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Abstract

Chronic obstructive pulmonary disease (COPD) often remains undiagnosed and untreated. To date, COPD
screening/case finding has not been designed to identify clinically significant COPD, disease ready for therapies
beyond smoking cessation. Herein, we describe the ongoing prospective, pragmatic cluster-randomized
controlled trial to assess specificity and sensitivity of the COPD Assessment in Primary Care To Identify
Undiagnosed Respiratory Disease and Exacerbation Risk (CAPTURE) tool consisting of 5 questions and
peak expiratory flow. The tool is designed to identify clinically significant COPD (forced expiratory volume
in 1 second [FEV1] to forced vital capacity [FVC] ratio <.70 plus FEV1% predicted <60% or increased risk
for exacerbation) and the trial will explore the impact of CAPTURE-based screening on COPD diagnosis and
treatment rates in primary care patients.
Of a total planned enrollment of 5000 English- or Spanish-speaking patients 45 to 80 years of age without
a prior COPD diagnosis from 100 primary care practices, a total of 68 practices and 3064 patients have been
enrolled in the study. Practices are centrally randomized to either usual care or clinician receipt of patientlevel CAPTURE results. All clinicians receive basic COPD education with those in intervention practices also
receiving CAPTURE interpretation education. In a single visit, patient participants complete a CAPTURE
screening, pre- and post-bronchodilator spirometry and baseline demographic and health questionnaires to
validate CAPTURE sensitivity, specificity, and predictive value of identifying undiagnosed, clinically significant
COPD. One-year follow-up chart reviews and participant surveys assess the impact of sharing versus not sharing
CAPTURE results with clinicians on clinical outcomes including level of respiratory symptoms and events and
clinicians’ initiation of recommendation-concordant COPD care. This is one of the first U.S. studies to validate
and assess impact of a simple COPD screening tool in primary care.
Abbreviations: chronic obstructive pulmonary disease, COPD; COPD Assessment in Primary Care To Identify Undiagnosed Respiratory
Disease and Exacerbation Risk study, CAPTURE; forced expiratory volume in 1 second, FEV1; forced vital capacity, FVC; peak expiratory
flow, PEF; data coordinating center, DCC; practice-based research networks, PBRN; cluster, randomized clinical trial, cRCT; single study visit,
V1; COPD Assessment Test, CAT; CAPTURE positive, CAPTURE+; intra-cluster correlation coefficient, ICC; COPD exacerbation-like event,
ECOPD; general estimating equation, GEE
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Introduction
The COPD Assessment in Primary Care To Identify
Undiagnosed Respiratory Disease and Exacerbation
Risk (CAPTURE) Validation Study is a pragmatic
cluster, randomized controlled trial to assess a
screening approach to identify clinically significant
chronic obstructive pulmonary disease (COPD) in
primary care practices in the United States. COPD is
the fourth leading cause of death in the United States
and a major cause of morbidity, mortality, disability,

