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ABSTRACT

COPD has a profound impact on daily life, yet remains underdiagnosed and undertreated.
We set out to develop a brief, reliable, self-scored questionnaire to identify individuals likely
to have COPD. COPD-PS™ development began with a list of concepts identified for inclusion
using expert opinian from a clinician working graup comprised of pulmonologists (h = §)
and primary care clinicians (n = 5). A national survey of 697 patients was conducted at 12
practitioner sites. Logistic regression identified items discriminating between patients with
and without fixed airflow obstruction (AQ, postbronchedilator FEV,/FVC < 70%). ROC analyses
evaluated screening accuracy, compared scoring options, and assessed concurrent validity.
Convergent and discriminant validity were assessed via COPD-PS and SF-12v2 score correla-
tions. For known-groups validation, COPD-PS differences between clinical groups were tested.
Test-retest reliability was evaluated in a 20% sample. Of 697 patients surveyed, 295 patients met
expert review criteria for spirometry performance; 38% of these (n = 113) had results indicating

- AQ. Five items positively predicted AO (p < 0.0001): breathlessness, productive cough,
activity limitation, smoking history, and age. COPD-PS scores accurately classified AO status
(area under ROC curve = 0.81) and reliable (r = 0.91). Patients with spirometry indicative of
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AOQ scored significantly higher (6.8, SD = 1.9; p < 0.0001) than patients without AQ {4.0, SD =
2.3). Higher scores were associated with more severe AQ, bronchodilator use, and overnight
hospitalization for breathing problems. With the prevalence of COPD in the studied cohort, a
score on the COPD-PS of greater than five was associated with a positive predictive vaiue of
56.8% and negative predictive value of 86.4%. The COPD-PS accurately classified physician-
reported COPD {(AUC = 0.89). The COPD-PS is a brief, accurate questionnaire that can identify

individuals likely to have COPD.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a common
disease with a profound impact on a patient’s functioning and is
underdiagnosed (1} A major objective of the Global Initiative
for Chronic Obstructive Lung Disease (GOLD} is to increase
awareness among healthcare providers and the general public
of the significance of COPD symptoms (2). Despite the exis-
tence of evidence-based diagnostic and treatment guidelines,
many patients with COPD continue to be undiagnosed or mis-
diagnosed. COPD may remain undiagnosed for several reasons.
Patients may not visit a physician because they have become ac-
customed to symploms, may be concerned that their respiratory
symploms are self-inflicted, or are unsure whether COPD can
be treated (3, 4). Additionally, spirometry is underutilized (5-7)
and may be difficult to interpret by some healthcare providers
(8,9). Furthermore, asthma and COPD may be confused as they
can both exhibit fixed airflow obstruction (AQ) (10).

COPD screening that focuses only on patients meeting a
timited set of characteristics, such as older smokers, may fail
to detect COPD among individuals in the general population
(e.g., younger adults with carly disease) {11) or those having
another etiology (e.g., occupational exposure), Similarly, iden-
tifying only individuals who are current smokers may miss those
with COPD symptoms who have already quit smoking (11).

Hence, there is a need for a simple method to help identify
persons who might have COPD. A simple, self-administered,
self-scored tool to screen individuals for the disease may lead to
increased awareness, carlier symptom recognition, and the use
of spirometry for accurate diagnosis, Digsemnination of such a
tool in the general population might encourage individuals to
discuss their respiratory symptoms with a healthcare provider.
This teol could also assist physicians in identifying those in-
dividuals who would need spirometric assessment. Although
several investigators have developed surveys for describing the
impact of COPD, measuring the outcomes of reatment, or as-
sessing disease severity, there are few tools designed to identify
patients with COPD in a nonclinical setting (12).

We developed a simple, seif-administered screening tool for
the identification of patients with possibie COPD in the general
populatier. The COPD Population Screener™(COPD-PS™,
CualityMetric Incorporated, Lincoin, Rhode Island, USA) is a
5-item questionnaire, designed to meet the following criteria;
(1) a high correct classification rate for AO diagnosis while re-
taining a good trade-off between sensitivity and specificity; (2)
self-scored, brief, and simple to complete; and {3) demonstrated
adequate levels of reliability and preliminary evidence for va-
tidity. Of particular interest was the development of a tool ap-
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propriate for the general population rather than patients already
seeking treatment for respiratory difficulties.

MATERIALS AND METHODS

Working Group and Survey Development: A clinician
working group comprised of 5 pulmonary specialists, 4 pri-
mary care physicians, and 1 respiratory therapy professor was
assembied to assist in the development of the COPD-PS ques-
tionnaire. The working group guided development of specific
survey-question content, participated in designing a clinicai de-
velopment and validation study, and assisted in the evaluation
of the study results.

Based on clinical experience, this working group first iden-
tified 7 conceptual domains relevant to the detection of COPD
and easily identified by patients. A development survey included
items that measured the conceptual domains in ternis of pres-
ence, frequency, duration, or quality. An abbreviated description
of these items is contained in Table 1, while a complete list of the
items is enumerated in the Appendix, Additionally, a 12-item,
short-form, general health-status assessment (SF-12%V2 Health
Survey”™ [QualityMetric Incorporated, Lincoln, Rhode Island,
USA]) (13), demographic items, questions about resousce use,
and a chronic condition checklist also were employed.

Data Collection: Ta identify an optimal set of questions
for inclusion in the COPD-PS questionnaire, a national cross-
sectional survey of patients receiving care from 4 pulmonary
speciatists and 8 general practice sites was conducted during
an 8-week period in 2004, Selected clinical sites were required
to have experience performing spirometry following American
Thoracic Society (ATS} standards (14, 15). Approvai of the study
protocol was obtained by each site using a central Institutional
Review Board {Chesapeake Research Review, Inc.), and all pa-
tients provided written consent.

Patients aged 35 years and older with a previously sched-
uled office visit were recruited for study participation. Patients
were excluded from the study for the following reasons: being
allergic to bronchodilators, having a condition contraindicating
study participation, participating inn another clinical study, or
currently seeking care for an acute respiratory problem. Based
on a priori power calculations for logistic regression and sensi-
tivity/specificity analyses (16-18), approximately 100 patients
with COPD were sought,

Patients completed the development survey and physicians
recorded patient demographics and medical history. Spirometry
was performed before and 10 minutes after albuterol admin-
istration via metered-dose inhaler (90 g, 2 puffs), according
to ATS standards current at the time of the study (14) using
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Table 1. Item content of variables tested for inclusion in the
COPD-PS™ guestionnaire

Conceptual
Domain

Dyspnea

Abbreviated ltem Content

How much of the time short of breath?

