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Abstract: Chronic obstructive pulmonary disease (COPD) has become one of the major
public health problems worldwide due to its high morbidity and mortality. Up until now,
COPD is still under-diagnosed and under-treated, especially for mild or moderate patients. It
is widely accepted that the majority of patients with COPD are in the early stages, yet this
subpopulation is underestimated. In recent years, growing evidence indicates that substantial
physiological and clinical abnormalities exist in patients with mild COPD compared with
healthy controls. Furthermore, recent studies suggest that pharmacologic intervention in early
COPD has the potential to alter clinical outcomes. The main objective of this review is to
summarize recent research regarding the heterogeneous pathophysiology, clinical features,
and treatment of mild and moderate COPD. We also discuss promising markers of disease
progression, which may contribute to the development of precision medicine in early COPD.
Keywords: chronic obstructive pulmonary disease, airflow limitation, early intervention,

precision medicine

Introduction

Chronic obstructive pulmonary disease (COPD) is a preventable and treatable
disease characterized by persistent and progressive airflow limitation. COPD is
a leading cause of death in the world,' with high and increasing prevalence both
globally and regionally. Based on large-scale epidemiological studies, the number
of COPD cases was estimated to be 384 million in 2010, with a global prevalence
of 11.7%.> The COPD burden is projected to increase worldwide in the years to
come, owing to both the continuous exposure to COPD risk factors and aging of the
population.’

Although national and international guidelines for COPD are available, COPD
patients, especially mild and moderate patients, are substantially under-diagnosed
and under-treated all around the world.*”” Considering the fact that the proportion
of mild and moderate COPD patients is very large,*® early diagnosis and inter-
vention, which would prevent and slow disease progression, is as crucial as in other
chronic diseases.

This review focuses on three major aspects in mild or moderate COPD: 1)
the existence of abundant physiological, spirometric, imaging, and clinical
abnormalities; 2) the potential benefits of early diagnosis and intervention;
and 3) the distinct patient subgroups, which may be suited for regular phar-
macological intervention.
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Definition of early COPD

The spirometric definition of COPD is the presence of
a post-bronchodilator forced expiratory volume in
1 second (FEV)/forced vital capacity (FVC) ratio<0.7.'°
However, when the spirometric definition of COPD is
based on a fixed ratio, it tends to be overdiagnosed com-
pared with the lower limit of normal criterion, especially
in the elderly."""'* In a population-based cohort study, the
prevalence of fixed ratio-defined COPD was higher than
that of lower limit of normal-defined COPD and this
difference was more pronounced with age.'' For this
review, we define mild COPD as COPD with mild airflow
limitation (Global Initiative for Chronic Obstructive Lung
Disease (GOLD) stage 1, FEV>80% predicted) and mod-
erate COPD as COPD with moderate airflow limitation
(GOLD stage 2, FEV>50% and <80% predicted).
Currently, there is no precise definition of early COPD
which refers to mild and moderate COPD in this review.

Pathophysiology

Spirometry is an important diagnosis and classification
method based on the severity of airflow limitation in
COPD patients. However, spirometric measures of airflow
limitation do not perfectly reflect the complex pathologic
and physiological disturbances of mild COPD.

The small airways (<2 mm in diameter) are known as
the major sites of airway obstruction in COPD."? It has
been demonstrated that pathologic abnormalities in the
small airways, which include a thickening of the airway
wall, infiltration of inflammatory immune cells into the
wall tissue, and occlusion of the small airway lumen by
inflammatory mucous exudates, are the major reasons for
airway obstruction in COPD patients with mild airflow
limitation.'* Deesomchok et al'> observed that the residual
volume, functional residual capacity, and total lung capa-
city were significantly higher than the predicted values in
GOLD stage 1, which demonstrated the existence of lung
hyperinflation. The presence of an increased residual
volume illustrated increased air trapping because of
enhanced airway closure during full expiration.'?

Previous studies showed that a reduction in the lung-
diffusing capacity for carbon monoxide (DLCO) was
found in the majority of COPD patients with mild airflow

15718 Furthermore,

limitation compared with controls.
approximately 20% of the GOLD stage 1 subgroup had
DLCO<70% of that predicted, which may suggest that the

1 .
surface area of gas exchange was abnormal.'” There is

increasing evidence that ventilation—perfusion mismatch
and an elevated alveolar—arterial oxygen tension gradient
emerge in patients with mild COPD.'®' In the study by
Rodriguez-Roisin et al,'® the alveolar—arterial oxygen ten-
sion gradient and ventilation—perfusion imbalance were
clearly abnormal in GOLD stage 1, but the changes
throughout GOLD stages 1-4 were modest, suggesting
that perfusion heterogeneity played a greater role than
airflow limitation in the early stage of COPD
development.

