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Abstract: Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mortality worldwide, with approxi-
mately 70% to 80% of adults with COPD being undiagnosed. Patients with undiagnosed COPD are at increased risk of poor outcomes
and a worsened quality of life, making early detection a crucial strategy to mitigate the impact of COPD and reduce the burden on
healthcare systems. In the past decade, increased interest has been focused on the development of effective strategies and instrument
for COPD early detection. However, identifying undiagnosed cases of COPD is still challenging. Both screening and case-finding
approaches have been adopted to identify undiagnosed COPD, with case-finding being recommended by the 2023 Global Initiative for
Chronic Obstructive Lung Disease (GOLD) guideline and the updated United States Preventive Services Task Force (USPTF)
recommendation. Nonetheless, the approaches, criteria, and instruments used for early detection of COPD are varied. However,
advances in the taxonomy and risk factors of COPD are continuously being investigated. It is important to continuously assess the
current state of knowledge on COPD early detection, given the challenges associated with identifying undiagnosed COPD. This review
aims to highlight recent advances in early detection of COPD. To discuss the current challenge and opportunity in COPD early
detection, providing an overview of existing literature on COPD case-finding strategies, including the approaches, criteria for subjects,
and instruments. The review also summarizes the current progress in COPD case-findings and proposes a COPD case-finding
flowchart as an efficient method for identifying at risk COPD patients.
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Introduction

Chronic obstructive pulmonary disease (COPD) is the leading cause of morbidity and mortality worldwide and its prevalence is
increasing. Unfortunately, COPD frequently goes undiagnosed, highlighting its prominence as a pressing healthcare issue.'
Underdiagnosis of COPD has significant policy implications because managing COPD appropriately is known to reduce the risk
of future exacerbations and hospitalizations, alleviate symptoms, and increase exercise tolerance. Early detection of COPD is
therefore a crucial strategy for mitigating its impact and reducing the burden on healthcare systems.

In the past decade, increased interest has been focused on the development of effective strategies for early detection of COPD.
Various strategies and instrument for COPD early detection have been developed. Despite these advancements, identifying
undiagnosed cases of COPD remains a challenge due to underutilization of spirometry, the failure to identify the initial indications
of COPD, and the tendency to overlook risk factors beyond tobacco smoking and advanced age.** For the early detection of
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COPD, both screening and case-finding approaches have been adopted to identify undiagnosed COPD. A crucial difference exists
between screening and case-finding approaches. Screening is performed in the general population to identify individuals with
COPD, whereas case-finding is conducted in adults with suspected COPD who have respiratory symptoms and risk for disease.”
According to 2023 GOLD guideline and the updated USPTF recommendation, COPD case-finding is advocated strategy for
COPD early detection.”® However, the approaches, criteria for subjects with COPD, and instruments for early detection are
varied. Additionally, advances in the taxonomy and risk factors of COPD are continuously being investigated. It is crucial to
continuously assess the current state of knowledge on COPD early detection and explore new approaches and tools, given the
challenges associated with identifying undiagnosed COPD.

This review aims to highlight recent advances in early detection of COPD, with a focus on current progress and novel
strategies. Firstly, we discussed the current challenge and opportunity in COPD early detection. As case-finding is the advocated
strategy for early detection of COPD, we provide an overview of the existing literature on COPD case-finding strategies, including
the criteria for subjects, instruments, and approaches. Finally, we summarize the current progress in COPD case-finding and
propose a COPD case-finding flowchart as an efficient method for identifying at-risk COPD patients.