Cut of breath with activity

Short of broath at night

Frequency of shortness of breath in last year

Short of breath {limits exercise

Short of breath under specific conditions
(e.g., lying down, getting dressed, climbing
stairs, heavy exercise, etc.)

Out of breath more than others of same age

Freguency of cough in last year

Cough first thing in the merning

Persistent cough that wen't go away

Cough that makes chest hurt

Coughing “attacks” during exercise

Cough that wakes at night

Need te cough to clear chest

Use of cough remedies

Frequency of nagging cough

Frequency of coughing up “stulf” such as mucus or
phlegm

Brought up phlegm or mucus first thing in the
merning

Need to clear chest of "stuff” in morning

Get a lot of chest colds

Celds stay with me

Colds last for weeks, not days

Seem to catch a cold more easily than others
Frequent bouts with bronghitis

Get bronchitis at teast once every winter

Feels like something stuck i chest or lungs

Feeling of heaviness in chest

Chest cengestion

Noisy breathing when sleeping

Noisy breathing, gurgling, ratifing during day

Do less than used to because of breathing
probiems

Breathing problems limit usual activities,
enjoyment of life

Difficulty performing work or other daity activities
because of

breathing problems

Breathing problems limit usual activities

Breathing problems kept from socializing

Felt frustrated by braathing problems

Breathing problems left too tired to do daily
activities

Breathing problems kept from getting as much
done

Breathing problems make it difficult to focus
attention on other things

Affected by strong smells, fumes

Smoking history {current and past status,
pack-years)

Famity history of iung disease

Expoesure to secondhand smoke at home, work

Live with someone who smokes

Exposed to dust, gases, etc., al work

Cough

Phlegm

Colds/ bronchitis

Chest Congestion/
Wheezing

Functionat Impact

Personal
Characteristics

COPD-PS: CCPD Population Screener.

CGPD: Journal of Chronic Obstructive Pulmenary Disease

predicted values from Morris et al. (19). For the purposes of this
study, AQ was defined based on GOLD guidelines (postbron-
chodiiator forced expiratory volume in 1 second/forced vital
capacity [FEV|/FVC] < 70%) (3) as airway obstruction that is
not fully reversible. Patients with AQ, identified by spirometry,
were further characterized as having mild AO or moderate-to-
very-severe AQ.

Spirometry tracings were reviewed post hoc by an indepen-
dent pulmonary specialist auditor to evaluate adherence to ATS
standards for acceptability and reproducibility. Patients with
spirometry tracings meeting the strict ATS criteria were in-
cluded in the analysis. A random subsample of patients (20%)
compieted the development survey (but not spirometry) again
2 weeks later to generate test-retest reliability estimates; survey
methods to optimize return rates were implemented {20},

Statistical Analysis:  Analyses were performed using SAS
(Version 8.2 for Windows, SAS Institute In¢., Cary, NC, USA)
and STATA (version 8.0; StataCorp LB, College Station, TX,
USA).

Item selection:  Based on spirometry resulis, patients were
categorized as “No AO” and “AQ.” Point-biserial correlations of
survey items with dichotomous AO diagnosis were generated.
Forward stepwise logistic regression models were used to test
blocks of items with similar content to identify the best predic-
tors for AQ status within each unidimensional set. {tems within
content blocks that met the criterion for significant model contri-
bution{p < 0,10} were retained for inclusion in a second stage of
modeling to identify the best multidimensional set of items (this
significance level was selected fo ensure items with any possi-
ble contribution to prediction were identified for further study),
Items were evaluated as both continuous variables and as sets of
dichotomized response options to study the contribution of the
total jtem and specific response options.

Age and smoking variables {(including pack-years, categori-
cal smoking status, and other variables regarding smoking expe-
rience) were also tested to identify optimal questions. Based on
overall model fit and significant contribution of individual items,
a final multivariate jogistic model was constructed. Consistency
of these results was examined across specialist and general prac-
tice sites. The final model was applied to the total study sample
(N = 697) to study consistency across different sampie defini-
tions, although the accuracy of the AO outcome in the full sample
cannot be confirmed. To estimate the robustness of final model
results, 1000 bootstrap samples were drawn with replacement
from the original audited sample and analyzed.

Scoring and screening accuracy:  Three scoring options for
combining item responses in the final model were evaluated: 1)
total sum of itemn responses, 2) dichotomous variable for each
item, and 3) weighted sum of item responses. Receiver eperating
characteristic (ROC) analyses (21) were conducted to evaluate
the COPD-PS score in screening for AQG, The area under an ROC
curve (AUC), odds ratios, sensitivity and specificity, positive and
negative predictive values, and percent correcily classified were
estimated for the continuous screener score and at each scoring
level or “cut-point.”
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Reliability:  Test-retest reliability for the COPD-PS score
was assessed with product-moment and intraclass (22, 23) cor-
retations between scores at study entry and 2-week follow-up.

Empirical validation:  Clinician-working-group input as-
sured a degree of content validity by defining conceptual do-
mains and specific content items based on clinical experience.
COPD is associated with decrements in quality of life (3); hence,
convergent and discriminant validity was assessed by corre~
lating COPD-PS scores and results from the SF-12v2 Health
Survey, A series of known-groups construct validation analyses
were conducted to examine the COPD-PS mean score differ-
ences between groups differing in the construct being measured
{24). We hypothesized that patients with more respiratory prob-
lems would score significantly higher on the COPD-PS than
those without for the categories of AO severity groups, site
type, physician-reported COPD status, seif-reported COPD sia-
tus, work/school absenteeisn: due to breathing problems, self-
reported use of bronchodilators, and overnight hospitalization
for breathing problems. The ROC analyses for COPD-PS and
CAOQ diagnosis were completed to examine concusrent validity
of the COPD-PS screener.

