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Abstract

Background We conducted a prospective observational study to elucidate the long-term prognosis and
management of chronic obstructive pulmonary disease (COPD) in clinical practice in Japan in the mid-2010s.

Methods This prospective cohort study included 29 facilities. Data from 427 patients clinically diagnosed with COPD,
enrolled between September 2013 and April 2016, were analyzed. Interstitial pneumonia was excluded through a
central multidisciplinary discussion. Follow-up data were collected for up to 5 years after patient registration.

Results At the time of registration, 53 patients clinically diagnosed with COPD did not have airflow limitation (AFL).
In the cohort with AFL (n=374), 232 patients completed a 5-year follow-up, while 49 patients died during the 1576.6
person-years of observation. The mean age was 71.7 years with an overall 5-year survival rate of 85.4%. Stratified by %
forced expiratory volume in one second (FEV1), survival rates were 93.6% in the mild and moderate AFL group, 82.5%
in the severe AFL group, and 66.1% in the very severe AFL group. The prognosis of the subpopulation without AFL
was poor with a 5-year survival of 81.6%. This subpopulation exhibited respiratory symptoms, low vital capacity and
total lung capacity, and emphysematous changes.

Conclusions Our study presents the 5-year survival and real-world clinical practice scenario of a prospective
cohort of patients clinically diagnosed with COPD in Japan in the mid-2010s. The survival rates of our cohort

were numerically better than the Japanese cohort in the 1990s, regardless of the high median age of this cohort.
Overall, 12.4% of the patients in this cohort with no AFL at registration exhibited respiratory symptoms and distinct
spirometric patterns, and had a poor prognosis.
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Background

Chronic obstructive pulmonary disease (COPD) is the
third leading cause of death worldwide, and its inci-
dence is expected to increase [1]. The background char-
acteristics of patients with COPD can evolve over time
as a result of shifts in social structures. In particular,
aging influences prognosis. The prognosis of COPD
has improved with treatment such as long-term oxy-
gen therapy for patients with resting hypoxemia, non-
invasive ventilation, and inhaled long-acting muscarinic
antagonists (LAMAs), long-acting ,-agonists (LABAs),
and corticosteroids (ICSs) for patients with low pulmo-
nary function and frequent exacerbations [2-5]. Conse-
quently, the prognosis of COPD may change over time,
influenced by both changes in patient demographics and
advancements in therapeutic strategies. A comparison of
two independent cohorts in the 1990s and the mid-2000s
revealed that patients with severe COPD in the latter
group had a better prognosis [6, 7]. However, there are
no data on the prognosis of COPD in real-world settings
after 2010 in Japan. Currently, Japan is experiencing the
most advanced population aging worldwide, and other
countries are predicted to follow soon [8]. Therefore, the
Japanese data on COPD prognosis and management can
act as a reference for other countries with aging popula-
tions, particularly in East Asia.

The diagnosis of COPD requires a forced expiratory
volume in one second (FEV1) / forced vital capacity
(FVC)<0.7 post-bronchodilation, signifying airflow limi-
tation (AFL). However, several smokers reportedly expe-
rience respiratory symptoms without AFL. Preserved
ratio impaired spirometry (PRISm) refers to a decreased
FEV1 in patients who do not meet the definition of an
obstructive airflow pattern. Patients with PRISm report-
edly have a higher mortality than individuals with normal
lung function and even mild COPD in community-based
observational studies [9—11]. While PRISm has an esti-
mated global prevalence of approximately 10% and is
gaining recognition, it is often overlooked in real-world
practice [12]. These data highlight the importance of
focusing on populations that do not meet the COPD
criteria. In this group, which includes smokers with no
obstructive impairment, interstitial lung abnormali-
ties have been reported in 8-10% of individuals; previ-
ous reports may have included patients with interstitial
shadows on CT imaging, which are associated with poor
prognosis [13, 14].

This study analyzed data from a multi-center prospec-
tive cohort to elucidate the prognosis and treatment of
COPD in a real-world setting in the mid-2010s. We also
investigated the prognosis and clinical characteristics of

patients without AFL clinically diagnosed with COPD,
excluding those with comorbid interstitial lung disease.