Key Points of COPD Early Detection
The Importance of COPD Early Detection

In the past three decades, COPD cases, deaths, and disability-adjusted life years have increased significantly worldwide.”
However, approximately 70% to 80% of adults with COPD are undiagnosed.'"'*"'® Patients with undiagnosed COPD
are at an increased risk of poor outcomes have been identified. Compared with individuals without COPD, adjusted
hazard ratio (HR) was 15.5 (95% confidence interval (CI): 11.0-21.8) for exacerbations, 2.8 (95% CI: 2.4-3.3) for
pneumonia, 4.3 (95% CI: 2.8-6.7) for death from respiratory causes, and 2.0 (95% CI: 1.8-2.3) for death from all causes
in individuals with undiagnosed, symptomatic COPD.'* Individuals with undiagnosed mild COPD had slightly higher
rates of ambulatory care visits (adjusted relative risk (aRR), 1.06, 95% CI: 1.03—1.10) than those without COPD.'?
Compared with individuals without COPD, patients with moderate to severe undiagnosed COPD were significantly more
often visited the hospital (aRR, 1.61, 95% CI, 1.07—2.43).12 Moreover, individuals with undiagnosed COPD had worse
health-related quality of life compared to those without airflow obstruction.'®> Furthermore, compared to early diagnosis,
late detection of COPD is related to higher exacerbation rate and increased comorbidities (such as cardiovascular disease,
depression, osteoporosis and diabetes) and costs.'®!'” Overall, undiagnosed COPD imposes a substantial burden on both
patients and the healthcare system as it results in a worsened quality of life for patients, increased likelihood of
comorbidities and poor prognoses, and strains on healthcare resources. Since a greater likelihood of the undiagnosed
COPD is associated with milder airway obstruction and fewer respiratory symptoms in contrast to those with a confirmed
COPD diagnosis,'®'® early detection and early intervention in patients with mild and moderate COPD may have
beneficial effects on disease progression and clinical outcomes. Over the past decade, evidence has increased on the
effectiveness of early intervention in COPD, including pharmacological treatment, smoking cessation, or pulmonary
rehabilitation programs. Zhou et al showed in a recent trial that tiotropium improved forced expiratory volume in
1 second (FEV)) and reduced the annual decline in the post-bronchodilator FEV, compared to placebo in COPD patients
of GOLD stages 1 or 2 over 24 months. Tiotropium also reduced exacerbations and improved life quality.?’ In the Lung
Health Study, smokers with mild-to-moderate COPD who quit smoking had a slower decline in FEV, (31 mL/yr) over 4
years compared to those who continued smoking (62 mL/yr).?' Moreover, a systematic review found that mild COPD
patients who underwent pulmonary rehabilitation programs (PR) experienced significant improvements in health-related
quality of life and exercise capacity.”> Furthermore, a meta-analysis reported that a significant improvement in health-
related quality of life (HRQOL) following PR in COPD with mild symptoms.?® The above findings have demonstrated
that patients with mild and moderate COPD benefit from early intervention, and it is noteworthy that the majority of
patients with undiagnosed COPD have mild and moderate airflow limitation. Therefore, early detection of COPD could
provide an opportunity to implement interventions in the early stages of the disease, which can potentially slow down
disease progression and minimize the overall burden of COPD.
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Challenges of COPD Early Detection

Despite the potential benefits of CODP early detection, several challenges remain in this area. These challenges include
the lack of spirometry use, the failure to recognize early signs of COPD, and the disregard of risk factors for COPD other
than tobacco smoke and old age.

Lack of Spirometry Use

Spirometry is an important tool for accurate diagnosis and effective management of COPD. However, the underuse of
spirometry is a major factor relating to COPD underdiagnosis. A recent study by Joo et al involving 93,724 newly
diagnosed COPD patients found that only 36.7% had spirometry performed.** Lamprecht et al found that only 67.6% of
participants with a reported diagnosis of COPD had a spirometry in the past in Salzburg and Austria.?® In Italy, only
56.2% with doctor-diagnosed COPD have ever performed a spirometry at any time in the past in primary care setting.”®
The reasons for underuse of spirometry were lack of expertise in spirometry interpretation, high costs of the spirometer,
and unaffordability of the test by the patients, especially in primary care or resource-limited settings.®*”*® Alternative
tools for settings without spirometry is needed for overcoming this barrier.

Missing Early Signs of COPD

Previous studies demonstrated that undiagnosed patients may experience a lower disease burden, which can significantly
delay the diagnosis of COPD. Lamprecht et al reported that individuals with mild or moderate airway limitation are
significantly more likely to have undiagnosed COPD compared to those with very severe limitation." This indicated that
milder airway limitation is significantly positively associated with undiagnosed COPD. Furthermore, individuals with
undiagnosed COPD experience fewer symptoms, such as wheezing and chest pain, compared to those who have been
diagnosed with COPD.* Previous meta-analysis study concluded that undiagnosed COPD had less severe airflow
obstruction and fewer respiratory symptoms compared to diagnosed COPD.'” These studies have shown that the
difference in disease severity and symptom burden between diagnosed and undiagnosed patients lead to a delay in the
diagnosis of COPD. This could be due to ignoring symptoms, underreporting symptoms to their physician, or physicians
missing subtle early signs. For instance, a retrospective study of a clinical cohort in UK demonstrated that 85% of
patients sought primary care for lower respiratory symptoms within a five-year period before being diagnosed with
COPD. Thus, it is crucial to enhance awareness of COPD among individuals and physicians alike.

