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Abstract

Objective: Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mortality, yet
research suggests this disease is greatly underdiagnosed. This literature review sought to summarize the most
common and significant variables associated with case-finding or missed cases of COPD to inform more effective
and efficient detection of high-risk COPD patients in primary care.

Methods: PubMed and EMBASE were searched for articles describing case-finding and epidemiologic research
to detect or characterize new cases of COPD. International studies in primary and non-primary care settings,
published in English from 2002-2014, were eligible for inclusion. Studies related to risk factors for development
of COPD were excluded.

Results: Of the 33 studies identified and reviewed, 21 were case-finding or screening and 12 were epidemiological,
including cross-sectional, longitudinal, and retrospective designs. A range of variables were identified within and
across studies. Variables common to both screening and epidemiological studies included age, smoking status,
and respiratory symptoms. Seven significant predictors from epidemiologic studies did not appear in screening
tools. No studies targeted discovery of higher risk patients such as those with reduced lung function or risks for
exacerbations.

Conclusion: Variables used to identify new cases of COPD or differentiate COPD cases and non-cases are wide-
ranging, (from sociodemographic to self-reported health or health history variables), providing insight into
important factors for case identification. Further research is underway to develop and test the best, smallest variable
set that can be used as a screening tool to identify people with undiagnosed, high-risk COPD in primary care.

Abbreviations: acute exacerbation of COPD, AECOPD; area under the curve, AUC; body mass index, BMI; COPD Assessment Test, CAT;
COPD Diagnostic Questionnaire, CDQ; COPD Population Screener Questionnaire, COPD-PS; forced expiratory volume in 1 second,
FEV,; forced vital capacity, FVC; Global initiative for chronic Obstructive Lung Disease, GOLD; Lung Function Questionnaire, LFQ; Third
National Health and Nutrition Examination Study, NHANES III; receiver operating characteristic, ROC; shortness of breath, SOB
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Introduction

According to the updated 2013 Global initiative for
chronic Obstructive Lung Disease (GOLD) guidelines,
chronic obstructive pulmonary disease (COPD) is
defined as: “a common preventable and treatable
disease...characterized by persistent airflow limitation
that is usually progressive and associated with an
enhanced chronic inflammatory response in the airways
and the lungs to noxious particles or gases”! Symptoms
are primarily chronic and include dyspnea, cough, and
sputum production.?”

COPD is the cause of substantial morbidity and

mortality worldwide and was recorded as the third
leading cause of death in the United States in 2008.4°
Data from the 2011 Behavioral Risk Factor Surveillance
System survey reported that an estimated 15 million
adults in the United States have been told by a health
care provider that they have COPD (age-adjusted
prevalence: 6.0%).” Risk factors for developing
COPD include, gender, socio-economic factors, aging,
infections, as well as tobacco smoke, occupational
dust, vapors, fumes, indoor air pollutants, outdoor air
pollutants, and genetic factors.®

Research also suggests that COPD is greatly
underdiagnosed, as indicated by data from the Third
National Health and Nutrition Examination Study
(NHANES III). These data suggest that over 63% of
adults with evidence of impaired lung function have
never been diagnosed with a lung disease (asthma,
chronic bronchitis, or emphysema).” Other lines of
research have also demonstrated that many cases are
first diagnosed at the time of an acute exacerbation of
COPD (AECOPD).!? Earlier detection of previously
undiagnosed, yet clinically significant, COPD in
primary care settings could improve short- and long-
term patient outcomes and may be cost-effective.!!
Therapeutic options exist to treat COPD, with the
greatest therapeutic benefit likely to be in symptomatic
individuals with a forced expiratory volume in 1 second
(FEV1) <60% predicted who are symptomatic or at risk
for AECOPD (i.e, clinically significant COPD).}213

Although spirometry is the diagnostic gold standard,
it is not efficient as a case-finding tool, and routine use
in primary care is not feasible or cost-effective. A brief,
easy-to-use self-administered questionnaire may be
a more practical method for identifying people most
likely to have clinically significant COPD and who
are in need of follow-up and diagnostic spirometric
testing. Several screening questionnaires have been
developed for use in varied settings, including the
general population, primary care, and specialty areas, to
identify people with COPD. None of these instruments
(e.g, COPD Diagnostic Questionnaire [CDQ]'* COPD
Assessment Test [CAT]'®) have specifically attempted
to identify previously undiagnosed individuals with
clinically significant COPD or who are at high risk of an
exacerbation.