Methods

Study design

This was a prospective and multi-center observational
study of patients with COPD and idiopathic interstitial
pneumonia (IIP) from 29 centers who were followed up
longitudinally for 5 years. The aim of this study was to
investigate the current state of tobacco-related lung dis-
ease (COPD and IIP) [15].

Study patients

The main inclusion criteria were age>20 years and diag-
nosis of COPD or IIP. The diagnosis of COPD was made
by clinicians based on the symptoms and clinical data
according to international guidelines [16]. However,
no exclusion criteria for pulmonary function tests were
established at enrolment and the evaluation of airway
reversibility was not mandatory. Patients (regardless of
whether newly or previously diagnosed) were sequen-
tially enrolled after a diagnosis of COPD or IIP by a
respiratory specialist at the participating facilities. The
total planned enrolment number was set at 1000 without
sample size calculations. A total of 1024 patients were
recruited between September 1, 2013, and April 30, 2016.
Of these, eight were subsequently excluded on the basis
of patient refusal (n=4), missing test results (n=2), fail-
ure to meet the inclusion criteria (#=1), or an unknown
reason (n=1). The remaining 1016 patients were enrolled
in the study. All diagnoses of the enrolled patients were
re-evaluated by a central diagnosis committee compris-
ing pulmonologists, subspecialist radiologists, and his-
topathologists. Cases with combined pulmonary fibrosis
and emphysema and interstitial lung abnormality were
classified as IIP [17]. After central diagnosis, 461 patients
were diagnosed with COPD and 543 patients were diag-
nosed with IIP [17]. Follow-up surveillance was con-
ducted annually for 5 years to evaluate exacerbation and
death. Exacerbation was defined as an increase in short-
ness of breath, cough, or sputum production, or the onset
or worsening of chest discomfort, requiring changes to
treatment during the stable phase, as determined by a cli-
nician and based on international criteria [16]. Patients
with worsening dyspnea determined by a clinician to be
due to other causes, such as bacterial pneumonia, and
not associated with a COPD exacerbation, were excluded.
The moderate to severe exacerbations of COPD were
defined as events requiring the use of systemic steroids
or antibiotics. All examinations and investigations were
performed as part of routine care for each patient at the
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physician’s discretion and no additional visits or investi-
gations were mandated for this study.

Pulmonary function tests and CT

Predicted FEV1 and VC were calculated using a refer-
ence equation reported by the Japanese Respiratory
Society (JRS) in 2001 [18]. Among participants with AFL
the severity of air flow obstruction was defined using
the predicted FEV1 value, as follows: mild and moder-
ate, FEV1>50% of predicted; severe, 30% < FEV1<50%
of predicted; very severe, FEV1<30% of predicted. The
predicted total lung capacity (TLC) and residual volume
(RV) were calculated using the JRS prediction formula
as standard values. To determine the volume of emphy-
sema, the volume of low-attenuation areas (LAA) on
5-mm collimation computed tomography (CT) scans was
calculated with a threshold of —910 Hounsfield units as
previously described [19]. Dedicated software programs
(3DSlicer; http://www.slicer.org) were used to quantify
LAA. Total lung capacity by CT (TLCct) was calculated
using inspiratory CT, and TLCct—VC was obtained as a
surrogate value for RV; the ratio of TLCct—VC to pre-
dicted RV was calculated as %RV.

Informed consent

This prospective, multi-center, observational study was
approved by the Institutional Review Board of Kyushu
University (#25-135, August 23, 2013; #555-00, August
27, 2013) and by the institutional review boards of all
participating hospitals. Written informed consent was
obtained from all patients.