Overlooking Other Risk Factors for COPD

COPD has long been associated with tobacco smoking and old age. However, the burden of COPD is increasingly
attributed to non-tobacco risks, and these risk factors are expected to surpass tobacco use in the next two decades. COPD
arises from the dynamic, cumulative, and repeated interactions of genes (G) and the environment (E) over the course of
an individual’s lifetime (T), which can cause damage to the lungs and/or modify their typical developmental or aging
processes (GETomics).” According to the 2023 Global Initiative for Chronic Obstructive Lung Disease, the risk factors
beyond tobacco-smoking included environmental factors, such as indoor and outdoor air pollution and lung development
and aging. Previous meta-analysis study of 11 cross-sectional and 4 case—control studies covering a wide range of
countries demonstrated household biomass smoke exposure as risk factor for developing COPD in both men (OR 4.30,
95% CI 1.85-10.01) and female (OR 2.73, 95% CI 2.28-3.28).%° The study analyzed data from 30,887 individuals aged
40-69 years using the UK Biobank database. The researchers found that PM; s, PM,o, and NO, concentrations were
significantly associated with COPD prevalence (PM, 5: OR 1.52 [95% CI: 1.42—1.62] per 5 ug/m>; PM,o: OR 1.08 [95%
CI: 1.00-1.16] per 5 pg/m>; and NO,: OR 1.12 [95% CI: 1.10-1.14] per 10 pg/m’, respectively).® Impaired lung growth
is widely recognized as a contributing factor to the development of COPD.?' Previous research has shown that lower
peak lung function in early adulthood is associated with an increased risk of COPD later in life.** ** Overall, indoor and
outdoor exposure is strongly linked to an elevated risk of COPD, emphasizing the need for policymakers to implement
measures to reduce air pollution and safeguard public health. Impaired lung growth in childhood and early adulthood
may be attributed to several factors, including repeated respiratory infections, socioeconomic and dietary factors, and
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exposure to environmental tobacco smoke.>>*° Efforts to reduce the exposure of individuals to risk factors for impaired
lung growth and COPD in early life are essential for improving lifelong lung health.

Opportunities of COPD Early Detection
Early detection of COPD could improve disease recognition and provide appropriate treatment earlier. In the past decade,
there are various strategies for identifying undiagnosed COPD, including screening and case-finding. It is important to
differentiate between COPD screening and case-finding. Screening is done in asymptomatic populations based on
demographic factors such as age and sex, while case finding utilizes an individual patient’s symptoms and disease risk
to determine the need for further testing. In 2022, USPTF recommends against screening for COPD in asymptomatic
persons due to no net benefit and large associated opportunity costs.® Lambe et al demonstrate that regular systematic
COPD case-finding using a questionnaire in primary care is likely to be cost-effective in the long-term.*' This study
provides an important evidence on benefit of identifying undiagnosed COPD using case-finding approach. Moreover,
active case-finding is advocated approach for COPD early detection by 2023 GOLD guideline. Therefore, case-finding
approach is a potential strategy for identifying individuals at high risk of COPD who are still undiagnosed than screening.
Here, we have summarized the following key points related to early detection of COPD: (1) COPD is often
undiagnosed; (2) there is an urgent need to improve awareness of COPD and its risk factors, including non-smoking
related factors, among both individuals and physicians; (3) spirometry should not be used for screening asymptomatic
individuals, instead a case-finding approach is recommended; and (4) there is a requirement for an effective and locally
administered screening procedure that is efficient.

Strategy for COPD Early Detection: Focus on Case-Finding Approach

The 2023 GOLD report advocates an active case-finding approach for early detection of COPD.” Over the past decade,
there are various studies focused on developing case-finding strategies for early detection of COPD due to advances in
the proposed taxonomy and risk factors of COPD and importance of early detection for COPD. In this section, we will
provide an insightful overview of the evolution of case-finding strategies by reviewing various studies, including
approach subjects’ criteria, and instruments.

Case-Finding Approach

Various case-finding approaches have been reported recently; however, there is extensive heterogeneity among case-finding
strategies for COPD.** Moreover, no one strategy has proved to be superior to another. A cluster-randomised controlled trial
conducted by Jordan et al aimed to investigate the effectiveness of active case-finding and opportunistic case-finding of identifying
undiagnosed COPD in a UK primary care setting, the result demonstrates that newly detected COPD cases were higher in the
active case-finding group than in the opportunistic case-finding group (822/1278 vs 370/1278).** They provided an evidence on an
active targeted approach to case finding that is a cost-effective way to identify undiagnosed patients.

Criteria for COPD Case-Finding Initiation

Case finding is a strategy for identifying individuals at risk for a specific condition. Traditionally, COPD is characterized by
persistent respiratory symptoms and common among people aged >40 years with smoking history. We review COPD case-finding
studies from 2011 to 2021 (Appendix Table 1), most of them included participants that were above 35 years of age with smoking
history, or who were symptomatic only, or who were symptomatic with smoking history. Amount of smoking is ranged from 1 to
20 pack-year, 10 pack-year is the most used inclusion criteria to evaluate the risk (12 in 20 studies).** °® Only one studies recruited
patients aged >18 years who were former or current smokers or symptomatic smokers, respectively.®’ The incidence of COPD is
generally above 20% in studies that include people aged 40 or older with a smoking history and/or persistent symptoms. In
contrast, studies that include people aged 18 and above have an incidence of COPD that is typically below 20%. It suggests that
COPD case-finding may be more effective if targeted towards individuals aged 40 or older with a history of smoking and/or
persistent symptoms. However, it also implies that targeting younger individuals may be less fruitful as the incidence of COPD is
typically lower in this population. In addition, studies focus on young COPD demonstrated that the mean aged of participant