The current project is part of a larger study using
a multi-method approach to develop a simple,
standardized case-finding method for identifying
individuals with moderate to severe airway obstruction
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and those at risk for AECOPD, who have not been
diagnosed or treated for COPD. The approach includes
a comprehensive literature review, systematic analyses
of 3 datasets using random forests methodology, and
qualitative research with individuals from the target
population.

The purpose of this literature review was to glean
insight from existing screening or case-finding
instruments and epidemiologic literature related to
COPD case identification. Specifically, the intent was
to compare and contrast the content and performance
of screening questionnaires, as well as identify factors
from the epidemiological literature that were predictive
of those at high risk of AECOPD, in order to identify

significant factors, or sets of factors, which would inform
the selection of candidate constructs for the new case-
finding tool.

Methods
Search Strategy

This search used PubMed and EMBASE databases to
identify articles published in English, from January
1, 2002 to July 14, 2014. An overview of the search
strategy is shown in Figure 1 . The initial step was a
broad search, to identify as many candidate articles
as possible. Key search terms included: chronic

Figure 1. Article Selection Process

Search Strategy

obstructive pulmonary disease, chronic
bronchitis, pulmonary emphysema,
and related terms in combination with
screening, case-finding, undiagnosed, early
diagnosis, or questionnaire—specifying
adults only. Search terms excluded papers
related to depression, anxiety, nutrition, or
diet, common but unrelated topics in the

COPD and COPD epidemiology literature.
Abstracts Initially Excluded Since the goal was to be more expansive
Rﬁl"ze%‘;d o N=2583 than restrictive and review studies across
h available literature, articles were not
restricted by study population (i.e., primary
Y care, general population, etc.)
Abstracts Group Abstracts were reviewed by 2 research
; Excluded
Reviewed N=79 team members and selected for further
N=123 review if the study addressed new case
7 identification  using  screening  or
epidemiologic methods, and included
Articles Full Articl irical id f .
Recommended by | ull Articles | Duplicates empirical evidence of screening
Experts Re':lll_eg;ed > N=4 effectiveness (screening instrument
N=21 h studies) or predictive power (epidemiology
studies). Abstracts of studies describing
the prevalence of COPD; risk factors for
. Excluded the development of COPD; characteristic
Articles N=27
Included in features or treatment outcomes of

Analysis
N=33

Epidemiology
Articles
N=12

N=23

Case-Finding
Screening Articles

COPD, such as symptoms, quality of
life, management strategies, smoking,
or smoking cessation; studies using
spirometric or genetic testing only; and
case studies were excluded from further
review.

Abstracts of the selected papers were
reviewed by the remaining team members
who rated each on a 6-point Likert rating
scale of relevance to the identification of
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candidate factors for identifying undiagnosed cases
of COPD (0 = not very relevant to 5 = very relevant).
Abstracts rated relevant or very relevant (mean score
>4) were selected for full-text review. Team members
were also asked to suggest additional articles that
should be retrieved for further review.

Two authors examined each of the full-text articles for
consistency with theinclusion/exclusion criteria; articles
failing to meet these criteria were excluded from further
review. Data from the final set of articles were extracted
and summarized in tables that included study design,
sample size, study population, predictive factors, and
results from the statistical analysis, including screening
questionnaire performance or the value of predictive
factors in identifying new cases of COPD.

Results

Figure 1 details the results from the article selection
process. Of the 2702 abstract reviews and additional
21 papers identified, 64 articles were examined in
detail and 33 met the inclusion/exclusion criteria for
data extraction. The articles reviewed included 21 case-
finding/screening and 12 epidemiologic studies.