1024 patients recruited between September 2013 and April 2016

Eight patients excluded

4 refused

2 missing test results

1 failure to meet inclusion criteria
1 unknown

| Registered patients (n = 1016) were reevaluated

543 lIPs
10 Other
2 Not diagnosed (no image)

| Clinically diagnosed as COPD (n = 461) |

34 cases excluded,

5 ineligible for imaging analysis
9 lobectomy

20 lack of follow up data

Analysis object (n = 427) |

Fig. 1 Flow diagram for the study. COPD, chronic obstructive pulmonary
disease
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Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

Statistical analysis

The cumulative survival rate was estimated using the
Kaplan—-Meier analysis. Hazard ratios (HR) were esti-
mated using a Cox regression model to evaluate the asso-
ciation between background characteristics and survival.
In the analysis of 374 patients with AFL, statistical com-
parisons between groups were made using the mild and
moderate AFL group as the reference group. The clinical
characteristics of the 53 patients without AFL were eval-
uated by statistical comparison with mild and moderate
AFL group. A backward stepwise method was adopted
with the significance level for removal set at 0.05 to select
a model to predict survival. Statistical significance was
set at p<0.05. All statistical analyses were performed
using the SAS version 9.4 (SAS Institute, Cary, NC, USA).
Explanatory variables that had a long right tail and were
suitable for regression on percentage change were loga-
rithmically transformed in the regression analysis.

Results

Study subjects

Between September 2013 and April 2016, 461 patients
were diagnosed with COPD by pulmonologists based
on clinical data and symptoms and were enrolled in
this study. Of these, five with inadequate imaging, nine
who underwent lobectomy, and 20 with missing follow-
up data after initial enrolment were excluded from the
analysis; finally, the data from the remaining 427 patients
were analyzed (Fig. 1). The median age of the total popu-
lation was 72 years, with 87.1% being male, 97.4% having
a history of smoking, and 99.5% presenting with more
than 5% low attenuation areas (LAAs) on CT imaging. In
total, 374 patients (87.6%) in the COPD cohort showed
AFL (defined as FEV1/FVC<70%), while 53 (12.4%) had
no AFL. The 374 patients with AFL were categorized
into three groups according to %FEV1. The numbers of
patients with mild and moderate AFL, severe AFL, and
very severe AFL were 197, 112, and 65, respectively
(Table 1).

Characteristics of the FEV1/FVC <70% population

Among the 374 patients with AFL, the most common
comorbidity was hypertension, which accounted for
40.4% of all patients. Past history of bronchial asthma
accounted for 17.4% of patients with AFL and was more
frequent in the severe AFL group. Dyspnea, assessed
using the modified Medical Research Council (mMRC)
score, was significantly higher in patients with severe and
very severe AFL (Table 1). Sputum and weight loss were
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Table 1 Baseline characteristics of participants, according to pulmonary function categories at registration
FEV1/FVC<70% (AFL) FEV1/FVC=70% Total
mild and moderate  severe verysevere  Dunnetttest* (N=53) P-valuet
(N=197) (N=112) (N=65)
Age (year.), median (IQR) 72 (67-76) 73 (67-78) 71 (65-75) 0.338/0.165 71 (65-78) 0.849 72 (66-77)
Sex, n (%)
Male 173 (87.8) 94 (83.9) 59 (90.8) 0.536/0.778 46 (86.8) 0.841 372(87.1)
Female 24(12.2) 18 (16.1) 6(9.2) 7(13.2) 55(12.9)
BMi(kg/m?), 224 22.1 19.6 0.399/ 21.7 0.052 219
median (IQR) (20.0-24.4) (19.7-240) (17.1-222) 8 <0.001 (17.8-24.2) (19.2-24.1)
Smoking 48.0 500 57.5 0.985/0.105 480 0.589 50
(pack-years), median (IQR) ¥ (30.0-80.0) (40.0-725)  (40.0-80.0) (31.0-80.0) (36.5-70)
Never, n (%) 4(2.0) 2(1.8) 2(3.1) 0.419/0.616 3(5.7) 0.174 11(2.6)
Former, n (%) 138 (70.1) 86 (76.8) 48 (73.8) 39(73.6) 72.8(72.8)
Current, n (%) 55(27.9) 24 (21.4) 15 (23.1) 11(20.8) 24.5 (24.6)
Past history of 27 (13.7) 28(25.0)% 11(16.9) 0.020/0.793 5(94) 0.409 71(16.6)
Bronchial asthma
Comorbidity, n (%)
Diabetes 27 (13.7) 12(10.7) 10 (15.4) 0.693/0.923 7(13.2) 0.925 56 (13.1)
Dyslipidaemia 33(16.8) 14 (12.5) 5(7.7) 0.498/0.127 9(17.0) 0.968 61(14.3)
Hypertension 81 (41.1) 45 (40.2) 25 (38.5) 0.982/0.909 28 (52.8) 0.127 179 (41.9)
Heart disease 35(17.8) 18(16.1) 6(9.2) 0.902/0.189 11 (20.8) 0618 70 (16.4)
GERD 13 (6.6) 9(8.0) 6(9.2) 0.860/0.726 4(7.5) 0.808 32(7.5)