hospitalizations, and health care expenditures.1-3
Within U.S. primary care settings, where the majority
of people with COPD receive care, COPD is often
under recognized and under diagnosed.4,5 This is
similar to data reported from other countries.3,6-8
Undiagnosed
COPD
adversely
affects
patients,2-4,9-12 while recognition and diagnosis
of COPD can facilitate improved patient outcomes
through appropriate treatments.13,14 Limited
data suggest that earlier detection of primary care
patients with previously undiagnosed, yet clinically
significant COPD, may improve short- and long-term
patient outcomes and may be cost-effective.15,16
The U.S. Preventive Services Task Force
recommends against screening asymptomatic adults
for COPD17,18 but does not address the many
adults who have unacknowledged and unaddressed
respiratory symptoms and events.19,20 The CAPTURE
tool was designed to identify those unrecognized
symptoms and respiratory events.
Several COPD case-finding tools have been
created based on existing epidemiologic literature
or expert opinion.21-25 In general, these tools were
designed without consideration of disease severity or
exacerbation risk, resulting in the identification of a
high proportion of patients with mild or minimally
symptomatic disease.23,24,26-31 Most of the tools
have only modest sensitivity and specificity.32 In
addition, most of the case finding studies exclude
people without a smoking history and the tools used
rely on smoking as a primary risk factor, therefore,
failing to identify non-smokers who constitute
25% of the COPD population.18,33 Even with these
limitations, COPD screening/case finding in primary
care using existing tools has been demonstrated to
have a small but significant impact on increasing
rates of diagnoses and physician’s clinical actions but
no impact on patient outcomes.34-36
The CAPTURE tool was developed to overcome
these limitations and designed to not a priori exclude
never and former smokers. Using a novel approach,
the selection of candidate items for the CAPTURE tool
was based on 3 robust datasets.37 Machine learning,
random forests analyses and qualitative work
identified and validated variables most important in
identifying patients with clinically significant COPD.
A final 5-item questionnaire (Figure 1a) exhibited
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good operating characteristics for separating COPD
cases from controls without COPD regardless of
current or former smoking status and excellent
operating characteristics to identify individuals with
clinically significant COPD defined as an individual
with spirometrically-confirmed obstruction (forced
expiratory volume in 1 second [FEV1] to forced vital
capacity [FVC] <0.70) plus FEV1<60% of predicted
or at high risk of exacerbation.38,39 The addition
of sex-based peak expiratory flow (PEF) thresholds
enhanced the operating characteristics of the 5-item
questionnaire. Together the 5 questions and selective
PEF constitute the CAPTURE approach with scores
ranging from 0 to 6. (Figure 1b)
The primary goal of this study is to expand the
generalizability and validation of the CAPTURE
approach to include a wide range of primary care
practices.39,40 The secondary goal is to assess the
impact of sharing CAPTURE screening results with
the primary care physicians and other clinicians.
Aims and Hypotheses
The CAPTURE Validation in Primary Care Study has
cross-sectional validation and longitudinal followup aims (Table 1). The principal hypothesis is that
the CAPTURE screening approach can identify
primary care patients aged 45 to 80 years of age
who have undiagnosed, clinically significant COPD
with high sensitivity and specificity. The secondary
hypothesis is that providing CAPTURE screening

results to primary care clinicians will increase rates
of COPD diagnosis and guideline concordant COPD
care and improve patient outcomes. The primary
and secondary objectives for the cross-sectional and
longitudinal aims, as well as the endpoints to assess
these goals, are enumerated in Table 1.
The study protocol was approved by the institutional
review boards of Weill Cornell (central site), University
of Michigan (data coordinating center [DCC]), each
practice-based research network (PBRN) and the
COPD Foundation. The CAPTURE Validation study
is registered with the U.S. Clinical Trials Registration
(NCTR NCT03581227) (cross-sectional validation
aim), and NCT03583099 (longitudinal follow-up
aim).

Methods/Design
Overview
This is a prospective, pragmatic cluster randomized
clinical trial (cRCT). Patient participants are recruited
from 100 practices identified from 6 practice-based
research networks (PBRNs). Randomization occurs at
the practice level to either usual care or intervention
defined as clinician receipt of patient level CAPTURE
results. (Figure 2 and Table 1)
Recruitment of Practices and Patient
Participants
PBRNs: The 6 PBRNs were selected from a pool of
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PBRNs with prior experience in large scale clinical
trials.
Final selection was based on interest,
availability, prior experience in respiratory-related
clinical trials, geographic spread, and socioeconomic
and racial/ethnic diversity of patients within the
PBRN-affiliated practices. All expressed willingness
to participate in a 5-year trial to enroll at least 20
practices and 1000 patients. (Figure 3)
Practices and Clinicians: Each PBRN identifies and
enrolls practices based on interest and availability

