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Abstract: Chronic obstructive pulmonary disease (COPD) is projected to continue to contribute to an
increase in the overall worldwide burden of disease until 2030. Therefore, an accurate assessment
of the risk of airway obstruction in patients with COPD has become vitally important. Although
the Global Initiative for Chronic Obstructive Lung Disease (GOLD), the American Thoracic Society
(ATS) and European Respiratory Society (ERS), and the Japanese Respiratory Society (JRS) provide
the criteria by which to diagnose COPD, many studies suggest that it is in fact underdiagnosed. Its
prevalence increases, while the impact of COPD-related systemic comorbidities is also increasingly
recognized in clinical aspects of COPD. Although a recent report suggests that spirometry should
not be used to screen for airflow limitation in individuals without respiratory symptoms, the early
detection of COPD in patients with no, or few, symptoms is an opportunity to provide appropriate
management based on COPD guidelines. Clinical advances have been made in pharmacothera-
peutic approaches to COPD. This article provides a current understanding of the importance of an
appropriate diagnosis in the real-world management of COPD.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is projected to continue to contribute
to an increase in the worldwide burden of disease until 2030 [1]. Therefore, an accurate
assessment of the risk of airway obstruction in patients with COPD has become vitally
important. The Global Initiative for Chronic Obstructive Lung Disease (GOLD), the Amer-
ican Thoracic Society (ATS) and European Respiratory Society (ERS), and the Japanese
Respiratory Society (JRS) all provide criteria with which to diagnose COPD [2–4]. Al-
though the clinical guideline, an official statement of the American College of Physicians
(ACP), American College of Chest Physicians (ACCP), ATS, and ERS, does not recommend
the evaluation of airflow limitations by respiratory function testing in patients without
respiratory symptoms [2], many studies suggest that COPD is under-diagnosed.

Smoking exposure also causes several systemic comorbidities in COPD patients [5].
Although severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the virus respon-
sible for the coronavirus disease 2019 (COVID-19) pandemic, has infected over 100.0 mil-
lion people around the world and caused more than over 2.2 million deaths [6], there is
mounting evidence that COPD may be a risk factor for more severe COVID-19 disease [7].
Furthermore, the coexistence of several comorbidities hinders efforts to illuminate the
pathogenesis of COPD and the heterogeneity of disease progression. Mounting evidence
suggests that the heterogeneity of disease progression in COPD might be due to the varying
lung function trajectories [8,9].

Although, there are many critical issues for COPD-related outcomes in the real-world
clinical settings, understanding whether insufficient management arising from undiag-
nosed COPD might affect the outcomes related to COPD has not been concisely reviewed,
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including COPD management (acute exacerbation, hospitalization, and mortality), devel-
opment of systemic comorbidities (cardiovascular diseases and frailty), the coronavirus
disease 2019 (COVID-19) pandemic, and postoperative management of resected lung cancer
patients [10,11].

This article provides the current understanding of appropriate diagnosis in the real-
world management of COPD.

2. Method

The aim of this study was to evaluate the clinical issues in undiagnosed COPD pa-
tients. PubMed was searched for population-based estimates published during the period
1980–2020. The search terms included “chronic obstructive pulmonary disease” and ei-
ther “undiagnosis”, “emphysema”, “lower limit of normal”, “prevalence”, “exacerbation”,
“systemic diseases”, “comorbidity”, “coronavirus disease 2019”, “post-operative compli-
cation”, or “mortality”. Articles were included if they: (1) Provided the total population
for evaluating the clinical issues in undiagnosed COPD patients; and (2) gave sufficient
method details to evaluate the outcomes using the criteria defined by the investigators.
Studies that might not provide any conclusion on the issues were excluded. From the
436 studies, which the initial search identified, 61 articles were selected to achieve our aim
for this review.

3. Results
3.1. Prevalence of COPD

World-wide cohort studies suggest that the prevalence of COPD is estimated to be
about 10% to 14% [12,13]. Under the Japanese Industrial Safety and Health Act, a chest
X-ray examination is included in a legal medical examination. It aids the early detection
of lung cancer, as a lung cancer screening method. An evaluation of airflow limitation by
spirometry examination is optional in statutory medical examinations in Japan. For the
early detection of COPD, some studies evaluated airflow limitation by spirometry among
subjects aged 40 years or older who had participated in community-based annual health
checks in Japan [14,15]. The prevalence of COPD in adults, aged 40 and over, is estimated
to be around 10% in Japan.

Although the prevalence of lung cancer is estimated to be about 3 % in COPD pa-
tients [16], the coexistence rate of COPD was more than 40% in resected lung cancer
patients [17]. A therapeutic option, other than surgery, such as chemotherapy and/or
radiation, might be selected for the older lung cancer patients with COPD [17–19]. To
determine the substantial prevalence of COPD among Asian patients with newly diagnosed
lung cancer who were sequentially registered, spirometry was performed when applying
bronchoscopy for lung cancer diagnosis. The coexistence rate of COPD was 54.4% among
270 new lung cancer cases that underwent bronchoscopy, and 84.4% were diagnosed with
COPD for the first time [20]. In the study population, 61.3% of men had COPD, but only
35.2% of women had COPD. In addition, 95.5% of men had a history of smoking, whereas
67.6% of women were non-smokers. The percentage of non-smokers among women with
lung cancer was only 10.5% in a study by Loganathan et al. [21]. The discrepancy might
be due to difference in smoking habits in each country. As the severity of airflow limi-
tation was evaluated in these patients with COPD, the proportion of grade 1 (mild) and
grade 2 (moderate) in the GOLD classification was more than 90 % of COPD cases. [20].
When the association between airflow limitation and thin-section computed tomography
(TSCT)-determined emphysema was evaluated, 38.8% of subjects with airflow limitation
were found to have TSCT-determined emphysema. Airflow limitation was observed in
68.1% of subjects with TSCT-determined emphysema [22]. It was also reported that the
use of deep residual networks on chest CT scans for ex-smokers, and current smokers who
underwent lung cancer screening, was an effective case-finding method in detecting and
diagnosing COPD [23].
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3.2. Clinical Significance of COPD Diagnosis
3.2.1. Management of COPD and Its Exacerbations