FVC, Forced vital capacity; FEV1, Forced expiratory volume in one second; IQR, Interquartile range; BMI, Body mass index; GERD, Gastroesophageal reflux disease

*: Reference: mild and moderate AFL

*: Chi-square test for nominal scale variables, Wilcoxon rank sum test for continuous variables

*: Numbers of patients (mild and moderate AFL, severe AFL, very severe AFL, and FEV1/FVC>70%, respectively) were as follows: Smoking (N=196, 110, 64, 53)

§: P<0.05 with Dunnett’s test, Chi-square, or Wilcoxon rank sum test

more frequent in the very severe AFL group, and body
mass index was also lower in the very severe AFL group
(Table 2). The %VC at registration was preserved in the
mild and moderate AFL and severe AFL groups, while
it decreased in the very severe AFL group. Additionally,
RV/TLC, %RV, and LAA increased with increasing sever-
ity of AFL (Table 3). Blood test results showed no signifi-
cant differences between the groups except for the white
blood cell count (Table S1).

Regarding treatment, 86.3% of patients in the mild and
moderate AFL group, 96.4% in the severe AFL group, and
98.5% in the very severe AFL group used inhaled drugs.
The most commonly used medication were LAMAs.
ICSs were used by 37.5% patients in the mild and moder-
ate AFL group, 66.9% patients in the severe AFL group,
and 76.9% patients in the very severe AFL group. Home
oxygen therapy was used in 58.5% of the very severe AFL.
Phosphodiesterase inhibitors are not approved for use in
Japan and their usage was not recorded (Table 4).

5-year survival and exacerbation among the FEV1/

FVC <70% population

Among 374 patients with AFL, 232 completed the 5-year
follow-up while 49 died during the 1576.6 person-year
observation period (Figure S1). The 5-year survival rate
of all patients with AFL was 85.4% and specifically, 93.6%

in the mild and moderate AFL group, 82.5% in the severe
AFL group, and 66.1% in the very severe AFL group
(Fig. 2). The HR for mortality adjusted for age, sex, body
mass index (BMI), and smoking (pack-year) was 2.43
(95%CIL: 1.10-5.37) in the severe AFL group and 7.73
(95%CI: 3.51-17.02) in the very severe AFL group con-
sidering the mild and moderate AFL group as a reference
(Table S2). The prognosis of the AFL group was evaluated
based on the ADO index, which is a simple and validated
prognostic assessment established in 2009 [20]. The point
estimates for 3-year survival were better than the original
report, with 100% for those with an ADO score of 0-2
points, 98.2% for those with 3—4 points, 89.3% for those
with 5-6 points, and 63.6% for those with 7-10 points
(Figure S2 and Table S3). The most common cause of
death was respiratory disease other than lung cancer,
accounting for 46.9% of all deaths, with the frequency
increasing in the groups with lower %FEV1. Deaths asso-
ciated with lung and non-lung cancer malignancies each
accounted for 8.2% of all deaths. In contrast, cardiovas-
cular death occurred in only two cases (Table 5). A total
of 283 events were moderate to severe exacerbations.
The percentages of patients with at least one moderate
to severe exacerbation and more than two exacerbations
in five years were as follows: 8.6% and 4.0% in the mild
and moderate AFL group, 30.4% and 11.6% in the severe
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Table 2 Baseline symptom and performance status according to pulmonary function categories at registration