RESULTS

Fatient Characteristics:  Of the 697 patients completing
both the development survey and spirometry, 445 (64%) and
252 (36%) were from peneral practice and specialist sites, re-
spectively. A total of 295 patients who had spirometry results
meeting strict ATS standards were included in the analytic sam-
ple (105 [369%] from general practice; 190 [64%] from specialist
sites). Table 2 presents patient characteristics by provider type.
The average patient age for the total sample was 62.F £ 13.0
years (range 35-91 years). Approximately 40% of the sample
was male. Patients enrolled from specialist sites were older and
more likely to be male, white, and less likely 1o be Hispanic.

Approximately 38% of patients had AO based on spirometry
results, severity being mostly moderate-to-very severe (85%).
Prevalence of AO differed by site type-—17% and 50% of pa-
tients enrolled from general practice sites and specialist sites had
AQ, respectively (p < 0.0001). The mean pre- and postbron-
chodilator FEV, % predicted for patients with AQO and without
AQ is shown in Table 3. In the AQ group, the postbronchodila-
tor mean FEV (% predicted was only slightly higher than the
prebronchodilator mean FEV, % predicted, suggesting these pa-
tients had poorly reversible airway obstruction.

Questionnaire ltem Selection:  Responses to potential items
for the COPD-PS questionnaire met basic criteria for Likert-
type questions. Hem responses were well distributed, and most
items had a standard deviation (SD) of at least 1.0. Item-level
missing data were less than 3% for all items, except shortess
of breath with activity (8% missing). Correlations of the survey
items with AQ diagnosis ranged from 0.00 to 0.38. In the first
stage of logistic models, 23 items were significant (p < 0.10)
in predicting AO status.

A series of stepwise logistic regression analyses with the
23 items revealed that a combination of two symptom- and
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Table 2. Patient characteristics by provider type

Analytic  General
Sample Practice  Pulmenolegist
(N=295) {(N=105) (N=180)
100% 36% 64%
Mean Age (SD) 62.1{13.0) 58.2 (144} 64.2 (11.8)"
Mala (%) 40.6 32.47 44,21
Education (%}
Less than high school 13.3 17.4 111
High school 24,1 15.3% 28.0f
Beyond high schoel 62,6 67.4 60.0
Employment (%)}
Full’part-time student 0.0 0.0 0.0
Working full/part-time 33.2 36.3 31.5
Retired/unemployed 49.3 42.2 53.3
Homemaker/other 17.5 218 15.2
Marital status: married (%) 63.0 5481 6761
Ethnic background {%)
Black/African American 6.9 10.6 4.8
White g§2.5 63.5* 93.1*
Asian/Pacific islander 0.7 1.9 0.0
American Indian/Alaskan 0.7 1.0 0.5
Nativa
Hispanic/Spanish/Latino 8.3 23.1" 1.6*
Smeking status (%)
Current smoker 16.4 211 13.7
Never smoker 355 49.5* 27.9*
Former smoker 481 29.1* 58.4*
Chranic conditions
(self-report, %)
Arthritis 48.8 48.5 49,0
Hypertension 46.9 53.3 43.4
Rhinitis or sinusitis 39.7 43.3 37.8
Asthma 41.0 348 44 .4
COPD 38.2 20.2* 48.2*
Other lung preblems 28.3 8.8* 38.2*
Clinical depression 17.7 21.0 15.9
Diabetes 18.7 221 18.4
Cancer, except skin cancer 11.5 10.5 121
Congestive heart faflure 11.9 i2.4 11.6
Chronic conditions
{clinician-report, %)
Arthritis 43.1 457 41.6
Hypenrension 42.7 51.4f 376t
Rhinitis or sinusitis 42.2 46.7 40.0
Asthma 36.4 32,7 38.5
COPD 33.1 210 45.2*
Other lung problems 25.5 7t 36.3°
Clinical depression 17.4 21.9 14.8
Diabetes 16.7 21.9 13.8
Cancer, excepi skin cancer 9.5 105 8.0
Congestive heart failure 10.5 10.5 10.6
Etfects of breathing
problems (%)
Missed 14- days work/schoot 10.5 57 13.6
in past 4 weeks
Hospitalized overnight 7.0 2.9 9.3f
in past 3 months
AO diaghosis: 38.4 171 50.3"

FEV/FVC < 70% (%}

SD: standard deviation; COPD: chronic obstructive puimonary disease;
FEVy: forced expiratory volume in 1 second; FVC: forced vital capacity.
“p<0.01;Tp <005
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Table 3, Pre-and postbronchodilator admiristration mean (SD) FEV, %

Pre-BD Mean Post-BD Mean
FEV{% FEV%
N (%) Reversibility predicted (SD) predicted (D)
Ne AO:
Pre-BD FEV{/FVC = 70% 169 (58%) — 91.1{18.4) 93.0 (18.7)
Post-BD FEV4/FVC > 70%
Pre-BD FEV/FVC < 70% 12 (4%) 41.7% 58.8 (31.3) 67.4 {32.1)
Post-BD FEV4/FVC = 70%
AQH
Pre-BD FEV/FVC < 70% 113 (38%) 10.6% 56.2 (24.2} 58.8 (26.1)

Post-BD FEV/FVC < 70%

Reversibility: > 200 mL improvement and > 12% improvement of baseling FEV;. 8D: standard deviation; FEV:
forced expiratery volume in 1 second; BD: bronchodilator; COPD: chronic obstructive puimonary disease; FVC:

forced vital capacity.

one functioning-based items best discriminated between patients
with and without AQ: shortaess of breath frequency, production
of sputum/phlegm frequency, and functional limitations due to
breathing problems. Also the interaction of dyspnea and cough
items was significantly predictive of AQ. The same three vari-
ables performed the best in regression models with the total
sample as well. Two items were significantly associated with
AQ, but in the negative direction. Awake at night with breathing
problems and need to clear chest in the morning predicted a lack

of AO but added littie to the overali model fit. As such, only
items with a positive association with AQ were retained for the
COPD-PS questionnaire,

Patient characteristics were added to the logistic model; age
and smoking history improved AQO prediction. Three versions
of smoking variables were assessed: pack-years, categorical
smoking status (i.e., current, former, never-smoker) and a single
item regarding lifetime consumption of at least 100 cigaretses.
The simple, single-item measure presented the best trade-off