Significant abnormalities in the pulmonary microvas-
cular blood flow have also been identified in mild
COPD.? Similarly, the data from the MESA COPD
Study indicated that pulmonary microvascular blood flow
decreased in mild COPD in both emphysematous and
nonemphysematous lung regions, which may demonstrate
an explicit pathological progression procedure from small
airway disease.”'

It is worth noting that smokers who do not meet spiro-
metric criteria for COPD report respiratory symptoms
(cough, sputum production). This subpopulation has pre-
viously been defined as GOLD stage 0 “at risk” for
COPD,” of which 42% had radiological evidence of
emphysema or airway disease.””> Meanwhile, extensive
small airway inflammation has been described in smokers
at risk for COPD, showing increased airway infiltration of
polymorphonuclear neutrophils, eosinophils, macrophages,
CD4 cells, CD8 cells, and B cells. Moreover, there was no
significant difference in the extent of airway inflammation

between smokers at risk for COPD and mild COPD.'#

Lung function

Although the landmark study by Fletcher and Peto sug-
gested that the rate of decline in FEV; accelerated with
increasing COPD severity,”* recent studies showed that the
annual FEV; decline in patients with COPD in GOLD
stage 2 was greater than those in GOLD stages 3 and
43727 Tantucci and Modina® reported that in large
COPD populations the mean decline rate of FEV; in
GOLD stage 2 was between 47 and 79 mL/year, while
the counterpart number in GOLD stages 3 and 4 was
between 56 and 59 mL/year and lower than 35 mlL/year,
respectively. Unfortunately, this project did not report suf-
ficient data on the FEV, decline for GOLD stage 1.
However, Bhatt et al’® demonstrated that the rate of
FEV; decline was greatest in mild COPD in a population
of current and former smokers. Those with GOLD stage 1
had the most rapid rate of FEV, decline of 53.8 (5§7.1) mL/
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year compared to 45.6 (61.1) mL/year, 31.6 (43.6) mL/
year, and 5.1 (35.8) mL/year for GOLD stages 24,
respectively, showing progressively slower rates of decline
with increasing GOLD stages (mean (SD) of the corre-
sponding index).®

Hence, the decline in pulmonary function, assessed as
expiratory airflow reduction, seems to occur predomi-
nantly in the early course of the disease. To postpone the
progression of the disease, intervention in the early stages
of COPD may be beneficial to patients.

Patients with COPD are generally not homogeneous. In
the majority of patients, the course of COPD is usually
progressive, as lung function deteriorates over time simul-
taneously with age-related decline in FEV,.2* Contrary to
previous reports, the 3-year ECLIPSE study found that the
rate of decline in FEV, was highly variable in COPD
patients, and in more than half of the patients, the rate of
decline in FEV; was no higher than that which has been
observed in the healthy control group. These results indi-
cated that COPD was not invariably progressive.?’
Similarly, another large longitudinal cohort demonstrated
that an accelerated decline in FEV; was not an essential
characteristic of COPD.*

Imaging

Computed tomography (CT) of the chest is a standard
method of evaluation for patients with COPD. It can also
identify a broad range of structural abnormalities including
emphysema, airway wall thickening, and gas trapping in
mild COPD.?*° In the COPDGene study, 68% of GOLD
stage 1 patients indicated definite emphysema and 67%
airway thickening by means of quantitative CT-scan
analysis.”® Multidetector CT identified that the number of
airways of diameter 2.0-2.5 mm was reduced in patients
with GOLD stage 1 disease compared with control sam-
ples (P=0.001)."

Clinical

The clinical manifestations of early COPD are variable.*”
The common symptoms include exertional dyspnea, exer-
cise limitation, chronic cough, and chronic sputum
production.” The symptoms are usually minor in patients
with mild and moderate COPD, which may be ignored or
regarded as the consequences of smoking and aging by both
patients and physicians. This may also explain why patients
do not seek medical advice until the disease is more
advanced. There is evidence from several studies indicating

that a significant proportion of patients with mild and

moderate COPD suffer from activity-related dyspnea and
exercise intolerance.**~** The above symptoms during exer-
cise were linked to increased ventilatory inefficiency and
dynamic gas trapping with the progression of the
disease.'®* In addition, skeletal muscle dysfunction also
impaired physical activity levels and reduced exercise toler-
ance in patients with mild COPD.***” However, another
group of patients with early COPD, especially those with
GOLD stage 1, present no symptoms. Symptomatic patients
with mild airflow limitation had a faster decline in FEV,,
more respiratory care utilization, and lower quality of life
than the healthy control group. Contrarily, asymptomatic
patients with mild airflow limitation were similar to the
healthy control group regarding FEV, decline, respiratory
care utilization, or quality of life scores.*®