The Evaluation of COPD Longitudinally to identify the Predictive Surrogate End-
points (ECLIPSE) study shows that a COPD acute exacerbation event can itself predict
the next COPD acute exacerbation event in a COPD acute exacerbation risk assessment
in patients with COPD GOLD grade 2 or higher [24]. Nevertheless, more than 75% of
individuals with COPD, who have been symptomatic for at least five years, are not diag-
nosed [25]. Although more than 50% of Asian patients with newly diagnosed lung cancer
had COPD, only 8.5% of the total study population had been diagnosed and managed as
having COPD [20]. This finding is compatible with a retrospective analysis of a clinical
cohort in the United Kingdom, which showed that of the COPD patients who had received
a chest radiography in the two years before COPD diagnosis, only 33% had spirometry [26].

3.2.2. COPD and Systemic Diseases

Smoking is strongly associated with the development of chronic lung inflamma-
tion and systemic inflammation via the inflammatory mediators derived from smoking-
stimulated lung tissue [5]. A recent study reported that people with accelerated FEV1
decline were at greater risk of cardiovascular disease, compared to those without acceler-
ated decline over a more than 15-years [27]. Another study suggested that frequency of
COPD exacerbation and increasing dyspnea, not a decline in FEV1, might be associated
with increasing cardiac events [28]. Frailty is defined as a progressive physiological decline
in multiple organ systems marked by loss of function, loss of physiological reserve, and
increased vulnerability to disease [29]. Many chronic diseases are associated with frailty
and functional decline in older people [30]. The prevalence of frailty might be assumed to
be 6–10% in elderly patients with COPD [31,32]. More than 20% of frail elderly subjects
with dyspnea might be detected using a near-home screening strategy [33]. Kennedy, et al.
demonstrated that frail COPD participants reported significantly worse disease-specific
symptoms and the overall quality of life [32]. Furthermore, frailty triggered by worsening
of COPD might decrease the time to first hospitalization and an increased the duration of
hospitalization [32]. A further understanding of how the COPD frailty phenotype can be
modified or treated is warranted.

3.2.3. The Effect of COPD on the Severity and Mortality of COVID-19

For cohorts in China, America, and Italy reporting on hospitalized COVID-19 patients,
the prevalence of COPD has ranged from zero to 15% [7,34]. Comparing its severity among
COPD patients, the risk of development of severe COVID-19 disease might be relatively
lower than the risk among asthma patients, possibly due to the use of inhaler corticosteroid
(ICS) [35]. Nevertheless, a recent observational study did not support the hypothesis
that regular ICS use might protect against COVID-19-related death among people with
asthma or COPD [36]. A decrease in physical activity might be strongly associated with
mortality in COPD patients [37]. The extensive social distancing policies and restrictions
brought about by the COVID-19 pandemic often makes it difficult for individuals to visit
with their physicians, resulting in fewer opportunities to receive pulmonary rehabilitation
programs [34].

3.2.4. The Effect of COPD Co-Existence in Resected Lung Cancer

Most COPD patients with resected lung cancer show no or few COPD-related symp-
toms, due to mild airflow limitation [20]. Nevertheless, COPD patients with an FEV1/
forced vital capacity (FVC) ratio below 0.70 had a prolonged postoperative stay, and a
greater need of prolonged oxygen therapy, than patients without COPD [17,38]. Although
clinical guidelines recommend spirometric assessment to evaluate the optimum selection
of surgical procedures, in view of the risks of mortality and post-operative complica-
tions [11,18], better risk stratification for post-operative outcomes in patients, with COPD
undergoing thoracic surgery, has not been fully determined. An FEV1/FVC ratio below
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the lower fifth percentile of a large healthy reference group (that is, the statistically defined
lower limit of normal [LLN]) is used to classify airflow obstruction [39,40]. Studies have
not evaluated whether an FEV1/FVC ratio below 0.70 but above the LLN (an “inbetween”
group) could identify patients at risk of adverse COPD-related clinical outcomes had not
been fully evaluated (Figure 1) [41,42]. When the combined assessment of the 0.70 fixed
ratio and the LLN of the FEV1/FVC ratio was used for risk stratification, the in-between
group classified by a FEV1/FVC ratio below 0.70, but above the LLN included patients with
mild cases of COPD patients. The LLN assessment of the FEV1/FVC ratio might provide
more accurate risk stratification in COPD patients undergoing thoracic surgery [41]. In this
study, the LLN of FEV1 and FVC were calculated by using the reference equations of the
National Health and Nutrition Survey III (NHANESIII), due to the absences of a Japanese
reference equation to calculate the LLN of FEV1/FVC [41]. A recent study suggested that
the locally derived LLN criteria seem to be better at identifying high-risk individuals with
COPD, compared with the LLN criteria from other regions. Whereas, COPD individuals
determined by the five different LLN criteria showed similar risk of COPD exacerbations
and mortality [43]. Okada, et al. stratified the risk for postoperative outcomes in COPD
patients with resected lung cancer by using renewed Japanese spirometric reference vari-
ables [3,44]. The studies demonstrated that airflow obstruction, determined by a different
lung function reference, had a similar risk of post-operative outcomes [41,44],
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3.2.5. The Effect of COPD Coexistence in Advanced Lung Cancer Cases

High COPD coexistence rates were shown in lung cancer cases [20], but no increase
in chemotherapy-related adverse events was observed in COPD patients that underwent
chemotherapy for advanced lung cancer [19,45]. Therefore, the effect of COPD on patients
with lung cancer might depend on treatment options, such as surgery or chemotherapy.

