significant difference
was determined between the GAP stage groups
with respect to the VSQS and QCT parameters
(p<0.05). The patient characteristics and RFT
results are shown in Table II.
Correlations Between VSQS, RFT, and
6MWT Results
The mean VSQS of the whole study group was
18.08±3.81 (range, 9-25). The VSQS, evaluated
separately by two observers, was moderately
negatively correlated with the FVC% (r= -0.455,
p=0.003) and FEV 1% (r= -0.396, p=0.011). The
VSQS also showed a strong negative correlation with TLC (r= -0.643, p<0.001), DLCO%
(r=-0.667, p<0.001), and the 6MWT (r= -0.641,
p<0.001) (Table III).
Correlations Between the QCT Results
and RFT and 6MWT Values
A significant correlation was observed between all the QCT methods (p<0.001) (Table IV).
The mean disease extent values in the quantitative methods are shown in Table V. The QCT
methods showing the best correlations were between FVC% and SKEW-3 (r= -0.495, p=0.001),
between DLCO% and Method-4 (r= 0.750,
p<0.001), between TLC and SKEW-3 (r= 0.795,
p<0.001), and between 6MWT and Method-4 (r=
0.744, p<0.001) (Table III).

Table II. Baseline characteristics of the patients with İPF.
Total population
mean ± SD (range)
(N = 40)
Age (years)
Height (cm)
Weight (kilograms)
Body mass index (kg/m 2)
FVC (% of predicted)
FEV1 (% of predicted)
DLCO (% of predicted)
Total lung capacity (L)
6MWT (meters)
GAP İndex
GAP Stage I/II/III

Female
mean ± SD
(N = 7)

Male
mean ± SD
(N = 33)

65 ± 14 (25-90)
65.43 ± 14.55
66.47 ± 12.52
167 ± 11 (145-190)
153.86 ± 7.49
169.88 ± 9.07
76 ± 14 (50-120)
78 ± 23.28
76.06 ± 11.77
27.64 ± 6.08 (16.62-46.88)
32.77 ± 8.43
26.61 ± 5.03
59 ± 14(29-88)
52.57 ± 12.72
60.44 ± 14.08
68 ± 19(27-95)
62.57 ± 20.99
69.25 ± 19.31
58 ± 23(12-88)
54.71 ± 23.65
57.91 ± 23.18
3.87 ± 1.24(1.75-6.02)
3.68 ± 1.13
3.90 ± 1.26
429 ± 127(100-615)
392.86 ± 85.04
432.19 ± 133.07
3.85 ± 1.42(1-6)
3.71 ± 0.75
3.88 ± 1.53
15/19/6			

p-value
0.848
0.001
0.747
0.014
0.183
0.419
0.744
0.674
0.461
0.785

FVC forced vital capacity, FEV1 forced expiratory volume in 1 s, DLCO single breath diffusing capacity, 6MWT: 6 minute
walking test, GAP: Gender, Age, and Physiology.
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Table III. Semi-quantitative visual score, correlation of quantitative methods with PFT and 6MWT.
		

Method-1

Method-2

MLA-3

Method-4

SKEW-3

KURT -3

VSQS

VSQS

0.673
< 0.001
-0.445
0.004
-0.360
.0.023
-0.692
< 0.001
-0.781
< 0.001
-0.692
< 0.0001

0.629
< 0.001
-0.431
0.006
-0.336
0.034
-0.701
< 0.001
-0.742
<0.001
-0.671
< 0.001

0.654
< 0.001
-0.453
0.003
-0.359
0.023
-0.658
< 0.001
-0.766
< 0.001
-0.664
< 0.0001

-0.743
< 0.001
0.412
.0.008
0.359
0.023
0.750
< 0.001
0.784
< 0.001
0.744
< 0.001

-0.774
< 0.001
0.495
.0.001
0.427
0.006
0.687
< 0.001
0.795
< 0.001
0.691
< 0.001

-0.703
< 0.001
0.480
.0.002
0.407
0.009
0.527
< 0.001
0.683
< 0.001
0.587
< 0.001

–
–
-0.455
.0.003
-0.396
0.011
-0.667
< 0.001
-0.643
< 0.001
-0.641
< 0.001

FVC%
FEV1%
DLCO%
TLC
6MWT

r value
p value
r value
p value
r value
p value
r value
p value
r value
p value
r value
p value

VSQS: Visual semiquantitative score, FVC forced vital capacity, FEV1 forced expiratory volume in 1 s, DLCO single-breath
diffusing capacity, TLC: Total lung capacity, MLA-3 mean lung attenuation value of Method-3, SKEW-3: Skewness value of
Method-3, KURT-3: Kurtosis value of Method-3.