—71
8,67 7

included in these studies range from 31.9 to 47. which supported that the age >35 years or >40 years is a feasible criterion for
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COPD case-finding. The identification and management of risk factors is a critical component of effective disease detection
strategies, therefore, incorporating risk factors into a case-finding strategy is essential for identifying individuals who are at higher
risk of developing COPD. Despite the tobacco-smoking is the dominant risk factor of COPD, non-smoking related risk factors
account for over 50% of the burden of COPD worldwide, especially in LMIC, it has been reported.”* Additionally, there is
a significant positive association between undiagnosed COPD and never having smoked. This highlights the importance of
assessing non-smoking related risk factors for COPD to identify cases that have gone undiagnosed. After 2017, risk factors
beyond smoking history, including biomass, outdoor air pollution, and occupational hazards, have been increasingly included as
factors in the identification of COPD cases. This suggests that breaking the stereotype and expanding the spectrum of early COPD
detection presents an opportunity to more effectively identify undiagnosed COPD cases.

COPD Case-Finding Tools

In the past decade, several case-finding tools have been developed due to the various barriers associated with using spirometry,
which is the gold standard for diagnosing COPD. The common tools included hand-held device, questionnaire, and prediction
model, which have been validated in different setting. Despite various studies evaluating their performance in identifying
undiagnosed COPD, a comprehensive assessment of their advantages and limitations remains scarce. This section presents
a summary of the advance in the performance, advantages, and potential limitations of COPD case-finding tools.

Hand-Held Device

Hand-held device includes peak expiratory flow (PEF) device and micro-spirometer. The most evaluated in previous studies are
the COPD-6 (Vitalograph Ltd., Ennis, County Clare, Ireland) and the Piko-6 (nSpire Health Inc., Longmont, CO, USA), and the
threshold for COPD diagnosis with a micro-spirometer is evaluated using the FEV/FEV ratio. In symptomatic smoker, the
highest area under the curve (AUC) of COPD-6 and Piko-6 using FEV/FEV ratio is 0.8 and 0.937, respectively. And the highest
AUC is 0.85 and 0.87 in COPD-6 and Piko-6 using FEV/FEVg ratio in patients with smoking history only (Table 1). A meta-

Table | Summarized the Performance (AUC) of Various Alternative Tools Group by Different Criteria for Case-
Finding Initiation Using Hand-Held Devices, Questionnaire, or Combination of Tools

Criteria for Case-Finding | Smoking Respiratory Combination of Smoke
___Initiation History Only Symptom Only | Status Respiratory Symptom

Case-Finding Tools \

Hand-held devices

COPD-6 0.759-0.87448-5054 | 0 9133 0.80%
PIKO-6 0.85* - 0.86-0.93%¢!
Spirobank Smart - - 0.87-0.903°%¢3

Questionnaires

COPD-PS 0.65-0.79°05257 - 0.64%

CDQ 0.67—0.844’52'57’59 - _

Simple PUMA 0.7-0.76°%°8 - -

Weighted PUMA 0.79% - -

CAPTURE - - 0.795-0.928°"¢2

CAT - 0.58° .

COPD-DQ - 0.71¢°

IPAG - - 0.676%*

(Continued)
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Table 1 (Continued).

Criteria for Case-Finding | Smoking Respiratory Combination of Smoke
Initiation History Only Symptom Only | Status Respiratory Symptom
Case-Finding Tools

RHSQ 0.72%°
EGARPOC 0.68°
LFQ 0.81%

Combination tools

COPD-PS+PFT - - 0.761%
CAPTURE +PFT - - 0.906-0.9536'62
COLA instrument - - 0.83%

Abbreviations: -, not report; COPD-PS, Population Screener; CDQ, COPD diagnostic questionnaire; AUC, Area Under the Curve; CAPTURE,
COPD assessment in primary care to identify undiagnosed respiratory disease and exacerbation risk; CAT, The COPD Assessment Test; COPD-DQ,
COPD-Diagnostic Questionnaire; IPAG, International Primary Care Airways Group; RHSQ, Respiratory Health Screening Questionnaire; EGARPOC,
COPD screening questionnaire from Terrassa; LFQ, Lung Function Questionnaire; PEF, peak expiratory flow; COLA, COPD in LMICs Assessment.

analysis study demonstrates that the overall AUC of micro-spirometers, including COPD-6 and Piko-6, is 0.84 (95% CI 0.80—
0.89).° Recently, a smart phone based handheld wireless spirometer has been developed which is light, friendly use, and available
data transmission in real-time. In previous study, a novel app-based spirometry was validated by Lin et al, the results indicated that
FEV,/forced vital capacity (FVC) measured by Spirobank Smart could significantly discriminate COPD from symptomatic
smokers, with the corresponding AUC of 0.903 (95% CI = 0.860-0.947).>° There are also two mobile spirometries that have been
reported in screening airway obstruction, but these devices have not been validated for COPD case-finding.”>~”” Overall, the AUC
range for these micro-spirometry devices is between 0.76 and 0.94. Most of them exhibit high sensitivity and specificity, indicating
strong discriminative performance.