of practice space to complete the research visit
and willingness of the practice’s clinicians to view
the basic COPD educational video and for those
randomized to the intervention, to also view the
CAPTURE tool explanation and instructional video.
Patient Participants: Within each enrolled practice,
potentially eligible patients of clinicians completing
the required education are identified and invited to
participate. Eligibility criteria are broad to allow
generalizability to most primary care patients and,
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unlike many COPD screening or case finding studies,
does not include restrictions on smoking status to
facilitate identification of the group of people with
COPD who have never smoked.
Inclusion criteria are:
• Men or women between the ages of 45 and 80
years
• Ability to read and complete visit in English or
Spanish
• Stated willingness to comply with all study

procedures and availability for 1-year follow-up.
Exclusion criteria include:
• Previous clinician diagnosis of COPD
• Treated respiratory illness (with antibiotics and/
or systemic steroids) in the 30 days prior to study
visit
• Unwilling or unable to complete all components
of the single study visit
To ensure that participants can safely complete
spirometry, patients are excluded if in the past 30 days
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they have undergone eye, chest or abdominal surgery,
or experienced an acute myocardial infarction or
stroke.
Randomization
Practices are randomized 1:1 centrally by the DCC.
Randomization is stratified by PBRN, into 1 of the 2
arms:
1. Enhanced usual care arm with basic COPD
education, or
2. the CAPTURE intervention arm with basic
COPD education, plus CAPTURE education,
and clinician receipt of patient level CAPTURE
screening results.
The decision to randomize by practice rather than
individual patient participant was done to limit cross
contamination within a practice.
Practice-Related Study Procedures
The cross-sectional validation aim requires that all
enrolled patient participants complete the 5-item
CAPTURE questions and perform 3 PEF maneuvers
with the best PEF results selected for use. These
data, along with the pre- and, when appropriate, postbronchodilator spirometry, allow assessment of the
operating characteristics of the CAPTURE tool to
identify clinically significant COPD.
The longitudinal follow-up aim compares the rates of
predefined outcomes (new COPD diagnosis, elements

of COPD recommendation concordant care
and patient-reported respiratory outcomes)
between the 2 practice arms – enhanced
usual care versus CAPTURE intervention.
(Table 1)
Following randomization, all clinicians are
invited to view the 30-minute basic COPD
educational video developed to support
optimal COPD management. Video content
is based on recommendations from the 2017
update of the Global Initiative for Chronic
Obstructive Lung Disease.41 Clinicians in
practices randomized to the intervention
group are additionally invited to view a brief
(7-minute) video that provides information
on interpretation and use of the CAPTURE
tool in clinical care. Only patients of
clinicians who have completed the videos for
their study arm are eligible for enrollment
from the practices.
Patient Participant-Related Study Procedures
Following review and signing of informed consent,
patient participants complete the single study visit
(V1) collecting the data summarized in Figure 3. A
subset of enrolled patient participants is selected for
a 12-month (longitudinal) follow-up. Follow-up is
based on:
1. Participants who are CAPTURE+, previously
defined as a CAPTURE score of 5 or 6 or
CAPTURE score of 2, 3, or 4 with a low PEF,
defined as <350L/min for males and <250 L/min
for females.
2. Participants with baseline post-bronchodilator
FEV1/FVC<0.7 and FEV1<80% predicted at
baseline regardless of CAPTURE results. If
a participant is unable to complete a postbronchodilator spirometry (refusal, technical
error on the part of coordinator, etc.), and the
pre-bronchodilator FEV1/FVC is less than 0.65
and FEV<80% of predicted, the participant will
be considered to have spirometrically-defined
COPD for the purpose of follow-up in this study.
3. A random sample of approximately 5% of
participants who do not meet criteria 1 or 2
above.
Follow-up data for this selected subset are collected
from both medical record review and patient survey.
(Figure 2).
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Data Collected at Baseline During Visit 1
Demographic Data: Birth date, gender, race,
ethnicity, education attained, current work status,
living arrangement, source of health insurance, selfreported height and weight are collected.
CAPTURE Data: The CAPTURE tool (Figure 1a) is
self-completed by all patient participants. Three
PEF assessments using the Vitalograph® AsmaPlan®
mechanical PEF meter with SafeTway® disposable
mouthpieces (Vitalograph LTD, United Kingdom)
are then completed. The highest PEF is recorded
on the CAPTURE tool for CAPTURE scores of 2, 3
or 4. For patient participants in the intervention
arm, the completed and scored CAPTURE tool and
recommendations for next steps are provided to that
patient’s clinician. (Figure 1b)
Medical History: Medical history is obtained by
patient report and includes the items from the
modified Charlson comorbidity score and month and
year of most recent influenza immunization.42 While
participants may not be familiar with all diagnoses
queried, they are likely to recognize those for which
they have received a diagnosis. (See Supplemental
Table S1 in the online supplement)
COPD Assessment Test (CAT): The CAT is selfadministered and is designed to provide an
assessment of the presence and burden of respiratory
symptoms on a 40-point scale.30,43
Other Respiratory Symptoms and Exacerbation-like
Events: These are collected using a tool adapted
from the COPDGene study.44 Information includes
frequency of respiratory or chest symptoms and
phlegm (sputum/mucus) over the prior 12 months,
the number of episodes of respiratory events for
which the participant has received antibiotics or
oral or intramuscular corticosteroids, number of
respiratory-related hospitalizations and the “level
2” question from the modified Medical Research
Council dyspnea scale, “walking slower than others
their age.”45 The presence of 1 or more exacerbationlike events over the previous 12 months that were
treated with antibiotics or systemic corticosteroids
defines a patient as “at risk for exacerbation” based
on evidence that a previous exacerbation predicts
future exacerbations.14