Correlations Between QCT and VSQ
Score Results
Good-excellent correlation was observed between the VSQS results and QCT methods (p <
0.001). The highest correlation was seen between
SKEW-3 (skewness value of Method-3) and the
VSQS (r= -0.774, p<0.001), and the lowest correlation was between the VSQS and Method-2
(value of the voxels between -260 and -600 HU)
(r= -0.629, p<0.001) (Table III).
The Relationship Between VSQS and
QCT Methods in the GAP Model of
Mortality Estimation
An excellent correlation was determined
between VSQS and the GAP index (r=0.912,
p<0.001). From the QCT parameters, Method-2
and MLA-3 showed a moderate correlation with
the GAP index (r=0.465, p=0.003, and r=0.485,

p=0.002, respectively). Method-1 and Method-4
showed a good correlation with the GAP index
(r= 0.506, p=0.001, and r= -0.600, p<0.001, respectively).
A good correlation was seen between the
SKEW-3 and KURT-3 values and the GAP index (r= -0.630, p<0.001, and r=-0.554, p<0.001,
respectively). The parameter showing the best
performance in the differentiation of low (GAP
stage I) and high (GAP stage II and III) mortality risk was the VSQS at a cut-off value of ≥17.5,
with 96% sensitivity and 100% specificity, and
an area under the curve (AUC) of 0.997 (95% CI,
0.98.9-1) (Figure 3). The QCT parameter showing the best performance in the prediction of low
mortality risk was Method-4 at a cut-off value of
≥63.65, with 73% sensitivity and 80% specificity and an AUC of 0.80 (95% CI, 0.654–0.946)
(Table VI).

Table IV. Correlation of quantitative methods.
		
Method-1
Method-2
MLA-3
Method-4
SKEW-3
KURT -3

Method-1

Method-2

MLA-3

Method-4

SKEW-3

r value
1
0.980
0.991
-0.919
-0.930
p value		
0.001
0.001
0.001
0.001
r value
0.980
1
0.965
-0.897
-0.875
p value
0.001		
0.001
0.001
0.001
r value
0.991
0.965
1
-0.877
-0.932
p value
0.001
0.001		
0.001
0.001
r value
-0.919
-0.897
-0.877
1
0.879
p value
0.001
0.001
0.001		
0.001
r value
-0.930
-0.875
-0.932
0.879
1
p value
0.001
0.001
0.001
0.001		
r value
-0.815
-0.745
-0.836
0.723
0.948
p value
0.001
0.001
0.001
0.001
0.001

KURT -3
-0.815
0.001
-0.745
0.001
-0.836
0.001
0.723
0.001
0.948
0.001
1

MLA-3 mean lung attenuation value of Method-3, SKEW-3: Skewness value of Method-3, KURT-3: Kurtosis value of Method-3.
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Table V. Results of quantitative methods.
QCT Methods
Method-1
Method -2
MLA-3
Method-4
SKEW-3
KURT-3

Mean
31.26
14.08
-735.39
57.20
1.18
1.00

SD
16.13
9.80
69.1740
13.04
0.53
1.85

Minimum

Maximum

3.27
0.22
-871
25.48
0.28
-0.68

67.61
37.31
-597.18
81.50
2.51
7.30

QCT: Quantitative computed tomography, MLA-3 mean lung attenuation value of Method-3, SKEW-3. Skewness value of
Method-3, KURT-3 Kurtosis value of Method-3.