Questionnaire

COPD diagnostic questionnaire (CDQ), Chronic Obstructive Pulmonary Disease-Population Screener (COPD-PS), Lung
Function Questionnaire (LFQ) questionnaire are the most widely used for assessing the risk of COPD. Both of them are contained
items including age, smoking history and respiratory symptoms (Table 2). In this review, COPD-PS and CDQ are most evaluated.
Two meta-analysis studies evaluated the performance of COPD-PS, Gu et al demonstrate that the AUC of the summary ROC
curve was 0.78 and similar results were also found by Schnieders et al (summary AUC of COPD-PS=0.77).”® The COPD-PS has
two cut-off values greater than 4 or 5 points. According to Gu et al, increasing the cut-off value resulted in decreased sensitivity but
increased specificity. However, the optimal cut-off value was found to be at 4 points, as it achieved a balance between sensitivity
(74.52%) and specificity (70.24%). The AUC of CDQ ranged from 0.67 to 0.81.7*>” There are also two cut-off values of CDQ are
16.5 and 19.5, respectively. The meta-analysis study, which evaluated four different studies, revealed that a cut-off value of >19.5
for CDQ resulted in a higher Youden index compared to the threshold of >16.5. This indicates that a cut-off value of >19.5 is the
one that achieves a balance between sensitivity and specificity.® Based on a meta-analysis, the COPD-PS, LFQ, and CDQ
questionnaires were found to have comparable accuracy.® However, a more recent meta-analysis concluded that the CDQ and
COPD-PS questionnaires were equally effective.”” Moreover, three studies that directly compared the CDQ and COPD-PS
questionnaire consistently reported a slightly higher AUC for the CDQ.’*” These discrepancies in results could be attributed to
various factors, such as differences in the study population, regional disparities, recall bias, or information bias, and methodology.
Environmental exposure is now recognized as a crucial risk factor for COPD beyond tobacco smoking. In recent years, new tools
such as CATPURE, COLA, and UCAP-Q have been developed to help identify individuals with COPD. These questionnaires
utilize information on occupational and environmental history to assess the risk of developing COPD. The AUC of CATPURE,
COLA, and UCAP-Q is 0.80, 0.68, 0.82, respectively.*>***° The AUC values of these questionnaires suggest they are moderately
to highly effective in identifying individuals who are at risk of developing COPD. These tools consider an individual’s
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Table 2 Details of COPD Case-Finding Questionnaire
Questionnaire CcbhQ COPD-PS LFQ PUMA CAPTURE COLA UCAP-Q
Item Age Age Age Age Age
Smoking history Smoking history Smoking history Smoking history Risk Personal exposures | Smoking history
exposures Smoke Occupations
Smoke Biomass fuel daily Paint
Air pollution Chemicals
Weather Fumes
Sandblasting
Symptoms Symptoms Symptoms Symptoms Symptoms Symptoms Symptom
sputum shortness of Wheeze Dyspnea Breathing Sputum Cough
wheeze breath frequency, | Dyspnea Sputum problems Wheeze Sleep
cough Cough Cough Hospitalization due Chest tightness
to respiratory Wheeze
symptoms in the Chest problem
past year
BMI Changes in Gender Tiring easily Functional status Functional status
exercise capacity daily activity Vigorous
Feel tired
Emotional problem
Allergic history Previous use of Recent
spirometry history of
acute
respiratory
illnesses

Abbreviations: BMI, Body Mass Index; COPD-PS, Population Screener; CDQ, COPD diagnostic questionnaire; CAPTURE, COPD assessment in primary care to identify
undiagnosed respiratory disease and exacerbation risk; COLA, COPD in LMICs Assessment; LFQ, Lung Function Questionnaire; UCAP-Q, Undiagnosed COPD and Asthma
Population Questionnaire.

occupational and environmental history, which is important as environmental factors are known to play a critical role in the
development of COPD. Continuous research and development of effective tools are crucial to identify undiagnosed cases and
better manage COPD.