Tobacco Smoke Exposure and Smoking Status: This
information is self-reported based on questions from
the Population Assessment of Tobacco and Health
study46 including queries about ever smoking more
than 100 cigarettes, age of smoking initiation, average
number of cigarettes smoked per day, smoking status
as of “one month ago” and presence and site of any
second-hand smoke exposure.
Inhaled Respiratory Medication Use: This information
is participant reported and facilitated by use
of laminated pictures of all currently available
prescription respiratory inhalers in the United States.
Supplemental oxygen is also queried and recorded
since oxygen may be used for conditions other than
COPD that could impact responses to the CAPTURE
questions.
Spirometry Testing: This testing is completed based
on established American Thoracic Society/European
Thoracic Society standards47 using the Easy One PC®
Spirometer (ndd Medical Technologies Inc., Andover,
Massachusetts). All patient participants complete
pre-bronchodilator assessment unless the participant
reports use of a short- or long-acting bronchodilator
within 2 hours of the study visit. When such a report
is made, the spirometry test is considered a postbronchodilator test. If pre-bronchodilator best FEV1/
FVC is less than 0.70 or the best FEV1% predicted
is below 80%, a post-bronchodilator spirometry
assessment is performed 15 to 20 minutes after
inhalation of 2 puffs of albuterol 180 mcg HFA
using an AeroChamber Plus* Flow-Vu® spacer with
1 minute between the first and the second inhalation.
Spirometry Results: These are centrally reviewed and
adjudicated. Only results with quality grades of A, B,
C, and D will be used in the data analysis for the study
aims. Quality grades are based on:
A. ≥3 acceptable tests, reproducible within 100 ml
B. ≥3 acceptable tests, reproducible within 150 ml
C. ≥2 acceptable tests, reproducible within 200 ml
D. 1 or more acceptable tests, usable
E. 1 or more acceptable tests, not usable
F. No acceptable tests
Presence of obstruction on post-bronchodilator
spirometry is determined by the presence of an
FEV1/FVC ratio less than 0.70. As mentioned
earlier, if a patient participant is unable to complete
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a post-bronchodilator spirometry (refusal, technical
error on the part of coordinator, etc.), and the prebronchodilator FEV1/FVC is less than 0.65, the
patient is considered to have spirometricallyconsistent obstruction (e.g., FEV1/FVC<0.70) for the
purpose of follow-up in this study.
Additional Items Related to CAPTURE: All
participants complete a selection of 13 additional
questions from the original CAPTURE potential
question pool to allow further validation of the
CAPTURE tool including consideration of potential
changes in the current CAPTURE tool that might
be required for a primary care patient population.
(Supplemental Table S2—in the online supplement)
Contact information including address, phone
numbers and email address are obtained to facilitate
12- month surveys in the follow-up cohort.
Sharing of Screening Results with Patient’s
Clinician
CAPTURE results are returned to the patient’s
clinician in the intervention arm as soon as possible
after its completion (Figure 1b). Additional data,
including spirometry results, are considered research
data and are not shared with the patient’s clinical care
team. For safety reasons, an FEV1<30% of predicted
is reported immediately to the patient’s clinician as
required by the Data Safety Monitoring Board.