Table 4. Summary of logistic regression results

Anglytic Sample (N = 294)

ltem Response

ltem-Response OR Options OR,

ltem Respense Weights (85% Cl) ORs Cis

During the past 4 weeks, how much of the time None of the time 0 1.07 — —
did you feel shert of breath? Alittle of the time 0 (0.75, 1.83) 1.27 0.38,4.28
Some of the time 1 0.88 0.26, 2.98
Most of the time 2 1.13 0.30,4.24
All of the time 2 0.40 0.06, 2.63

De you ever cough up any “stuff,” such as No, never [ 0.91 — er
mucus or phlegm? Qccas. colds [} (0.72,1.15} 1.49 0.49, 4.58
Few days a month 1 1.84 0.54, 8.22
Most days a week 1 1.48 0.43, 5.04
Yes, every day 2 1.85 0.57,6.05

Please select the answer that best describes Strongly disagree 0 1.64* —_— —
you in the past 12 months. | do less than | Disagree 0 (1.25, 2.16) 0.77 0.23, 2.58
used to because of my breathing problems. Unsure 0 0.89 0.22.3.54
Agree 1 2.28 (.80, 6.54
Strongly agree 2 6.7at 1.96, 23.47

Have you smoked at least 100 ¢igarettes in No 0 5.80* — -
your ENTIRE LIFE? Yes 2 (2.81, 11.96) 5.80* 2.68, 12.58

How old are you? Aged 3510 40y 0 2.68" — s
Aged 5010 59y 1 {1.92, 3.74) 2.85 0.78, 10.41
Aged 60 1o 68 y 2 s.801 1.98, 23.35
Aged 70+ y 2 23.80* 6.84, 82.83

Overall maodel fit:

LR test: 122,13, 16 df, p < 0.0001

OR: odds ratio; Cl: confidence interval; Cccas.: Occasionally; LR: fikelihood ratio; df: degrees of freedom.

*p<0.001; Fp <001,
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Table 5. COPD-PS™ mean scores by selected patient
characteristics

Patient Characteristics Mean Score (S0)

Total population 5.04 {2.58)
Non-White 3.35 (2.81}
White 5.43 (2.41}
Male 5.36 (2.50)
Female 4.84 (2.61)
No AO 3.99 (2.35)
AQ {all severity levels) 6.76 (1.94)
Mitd AQ {GOLD stage [} 6.33 (2.29)
Moderate/very severe AQ 6.83 {1.89)
(GOLD stage li-+)
General practice site 3.89 {2.70)
Specialist site 5.63(2.31)

COPD-PS: COPD Population Screener; SD: standard
deviation; AD: Fixed alrflow cbstruction; COPD: chronic
obstructive pulmoenary disease; GOLD: Global Initiative for
Chronic Obstructive Lung Disease.

between explanatory power and ease of administration. Second-
hand smoke exposure was evaiuated regardless of individual
smoking status and was nearly a significant predictor (p < 0.08),
but did not improve overall model fit. The final logistic model
with 5 variables produced significant overall fit (likelihood ratio
x% == 122.13, p < 0.0001; pseudo R? = 0.47).

Table 4 presents results for the final model. The resulis in
the final analytic sample, confirmed to have met ATS standards
for spirometry performance were compared with the full study
sample results (likelihood ratio x? = 113.50, p < 0.0001) and
were found to be consistent. Interactions of provider type with

items and item-response weights were not statistically signif-
icant, indicating that items were not differentially predictive
across provider type, and scoring weights functioned equally
for general practice and specialist sites. The mean, median, and
Sth and 95th percentiles for the 1000 bootstrap sample regres-
sion model results revealed little variation in model coefficients
from the analytic sample results.

Scoring and Screening Accuracy:  Of the 3 techniques used
to evaluate scores, the weighted-sum technique produced the
best results for diserbminating between patients with and with-
out AO. Each item response was assigned a value of 0, 1,
or 2, depending on the relative contribution of the response
to identifying AQ, and response values were summed across
the items to produce a scale score ranging from O (unlikely to
have AQ} to 10 (likely to have AQ). Table 5 presents COPD-
PS mean scores by selected patient characteristics. Figure |
presents the ROC curve associated with the final COPD-PS
score. The AUC corresponding to a mode! with 5 individual
screener items was (.86, and for the total score it was 0.81.
Based on sensitivity (59.6%) and specificity (83.2%) for the
total score, the positive likelihood ratio (LR+) for the survey
was 3.56.

Table 6 summarizes the performance of the COPD-PS score
in identifying patients with AQ across multiple score levels.
In these analyses, screener scores were dichotomized to al-
low an analysis of cut-point performance relative to AO di-
agnosis. Lower cut-point scores were associated with higher
sensitivity and Jower specificity, while higher scores produced
lower sensitivity and higher specificity. A cut-point in the range
of 5 to 6 provided a good trade-off between sensitivity and
specificity, as well as high correct classification rates for AQ
diagnosis.

Arlaa under ROC curve’ =0.8100
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Figure 1. ROC curve: COPD-PS™ score and AC diagnosis. ROC: receiver operating characleristic; AUG: area under the curve; COPD-PS:
COPD Pepulation Screener; COPD: chronic obstructive pulmenary disease.
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Table 6. Performance of COPD-PS™ cut-point scores in screaning for AQ

Positive Negative Percent (%) Area

Cut-Point Odds Sensitivity Specificity Predictive Predictive Correctly Under
Score Ratio (%) {%) Value (%) Value (%) Classified ROGC Curve

=4 11.10 93.8 43.3 50.3 91.7 62.4 0.68
5 8.34 84.4 60.7 56.8 86.4 69.7 0.73
6 7.69 73.4 73.6 63.0 81.9 73.5 0.74
7 7.29 55.6 83.2 68.4 77.% 74.2 G.71
8 7.92 40.4 92.1 75.9 71.6 72.5 0.66
9 8.75 20.2 97.2 81.5 86.5 67.9 0.59
Continuous
Score 1.72 59.6 83.2 68.4 77.1 74.2 0.81

COPD-PS: COPD Population Screener; COPD: chronic obstructive pulmonary disease; AO: fixed airilow obstruction; ROC:

receiver operating characteristic,

Reliability: Table 7 presents mean scores for the analytic
sample and by AO diagnosis for a random subsample of 57 pa-
tients completing the study surveys at entry and 2-week follow-
up. For the analytic sample, the test-retest Pearson's product-
moment correlation was 0.91 and the intraclass estimate was
0.91, Test-retest reliability estimates were slightly lower within
each diagnostic group (AO and no AQ), but the sample sizes
may have been too small for accurate estimation.