Questionnaire and Peak Expiratory Flow (PEF) Device: Combination Method

The combined use of a questionnaire and a peak expiratory flow (PEF) device is an-other validated COPD case-finding strategy.
Soriano et al demonstrated that the combination of the COPD-PS and PEF (AUC = 0.761) exhibited higher accuracy than the
COPD-PS (AUC = 0.715) only or PEF only (AUC = 0.664). Moreover, the combined use of the COPD-PS questionnaire with
a PEF device led to a 90% reduction in the number of spirometry tests performed.®® Recently, two novel combination tools,
namely COPD assessment in primary care to identify undiagnosed respiratory disease and exacerbation risk (CAPTURE, COPD
assessment in primary care to identify undiagnosed respiratory disease and exacerbation risk) and COPD in low- and middle-
income countries assessment (COLA, COPD in low- and middle-income countries assessment) instrument, have been reported.
The CAPTURE questionnaire was developed and validated by Martinez et al and used to examine the presence or absence of
symptoms (breathing problems and fatigue), smoking or biomass exposure, and recent history of acute respiratory illnesses. The
total score of the CAPTURE questionnaire ranges from 0 to 6. Patients with scores ranging from 2 to 4 should undergo PEF
testing. Patients with scores of >5 or 2—4 with low PEF (<250 L/min for women and <350 L/min for men) should undergo further
evaluation such as spirometry.®> Quezada performed a study in Spain and demonstrated that the use of the combination of the
CAPTURE questionnaire along with a PEF device yielded a higher AUC (0.953) than did the use of the CAPTURE questionnaire
only (0.928).%' The COLA questionnaire was developed by Siddharthan et al and used in combination with a PEF device for
identifying individuals with COPD. The COLA questionnaire was used to evaluate respiratory symptoms, smoking or biomass

International Journal of Chronic Obstructive Pulmonary Disease 2023:18 https:

1517

Dove:


https://www.dovepress.com
https://www.dovepress.com

Lin et al Dove

exposure, and functional status. In terms of scoring, participants were assigned a score of 1 point for each of the seven questions
(including those related to respiratory symptoms, smoking or biomass exposure, and functional questions), 1 point if the
participant was aged >55 years, 1 point if PEF was between 250 and 399 L/min, and 2 points if PEF was <250 L/min. The
COLA instrument yielded a cross-validated AUC of 0.83 (95% CI = 0.78-0.89). A COLA score of >5 exhibited the highest
sensitivity, specificity, and positive predictive value.®® The indirect comparison indicated that the performance of the CAPTURE
instrument or COLA instrument was more favorable than that of the combination of the COPD-PS and PEF, indicating that
biomass exposure and functional status in the questionnaire play vital roles in the evaluation of the probability of having COPD.

The combination tool begins with a simple questionnaire. Patients can complete it by themselves, at home or in the office, with
the result easily scored and interpreted. And PEF increases the accuracy of the case-finding process, but it is performed only as
needed. The combination tool exhibited improved precision than either alone.

Taken together, these findings suggest that the combined use of a questionnaire and a PEF device was more effective in
identifying individuals with a higher risk of COPD, and a questionnaire can function as a pretest for lung function testing.

Prediction Model

Besides micro-spirometry and questionnaire, prediction model is also developed for identifying undiagnosed COPD using routine
data from EHRs. The factors used to develop the prediction model was varied. The model incorporates a variety of factors, with
age, medication history, and respiratory disease history being the most commonly used variables (Table 3). We reviewed the
existed prediction model for identifying undiagnosed COPD and found that AUC values of these prediction models range from
0.74 to 0.87 (Table 4).8'*® Additionally, the majority of these models demonstrate high NPV, indicating that the occurrence of
false negatives is minimized. However, three studies have shown a low positive predictive value (PPV) of less than 25% for
prediction model, suggesting a higher rate of false positives.*'***° These findings imply that there is a likelihood of misdiagnosis
or false alarms. Therefore, before applying these prediction models, it is crucial to adjust the decision threshold or carry out
external validation to enhance their accuracy and reduce the likelihood of errors.

Comparison of Case-Finding Tools

A meta-analysis comparing various case-finding tools demonstrated that the performance of a micro-spirometer (sum-
mary AUC = 0.84) was more favorable than that of a questionnaire. And the CDQ and the COPD-PS questionnaire were
similar accurate tools for case-finding (CDQ: summary AUC = 0.72; COPD-PS: summary AUC = 0.77).° Chen et al
provided real-world evidence by comparing Spirobank Smart, a novel app-based spirometer, with the Pcopp and COPD-
PS. The results demonstrated that Spirobank Smart (AUC = 0.908) exhibited higher accuracy, sensitivity, and specificity
than did the Pcopp (AUC = 0.788) and COPD-PS (AUC = 0.726) in identifying those with COPD;®* this finding is
consistent with that of the meta-analysis. This study compares the discriminative accuracy of combination methods,

Table 3 Details of COPD Case-Finding Prediction Models

Study Mapel et al Kotz et al Haroon et al Smidth et al TargetCOPD Pcorp
Variables Age Age Age
Smoking Smoking Smoking Smoking pack-years
Antibiotics Salbutamol Respiratory Salbutamol
Respiratory and medication Antibiotics
cardiovascular
medications
Asthma Asthma Chronic lung Dyspnoea CAT score
disease
Socioeconomic status | Lower Respiratory | Previous Percent predicted PEF
Tract Infections spirometry data

Abbreviations:

CAT, The COPD Assessment Test; PEF, peak expiratory flow.
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Table 4 Summarized the Performance of COPD Case-Finding Prediction Models