FEV1/FVC<70% FEV1/FVC
>70%
mild and moderate severe very severe Dunnett test* (n=53) P-valuet
(n=197) (n=112) (n=65)
mMRC score, n (%) ¥ 5 s <0001/ 0.686
<0.001
0 22 (15.1) 6 (5.8 1(1.8) 6(14.3)
1 71 (48.6) 32 (31 1) 13(22.8) 1(50.0)
2 38(26.0) 6 (35.0) 12 (21.1) 6(14.3)
3 13 (8.9) ( .5) 20 (35.1) 9(214)
4 2014) 1(10.7) 11(19.3) 0(0.0)
Symptom, n (%)
Cough 92 (46.7) 59(52.7) 39 (60.0) 0.516/0.119 34 (64.2) 0.024
Sputum 83 (42.1) 47 (42.0) 39 (60.0) § 0.999/0.023 28(52.8) 0.164
Body weight loss 5(2.5) 9(8.0) 18(27.7) % 0.150/<0.001 4(7.5) 0.098
Wheeze 1(5.6) 8(7.1) 9(13.8) 0.846/0.054 2(3.8) 1.000
Clubbed fingers 20(10.2) 11(9.8) 4(6.2) 0.993/0.552 3(5.7) 0427
PS, N (%) 5 s <0001/ 0316
<0.001
0 90 (45.7) 24 (214) 13 (20.0) 22 (41.5)
1 96 (48.7) 68 (60.7) 28(43.1) 24 (45.3)
2 0(5.1) 15(13.4) 16 (24.6) 7(13.2)
3 ( 5) 5(4.5) 7(10.8) 0(0.0)
4 0(0.0) 0(0.0) 1(1.5) 0(0.0)

FVC, Forced vital capacity; FEV1, Forced expiratory volume in one second; IQR, Interquartile range; mMRC, Modified Medical Research Council; PS, Performance

Status

*: Reference: mild and moderate AFL group

*: Chi-square test for nominal scale variables, Wilcoxon rank sum test for ordered categorical variables
*: Numbers of patients (mild and moderate AFL, severe AFL, very severe AFL, and FEV1/FVC>70%, respectively) were as follows: mMRC (N=146, 103, 57, 42)

5. P<0.05 with Dunnett’s test, Chi-square or Wilcoxon rank sum test

AFL group, and 63.1% and 35.4% in the very severe AFL
group, respectively (Table S4).

Prognostic factors for mortality of FEV1/FVC<70%
population

The predictors of mortality in patients with FEV1/
FVC<70% were examined using a simple Cox regression
analysis of baseline factors (Table S5). In multivariate
Cox regression analysis (stepwise variable selection), age,
number of comorbidities, performance status, weight
loss, C-reactive protein level, and % RV were indepen-
dently associated with mortality (Table S6).

Characteristics of patients without airflow limitation
In the present cohort, 53 patients (12.4%) had a FEV1/
FVC2>70% at the time of enrolment. This population was
also analyzed retrospectively for mortality and clinical
characteristics. The 5-year survival rate in this population
was 81.6%, which was significantly lower than that of the
mild and moderate AFL group (adjusted HR of 2.94 with
a 95% CI of 1.16—7.42) and similar to that of the severe
AFL group (Fig. 2 and Table S2).

No differences in age, sex, smoking prevalence, and
respiratory symptoms were found between patients with

an FEV1/FVC>70% and the mild and moderate AFL
group. The group with FEV1/FVC>70% had a lower VC
and TLC, and certain area of LAAs. Treatment in the
group with FEVI/FVC=70% was similar to that of the
mild and moderate AFL group, with 84.9% of patients
using an inhaler at registration (Tables 1, 2, 3 and 4). In
the group with FEV1/FVC=70%, 43.5% showed obstruc-
tive impairment after one year. Conversely, 17 out of 339
patients (5.0%) in the AFL group had an FEV1/FVC2>70%
(Table S7).

Discussion

We conducted a 5-year survival analysis of a cohort of
patients with a clinical diagnosis of COPD. Our study
demonstrated that, despite the progressively aging pop-
ulation in Japan, the prognosis of patients with COPD
has improved over time. Moreover, 12.4% of the patients
clinically diagnosed with COPD had no AFL, and their
prognosis was poorer than that of patients with mild and
moderate AFL.