Empirical Validation:  Convergent and discriminant valid-
ity results are presented in Table 8, where scales are arranged
in order from those designed to assess more physical aspects of
health to those measuring mental health (higher SF-12v2 scores
represent better health while higher COPD-PS scores represent
higher likelihood of having AQ). COPD-PS scores had higher
correlations with scales designed to measure physical function-
ing, role limitations due to physical health, and general health
status. Lower correlations were found between COPD-PS scores
and scales designed to assess well-being domains, such as men-
tal health.

Table 9 presents results of known-groups validity analyses.
COPD-PS mean scores were significantly higher for patients
with AO than without (6.8 vs 4.0, p < 0.0001). Scores for pa-
tients with mild AO were significantty higher than for patients
with no AO (p < 0.01}, but the difference between AQ severity
groups was not statisticaily significant, Patiens- and physician-
reported COPD also produced significantly higher mean scores.
Bronchodilator use and overnight hospitalization were associ-
ated with significantly higher COPD-PS scores. Results from

concurrent validity analyses demonstrated that the COPD-PS
score predicled physician- reported COPD as well as spirometry-
based diagnosis (model likelihood ratio x° = 148.57, p <
0.0001). AUC for the analytic sample was 0,88, for the continu-
ous score sensitivity was 66% and specificity was 89%, Eighty
percent of patients were correctly classified.

DISCUSSION

Simple tools are needed to help identify persons who
have COPD. A brief, casy-to~complete questionnaire based on
patient-reported information can serve as a first-level screen. A
screening assessment may help clinicians identify patients at risk
for COPD, prompting clinical review and spirometric assess-
ment, which are necessary to confirm a diagnosis. Furthermore,
dissemination of a COPI} screener in the general population
might encourage individuals with pulmonary symptoms to visit
their physician. This study represents the development and ini-
tial validation of a simple, reliable, self-scored COPD screening
questionnaire. Three COPD-related items (breathlessness, pro-
ductive cough, and activity limitation}, a smoking history item
(100 or more cigarettes smoked inlifetime), and an age item were
used to construct the COPD-PS questionnaire. A weighted-sum
score of these items resulted in a questionnaire that discrimi-
nated between patients with and without AO, and could be easily
adapted to an electronic format for simple scoring.

The hallmark symptoms of COPD are dyspnea, chronic
cough, chronic sputum production, and a history of exposure

Tabte 7. Test-retest refiability of COPD-PS™ scores

Pearson’s Intraclass

Time % Time 2 Test-Retest Coefficient

Mean (SD}) Mean (SD) Reliabitity Reliability
Total Sample (N = 57) 5.42 (2.5) 5.42 (2.4) 0.9 (sX¢]]
Ne AQ (N = 36} 4.36 (2.2) 4.56 {(2.4) 0.89 0.88
AQ (N =21) 7.24 (1.8) 6.90 (1.8} 0.88 0.88

COPD-PS: COPD Poputation Screener; S$D: standard deviation; COPD: chronic obstructive
pulmonary disease; AO: fixed airfiow cbstruction.
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Table 8, Association of COPD-PS™ score and SF-12v2 scores

Correlation
With COPD-PS
PC8-12 -0.47
Physical Functioning -0.50
Role-Physical -0.50
Bodily Pain —-0.12
General Health ~0.39
Vitality -0.28
Social Functioning -0.23
Rote~Emoticnal —0.23
Mental Health —0.10
MCs-12 ~0.06

GOPD-PS: COPD Population Screener; SF-12v2 Heaith Survey:
12-item, short-form, general-health-status assessment; PCS-12:
physical health summary measures of the SF-12 Health Survey;
MGS-12: mental health summary measures of the SF-12 Health
Survey.

to risk factors, such as smoking (3). The COPD-PS identifies
these symptoms and risks, as well as considers age as a screen-
ing factor for COPID. The COPD-PS is unique in that it is a
seif-administered, self-scored questionnaire that utilizes a scor-
ing system to predict spirometry-based diagnosis of the disease.
Individual COPD-PS items were not all significant predictors of
COPD in a multivariate logistic model, but their combination
produced a well-fitting model and a final score that performed
well in tests of sensitivity and specificity. Scores met generally
accepted standards for individual-level reliability (24), suggest-
ing that they are not only appropriate for group-level inferences
but also can be applied reliably at the individual level,

The clinician working group tested several different versions
of itemns that assessed concepts typically associated with COPD.
This allowed identification of questions that could be easily un-
derstood and completed by patients across a range of literacy
skills. Some particular item wordings had a stronger relationship
to COPD than others. Surprisingly, several concepts identified

Table 9. Comparison of COPD-PS™ mean scores across patient variables

AQ Comparisen Variable N Mean sD T
COPD diagnosis
No AQ: FEV/FVC » 70% 178 4.0 2.3
AQ: FEV4/FVC < 70% 109 6.8 1.9 -10.79*
AC severity
Ne AQ 178 4.0 2.3
Mild AO: FEVy > 80% predicied 15 6.3 2.3 -3.701
Moderate/very severe AQ; FEVy < 94 6.8 1.9 —10.79%' ~0.922
80% pradicted
Practice type
General practice 103 4.0 2.7
Pulmonologist 185 586 2.3 ~B5.43*
Seli-teport
No COPD 175 3.8 2.2
Have COPD 111 7.0 1.7 ~-13.93*
Physician-report
No COPD 175 3.7 2.1
Have COPD 112 7.1 1.7 -14,88"
Use of bronchoedilators
No use in past 4 weeks 101 3.3 22
Use in past 4 weeks 186 8.0 2.3 ~-9.71%
Work/school loss in past 4 weeks
Did not miss due to breathing 116 3.9 24
problems
Missed 1+ days due to breathing 17 4.8 2.9 -1.36
problems
Hospitalization in past 3 months
No overnight hospitalization due to 261 4.9 2.6
breathing problems
1+ overnight hospitalizations due fo 18 6.5 27 -2.65¢

breathing problems

COPD-PS: COPD Population Screener; COPD: chronic cbstructive puimonary disease; AO: fixed
airflow obstruction; 8D: standard deviation; FEVy: forced expiratory volume in 1 second; FVC:

forced vital capacity.