Discussion
In this study, previously defined QCT methods
were investigated in patients with IPF, and the results showed a significant correlation between all
QCT methods (p<0.001). Furthermore, a significant correlation was seen between all QCT method
semiquantitative evaluations and RFT (FVC, FEV
1), TLC, DLCO, and 6MWT. Of the QCT methods and VSQS, the most successful method in the
differentiation of low-risk and high-risk mortality
according to the GAP model was the VSQS. Of the
QCT methods, Method-4 showing the WAL value
(value of the voxels between -700 and -950 HU)
showed the best performance in the prediction of
low-risk mortality according to the GAP model.
Ufuk et al18 reported a correlation at an excellent level (r=0.933, p<0.001) between VSQS
and Method-1 (value of the voxels between -200
and -700 HU) in interstitial lung disease related to Sjögren syndrome. Matsuoka et al23 also

found an excellent correlation between VSQS
and high-density volume percentage (value of
the voxels between 0 and -700 HU) in patients
with pulmonary fibrosis (r=0.911, p<0.001). In
the current study, a correlation at a good level
was observed between Method-1 and the VSQS
(r= 0.673, p<0.001). Ninaber et al19 found a moderate-good correlation between Method-2 (value
of the voxels between -260 and -600 HU) and the
RFT results. However, as that study did not use
a semi-quantitative (visual) ILD evaluation, the
relationship between quantitative (Method-2) and
semi-quantitative evaluation was not known19.
A study of interstitial lung disease related to
scleroderma by Ufuk et al24 determined a good
correlation between a similar quantitative method (Method-2) and the visual score (r=0.619,
p<0.001). In the current study, a good correlation
was also observed between Method-2 and the
VSQS (r=0.629, p<0.001). The study of 25 patients with ILD by Koyama et al20, who investigat-

Figure 3. The ability to distinguish between low mortality risk (GAP stage I) and high risk of mortality (GAP stage II and
III) was tested in HRCT with a ROC curve. A, VSQ score, Method-1, Method-2, MLA-3 analysis. B, SKEW-2, KURT-3 vs.
Method-4 analysis. ROC analysis showed that the best parameter was the VSQ score and the area under the curve (AUC) was
0.997 (95% CI, 0.98.9-1) and the best QCT parameter was Method-4 (AUC 0.80, [95% CI] 0.654-0.946).
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Table VI. Diagnostic performances of VSQ score and QCT parameters according to ROC analysis for clinical prediction of low
and high-risk mortality compared to the GAP model.
AUC (95% CI)
VSQS
Method-1
Method-2
MLA-3
SKEW-3
KURT-3
Method-4

Sensitivity (95% CI)

99.7 (98.9-100)
71.2 (54.4-88)
68.5 (51.4-85.6)
68.5 (51.2-85.8)
76 (60.7-91.5)
75 (58.5-90.8)
80 (65.4-94.6)

Specificity (95% CI)

96
100
64	  80
72	  68
72	  60
73	  76
73	  76
73	  80

Cut-Off
≥ 17.5
≥ 31.83%
≥ 11.74
≥ -750
≤ 1.118
≤ 0.62
≥ 63.65%

VSQS: Visual semi-quantitative score, method-1: value of the voxels between – 200 and – 700 HU, method-2: value of the
voxels between − 260 and – 600 HU, MLA-3: mean lung attenuation value of Method-3 (value of the voxels between − 200
and – 1024 HU), method-4: value of the voxels between − 700 and – 950 HU, SKEW-3: Skewness value of Method-3, KURT-3:
Kurtosis value of Method-3, AUC: area under the curve.

ed quantitative ILD evaluations using the MLA,
skewness, and kurtosis values (Method-3) in CT
histogram analyses, reported a moderate-to-good
correlation between the quantitative values and
the FVC, DLCO, and TLC results. Similarly, in
the current study, a moderate-to-good correlation was determined between Method-3 and the
FVC, DLCO, and TLC values. Koyama et al20
did not use ILD evaluation with a visual score so
quantitative (Method-3) and visual score evaluations were not examined. Ufuk et al24 observed a
good-to-excellent correlation between the visual
score and Method-3 values in scleroderma-related
interstitial lung disease. In the current study, an
excellent correlation was determined between the
quantitative Method-3 and the VSQS (p<0.001).
Okhubo et al25 showed a good correlation between normal aerated lung percentage (value of
the voxels between -701 and -950 HU) and RFT.
However, as the study did not use semi-quantitative ILD evaluation, the relationship between
the quantitative (Method-4) and semi-quantitative evaluation could not be determined. In the
current study, an excellent negative correlation
was determined between Method-4 (value of
the voxels between -700 and -950 HU) and the
VSQS (r=-0.743, p<0.001). The small differences
observed between the current study and previous studies that have evaluated the correlation
between quantitative methods and the VSQS in
interstitial lung disease can be attributed to the
use of different visual score methods and different ILD groups.
RFTs are used in the routine follow-up of ILD
patients and are important in the evaluation of
treatment16. The DLCO and FVC are the parameters reported to be most related to quantitative
and semi-quantitative evaluations26. The DLCO
3260