Case-finding/Screening Questionnaire Studies
The case-finding/screening studies included
development studies, validation studies, and
retrospective data analysis reviews of developed
screeners. The median sample size was 676 (range:
39-7701). Studies were conducted in a range of
countries: United States (n=9), Australia (n=2), United
Kingdom (n=2), Netherlands (n=1), Japan (n=1), Canada
(n=1), China (n=1), Greece (n=1), Mexico (n=1), and
United States and United Kingdom combined samples
(n=2). The study populations consisted of primary care
(n=9), the general population (n=9) (i.e, recruitment
through random-digit dialing, conference attendance,
and mailed surveys), specialist clinies (n=2), or a
combination of both primary care and specialist clinics
(n=1). Most studies (n=17) used the GOLD criteria for
COPD case definition, where COPD was defined by a
post bronchodilator FEV/forced vital capacity (FVC)
ratio less than 70%1;2 studies used physician diagnosis
via medical chart; and 1 study used pre-bronchodilator
FEV./FVC <70%.

Table 1 summarizes key features of the 21 case-
finding/screening questionnaires, grouped according to
study population (i.e., general population, primary care,

specialist, and combined).

The number of questions present in each screener
ranged from 223 to 102 and included a range of factors.
Most included age (n=20), smoking pack years (n=17),
phlegm or sputum (n=16), cough (n=15), wheeze (n=13),
and dyspnea or shortness of breath (SOB) (n=10). While
these questions were more commonly found across
screeners, questions inquiring about exposure (n=3)
and family history (n=1) were also found, highlighting
the range of questions that have been used to screen for
COPD cases.

Performance characteristics of the screening
instruments are summarized in Table 2. All studies
reported the sensitivity and specificity of the screener,
the majority reported positive and negative predictive
values, and approximately half presented results from
the area under the receiver operating characteristic
(ROC) curve. For the studies conducted in the general
population, sensitivities ranged from 65.8% to 91.7%
and specificity from 46.7% to 97.7% (area under the
curve [AUC]=0.65 to 0.79). In primary care studies,
sensitivities ranged from 50% to 91% and specificities
from 25% to 77% (AUC=0.65 to 0.85). The 1 study
that combined primary care and specialist populations
(e.g,, nursing home) reported sensitivity and specificity
within the range of primary care and general population
studies (84.4% and 60.7%, respectively; AUC=0.73).33
The 2 studies utilizing only specialist populations
reported the highest sensitivities and good specificities:
90.6% sensitivity and 77.8% specificity was reported
for the nursing home population (AUC=0.903),3* and
92% sensitivity and 79.4% specificity was reported for
the pulmonary hospital population.3®

Epidemiological Studies
Table 3 presents an overview of the 12 epidemiological
studies, grouped by study population (6 general
population and 6 primary care). Median sample size
was 2578 (range: 146-5002). Studies were conducted
in a range of countries: Netherlands (n=3), Norway
(n=2), Denmark (n=2), United States (n=1), Canada
(n=1), Greece (n=1), and multiple European countries
(n=2). The majority (n=8) used the GOLD guidelines for
COPD case definition, where COPD was defined by a
post bronchodilator FEV1/FVC ratio less than 70%."
Overall, the epidemiological articles assessed 24
predictive factors. Of these, 17 were found to be
statistically significant in at least 1 study and 6 were
significant in more than half of the studies where
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Table 1. Case-finding/Screening Studies: Design and
Factors/Predictors

Study Design & Setting Factors/Predictors Measured
< —
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Calverley16 Development 2005 Retrospective US Gen- 7701 35- X X X X X
of a population- data eral 75
based screening analysis® popu-
questionnaire lation
for COPD
Raghavan!” Components 2012 Prospective Can- Gen- 532 >40 X X X
of the COPD study ada eral
Assessment popu-
Test lation
associated
witha
diagnosis
of COPD
in arandom
population
sampled
van Schayck!8 Comparison 2005 Retrospective US Gen- 5030 245 X IXEIE X OXE XX X
of existing data eral
symptom- analysis® popu-
based lation
questionnaires
for identifying
COPD in the
general practice
setting
Yawnl1? Development 2010 Retrospective US Gen- 387 >40 X X X X X
of the Lung data eral
Function analysis® popu-
Questionnaire lation
to identify
airflow
obstructiond
Kotz 20 External 2008 Prospective Nether- Gen- 676 40- X X X X 2X X
validation validation lands eral 70
of a COPD study popu-
diagnostic lation
questionnaire
Nelson2! Questionnaires 2012 Prospective US Gen- 5638 240 X X X X X X X X X
and pocket Study eral
spirometers popu-
provide an lation
alternative
approach for
COPD screening
in the general
population
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Study Design & Setting Factors/Predictors Measured
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disease screening
questionnaire
in China
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three steps: lation
a cross-
sectional study
in Mexico City
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symptom- sectional  pan  eral
based COPD study popu-
questionnaires lation
in Japanese
subjects
Freeman?5 Questions for 2005 Retrospective UK Pri- 369 240 X X X X X
COPD diagnostic data mary
screening in analysis® care
a primary