3.3. Early COPD

In some cases, COPD develops from accelerated lung function decline. Other cases do
not achieve the expected maximally attained lung function in early adulthood, resulting in
COPD [8]. Therefore, among COPD patients, those with accelerated disease progression
should be identified. Martinez, et al. suggested that a classification to distinguish between
“early disease” and late “mild disease” was warranted, in order to aid individualized
interventions and modify progression before irreversible damage [9]. They proposed
that early COPD should be defined in individuals under 50 years of age with 10 or more
pack-years of smoking history and any of these abnormalities: (1) Early airflow limitation
(post-bronchodilator FEV1/FVC, LLN); (2) compatible CT abnormalities, and; (3) a rapid
decline in FEV1 (> 60 mL/year); that is, accelerated relative to FVC [9,46]. Based on the
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definition of early COPD [9,46], a recent study demonstrated that the operational definition
for early COPD may be effective in excluding individuals unlikely to develop clinical COPD
later in life [47]. Furthermore, COPD that develops through a normal maximally attained
FEV1 trajectory is associated with increased risks of both respiratory disease mortality and
all-cause mortality, compared with COPD that develops through a low maximally attained
FEV1 trajectory [48].

4. Discussion

In global setting, including Japan, the prevalence of COPD in adults aged 40 and over
is estimated to be around 10%. There is a discrepancy of more than 20 times between
the approximately five million individuals with COPD and 200,000 patients with COPD
undergoing pharmacotherapy [49]. Spirometry was performed to determine the substantial
prevalence of COPD among Asian patients with newly diagnosed lung cancer who were
sequentially registered. It was found that COPD is a common comorbidity in elderly people
with a smoking history [26,46,50].

Many studies point out that undiagnosed COPD patients often visit primary care
for COPD-related respiratory symptoms, such as dyspnea, cough, and sputum [25]. This
underlines the need for COPD management options [26,46,50]. Primary physicians might
not recognize the worsening respiratory symptoms in these undiagnosed patients as
involving COPD acute exacerbation. Efficacious COPD management might be provided
for patients at an early stage of COPD when patients with respiratory symptoms, who visit
primary care, are appropriately diagnosed with COPD by spirometry [51].

Systemic inflammation from smoking-stimulated lung tissue in COPD patients might
induce the development of heart disease, osteoporosis, metabolic syndrome, skeletal mus-
cle atrophy, frailty, and depression [5,28,30–32,52]. Nevertheless, COPD-related systemic
comorbidities, including diabetes, hypertension, and ischemic cardiac disease, might not
be associated with the development of post-operative outcomes in resected lung cancer
patients [17,38]. Therefore, post-operative outcomes should be recognized as COPD-related
outcomes, even in patients with mild cases of COPD. Although, the COPD frailty pheno-
type might affect COPD-related outcomes, such as respiratory and all-cause mortalities,
hospitalization, acute exacerbation, poor quality of life, and depression [32]. It also re-
mains undetermined whether the decreased physical activity in COPD patients, due to
the COVID-19 pandemic, could increase the incidence of the COPD-related outcomes. If
we can appropriately diagnose COPD, early detection plays a key role in improving the
prognosis of patients with COPD [53]. Further investigation is warranted.

There is growing awareness of the need to identify COPD in patients at an early
stage [50,53–57]. A recent systematic review suggests that pharmacotherapy is effective in
altering the rate of lung function decline and that the annual decline of forced expiratory
volume in one second (FEV1) modified by bronchodilators was within the decline, reported
for health status and for the exacerbation rate in the clinical trials [58]. Further research
efforts are warranted to verify the effectiveness of appropriate management of undiagnosed
COPD patients, as mounting evidence suggest early COPD with a rapid decline in FEV1
might be a suitable target for appropriate therapy [47,48].

Two issues remain elusive for providing helpful guidance to the practicing clinicians.
Firstly, when should spirometry be performed? Smoking often causes the development
of lung cancer and COPD [59,60]. A chest radiography might be examined by primary
physicians to screen for lung cancers among patients aged over 70 years and with smoking
history [20]. The timing might provide an opportunity to use spirometry tests to detect
COPD [20,25,26]. By evaluating the presence of emphysematous lesions on TSCT in indi-
viduals under 50 years of age with 10 or more pack-years of smoking history [9], diagnosing
emphysema can be an indicator for assessing airflow obstruction [61,62]. Secondly, how
should the data from spirometry be evaluated? The combined assessment of the 0.70
fixed ratio and the LLN of the FEV1/FVC ratio could identify patients at risk of adverse
COPD-related clinical outcomes in resected lung cancer patients [41,42,44]. Although adult
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smokers, suspected of having COPD, were reported to be at no increased risk of respiratory
morbidity or all-cause mortality until the ratio falls below the age-corrected LLN (even
though it is below 0.70) [40], the combined assessment of the 0.70 fixed ratio and the LLN of
the FEV1/FVC ratio might provide more accurate management in early COPD patients that
develop through a low maximally attained FEV1 trajectory [48], but also COPD patients
at an early disease stage [50,53–57]. Further research efforts are warranted for providing
helpful guidance to the practicing clinicians.

5. Conclusions

This article provides a current understanding of the unresolved issues that arise from
insufficient management of undiagnosed COPD and how they might affect the outcomes
related to COPD in the real-world clinical settings. In summary, the importance of an
appropriate diagnosis in the real-world management of COPD should be emphasized.

Author Contributions: Conceptualization, N.H.; review of the literature, N.H.; writing—review and
editing, N.H.; supervision, K.W. and K.S. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Acknowledgments: We are very appreciative to all staffs at the Department of Respiratory Medicine,
Nagoya University School of Medicine.