This prospective study included 374 patients with AFL
at registration and elucidated the management of COPD
in clinical practice and its prognosis in Japan in the mid-
2010s. Our cohort exhibited a high prevalence of male
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FEV1/FVC<70% FEV1/FVC
>70%

mild and moderate severe very severe Dunnett test* (n=53) P-value’
(n=197) (n=112) (n=65)

LAA (%), median (IQR) 435 492 62.8 0.004/<0.001 349 0014
(33.7-53.1) (40.5-57.7) ° (55.6-69.0) ° (27.8-51.0)

TLC (L), median (IQR) 5.21 (4.43-5.89) 5.13 (4.30-5.98) 566 (5.24-6.56) ° 0.751/<0.001 468 0.006

(3.86-5.38)

9%TLC (%), median (IQR) 974 989 109 0.951/<0.001 87.5 0.001
(85.5-108.5) (88.3-109.9) (99.2-120.3) ¢ (77.6-102.2)

VC (L), median (IQR) * 340 264 213 <0.001/<0.001 3.02 <0.001
(2.85-3.88) (2.10-3.07) ° (1.88-2.60) ° (2.35-3.40)

%VC (%), median (IQR)* 100.6 80.5 65.8 <0.001/<0.001 86.8 <0.001
(89.0-111.1) (70.7-89.5) ° (55.9-75.4) ° (72.2-95.0)

FVC (L), median (IQR) 3.25 2.39 1.80 <0.001/<0.001 2.82 <0.001
(2.75-3.81) (1.98-2.95) 9 (143-2.22) % (2.12-3.19)

FEV1 (L), median (IQR) 179 1.00 061 <0.001/<0.001 2.10 (1.81-2.45) <0001
(151-2.16) (0.85-1.17) ° (0.51-0.69) °

%FEVT (%), 683 405 230 <0.001/<0.001 82.8(71.3-92.7) <0.001

median (IQR) (58.6-81.1) (35.3-45.0) ° (19.9-255) %

RV/TLC (%), 359 466 618 <0.001/<0.001 36.9 (27.0-48.0) 0.182

median (IQR) * (27.3-42.3) (41.7-55.1) % (56.9-67.8) °

%RV (%), 100.2 1327 177.9 <0.001/<0.001 108.2 0.132

median (IQR) * (76.8-119.7) (116.5-151.5) § (163.3-191.6) ® (77.5-128.9)

FVC, Forced vital capacity; FEV1, Forced expiratory volume in one second; IQR, Interquartile range; VC, Vital capacity; TLC, Total lung capacity; RV, Residual volume;
LAA, Low attenuation area

*: Reference: mild and moderate AFL group
T: Wilcoxon rank sum test

*: Numbers of patients (mild and moderate AFL, severe AFL, very severe AFL, and FEV1/FVC>70%, respectively) were as follows: VC, %VC, RV/TLC and %RV/TLC
(N=197, 111, 64, 53)

5: P<0.05 with Dunnett’s test or Wilcoxon rank sum test

Table 4 Baseline treatment of participants, according to pulmonary function categories at registration

FEV1/FVC<70% FEV1/FVC=70%
mild and moderate severe very severe Dunnett test * (n=53) P-value
(n=197) (n=112) (n=65)
Medication, n (%)
No 18 (9.1) 4(3.6) 1(1.5) 0.159/0.080 7(13.2) 0.097
Yes 179 (90.9) 108 (96.4) 64 (98.5) 46 (86.8)
Inhaler treatment <0.001/<0.001 0478
No inhaler, n (%) 27 (13.7) 4(3.6) 3(4.6) 8(15.1)
ICS, n (%) 1(0.5) 0(0.0) 1(1.5) 0(0.0)
LABA or LAMA, n (%) 58(29.4) 13(11.6) 4(6.2) 13 (24.5)
ICS+LABA or LAMA, n (%) 25(12.7) 25(22.3) 8(12.3) 11(20.8)
LABA/LAMA, n (%) 39(19.8) 22 (19.6) 8(12.3) 12 (22.6)
Treatment other than inhaler
Theophylline, n (%) 25(12.7) 26 (23.2) 31(47.7)8 0.058/<0.001 5(94) 0.393
Macrolide, n (%) 11 (5.6) 10 (8.9) 8(12.3) 0.500/0.162 3(5.7) 1.000
LTRA, n (%) 9(4.6) 19(17.0)° 10(154)° 0.001/0.020 7(13.2) 0.0504
Tulobuterol tape, n (%) 1(0.5) 3(2.7) 0(0.0) 0.147/0.921 1(1.9) 0.380
HOT, n (%) 7 (36) 20(17.9)° 38(58.5)° <0.001/<0.001 3(5.7) 0446