care setting

Frith26.£ Simplified 2011 Prospective Aust- Pri- 204 250 X X X X X 2X X X
COPD screening: validation  ralia mary
validation of study care
the PiKo-6°

in primary care

Hanania?7? Predictingrisk 2010 Cross- US  Pri- 837 240 X X X X X
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obstruction in study care
primary care:

validation of
the Lung Function
Questionnaire
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Study Design & Setting Factors/Predictors Measured
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Price 30 Scoring system 2006  Primary US& Pri- 798 240 X X X X 2X X X
and clinical care Scot- mary
application of land  care
COPD
diagnostic
questionnaires
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questionnaire land care
for identifying
chronic obstructive
pulmonary disease
in smokers
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based quality care mary
improvement care
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a chronic
obstructive
pulmonary
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the COPD care tralia mary 85
Diagnostic care
Questionnaire

in an Australian
general practice
cohort: a cross-
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Martinez33 Development 2008 Prospective US  Pri- 295 235 X X X X X
and initial development mary
validation of a study care
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Study Design & Setting

Factors/Predictors Measured
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ECOPD case definition unless otherwise noted was defined as postbronchodialator of FEV1/FVC ratio <0.70
Prior diagnosis of: van Schyack—asthma, emphysema, and chronic bronchitis; Mullerova—asthma, COPD, emphysema, and

. chronic bronchitis; Franco-Marina: Tuberculosis;
NHANES dataset used in analysis

Postbronchodialator and a history of at least 10 pack years or 10 years of exposure to other inhaled substances with no

physician diagnosis of asthma or other lung disease

® Database collected from 1997 to 2002 from a primary care clinic in the United Kingdom
Study did not assess the strength of individual factors in the analysis

ECOPD case-finding: a diagnosis of COPD
_ Nursing home patient registry

" Questionnaire case definition of COPD: 45 years-old, at least 10 pack years smoking and physician diagnosis of COPD
JkMeXico City PLATINO Survey (2003) and Mexico City Residents’ Survey (2010)
Exposure: Zhou: biomass fuels from cooking; Franco-Marina: dust in the workplace and wood smoke from cooking

Grey Shading = Odds ratio was significant at p <0.05

assessed. Significant factors included: smoking history
or status (n=8 of 10 studies), age (n=7 of 10 studies),
cough (n=5 of 9 studies), wheeze (n=5 of 7 studies),
dyspnea/SOB (n=4 of 9 studies), gender (n=4 of 9
studies), phlegm/sputum (n=4 of 6 studies), and body
mass index (BMI) (n=3 of 5 studies).

Cross-study Comparison
Similarities and differences in predictive factors
identified in the screening and epidemiologic literature

are summarized in Table 4.

Although the themes/content categories were similar
across study type, the range of factors was broader in
the epidemiological literature. Almost half of predictive
factors tested in the epidemiologic studies (11 of
24) did not appear in the screening questionnaires,
such as sociodemographic factors (e.g, education or
occupation) and personal history (e.g, primary care
visits, chest infections, previous diagnosis of asthma).