*p < 0.00%;{p < 0.01.

T Moderate/very severe AO vs No AQ.
2 Moderatefvery severe AQ vs Mild AO.
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by clinicians as related to COPD-—cough, frequent colds or
bronchitis, and chest congestion or wheezing—did not serve
to distinguish between patients with AO and those without AQ,
Although these are likely important aspects of the disease, self-
reporting of cough, colds, and chest congestion did not improve
the differentiation between AQ and no AO when breathlessness,
phlegm, functional limitations, smoking status, and age were
considered. This may relate to the similarity shared by several
pulmoenary conditions for these nondistinguishing symptoms.

The group studied the contribution of smoeking status, mea-
sured in multiple ways, 1o prediction of COPD. Each smoking
variable performed similarly in discriminating between patients
with and without AO when tested in combination with other
screening items. In our attempt to develop an easy-to-complete
guestionnaire that did not require complicated calculations, the
combination of explanatory power and ease of administration
resulted in the selection of a single-item smoking measure for
the COPD-PS, Other state (25, 26) and national (27, 28) surveys
have used a similar “smoked at least 100 cigarettes” item, lts
inclusion in the COPD-PS allows for comparison of smoking
rates with nationally published figures.

We demonstrated validity of the COPD-PS through multiple
concurrent and construct approaches. Higher COPD-PS scores
can generally be interpreted as indicating an increased iikelihood
of AQ. Lower cut-point levels were associated with greater de-
tection of patients with AO (higher sensitivity) but also included
some patients not having AQ {low specificity). The opposite was
true at higher scores. Thus, selection of a particular cut-point
value can be adapted for a particular application. For example,
ifthe goalisto identify as many individuals with potential COPD
as possible, with less concern for including those who may not
have the disease, a score corresponding to high sensitivity and
lower specificity can be considered. This could result in signif-
icant health care resource expenditure. On the other hand, if an
application requires a higher level of certainty that all identified
individuals do have COPD, a score associated with higher speci-
ficity is desirable. As such, the optimal scoring utilized should
be adapted to the situation and with regards to the health care
utilization implication of this decision.

in contrast to this seif-report questionnaire, some earlier
COPD screening tools require clinical information from the
medical record (29, 30) or previous report of a physician di-
agnosis of COPD (31) for scoring. Others require interviewer
administration, include complicated caleulations or skip patterns
that make it difficult to seif-administer, or are intended only for
a particular population, such as current or former smokers (32).
The value of self-report surveys relative to spirometry has been
demonstrated for COPD case finding {32-34). van Schayck et al.
identified an optimal combination of items from NHANES-HI
for distinguishing between those with and without COPD, but
because that study did not include reversibility testing, it is un-
clear how well results will generalize to COPD diagnoses based
on GOLD definitions of the disease (35).

Price et al. generated an 8-item COPD questionnaire devel-
oped in patients with a positive smoking history and no previous
respiratory diagnosis identified through 2 primary care physician
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office sites (United Kingdom and United States) (32). This ques-
tionnaire included items related to age group, body mass index,
pack-year history, and symploms and featured a scoring system
suitable for use in primary care settings. Scores on this case-
finding tool were separated into 3 “zones,” indicating increased,
unchanged, and decreased likelihood of COPD compared with
the total study population {which as a whole has an increased risk
of COPD due to inclusion criteria); patients with a higher fikeli-
hood should be referred for spirometry {36). Although some of
the items are similar to those of the COPD-PS, its derivation sug-
gests that this instrument is better suited for use in a physician’s
office in higher risk populations.

Similarly, Freeman et al. identified 4 features (age, cough,
dyspnea, and wheezing) that identified patients with COPD
among a primary care population with a positive smoking
history, history of use of respiratory medications, or a his-
tory of asthma (33). Calverley et al. developed a population-
based screening questionnaire for COPD retrospectively, using
NHANES III data (12). The COPD-PS differs from these other
instruments because if can be used in a broader group of individ-
uajs, regardless of smoking history or known presence of res-
piratory problems. Although other instruments include age and
symptom-based items, the COPD-PS also contains a disease-
impact item, which allows the patient to describe activity limi-
tations due to breathing problems.

A limitation of this study includes the definition for COPD,
Although the screener identified patients with AQ and not nec-
essarily COPD, it does identify patients for whom spirometry
would be indicated and in whom additional clinical evaluation
would be required to confirm a COPD diagnosis. Furthermore,
the important contribution of the smoking item, the limited bron-
choreversibility of patients with AQ, and the high correlation
with physician-reported COPD strongly support that cases with
AQ identified had a COPD diagnosis. In fact there was only fair
concordance between subject reported or clinician diagnosed
COPD and confirmed COPD; one in five spirometry-identified
COPD patients did not report having a previous COPD history
by either self-report or clinician diagnosis.

An additional limitation reflects the source of the analytic
sample studied. Patients were recruited from a ciinical setting
to allow postbronchadilator spirometric assessment. In addition
to patients from speciatist sites, patieats from general practice
sites were enrolled, with the intention of accessing individuals
who were not already seeing a pulmonary specialist for respira-
tory symptoms. Similarly, recruited patients were being seen for
routineg, previousty scheduled, office visits to maximize gener-
alizability, It is important to realize that the prevalence of COPD
was higher in the cohort studied than would be anticipated in gen-
eral population samples, which may have increased the positive
predictive value of the COPD-PS. Validation in an independent
general population sample is required to define the operating
characteristics in this setting.

Pazients were visiting their physician for other medical prob-
lems, which might confound the diagnosis of COPD. An addi-
tional limitation was the low rate of adherence to ATS standards
for spirometry testing. More than half of the tests carried out in
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general practice sites did not meet either strict reproducibility
or acceptability standards for 3 tracings, according to external
review, However, even in 2 of the 4 specialist sites, there were
many tracings that were excluded.