Sample Size Justification
The primary analysis for the longitudinal follow-up
aim drives the overall sample size requirements for the
CAPTURE study. Power for this cluster randomized
trial of 50 clusters (practices) per intervention
arm assumes that we will identify approximately 5
CAPTURE positive (CAPTURE+) patients per cluster
(practice) and that practices not randomized to the
CAPTURE intervention will meet the composite
endpoint in CAPTURE+ patients 5% of the time.
These assumptions are consistent with preliminary
data observed in our initial small validation study.37
The sample size calculations allow for variability
in the number of patients who are CAPTURE+ in
each practice and the number of needed clusters
(practices) is inflated by 11% to account for that.48
Because we have data specific to rates of CAPTURE+
patients from the initial validation study, we did

not further modify those assumptions based on
smoking rates for the specific study sites. Table 2
displays power for detecting a range of increased
performance in reaching the combined endpoint for
CAPTURE randomized practices, assuming a type I
error of 5%. These calculations account for plausible
intra-cluster correlation coefficient (ICC) values of
0.05, 0.10 and 0.15 that are typically seen in cluster
randomized trials of behavioral interventions.49
Since there is variability in the actual number of
CAPTURE+ patients identified in each practice, it
is standard practice to inflate the number of needed
clusters by 12% to account for this extra source of
variability. Therefore, power estimates in Table 2 are
conservatively based on 44 practices per study arm.

Outcomes and Data Analyses
Cross-Sectional Aim Validation
The principal analysis is assessment of sensitivity and
specificity in identifying individuals with clinically
significant COPD defined as individuals with postbronchodilator FEV1/FVC<0.70 in addition to either
>1 COPD exacerbation-like event (ECOPD) within
the past 12 months or an FEV1<60% predicted.
Sensitivity is calculated among those participants
who are CAPTURE+ and specificity is calculated
among those who are and are not CAPTURE+ among
those not classified as having spirometrically-defined
clinically significant COPD.
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Preliminary data from our initial small validation
study suggested that our 5000 study participants
would identify between 300 and 800 participants with
previously undiagnosed clinically significant COPD
(Supplemental Table S3 in the online supplement).37
Given the prior observation of 89.7% sensitivity and
93.1% specificity for identifying clinically significant
COPD, the 95% confidence interval widths are given
for true performance rates of 85%, 90% or 95% across
a range of sample sizes.
CAPTURE tool sensitivity and specificity will also
be assessed by sex, ethnic groups, rural and urban
location, and educational level, as well as among
individuals with all levels of spirometrically-defined
COPD (Table 3).
Longitudinal Aim
For the subset of participants selected for the
12-month medical record review and patient survey,
the primary analysis will compare the average cluster
(per practice) sample proportion of the CAPTURE+
participants meeting composite clinical endpoints
between usual care versus intervention arms (Table
4). A 2-sample test comparing average cluster sample
proportions that explicitly accounts for correlation
between individuals treated within the same