Conflicts of Interest: Disclosure Statement: N.H. received speaker honorariums from AstraZeneca,
Boehringer Ingelheim, Glaxo Smith Kline, and Novartis, outside the submitted work. N.H. received
a research grant from Boehringer Ingelheim, outside the submitted work.

References
1. Mathers, C.D.; Loncar, D. Projections of Global Mortality and Burden of Disease from 2002 to 2030. PLoS Med. 2006, 3, e442.

[CrossRef] [PubMed]
2. Qaseem, A.; Wilt, T.J.; Weinberger, S.E.; Hanania, N.A.; Criner, G.; Van Der Molen, T.; Marciniuk, D.D.; Denberg, T.; Schünemann,

H.; Wedzicha, W.; et al. Diagnosis and Management of Stable Chronic Obstructive Pulmonary Disease: A Clinical Practice
Guideline Update from the American College of Physicians, American College of Chest Physicians, American Thoracic Society,
and European Respiratory Society. Ann. Intern. Med. 2011, 155, 179–191. [CrossRef] [PubMed]

3. Kubota, M.; Kobayashi, H.; Quanjer, P.H.; Omori, H.; Tatsumi, K.; Kanazawa, M. Reference values for spirometry, including
vital capacity, in Japanese adults calculated with the LMS method and compared with previous values. Respir. Investig. 2014, 52,
242–250. [CrossRef]

4. Vogelmeier, C.F.; Criner, G.J.; Martinez, F.J.; Anzueto, A.; Barnes, P.J.; Bourbeau, J.; Celli, B.R.; Chen, R.; Decramer, M.; Fabbri,
L.M.; et al. Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Lung Disease 2017 Report.
GOLD Executive Summary. Am. J. Respir. Crit. Care Med. 2017, 195, 557–582. [CrossRef] [PubMed]

5. Barnes, P.J.; Celli, B.R. Systemic manifestations and comorbidities of COPD. Eur. Respir. J. 2009, 33, 1165–1185. [CrossRef] [PubMed]
6. Coronavirus Worldometer. Available online: www.worldometers.info/coronavirus/ (accessed on 19 February 2021).
7. Alqahtani, J.S.; Oyelade, T.; Aldhahir, A.M.; Alghamdi, S.M.; Almehmadi, M.; Alqahtani, A.S.; Quaderi, S.; Mandal, S.; Hurst, J.R.

Prevalence, Severity and Mortality associated with COPD and Smoking in patients with COVID-19: A Rapid Systematic Review
and Meta-Analysis. PLoS ONE 2020, 15, e0233147. [CrossRef] [PubMed]

8. Lange, P.; Celli, B.R.; Agustí, A.; Jensen, G.B.; Divo, M.; Faner, R.; Guerra, S.; Marott, J.L.; Martinez, F.D.; Martinez-Camblor,
P.; et al. Lung-Function Trajectories Leading to Chronic Obstructive Pulmonary Disease. N. Engl. J. Med. 2015, 373, 111–122.
[CrossRef] [PubMed]

9. Martinez, F.J.; Han, M.K.; Allinson, J.P.; Barr, R.G.; Boucher, R.C.; Calverley, P.M.A.; Celli, B.R.; Christenson, S.A.; Crystal, R.G.;
Fagerås, M.; et al. At the Root: Defining and Halting Progression of Early Chronic Obstructive Pulmonary Disease. Am. J. Respir.
Crit. Care Med. 2018, 197, 1540–1551. [CrossRef]

10. Turner, M.C.; Chen, Y.; Krewski, D.; Calle, E.E.; Thun, M.J. Chronic Obstructive Pulmonary Disease Is Associated with Lung
Cancer Mortality in a Prospective Study of Never Smokers. Am. J. Respir. Crit. Care Med. 2007, 176, 285–290. [CrossRef] [PubMed]

11. Raviv, S.; Hawkins, K.A.; DeCamp, M.M., Jr.; Kalhan, R. Lung cancer in chronic obstructive pulmonary disease: Enhancing
surgical options and outcomes. Am. J. Respir. Crit. Care Med. 2011, 183, 1138–1146. [CrossRef] [PubMed]

12. Buist, A.S.; McBurnie, M.A.; Vollmer, W.M.; Gillespie, S.; Burney, P.; Mannino, D.M.; Menezes, A.M.; Sullivan, S.D.; Lee, T.A.;
Weiss, K.B.; et al. International variation in the prevalence of COPD (The BOLD Study): A population-based prevalence study.
Lancet 2007, 370, 741–750. [CrossRef]

http://doi.org/10.1371/journal.pmed.0030442
http://www.ncbi.nlm.nih.gov/pubmed/17132052
http://doi.org/10.7326/0003-4819-155-3-201108020-00008
http://www.ncbi.nlm.nih.gov/pubmed/21810710
http://doi.org/10.1016/j.resinv.2014.03.003
http://doi.org/10.1164/rccm.201701-0218PP
http://www.ncbi.nlm.nih.gov/pubmed/28128970
http://doi.org/10.1183/09031936.00128008
http://www.ncbi.nlm.nih.gov/pubmed/19407051
www.worldometers.info/coronavirus/
http://doi.org/10.1371/journal.pone.0233147
http://www.ncbi.nlm.nih.gov/pubmed/32392262
http://doi.org/10.1056/NEJMoa1411532
http://www.ncbi.nlm.nih.gov/pubmed/26154786
http://doi.org/10.1164/rccm.201710-2028PP
http://doi.org/10.1164/rccm.200612-1792OC
http://www.ncbi.nlm.nih.gov/pubmed/17478615
http://doi.org/10.1164/rccm.201008-1274CI
http://www.ncbi.nlm.nih.gov/pubmed/21177883
http://doi.org/10.1016/S0140-6736(07)61377-4