Study Mapel et al Kotz et al Haroon et al | Smidth et al | TargetCOPD Pcorp
AUC N/A M: 0.85; 0.84 N/A 0.74 0.866
F: 0.83
Cut-off value | N/A M: 5.21-7.36; | 2.5 N/A 75 0.65
F: 5.24-7.34
SN 60.6 M: 42.5-0.3 63.2 29.7 68.8 63
F: 49.2-0.6
SP 70.5 M:90.1-100 | 87.4 98.9 68.8 90
F: 89.3-99.9
PPV 14.3 N/A 22.6 729 14.4 86
NPV 95.6 N/A 97.6 93.4 96.6 72

Abbreviations: AUC, Area Under the Curve; SN, Sensitivity; SP, Specificity; PPV, positive predictive value; NPV, negative predictive value.

including CATURE, and COLA in 3 low- and middle-income country settings (including Nepal, Peru, and Uganda). The
finding demonstrates that performance of two combination tools varied by location. The AUC for COLA-6 is ranged
from 75.8 (95% CI: 74.6-77.0) to 84.2 (95% CI: 83.0-85.4). The AUC for CAPTURE is ranged from 77.9 (95% CI:
74.5-79.2) to 88.2 (95% CI: 87.1-89.2). Compared with 3 LMIC settings, the CAPTURE demonstrated a lower AUC
than studies in high-income settings, which were ranged from 0.906 to 0.953.%” The possibility is that lack of NCD- and
COPD-trained health professionals and awareness of COPD which may hindered the COPD diagnosis. The results
demonstrate that the instrument performance varied by LMIC and high-income countries.®’

In summary, micro-spirometry is the most accurate tool for identifying undiagnosed COPD with high discrimination
performance. However, there are some limitations to using micro-spirometry for COPD early detection. Firstly, it is more
expensive than using prediction models or questionnaires. Secondly, appropriate technician training is necessary to operate the
equipment accurately. Lastly, micro-spirometry requires calibration to ensure accurate results. In recent years, advancements have
been made in micro-spirometry technology through the development of app-based or smart micro-spirometry. These innovations
aim to enhance the accuracy and feasibility of micro-spirometry for detecting COPD, with features like calibration-free and
automatic error detection. The technology provides real-time feedback on test quality, along with systematic and numeric
visualizations of spirometer tests on a smartphone app. Additionally, this technology facilitates effective data communication.

Questionnaire is easy-to-use and cheaper than micro-spirometry and prediction model. The accuracy for discriminating
individuals with or without COPD is modest. However, the use of questionnaires in COPD case-findings poses a potential risk of
recall bias and/or information bias. Patients may not accurately remember or misunderstand some of the questions, leading to
flawed responses. To avoid the recall or information bias, there are some suggestions for applying these validated questionnaires
for CODP case-finding. Firstly, physicians should undergo proper training to ensure that patients fully understand the questions
being asked. Additionally, standardized instructions and explanations should be provided for each question to minimize
confusion. Furthermore, pilot testing of the questionnaire can help identify potential sources of bias, allowing for refinement of
the questionnaire to reduce the impact of these biases.

Prediction model for identifying undiagnosed COPD are mostly developed on large sample size and can be integrated
with clinical information systems. A larger sample size would have enabled estimation of the parameters with greater
precision. Moreover, the prediction model can be seamlessly integrated with clinical information systems by program-
ming it into these digital platforms. This integration enables the model to provide timely assessments of COPD risk for
individuals, thereby enhancing the efficiency and accuracy of healthcare delivery. However, the accuracy of the
prediction model can be affected by the quality of clinical coding and the absence of predictors that are not routinely
recorded. To overcome these challenges, steps such as improving coding practices, capturing additional predictors,

validating the model in different settings, and updating the model over time can be taken.
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When choosing an optimal tool for COPD case-finding, it is needed to notice the balance of sensitivity and specificity,
besides accuracy. Because low sensitivity contributes many subjects with undiagnosed COPD were missed, and low
specificity led to unnecessary examinations due to false-positive results. Moreover, cost and feasibility are important
questions that warrant consideration. However, if available, post-bronchodilator spirometry should be used for final
diagnosis of COPD given its position as the gold standard.

Here, we summarized 3 important viewpoints regarding the strategy for COPD early detection:

1. Active case-finding is the best approach to identify individuals with COPD at an early stage of their functional
disorder, emphasizing a proactive rather than opportunistic approach in individuals over 35 or 40 years old.

2. Hand-held spirometer should be the preferred method for high-risk individuals to ensure high efficiency and
minimize the rate of negative results.

3. Structured questionnaires, either self-administered or assisted by physicians, should be used to assess personal and
environmental risk factors for COPD. These questionnaires, when appropriately designed with suitable cutoff
levels, can effectively rule out false-positive cases (high NPV).

The Current Progress of COPD Case Findings and the Novel Strategies
In this section, we highlight three aspects of the current progress of COPD case-finding:

First, there is no consensus regarding the optimal criterion for COPD case-finding. According to Martinez et al, early
COPD is defined as smoking histories of at least 10 pack years, FEV{/FVC ratio lower than the lower limit of normal,
compatible abnormalities on computed tomography (CT), or accelerated FEV, decline of at least 60 mL/year in subjects
under 50 years of age. In the present review, we found that the recruitment age for case-finding in the literature has been
moved from 50 to 35 years of age for early detection of COPD.