Despite this, results of analysis in the analytic sample were
similar to the results for the entire study population, Impor-
tantly, the lack of adequate spirometry performance in a ma-
jority of subjects supports the need for aggressive training in
spirometric testing if a screening instrument such as the COPD-
PS is to be widely employed. Previous investigators have con-
firmed that a majority of maneuvers performed in the primary
care selting without access to training failed to meet repro-
ducibility criteria (37). This group and others have confirmed
improvement in spirometry quality with limited training {38).
Using primary care physicians to identify early COPD with
spirometry will require ensuring that spirometry is properly
petformed (0).

Validation studies are needed to confirm the performance
of the COPD-PS questionnaire among individuals in commu-
nity settings. Future studies may choose to evaluate whether
additional item content can improve the performance of a brief
COPD screener. Cognitive interviews or focus groups with pa-
tients or individuals from the general population may provide
additional information about the acceptability and readability
of the COPD-PSquestions. Although a secondhand smoke item
approached statistical significance in our analytic sample, future
studies evaluating this item in nonsmokers may be of interest.
The developmental survey did not include self-repost items for
calculating body mass index. Items that separate asthma and
COPD could also be evaluated. The COPD-PS can be evaluated
for its utility as a first-stage screener in various settings, such as
population screening, clinical practice, disease management, or
population-based research,

REFERENCES

1. Manninc D, Homa D, Akinbami L, Ford E, Redd S. Chronic ob-
structive pulmenary disease surveillance—United States, 1971-
2000. Respir Care 2002; 47:1148-1149,

2, Globatl Initiative for Chronic Obstructive Lung Disease (GOLD)
2008. Globa! Strategy for the Diagnosis, Management, and Pra-
vention of COPD. Available at www.goidcopd.org/ (accessed De-
cember 2006).

3. Barnes P, Kleinert 8. COPD—a neglected disease. Lancet 2004,
364:564~565.

4. Varkey B. Chronic obsiructive puimonary disease: from nihilism
to temperad optimism. Curr Opin Pulm Med 2005; 11:113.

5. Caramori G, Bettoncelli G, Tosatto R, Arpinelli F, Visona G, In-
vernizzi G, Novelietto B, Papi A, Adcock |, Ciacela A. Underuse
of spirometry by general practitioners for the diagnonsis of COPD
in {taly, Monaldi Arch Chest Dis 2005; 63:6-12.

6. Ferguson G, Enright P, Buist A, Higgins M. Office spirometry for
lung health assessment in adults: a consensus statement from the
National Lung Health Education Program. Chest 2000; 117:1146-
1161,

7. Lee T, Bartle B, Weiss K. Spirometry use in clinical practice fol-
lowing diagnosis of COPD. Chest 2006; 122:1509-1515,

8. BoltonC,lonescu A, Edwards P, Faulkner T, Edwards S, Shale
D. Aftaining a correct diagnosis of COPD in general practice.
Respir Med 2005; 99:493-500.

94  April 2008

10,

11,

12.

13.

14,

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25,

26.

27,

28.

29,

Kaminsky D, Marcy T, Bachand M, Irvin C. Knowledge and use of
office spirometry for the detection of chronic obstructive pulmonary
disease by primary care physicians. Respir Care 2005; 50:1639~
1648,

Tinkelman D, Price D, Nordyke R, Halbert R. Misdiagnosis of
COPD and asthma in primary care patients 40 years of age and
over, J Asthma 2006; 43:75~80.

de Marce R, Accordini S, Cerveri |, Corsico A, Sunyer J,
Neukirch F, Kunzii N, Leynaert B, Janson C, Gislason T, Ver-
meire P, Svanes C, Anto J, Burney P, European Community
Respiratory Health Survey Study Group. An international sur-
vay of chronic obstructive pulmonary disease in young adults ac-
cording to GOLD stages. Thorax 2004; 59:120-125.

Calverley P, Nordyke R, Halbert B, lsonaka S, Nonikov D. Devel-
opment of a population-based screening queastionnaire for COPD,
COPD 2005, 2(2):225-232.

Ware Jr J, Kosinski M, Turner-Bowker D, Gandek B. How ‘o
scare version 2 of the SF-12@ Health Survey (With a supplement
documenting version 1). Lincoln, Rl: Quality Metric Incorporated,
2002.

American Thoraclc Society. Standardization of spirometry. 1994
Update. Am J Respir Crit Care Med 1995; 152:1107~1136.
American Thoracic Society. Lung function testing: selection of
reference values and Interpretative strategies. Am Rev Respir Dis
1991; 144:1202-1218.

Cohen J. 1298. Statistical Power Analysis for the Behaviorat Sci-
encas, 2nd Ed. Lawrence Ertbaum Associates, Inc., Hillsdale, NJ.
Flahault A, Cadithac M, Thomas G. Sample size calculation
should be performed for design accuracy in diagnostic test studies.
J Clin Epidemiol 2005; 58(8):85%-862.

Obuchowski N. Sample size tables for receiver operating charac-
teristic studies. Am J Roentgenol 2000; 175(3):603-608.

Morris J, Koski A, Johnson L. Spiremetric standards for healthy
aonsmoking adults. Am Rev Respir Dis 1971; 103:57-67.
Dillman D. 1999. Mail and Internet Surveys: The Tailored Design
Method, 2nd &, John Witey & Sons, Inc., New York.

Hanley J, McNeil B. A method of comparing the areas under re-
ceiving operating characteristic curves derived from the same set
of cases. Radiclogy 1983; 148:839-843.

Shrout P, Measurement reliability and agreement in psychiatry.
Stat Meth Med Res 1898; 7(3):301-317.

Shrout P, Fleiss J. Intraclass correlations: uses in assessing rater
reliability. Psychoi Bull 1979; 86:420-427.

Nunnally J. 1978. Psychometric Theory (2nd Ea). McGraw-Hill,
New York, NY.

Gilpin E, White M, White V, Distefan J, Trinidad D, James L, Lee
L, Major J, Kealey S, Pierce J. 2004. Tobacco controf successes
in California: a focus on young pecple, results from the California
Tobacco Surveys, 1990-2002. University of Califernia, San Diego,
La Jolla, CA.

Holtby 8, Zahnd E, Lordi N, MceCain C, Chia J, Kurata J. 2006.
Heaith of California’s adults, adolescents, and children: findings
from the CHIS 2003 and 2001. UGLA Center for Health Policy
Research, Los Angeles, CA.