Diagnostics 2021, 11, 618 7 of 9

13. Fang, L.; Gao, P.; Bao, H.; Tang, X.; Wang, B.; Feng, Y.; Cong, S.; Juan, J.; Fan, J.; Lu, K.; et al. Chronic obstructive pulmonary
disease in China: A nationwide prevalence study. Lancet Respir. Med. 2018, 6, 421–430. [CrossRef]

14. Osaka, D.; Shibata, Y.; Abe, S.; Inoue, S.; Tokairin, Y.; Igarashi, A.; Yamauchi, K.; Kimura, T.; Sato, M.; Kishi, H.; et al. Relationship
between Habit of Cigarette Smoking and Airflow Limitation in Healthy Japanese Individuals: The Takahata Study. Intern. Med.
2010, 49, 1489–1499. [CrossRef] [PubMed]

15. Sekine, Y.; Yanagibori, R.; Suzuki, K.; Sugiyama, S.; Yamaji, H.; Ishibashi, M.; Fujisawa, T. Surveillance of chronic obstructive
pulmonary disease in high-risk individuals by using regional lung cancer mass screening. Int. J. Chronic Obstr. Pulm. Dis. 2014, 9,
647–656. [CrossRef]

16. Butler, S.J.; Li, L.S.K.; Ellerton, L.; Gershon, A.S.; Goldstein, R.S.; Brooks, D. Prevalence of comorbidities and impact on pulmonary
rehabilitation outcomes. ERJ Open Res. 2019, 5, 00264–02019. [CrossRef] [PubMed]

17. Matsuo, M.; Hashimoto, N.; Usami, N.; Imaizumi, K.; Wakai, K.; Kawabe, T.; Yokoi, K.; Hasegawa, Y. Inspiratory capacity
as a preoperative assessment of patients undergoing thoracic surgery. Interact. Cardiovasc. Thorac. Surg. 2012, 14, 560–564.
[CrossRef] [PubMed]

18. Brunelli, A.; Charloux, A.; Bolliger, C.T.; Rocco, G.; Sculier, J.-P.; Varela, G.; Licker, M.; Ferguson, M.K.; Faivre-Finn, C.; Huber,
R.M.; et al. ERS/ESTS clinical guidelines on fitness for radical therapy in lung cancer patients (surgery and chemo-radiotherapy).
Eur. Respir. J. 2009, 34, 17–41. [CrossRef]

19. Omote, N.; Hashimoto, N.; Morise, M.; Sakamoto, K.; Miyazaki, S.; Ando, A.; Nakahara, Y.; Hasegawa, Y. Impact of mild to
moderate COPD on feasibility and prognosis in non-small cell lung cancer patients who received chemotherapy. Int. J. Chronic
Obstr. Pulm. Dis. 2017, 12, 3541–3547. [CrossRef]

20. Hashimoto, N.; Matsuzaki, A.; Okada, Y.; Imai, N.; Iwano, S.; Wakai, K.; Imaizumi, K.; Yokoi, K.; Hasegawa, Y. Clinical impact of
prevalence and severity of COPD on the decision-making process for therapeutic management of lung cancer patients. BMC
Pulm. Med. 2014, 14, 14. [CrossRef] [PubMed]

21. Loganathan, R.S.; Stover, D.E.; Shi, W.; Venkatraman, E. Prevalence of COPD in Women Compared to Men Around the Time of
Diagnosis of Primary Lung Cancer. Chest 2006, 129, 1305–1312. [CrossRef]

22. Hashimoto, N.; Ando, A.; Iwano, S.; Sakamoto, K.; Okachi, S.; Matsuzaki, A.; Okada, Y.; Wakai, K.; Yokoi, K.; Hasegawa, Y.
Thin-section computed tomography-determined usual interstitial pneumonia pattern affects the decision-making process for
resection in newly diagnosed lung cancer patients: A retrospective study. BMC Pulm. Med. 2018, 18, 2. [CrossRef] [PubMed]

23. Tang, L.Y.W.; Coxson, H.O.; Lam, S.; Leipsic, J.; Tam, R.C.; Sin, D.D. Towards large-scale case-finding: Training and validation
of residual networks for detection of chronic obstructive pulmonary disease using low-dose CT. Lancet Digit. Health 2020, 2,
e259–e267. [CrossRef]

24. Hurst, J.R.; Vestbo, J.; Anzueto, A.; Locantore, N.; Mullerova, H.; Tal-Singer, R.; Miller, B.; Lomas, D.A.; Agusti, A.; Macnee,
W.; et al. Susceptibility to exacerbation in chronic obstructive pulmonary disease. N. Engl. J. Med. 2010, 363, 1128–1138.
[CrossRef] [PubMed]

25. Lamprecht, B.; Soriano, J.B.; Studnicka, M.; Kaiser, B.; Vanfleteren, L.E.; Gnatiuc, L.; Burney, P.; Miravitlles, M.; García-Rio, F.;
Akbari, K.; et al. Determinants of Underdiagnosis of COPD in National and International Surveys. Chest 2015, 148, 971–985.
[CrossRef] [PubMed]

26. Jones, R.C.M.; Price, D.; Ryan, D.; Sims, E.J.; von Ziegenweidt, J.; Mascarenhas, L.; Burden, A.; Halpin, D.M.G.; Winter, R.; Hill,
S.; et al. Opportunities to diagnose chronic obstructive pulmonary disease in routine care in the UK: A retrospective study of a
clinical cohort. Lancet Respir. Med. 2014, 2, 267–276. [CrossRef]

27. Silvestre, O.M.; Nadruz, W., Jr.; Querejeta, R.G.; Claggett, B.; Solomon, S.D.; Mirabelli, M.C.; London, S.J.; Loehr, L.R.;
Shah, A.M. Declining Lung Function and Cardiovascular Risk: The ARIC Study. J. Am. Coll. Cardiol. 2018, 72, 1109–1122.
[CrossRef] [PubMed]