FVC, Forced vital capacity; FEV1, Forced expiratory volume in one second; IQR, Interquartile range; ICS, Inhaled corticosteroid; LABA, Long-acting beta-antagonist;
LAMA, Long-acting muscarinic antagonist; LTRA, Leukotriene receptor antagonist; HOT, Home oxygen therapy

*: Reference: mild and moderate AFL group
*: Chi-square test or Fisher's exact test for nominal scale variables, Wilcoxon rank sum test for ordered categorial variables and continuous variables
S. P<0.05 with Dunnett’s test, or Chi-square test
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Fig. 2 Kaplan-Meier plots of survival probability according to baseline lung function categories. FVC, forced vital capacity; FEV1, forced expiratory vol-

ume in one second

Table 5 Cause of death of participants, according to pulmonary function categories at registration

FEV1/FVC<70% FEV1/FVC Total
>70%
Cause of death mild and moderate severe very severe (n=53) (n=427)
(n=197) (n=112) (n=65)
All-cause, n (%) 1 17 21 9 58
Respiratory disease, n (%) 4(364) 7(41.2) 12(57.1) 2(222) 25(43.1)
Lung cancer, n (%) 2(18.2) 2(11.8) 0(0.0) 2(22.2) 6(10.3)
Cancer other than lung cancer, n (%) 0(0.0) 2(11.8) 2(9.5) 2(222) 6(10.3)
Non-respiratory infection, n (%) 109.0) 1(5.9 0(0.0) 1(11.1) 3(5.2)
Cardiovascular disease, n (%) 10.0) 1(5.9 0(0.0) 0(0.0) 2(34)
Others, n (%) 0(0.0) 2(11.8) 3(143) 0(0.0) 5(8.6)
Unknown, n (%) 3(27.3) 2(11.8) 4(19.0) 2(22.2) 11 (19.0)

FVC, Forced vital capacity; FEV1, Forced expiratory volume in one second

patients and low BMI, consistent with previous Japanese
reports [21-23]. Life expectancy in Japan increased from
79.6 to 83.9 years in the 20 years between 1995 and 2015,
as observed in other countries [8]. Thus, the mean age of
our cohort was 71.7 years, with approximately 20% being
over 80 years of age, representing the real-world sce-
nario in Japan, which is characterized by a super-aging
society. In the 1990s, a prospective study in Japan with a
mean age of 68.7 years reported 5-year survival rates of
approximately 90% for patients with 50 < %FEV1, 80% for
patients with 30 < %FEV1<50, and 60% for patients with
%FEV1<30 [24]. The 5-year survival rates of the severe
AFL group (82.5%) and very severe AFL groups (66.1%)
in our cohort were numerically better than the Japanese

cohort in the 1990s, regardless of the high median age,
and the survival rates evaluated using the ADO score
were also favorable. The improved prognosis of this
cohort may be attributed to advancements in treatment
and healthcare. In our study, 90.9% of patients AFL used
an inhaler and 53.2% of patients with AFL used ICS. The
high prevalence of ICS use may be attributed to the rec-
ommendations set out in the 2013 guidelines for patients
with COPD. These guidelines recommend the concur-
rent use of ICS in patients with %FEV1 below 50 or those
experiencing frequent exacerbations [16]. Furthermore,
this cohort included patients with a history of bronchial
asthma. Nonetheless, the exacerbation rate was low in
our cohort. Lower exacerbation rates have been reported
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in the Japanese population, suggesting potential ethnic
differences in exacerbation frequencies [25]. The most
common causes of death were respiratory disease, fol-
lowed by lung cancer and other malignancies, which is
consistent with to previous reports in Japan [26]. Nota-
bly, there were only two cases of cardiovascular death. In
western countries, cardiovascular deaths are reported to
account for 20-30% of total deaths [27], while in Japan,
cardiovascular deaths have been reported to be as low as
11% [26]. Racial differences may contribute to the lower
incidence of exacerbations and cardiovascular deaths in
this cohort.