Second, biomass exposure was recently considered another crucial risk factor for COPD that needed to be assessed in
order to identify undiagnosed COPD besides smoking history. Previous studies have indicated that COPD is commonly
seen among nonsmokers exposed to biomass fuel combustion, especially in the low- and middle-income countries. In
addition, over 90% of morbidity and mortality associated with COPD occur in these countries (LMICs), where household
air pollution secondary to burning biomass is the main risk factor. Thus, assessment of biomass exposure is an important
initiation criterion for COPD case-finding, especially among the non-smoker and in LMICs.

Third, micro-spirometry, such as piko-6 and COPD-6, is an accurate case-finding tool for identifying COPD which is
characterized by small, ease of use, the requirement of less patient effort, and time-saving features. However, the PiKo-6
device did not report the quality of the test. Recently, the trend of integrating smart devices with micro-spirometry,
namely app-based spirometry, has become more widespread and the accuracy of identifying undiagnosed COPD is
feasible. The advantage of app-based spirometry is to provide user feedback on test quality in real-time and systematic
visualization of spirometer tests and guarantee effective data communication.

The novel strategy of COPD case-finding is combination of questionnaire and PEF device. The advantage of
combination tools is that they can improve the cost-accuracy of these tools. However, a head-to-head comparison of
questionnaires, spirometry, and combination tools for identifying undiagnosed COPD is needed.

A clear strategy for case-finding is absent in COPD guidelines. We propose a COPD case-finding flowchart to
serve as an efficient method of identifying at-risk patients (Figure 1). To identify COPD patients, the initiation
criteria include age range of 35-85 years, smoking history, respiratory symptoms, or biomass exposure. Micro-
spirometry may be better suited for high-income countries due to its higher technical requirements and cost.
Conversely, combination methods could be a more viable option for low- and middle-income countries or
resource-limited settings, as they offer a balance between accurately identifying COPD patients and reducing
healthcare costs. Questionnaires can be utilized in any setting. To ensure appropriate interventions, we recom-
mend the following clinical procedure for triaging individuals at risk of COPD. Individuals who test positive
with case-finding tools for COPD should be referred to a pulmonologist for further diagnosis. And patients who
receive a new COPD diagnosis should be invited to join the COPD integrated care program. While patients with
an alternative diagnosis other than COPD, they should be recommended to receive smoking cessation program or
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Approaches and tools

Initiation criteria
* Age: 35-85 years old plus
either one
- Smoking status
- Respiratory symptoms
- Biomass exposure

{ Questionnaire 1 Hand-held devices [ Combination tools 1
COPD-PS, CDQ, PUMA, etc. COPD-6, Piko-6, Spirobank CAPTURE, COLA instruments
Smart
Smoking cessation and routine Post-bronchodilator Patient-centered COPD
monitoring of lung function fi t i t integrated ca
confirmatory spirometry integrated care

Figure | Proposed COPD case-finding flowchart.
Abbreviations: COPD-PS, Population Screener; CDQ, COPD diagnostic questionnaire; CAPTURE, COPD assessment in primary care to identify undiagnosed respiratory
disease and exacerbation risk; COLA: COPD in LMICs Assessment.

risk management, such as reducing indoor and outdoor air pollution exposure, as well as regular lung function
monitoring, should be recommended.

Conclusion

In summary, when choosing an optimal strategy for COPD case-finding, the criteria, accuracy, feasibility, and cost-
effectiveness of approaches must be considered in relation to the operating environment, such as a low-versus-high
income country or a different healthcare setting.

Abbreviation

ADL, activity of daily living; AUC, Area Under the Curve; CAPTURE, COPD assessment in primary care to
identify undiagnosed respiratory disease and exacerbation risk; CAT, The COPD Assessment Test; CDQ, COPD
diagnostic questionnaire; COPD, Chronic obstructive pulmonary disease; COPD-PS, Chronic Obstructive
Pulmonary Disease-Population Screener; COPD-DQ, COPD-Diagnostic Questionnaire; COLA, COPD in low-
and middle-income countries assessment; EGARPOC, COPD screening questionnaire from Terrassa; FVC,
Forced vital capacity; FEV1, Forced expiratory volume in 1 second; HIC, high-income country; HRQL, health-
related quality of life; IPAG, International Primary Care Airways Group; LFQ, Lung Function Questionnaire;
LMIC, low- and middle-income country; NCD, non-communicable disease; PEF, peak expiratory flow; RHSQ,
Respiratory Health Screening Questionnaire; UCAP-Q, Undiagnosed COPD and Asthma Population
Questionnaire; USPTF, United States Preventive Services Task Force; VAS EQ-5D, EQ-5D visual analog scale.
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