28. Whittaker, H.R.; Bloom, C.; Morgan, A.; Jarvis, D.; Kiddle, S.J.; Quint, J.K. Accelerated FEV1 decline and risk of cardiovascular
disease and mortality in a primary care population of COPD patients. Eur. Respir. J. 2021, 57, 2000918. [CrossRef] [PubMed]

29. Rodriguez-Mañas, L.; Fried, L.P. Frailty in the clinical scenario. Lancet 2015, 385, e7–e9. [CrossRef]
30. Bousquet, J.; Dinh-Xuan, A.T.; Similowski, T.; Malva, J.; Ankri, J.; Barbagallo, M.; Fabbri, L.; Humbert, M.; Mercier, J.; Robalo-

Cordeiro, C.; et al. Should we use gait speed in COPD, FEV1in frailty and dyspnoea in both? Eur. Respir. J. 2016, 48, 315–319.
[CrossRef] [PubMed]

31. Lahousse, L.; Ziere, G.; Verlinden, V.J.A.; Zillikens, M.C.; Uitterlinden, A.G.; Rivadeneira, F.; Tiemeier, H.; Joos, G.F.; Hofman, A.;
Ikram, M.A.; et al. Risk of Frailty in Elderly With COPD: A Population-Based Study. J. Gerontol. Ser. A Boil. Sci. Med. Sci. 2016, 71,
689–695. [CrossRef]

32. Kennedy, C.C.; Novotny, P.J.; Lebrasseur, N.K.; Wise, R.A.; Sciurba, F.C.; Benzo, R.P. Frailty and Clinical Outcomes in Chronic
Obstructive Pulmonary Disease. Ann. Am. Thorac. Soc. 2019, 16, 217–224. [CrossRef] [PubMed]

33. Bertens, L.C.; Reitsma, J.B.; Van Mourik, Y.; Lammers, J.-W.J.; Moons, K.G.; Hoes, A.W.; Rutten, F.H. COPD detected with
screening: Impact on patient management and prognosis. Eur. Respir. J. 2014, 44, 1571–1578. [CrossRef] [PubMed]

34. Leung, J.M.; Niikura, M.; Yang, C.W.T.; Sin, D.D. COVID-19 and COPD. Eur. Respir. J. 2020, 56, 2002108. [CrossRef] [PubMed]
35. Williamson, E.J.; Walker, A.J.; Bhaskaran, K.; Bacon, S.; Bates, C.; Morton, C.E.; Curtis, H.J.; Mehrkar, A.; Evans, D.; Inglesby, P.;

et al. Factors associated with COVID-19-related death using OpenSAFELY. Nature 2020, 584, 430–436. [CrossRef] [PubMed]

http://doi.org/10.1016/S2213-2600(18)30103-6
http://doi.org/10.2169/internalmedicine.49.3364
http://www.ncbi.nlm.nih.gov/pubmed/20686279
http://doi.org/10.2147/COPD.S62053
http://doi.org/10.1183/23120541.00264-2019
http://www.ncbi.nlm.nih.gov/pubmed/31832430
http://doi.org/10.1093/icvts/ivr090
http://www.ncbi.nlm.nih.gov/pubmed/22307392
http://doi.org/10.1183/09031936.00184308
http://doi.org/10.2147/COPD.S149456
http://doi.org/10.1186/1471-2466-14-14
http://www.ncbi.nlm.nih.gov/pubmed/24498965
http://doi.org/10.1378/chest.129.5.1305
http://doi.org/10.1186/s12890-017-0565-5
http://www.ncbi.nlm.nih.gov/pubmed/29304775
http://doi.org/10.1016/S2589-7500(20)30064-9
http://doi.org/10.1056/NEJMoa0909883
http://www.ncbi.nlm.nih.gov/pubmed/20843247
http://doi.org/10.1378/chest.14-2535
http://www.ncbi.nlm.nih.gov/pubmed/25950276
http://doi.org/10.1016/S2213-2600(14)70008-6
http://doi.org/10.1016/j.jacc.2018.06.049
http://www.ncbi.nlm.nih.gov/pubmed/30165982
http://doi.org/10.1183/13993003.00918-2020
http://www.ncbi.nlm.nih.gov/pubmed/32972984
http://doi.org/10.1016/S0140-6736(14)61595-6
http://doi.org/10.1183/13993003.00633-2016
http://www.ncbi.nlm.nih.gov/pubmed/27478189
http://doi.org/10.1093/gerona/glv154
http://doi.org/10.1513/AnnalsATS.201803-175OC
http://www.ncbi.nlm.nih.gov/pubmed/30433830
http://doi.org/10.1183/09031936.00074614
http://www.ncbi.nlm.nih.gov/pubmed/24925924
http://doi.org/10.1183/13993003.02108-2020
http://www.ncbi.nlm.nih.gov/pubmed/32817205
http://doi.org/10.1038/s41586-020-2521-4
http://www.ncbi.nlm.nih.gov/pubmed/32640463


Diagnostics 2021, 11, 618 8 of 9

36. Schultze, A.; Walker, A.J.; MacKenna, B.; Morton, C.E.; Bhaskaran, K.; Brown, J.P.; Rentsch, C.T.; Williamson, E.; Drysdale,
H.; Croker, R.; et al. Risk of COVID-19-related death among patients with chronic obstructive pulmonary disease or asthma
prescribed inhaled corticosteroids: An observational cohort study using the OpenSAFELY platform. Lancet Respir. Med. 2020, 8,
1106–1120. [CrossRef]