Hughes E, McCracken M, Roberts H, Mokdad A, Valluru B,
Goodson R, Dunn E, Elam-Evans L., Giles W, Jiles R. Surveil-
lance for certain health behaviors among states and selected locai
areas—-Behavioral Risk Factor Surveilfance System, United States,
2004. MMWR Morb Mortal Wkly Rep 20086; 55(S5--07).
Lethbridge-Cejku M, Rose D, Vickerie J. Summary of health
statistics for U.S. Adults. National Health Interview Survey, 2004,
National Center for Health Statistics. Vital Health Stat 2006; 10
(228).

Buttels J, Degryse J, Heyrman J, Decramer M, DIDASCO
Study, Office spirometry significantly improves early detection of
COPD in general practice. The DIDASCO Study. Chest 2004;
125:1394-1399.

COPD: Journal of Chronic Obstructive Pulmonary Disease



30.

31.

32.

33.

34.

Mullerova H, Wedzicha J, Soriano J, Vestho J. Vaiidation of a
chronic obstructive pulmonary disease screening guestionnaire for
population surveys. Respir Med 2004; 98:78-83.

Barr R, Herbstman J, Speizer F, Camargo Jr C. Validation of
a self-reported chronic obstructive pulmonary disease in a cohort
study of nurses. Am J Epimediol 2002; 155:965--971.

Price D, Tinkelman D, Nordyke R, Isonaka S, Halbert R. Scoring
system and clinical application of COPD diagnosis questionnaire.
Chest 2006; 129:1531~1539.

Freeman D, Nordyke R, Isonaka S, Nonikov D, Maroni J,
Price D, Halbert R, Questions for COPD diagnostic screen-
ing in a primary care setting. Respir Med 2005; 99:1314-
1318.

van Schayck C, Loozen J, Wagena E, Akkermans R, Wesseling
G. Detecting patients at high risk of developing chronic obstruc-
tive pulmonary disease in a generai practice: cross sectional case
finding study. BMJ 2002; 324:1370C.

35.

36.

37.

38.

Van Schayck C, Halbert R, Nordyke R, Isonaka S, Maroni
J, Nonikov D. Comparison of existing symptom-based gques-
tionnaires for identifying COPD in the general praclice setting. .
Respirology 2005; 10:323-333.

Price D, Tinkelman D, Halbert B, Nordyke R, Isonaka S,
Nonikov D, Juniper E, Freeman D, Hause T, Levy M, Ostrem A,
Van der Molen T, van Schayck C. Symptom-based questionnaire
for identifying chronic obstructive pulmonary disease in smokers.
Respiration 2006; 73:285-295.

Eaton T, Withy S, Garrett J, Mercer J, Whitlock R, Rea H.
Spiromatry in primary care practice. The impertance of quality as-
surance and the impact of spirometry workshops. Chest 2006;
116:416-423.

Schermer T, Jacobs J, Chavannes N, Hartman J, Folgering H,
Bottema B, Van Weel C. Validity of spirometric {esting in a general
practice population of patients with chronic obstructive puimonary
disease (COPD}. Thorax 2003; 58:861-866.

Appendix A. ltem content of variables tested for inclusion in the COPD-FS™ survey

Conceptual Domain

Hem Content

Dyspnea

Cough

Phlegm

Colds/ bronchitis

Chest Congestion/ Wheezing

Functional Impact

Personal Characteristics

Do you get out of breath with activity?

During the past 4 weeks, how much of the time did you feel short of breath?

On average, breathing problems usually keep me awake at night. . . (frequency)
Qver the last year, | have had shortness of breath:

During the past 4 weeks, how often did breathing problems limit your ability {o exercise as much as you would like?
in the past 4 weeks, how often have you fell short of breath under the following conditions? (When lying down flat;
When sitting or resting; Getting dressed; When walking less than one block; Bending over; When climbing one

flight of stairs; With heavy exercise or manual work (running, cycling, swimming fast)
Do you get out of breath more easily than others your age?

Over the last year, { have coughed:. . . (frequency)

In the past 4 weeks, how often have you had any of the following? (Coughing first thing in the morning; A cough
that just won't go away; A cough that makes your chest hurt; Coughing “attacks” when you exercise; A cough that
wakes you up at night; A need to cough to clear your chest)

How often in the past 4 weeks have you had a nagging cough?

Do you ever cough up any ‘stuff’, such as mucus or phlegm?

How often in the past 12 months have you brought up phiegm or mucus first thing in the morning?
Please select the answer that best describes you in the past 12 months. | have to clear my chest of stuff when |

wake up in the morning.

Please seiect the answer that best des¢ribes you in the past 12 months, (I get a lot of chest coids; When | get a

cold it really stays with me; My colds last for weeks rather than days; | seem to catch a cold more gasily than
other people do; | get bronchitis at least once every winter; | have frequent bouts with bronchitis)

In the past 4 weeks, how often have you had any of the following? {A feeling like something might be “stuck™ in your

chest or lungs; A feeling of heaviness in chest; Noisy breathing when you sleep; Chest congestion; Noisy
breathing during the day (gurgling, bubbling, rattling)

| do less than | used to because of my breathing probiems.

I the past 4 weeks, how much did breathing problems limit your usual activities or enjoyment of everyday fife?
In the past 4 weeks, how much of the time did you have difficulty in performing work or other daily activities

because of breathing problems?

in the past 4 weeks, how often: {did breathing problems limit you in performing your usual work activities, including
housework, work, school or social activities; did breathing problems keep you from secializing; did you feel fed up
or frustrated because of breathing problems; did breathing problems leave you too tired to do work or daily
activities; did breathing problems keep you from getting as much done at work or at home; did breathing
problems make it difficult for you to focus your attention on other things?)

effect)

Do you find that certain strong smells such as exhaust fumes, cigarette smoke or paint fumes affect you: (extent of

Smoking history (Current and past status, pack-years)
Do you have a family history of emphysema or chronic iung problems?
Have you been exposed lo tobacco or other kinds of second-hand smoke at home or work for extended periods of

time?

Da you live with someone who smokes?

Have you been exposed to dust, gases, or dirty air at work?
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