is thought to be most related to the ILD severity
in HRCT, but the specificity of DLCO is low. The
FVC values in ILD patients could be affected
by muscle weakness; therefore, the FVC values
sometimes cannot be associated with the severity
of ILD in IPF patients26,27. The QCT method results were significantly correlated with the RFT
results in the current study. Therefore, when determining the disease progression and evaluating
the prognosis of patients undergoing HRCT, QCT
methods may reduce the need for RFT.
The 6MWT is a simple test and is widely used
to evaluate the functional exercise capacity in
patients with IPF28. The 6MWT results are also
affected by various factors, such as age, body
dimensions, comorbidities, and the use of additional oxygen during the test, and these must
be kept in mind when interpreting the results
of individual and serial tests29. Sanchez et al30
observed a significant correlation between the
visual score and the 6MWT (r=-0.45, p<0.01). In
the current study, a correlation at a good level was
determined between the VSQS and the 6MWT
(r=-0.641, p<0.001). Moreover, a significant correlation was observed between different QCT
parameters and the 6MWT, with Method-4 (value
of the voxels between -700 and -950 HU) having
the best correlation (r= 0.744, p<0.001).
The GAP model related to clinical and physiological parameters can be used in the determination of mortality associated with IPF. The GAP
model is a clinical estimation tool that estimates
prognosis in IPF patients12. Ley et al31, in their
study on patients with IPF, stated that the extension of fibrosis is associated with the mortality risk
and it can be added to the GAP model of quantitative CT scoring. Nakagawa et al32 reported that
the FVC% of the honeycomb pattern area (HA)
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in the HRCT test was significantly related to the
GAP model. In the same study, the authors stated
that the HA derived from quantitative CT could be
an independent significant predictor of mortality
in patients with IPF with a definite UIP pattern.
Torrisi et al33 evaluated survival with HRCT parameters in patients with IPF and concluded that
the high-density area percentage was statistically
significant in the prediction of mortality. Ohkubo
et al25 reported that the measurement of normal
aerated lung (NL) percentage (value of the voxels
between -701 and -950 HU) with threshold-based
CT analysis could be useful in evaluating IPF
grading. In the same study, a NL% cut-off value
of 66.0% was evaluated with 87% sensitivity and
75% specificity in the differentiation of GAP stage
II and III. Similarly, in the current study, the cutoff value of Method-4 (value of the voxels between
-700 and -950 HU) of ≥63.65% in the prediction
of low-risk mortality (GAP stage I) had 73% sensitivity, 80% specificity, and AUC of 0.80 (95%
CI, 0.654-0.946). The accuracy of the parameters
derived from CT histograms and different QCT
methods can be considered not to have been sufficiently tested in the evaluation of the survival of
patients with IPF. Unlike previous studies, different VSQS16 and different QCT methods were used
in the current study. In the differentiation of lowrisk and high-risk mortality in this study, VSQS
showed the best performance, with a cut-off value
of ≥17.5 at 96% sensitivity, 100% specificity and
AUC of 0.997 (95% CI, 0.98-1).
This study had some limitations. Primarily, it
was retrospective, and the study population was
relatively small. Nevertheless, to the best of our
knowledge, this is the first study to have evaluated
the relationship between different QCT methods
and the GAP model in patients with IPF. Another
limitation was that the mortality rate of patients
during follow-up was not known. However, the
effect of quantitative and semi-quantitative evaluation results has been clearly shown in previous
studies, and the disease extent is a strong determinant of prognosis25,33,34. Therefore, the effect
of quantitative and semi-quantitative evaluations
on prognosis and mortality was examined on the
GAP model in the current study.

Conclusions
QCT methods can be used in the evaluation
of the extent of disease in patients with IPF. The
results of this study can be considered useful

in the selection of the quantitative method in
these patients. VSQS performed best in predicting mortality risk. Furthermore, method -4 of
the QCT parameters, which shows well-aerated
lungs, were deemed to have good potential for the
estimation of mortality risk.
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