Although COPD exacerbations occur more frequently
in patients with more severe disease, they can be recurrent
in milder COPD. In a prospective study, patients with
FEV;<50% experienced 3.2 exacerbations per year com-
pared to 2.3 exacerbations per year in patients with FEV,
>50%. Moreover, 70% of patients with mild and moderate
COPD (FEV>50% predicted) reported that the frequency
of exacerbation was at least once a year.*” In fact, a high
incidence of unreported exacerbations was found in
patients with COPD, particularly those with mild airflow
limitation.*** Unreported exacerbations may not be ser-
ious, but still have an important impact on health status.*’

The major COPD-related comorbidities include cardi-
ovascular disease, diabetes, osteoporosis, depression, anxi-
ety, skeletal muscle dysfunction, and lung cancer.*’*
Comorbidities occur in the more advanced stages of the
disease (GOLD stage 3 and 4), but can also be present at
the early stages of the disease (GOLD stage 1 and 2).°% In
a long-term longitudinal study, the data showed that the
incidence density of lung cancer was greater in patients
with milder airflow obstruction than those with more
severe airflow obstruction at baseline. Moreover, GOLD
stages 1 and 2 were independent risk factors associated
with the development of lung cancer.*” Omachi et al*’
found that patients with mild COPD were at higher risk
of depressive symptoms than healthy controls (26.5% ver-
sus 5.6%, P<0.001). Comorbidities not only contribute to
excess morbidity and mortality, but also influence health
outcomes in COPD.

Treatment
Based on the vast evidence of physiological abnormalities
and spirometric, imaging, and clinical features, early
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diagnosis and early intervention in patients with mild and
moderate COPD may have beneficial effects on disease
progression and clinical outcomes.

Smoking cessation is the most effective intervention
COPD
progression.***> In the Lung Health Study, the results

for  preventing and slowing  disease
showed that the annual rate of decline in FEV; among
those who quit smoking was only half of the counterpart
value for those who continued smoking (31 mL/year
versus 62 mL/year) over 4 years in smokers with mild-
to-moderate COPD.*> Moreover, pulmonary rehabilita-
tion is an effective nonpharmacological intervention for
all stages of COPD patients including exercise training,
education, and behavior change.*® A systematic review
suggested that pulmonary rehabilitation programs signif-
icantly improved exercise capacity and health-related
quality of life in patients with mild COPD."
Therefore, patients with mild COPD can also benefit
from pulmonary rehabilitation.

In addition, pharmacological treatment plays a key
role in the intervention for patients with COPD. Major
therapeutic efforts and clinical trials have been focused
on the severe stages of the disease. However, there is
increasing evidence supporting the benefits of regular
pharmacological treatment in early COPD. Recent stu-
dies suggest that the use of long-acting anticholinergic
bronchodilator therapies in mild and moderate COPD
patients can reduce the risk and severity of exacerba-
health

progression.***’ In a prespecified subgroup analysis

tions, improve status, and slow disease
of the UPLIFT trial, tiotropium resulted in a lower
decline rate of post-bronchodilator FEV, than placebo
(43 mL/year versus 49 mL/year, P=0.024). It also
improved health-related quality of life and reduced
the risk of exacerbations compared with placebo in
patients with GOLD stage 2 disease.*® Recently, in
another randomized, double-blind, placebo-controlled
clinical trial in patients with COPD of GOLD stages
1 or 2, Zhou et al*’ demonstrated that tiotropium sig-
nificantly increased FEV; at 24 months and reduced
the annual decline in the post-bronchodilator FEV;
(29+5 mL/year versus 51+6 mL/year, P=0.006) com-
pared with placebo. Moreover, tiotropium reduced the
of COPD and

improved the life quality of COPD patients compared

frequency of acute exacerbations

with placebo. Currently, there is limited evidence that
regular treatment benefits patients with mild COPD
and further research is needed. It is of significance to

explore treatment effects in specific subgroups, by
stratifying patients on the basis of clinical, spirometric,
or imaging features.

Precision medicine in early COPD
Due to the fact that patients have different progression
rates in terms of lung function decline, it is worthwhile
to discuss the question of which patient subgroups are best
suited for regular pharmacological intervention in mild
and moderate COPD. It is widely accepted that the decline
in FEV, over time is the standard measurement of COPD
disease progression. Hence, repeated spirometry can be
used to recognize the progression from early to a more
severe stage of disease that requires pharmacological inter-
vention. Meanwhile, identification of the clinical, biomar-
ker, spirometric, and imaging characteristics in mild
COPD patients with progressive disease is important for
providing opportunities for early pharmacological inter-
vention. Several interesting markers associated with lung
function decline have been reported.