37. Waschki, B.; Kirsten, A.; Holz, O.; Muller, K.C.; Meyer, T.; Watz, H.; Magnussen, H. Physical activity is the strongest predictor of
all-cause mortality in patients with COPD: A prospective cohort study. Chest 2011, 140, 331–342. [CrossRef]

38. Sekine, Y.; Behnia, M.; Fujisawa, T. Impact of COPD on pulmonary complications and on long-term survival of patients
undergoing surgery for NSCLC. Lung Cancer 2002, 37, 95–101. [CrossRef]

39. Hankinson, J.L.; Odencrantz, J.R.; Fedan, K.B. Spirometric reference values from a sample of the general U.S. population. Am. J.
Respir. Crit. Care Med. 1999, 159, 179–187. [CrossRef] [PubMed]

40. Vaz Fragoso, C.A.; Concato, J.; McAvay, G.; Van Ness, P.H.; Rochester, C.L.; Yaggi, H.K.; Gill, T.M. The ratio of FEV1 to FVC as a
basis for establishing chronic obstructive pulmonary disease. Am. J. Respir. Crit. Care Med. 2010, 181, 446–451. [CrossRef]

41. Osuka, S.; Hashimoto, N.; Sakamoto, K.; Wakai, K.; Yokoi, K.; Hasegawa, Y. Risk stratification by the lower limit of normal
of FEV1/FVC for postoperative outcomes in patients with COPD undergoing thoracic surgery. Respir. Investig. 2015, 53,
117–123. [CrossRef]

42. Matsuzaki, A.; Hashimoto, N.; Okachi, S.; Taniguchi, T.; Kawaguchi, K.; Fukui, T.; Wakai, K.; Yokoi, K.; Hasegawa, Y. Clinical
impact of the lower limit of normal of FEV1/FVC on survival in lung cancer patients undergoing thoracic surgery. Respir. Investig.
2016, 54, 184–192. [CrossRef]

43. Çolak, Y.; Nordestgaard, B.G.; Vestbo, J.; Lange, P.; Afzal, S. Comparison of five major airflow limitation criteria to identify
high-risk individuals with COPD: A contemporary population-based cohort. Thorax 2020, 75, 944–954. [CrossRef]

44. Okada, Y.; Hashimoto, N.; Iwano, S.; Kawaguchi, K.; Fukui, T.; Sakamoto, K.; Wakai, K.; Yokoi, K.; Hasegawa, Y. 〈Editors’ Choice〉
Renewed Japanese spirometric reference variables and risk stratification for postoperative outcomes in COPD patients with
resected lung cancer. Nagoya J. Med. Sci. 2019, 81, 427–438.

45. Izquierdo, J.L.; Resano, P.; El Hachem, A.; Graziani, D.; Almonacid, C.; Sánchez, I.M. Impact of COPD in patients with lung
cancer and advanced disease treated with chemotherapy and/or tyrosine kinase inhibitors. Int. J. Chronic Obstr. Pulm. Dis. 2014,
9, 1053–1058. [CrossRef] [PubMed]

46. Ritchie, A.I.; Martinez, F.J. The Challenges of Defining Early COPD in the General Population. Am. J. Respir. Crit. Care Med. 2020.
[CrossRef] [PubMed]

47. Çolak, Y.; Afzal, S.; Nordestgaard, B.G.; Vestbo, J.; Lange, P. Prevalence, Characteristics, and Prognosis of Early Chronic
Obstructive Pulmonary Disease. The Copenhagen General Population Study. Am. J. Respir. Crit. Care Med. 2020, 201, 671–680.
[CrossRef] [PubMed]

48. Marott, J.L.; Ingebrigtsen, T.S.; Çolak, Y.; Vestbo, J.; Lange, P. Lung Function Trajectories Leading to Chronic Obstruc-
tive Pulmonary Disease as Predictors of Exacerbations and Mortality. Am. J. Respir. Crit. Care Med. 2020, 202, 210–218.
[CrossRef] [PubMed]

49. Fukuchi, Y.; Nishimura, M.; Ichinose, M.; Adachi, M.; Nagai, A.; Kuriyama, T.; Takahashi, K.; Nishimura, K.; Ishioka, S.; Aizawa,
H.; et al. COPD in Japan: The Nippon COPD Epidemiology study. Respirology 2004, 9, 458–465. [CrossRef] [PubMed]

50. Labonté, L.E.; Tan, W.C.; Li, P.Z.; Mancino, P.; Aaron, S.D.; Benedetti, A.; Chapman, K.R.; Cowie, R.; Fitzgerald, J.M.; Hernandez,
P.; et al. Undiagnosed Chronic Obstructive Pulmonary Disease Contributes to the Burden of Health Care Use. Data from the
CanCOLD Study. Am. J. Respir. Crit. Care Med. 2016, 194, 285–298. [CrossRef] [PubMed]

51. Press, V.G.; Cifu, A.S.; White, S.R. Screening for Chronic Obstructive Pulmonary Disease. JAMA 2017, 318, 1702–1703.
[CrossRef] [PubMed]

52. Rabe, K.F.; Hurst, J.R.; Suissa, S. Cardiovascular disease and COPD: Dangerous liaisons? Eur. Respir. Rev. 2018, 27, 180057.
[CrossRef] [PubMed]

53. Laucho-Contreras, M.E.; Cohen-Todd, M. Early diagnosis of COPD: Myth or a true perspective. Eur. Respir. Rev. 2020, 29,
200131. [CrossRef]

54. Zhou, Y.; Zhong, N.-S.; Li, X.; Chen, S.; Zheng, J.; Zhao, D.; Yao, W.; Zhi, R.; Wei, L.; He, B.; et al. Tiotropium in Early-Stage
Chronic Obstructive Pulmonary Disease. N. Engl. J. Med. 2017, 377, 923–935. [CrossRef] [PubMed]