practice will be used. A 2-sided p-value <0.05 will
be considered statistically significant. This analysis
corresponds to a generalized estimating equation
(GEE) regression analysis with:
1. individual-level binary composite outcome data,
2. the CAPTURE intervention group as a covariate,
3. practice id used to identify correlated outcomes,
4. an exchangeable correlation matrix that assumes
similar correlation between all composite
outcome results for patients within the same
practice, and
5. a logistic link function.
Additional analyses will include variables for
comorbid conditions with attention to previously
diagnosed asthma and other obstructive lung
diseases.
Secondary analyses on meeting the composite
outcome for participants who are CAPTURE+ will
employ the GEE analysis framework with patient
participant (e.g., number of exacerbation events) and
practice level predictors (e.g., number of clinicians,
rural or non-rural practice location) in addition to
the CAPTURE intervention group. Interactions will
be assessed. We will also use the GEE framework to
study and describe each of the individual components
of the composite outcome as they relate to individual
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and practice level outcomes. In the subset of
smoking patients, we will use GEE regression
analysis to study additional binary outcomes, such as
incidence of physician referral to a formal smoking
cessation program and prescribed smoking cessation
medication in participants who are smokers.
Exploratory Analyses Assess Data
In participants who are CAPTURE+, change in CAT
score will be analyzed using mixed models with
a random effect for practice. The average cluster
sample proportion of patients who experience
exacerbations during the 12-month follow-up period
will be compared between intervention groups using
methodology similar to that used for the primary
endpoint. Survival analysis allowing for correlation
of endpoints within cluster (practice) will be used
to compare hospitalizations and mortality between
intervention groups and perform multivariable
analysis.
Model selection in GEE secondary analyses will
be based on statistical significance at the 0.05 level
using robust sandwich estimation of variability within
clusters. Model fit will be checked by comparing
observed versus predicted values within predefined
subgroups of interest (sex, ethnic subgroups, rural
and urban location, and educational status).

Strengths and Limitations
The rate and burden of unrecognized and undiagnosed
COPD is significant. Current COPD screening and
case finding programs often identify individuals with
milder levels of disease who are only candidates for
the universally recommended smoking interventions.
In addition, many of those programs either exclude
non-smokers or have a set of questions that rely
heavily on smoking exposure to identify COPD. This
study specifically does not exclude non-smokers
allowing the opportunity to identify the 20% to 25%
of people with COPD who have never smoked.
There is a need for a simple and acceptable COPD
screening tool to identify individuals with clinically
significant COPD who are immediate candidates
for available therapeutic interventions. This is a
pragmatic trial based in real world primary care
practices with geographic, economic, racial and
health system diversity. The patient and practice
study burden are low as would be required for any
screening program that is to be carried out in the
context of usual practice.
We include a 12-month follow-up to assess the
impact of the screening among those with elevated
CAPTURE scores considered to identify individuals
at increased risk of having clinically significant
COPD, those with spirometrically-defined COPD
regardless of CAPTURE score and a 5% sample of
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those without either abnormality to assess clinical
impact of the screening. Follow-up is done using a
combination of patient-reported and medical record
review outcomes. Our sample size is based on
findings from our prior validation study, inflating the
number of practices and patients enrolled to account
for the likely variability of COPD prevalence across
the country and from our previous study.
Our definition of at risk for exacerbations does not
include events that may have been mild exacerbations.
This may, therefore, not include all individuals who
are at risk for future exacerbations but identifies
those with the most clearly recognized exacerbation
events. Mild exacerbations may be difficult for both
patients and clinicians to recognize and report.14
While a geographically diverse group of PBRNs
are included, they may not reflect all primary care
practices or actions that would be taken following
screening. The screening results are not always
presented during a patient visit requiring patients
and clinicians to deal with results outside the
clinical setting. While this is not ideal, it is not
unusual for clinicians to receive test or other results
requiring interaction with a patient after a visit. The
requirements for study participation are minimal,
however, not all patients who are invited agree to
participate, limiting the generalizability of results to
all primary care patients.
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