In this cohort, 12.4% patients did not have AFL but
were treated as having COPD and had a poor prognosis.
In addition to respiratory-related deaths, cancer-related
deaths were also frequently observed. The majority of
this population had a history of heavy smoking, 35.7%
had dyspnea on exertion with an mMRC22, and 52.8%
had a wet cough. On examination, VC and TLCct were
low and FEV1 was preserved with a certain extent of
emphysema. At the time of registration, 86.8% of this
population underwent respiratory treatment. In the
SPIROMICS and COPDGene studies, two large longi-
tudinal observational studies, 23-50% of current and
former smokers with normal spirometry had respiratory
symptoms, and 20-42% underwent treatment interven-
tions [28, 29]. Similarly, a meta-analysis showed that
approximately one-fourth of patients treated for COPD
in primary healthcare settings did not show obstructive
impairment on spirometry [30]. Consistent with these
studies, our study highlights the presence of a population
with respiratory symptoms that clinicians treat as COPD,
even without AFL, in the real-world setting. Patient with
PRISm reportedly have a higher mortality than those
with normal lung function and even mild COPD in com-
munity-based observational studies [9-11]. However,
these studies did not exclude interstitial pneumonia. It
has been reported that approximately 8—10% of smok-
ers exhibit interstitial lung abnormalities, with a higher
prevalence observed particularly in cases without airflow
limitation [13, 14]. A unique aspect of this cohort is that
we demonstrated poor prognosis in cases clinically diag-
nosed with COPD after excluding interstitial pneumonia.
Respiratory symptoms and the extent of emphysema are
associated with poor prognosis, even in smokers without
AFL [31-34]. Populations with restrictive spirometric
patterns have higher mortality rates [31, 35, 36]. There-
fore, the poor prognosis in the FEV1/FVC>70% group
may be attributed to the considerable rate of respiratory
symptoms, imaging abnormalities, and low VC, all of
which are reportedly associated with mortality. There-
fore, our study suggests the importance of multidimen-
sional evaluation of patients with respiratory symptoms,
including pulmonary function tests and imaging.
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Some longitudinal observational studies have reported
that approximately 10% of patients with obstructive
patterns in pulmonary function tests become free of
obstructive patterns after annual follow-up [9-11].
Therefore, it is possible that some patients in the FEV1/
EVCZ=70% group in this cohort met the definition of
COPD at the time of diagnosis. Interestingly, in the one-
year follow-up of lung function, 43.5% of patients in the
FEV1/FVC=70% group exhibited obstructive impair-
ment, while 17 out of 339 cases (5.0%) in the AFL group
had an FEV1/FVC2>70%. Although it has been reported
that lung function can change over long-term observa-
tion, the significant variability observed in a short period
of time is instructive. Further investigation is needed to
determine whether individuals with phenotypes charac-
terized by fluctuations in lung function have a poor prog-
nosis [9, 10, 37].

The following limitations of this study should be
acknowledged: some of the enrolled patients were not
newly diagnosed with COPD, lung function was not
confirmed at the time of diagnosis, and the time of
diagnosis was not recorded. Airway reversibility assess-
ment, six-minute walk tests and DLCO measurements
were optional, and as a result, indices such as the BODE
index could not be calculated. Additionally, the health-
related quality oflife and physical activity were not
assessed. Moreover, only patients who provided informed
consent, and not consecutive patients, were enrolled.
Finally, despite the execution of annual protocolized
assessments, some data were missing.

Conclusions

This study presents the 5-year survival and real-world
clinical practice data of a prospective cohort of patients
clinically diagnosed with COPD in Japan in the mid-
2010s. The high survival rates in our cohort were numeri-
cally better than the Japanese cohort in the 1990s,
regardless of the high median age of the participants.
Overall, 12.4% of the patients in this cohort did not show
AFL at registration and exhibited respiratory symp-
toms and distinct spirometric patterns, and had a poor
prognosis.
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