Chronic mucus hypersecretion (CMH), also known as
chronic bronchitis, is common among smokers and is
associated with COPD development and progression. In
the Copenhagen City Heart Study, Vestbo et al’® found
that CMH was significantly associated with FEV, decline,
especially in men. The data showed that men with CMH
lost an excess FEV, decline of 22.8 mL/year compared
with men without CMH after taking age, height, weight
change, and smoking into account. COPD exacerbations
may also play a role as markers of lung function decline.
Dransfield et al’' reported that exacerbations accelerated
FEV, decline in patients with COPD, and the effect was
prominent in GOLD stage 1 with an additional 23 mL/year
and 87 mL/year decline as a result of each exacerbation
and severe exacerbation, respectively.

In addition to FEV,, other lung function parameters
such as the DLCO, a parameter linked to alveolar
destruction and possibly small airway disease, may
serve as a predictor of lung function decline. Recent
data suggested that among smokers with normal spiro-
metry, 22% of patients in the low DLCO group (n=46,
<80% predicted) developed spirometric obstruction
(FEV:FVC <0.7); the counterpart proportion for the
normal DLCO group (n=59, ~80% predicted) was only
3%.°> However, the above findings came from smokers
with normal spirometry, and thus large-scale studies in
patients with mild COPD are required for further
confirmation.
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Noninvasive quantitative imaging has provided a novel
approach to detect both emphysematous lung destruction
and airway remodeling in the peripheral lung, which may
assist in identifying the rapid progression in early COPD.
Quantitative CT scan found that hyperinflation of the lung
was associated with a rapid annual FEV, decline in smo-
kers with normal FEV.>* In the study conducted by Bhatt
et al,”® two new CT metrics were created by parametric
response mapping (PRM), a technique that pairs inspira-
tory and expiratory CT images to define emphysema
(PRMemph) and functional small airway disease
(PRMfSAD). They found that both CT-assessed functional
small airway disease and emphysema were associated with
FEV, decline (87% versus 13% for PRMfSAD and
PRMemph in GOLD stage 1/2), and the association with
functional small airway disease had the greatest influence
in mild and moderate COPD, where the rate of FEV,
decline was the most rapid.?®

Biomarkers of disease progression in early COPD are
unclear. Club cell protein 16 (CC-16) is a protein that is
secreted predominantly in the lungs and is believed to
have an anti-inflammatory characteristic. The data from
the ECLIPSE Study reported that baseline levels of serum
CC-16 were associated with accelerated FEV, decline in
COPD patients over 3 years.”” A similar result was also
reported by the Lung Health Study.>* Therefore, serum
CC-16 may be utilized as a biomarker of disease progres-
sion. In addition to CC-16, the plasma pro-surfactant pro-
tein B (pro-SFTPB) and the soluble isoform of the
receptor for advanced glycation end products (SRAGE)
are also reported as potential biomarkers for disease
progression. >

Many attempts have been made to identify genetic
markers for predicting lung function decline. In a meta-
analysis of large-scale genome-wide association studies,
significant associations between FEV; and numerous sin-
gle nucleotide polymorphisms were observed by the
CHARGE project. These single nucleotide polymorphisms
were located around three genes, including INTSI2,
GSTCD, and NPNT, on chromosome 4q24. Carrying one
copy of an implicated reference allele resulted in a lower
FEV, than predicted at a given age. However, the role of
genetic factors in predicting disease progression remains
speculative.®’

Whether regular treatment should be considered for
patients with mild and moderate COPD may depend on
the use of an integrative approach combining these mar-
kers with established clinical parameters. Further research

is required for markers of disease progression in mild and
moderate COPD in order to transfer into clinical practice,
and contribute toward personalized medicine in early
COPD.

Conclusion

The majority of patients with COPD have mild and mod-
erate airflow limitation. There is substantial evidence that
significant physiological, spirometric, imaging, and clini-
in mild COPD.
Furthermore, recent studies regarding the rate of FEV,

cal abnormalities can be detected

decline in COPD patients demonstrate that faster disease
progression occurs in the early stage of COPD. Therefore,
early diagnosis and early intervention might be reasonable
with the aim of achieving better clinical outcomes in
COPD. Exploratory studies suggest that pharmacologic
intervention in early COPD may have beneficial effects
on ameliorating the decline in lung function so as to
improve health status. At the same time, it is well recog-
nized that COPD is a heterogeneous and complex disease
that requires sensitive markers to identify disease progres-
sion, in order to provide an opportunity for precision
medicine. Further research, including clinical trials in dis-
tinct patient subgroups, is needed to develop a more evi-
dence-based strategy of personalized intervention in early
COPD.
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