55. Di Marco, F.; Balbo, P.; de Blasio, F.; Cardaci, V.; Crimi, N.; Girbino, G.; Pelaia, G.; Pirina, P.; Roversi, P.; Santus, P.; et al. Early
management of COPD: Where are we now and where do we go from here? A Delphi consensus project. Int. J. Chronic Obstruct.
Pulm. Dis. 2019, 14, 353–360. [CrossRef]

56. Agusti, A.; Alcazar, B.; Cosio, B.; Echave, J.M.; Faner, R.; Izquierdo, J.L.; Marin, J.M.; Soler-Cataluña, J.J.; Celli, B. Time for a
change: Anticipating the diagnosis and treatment of COPD. Eur. Respir. J. 2020, 56, 2002104. [CrossRef] [PubMed]

57. Yawn, B.P.; Martinez, F.J. POINT: Can Screening for COPD Improve Outcomes? Yes. Chest 2020, 157, 7–9. [CrossRef]
58. Celli, B.R.; Anderson, J.A.; Cowans, N.J.; Crim, C.; Hartley, B.F.; Martinez, F.J.; Morris, A.N.; Quasny, H.; Yates, J.; Vestbo, J.; et al.

Pharmacotherapy and Lung Function Decline in Patients with Chronic Obstructive Pulmonary Disease. A Systematic Review.
Am. J. Respir. Crit. Care Med. 2021, 203, 689–698. [CrossRef]

59. Young, R.P.; Hopkins, R.J.; Christmas, T.; Black, P.N.; Metcalf, P.; Gamble, G.D. COPD prevalence is increased in lung cancer,
independent of age, sex and smoking history. Eur. Respir. J. 2009, 34, 380–386. [CrossRef] [PubMed]

60. Houghton, A.M. Mechanistic links between COPD and lung cancer. Nat. Rev. Cancer 2013, 13, 233–245. [CrossRef]

http://doi.org/10.1016/S2213-2600(20)30415-X
http://doi.org/10.1378/chest.10-2521
http://doi.org/10.1016/S0169-5002(02)00014-4
http://doi.org/10.1164/ajrccm.159.1.9712108
http://www.ncbi.nlm.nih.gov/pubmed/9872837
http://doi.org/10.1164/rccm.200909-1366OC
http://doi.org/10.1016/j.resinv.2015.01.005
http://doi.org/10.1016/j.resinv.2015.11.006
http://doi.org/10.1136/thoraxjnl-2020-214559
http://doi.org/10.2147/COPD.S68766
http://www.ncbi.nlm.nih.gov/pubmed/25336937
http://doi.org/10.1164/rccm.202011-4176ED
http://www.ncbi.nlm.nih.gov/pubmed/33271056
http://doi.org/10.1164/rccm.201908-1644OC
http://www.ncbi.nlm.nih.gov/pubmed/31770495
http://doi.org/10.1164/rccm.201911-2115OC
http://www.ncbi.nlm.nih.gov/pubmed/32289231
http://doi.org/10.1111/j.1440-1843.2004.00637.x
http://www.ncbi.nlm.nih.gov/pubmed/15612956
http://doi.org/10.1164/rccm.201509-1795OC
http://www.ncbi.nlm.nih.gov/pubmed/26836958
http://doi.org/10.1001/jama.2017.15782
http://www.ncbi.nlm.nih.gov/pubmed/29114819
http://doi.org/10.1183/16000617.0057-2018
http://www.ncbi.nlm.nih.gov/pubmed/30282634
http://doi.org/10.1183/16000617.0131-2020
http://doi.org/10.1056/NEJMoa1700228
http://www.ncbi.nlm.nih.gov/pubmed/28877027
http://doi.org/10.2147/COPD.S176662
http://doi.org/10.1183/13993003.02104-2020
http://www.ncbi.nlm.nih.gov/pubmed/32732302
http://doi.org/10.1016/j.chest.2019.05.034
http://doi.org/10.1164/rccm.202005-1854OC
http://doi.org/10.1183/09031936.00144208
http://www.ncbi.nlm.nih.gov/pubmed/19196816
http://doi.org/10.1038/nrc3477


Diagnostics 2021, 11, 618 9 of 9

61. Mets, O.M.; Buckens, C.F.M.; Zanen, P.; Isgum, I.; Van Ginneken, B.; Prokop, M.; Gietema, H.A.; Lammers, J.-W.J.; Vliegenthart, R.;
Oudkerk, M.; et al. Identification of Chronic Obstructive Pulmonary Disease in Lung Cancer Screening Computed Tomographic
Scans. JAMA 2011, 306, 1775–1781. [CrossRef] [PubMed]

62. Labaki, W.W.; Xia, M.; Murray, S.; Hatt, C.R.; Al-Abcha, A.; Ferrera, M.C.; Meldrum, C.A.; Keith, L.A.; Galbán, C.J.; Arenberg,
D.A.; et al. Quantitative Emphysema on Low-Dose CT Imaging of the Chest and Risk of Lung Cancer and Airflow Obstruction.
Chest 2020. [CrossRef] [PubMed]

http://doi.org/10.1001/jama.2011.1531
http://www.ncbi.nlm.nih.gov/pubmed/22028353
http://doi.org/10.1016/j.chest.2020.12.004
http://www.ncbi.nlm.nih.gov/pubmed/33326807

	Introduction 
	Method 
	Results 
	Prevalence of COPD 
	Clinical Significance of COPD Diagnosis 
	Management of COPD and Its Exacerbations 
	COPD and Systemic Diseases 
	The Effect of COPD on the Severity and Mortality of COVID-19 
	The Effect of COPD Co-Existence in Resected Lung Cancer 
	The Effect of COPD Coexistence in Advanced Lung Cancer Cases 

	Early COPD 

	Discussion 
	Conclusions 
	References