Seven factors unique to the epidemiologic literature
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Table 2. Performance Characteristics of COPD
Case-finding/Screening Tools by Setting

Title Year| Popu- Nameof | No. Score Significant Sensitivity Specificity | Positive | Negative |Likelihood Area
lation ' Screening = of Range Cut-point Predictive Predictive Ratio LR Under the
Instrument Items Value Value (95%Cl), ROC
Curve
Calverley16 Development 2005 Gen- "Could 5 05 3points, 80.8% 62.8% 32.7%  93.6% - --
of a population- eral itbe age >35
based screening popu- COPD"
questionnaire lation
for COPD
Raghavan!?  Componentsof 2012 Gen-  CAT 3 040 Decision 77.6% 64.9% 18.6%  96.5% 2.21 0.772
the COPD eral question- tree
Assessment popu-  naire screening
Test associated lation  item model
with a diagnosis breath- (=55
of COPDina lessness years;
random (0-5)/ Current
population smoking smoker;
sample 0,1,2)/ breath-
age (0,1) lessness
of 4)
van Schayck!®  Comparison 2005 Gen- Case- 7  -- - 71.0% 67.0% 25.0%  94.0% - 0.747
of existing eral  finding
symptom-based popu-  tool
questionnaires lation
for identifying
COPD in the
general practice
setting
Yawn!9 Developmentof 2010 Gen- Lung 5 25 =3 77.8% 52.4% - - - 0.651
the Lung Function eral Function questions
Questionnaire popu- Question-
to identify lation  naire
airflow obstruction (LFQ)
Kotz 20 External validation 2008 Gen- COPD 8 0-38 195 65.8%  54.0% - - - 0.65
of a COPD eral Diagnostic
diagnostic popu- Question-
questionnaire lation  naire
€DPQ
Nelson?! Questionnaires 2012 Gen- No 7 - - 40.7%  97.7% - - - -
and pocket eral  name
spirometers popu-
provide an lation
alternative
approach for
COPD screening
in the general
population
Zhou?? Development 2013 Gen- COPD- 7 -- >16 60.6% 85.2% 35.1% 95.0% 4.09 0.812
and validation eral Screening
of a chronic popu- Question-
obstructive lation  naire
pulmonary (COPD-
disease screening SQ)
questionnaire
in China
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Title Year| Popu- Nameof | No. Score Significant Sensitivity Specificity | Positive | Negative |Likelihood Area
lation ' Screening = of Range Cut-point Predictive Predictive Ratio LR Under the
Instrument Items Value Value (95%Cl) ROC
Curve
Franco- Efficient screening 2014 Gen- COPD 2 -- >10 91.7% 46.7% - -- -- 0.71
Marina23 for COPD using eral  Scale
three steps: a popu-
cross-sectional lation
study in
Mexico City
Kawayama?*  Validationof =~ 2008 Gen- CDQ 8 0-38 195 84.8%  64.7% - - - 0.791
symptom-based eral
COPD popu-
questionnaires lation
in Japanese
subjects
FreemanZ2> Questions for 2005 Pri-  Model 6 040 - 87.1% 71.3% 38.0% 96.5% 3.6 0.85
COPD diagnostic mary 2
screening in a care
primary care
setting
Frith26 Simplified COPD 2011  Pri- CDQ 8 - 19.5 71.0% 62.0% 42.0% 85.0% 1.88 0.72
screening: validation mary
of the PiKo-6° care
in primary care
Hanania2” Predictingrisk 2010  Pri- LFQ S 25 <18 82.6% 47.8% 26.5% 92.3% 1.58 0.652
of airflow mary
obstruction in care
primary care:

validation of
the Lung Function

Questionnaire
(LFQ
Mintz28 Prevalenceof = 2011  Pri- LFQ 5 25 <18 88.0% 25.0% 21.0% 90.0% -- -
airway obstruction mary
assessed by care
Lung Function
Questionnaire
Sichletidis29 A combination 2011  Pri- IPAG 8 0-38 19 72.0% 77.0% - - - -
of the IPAG mary question-
questionnaire care naire
and PiKo-6 flow

meter is a valuable
screening tool for
COPD in the
primary care
setting

Price30a Scoring system 2006  Pri- CDQ 8 0-38 16.5 58.7% 77.0% 37.0%  89.0% -- -
and clinical mary 19.5 80.4% 57.5% 30.3% 92.7% - -
application of care
COPD diagnostic
questionnaires

Pricel4p Symptom-based 2006  Pri- CDQ 8 N/A Inflec- 80.4% 72.0% - - - 0.816
questionnaire mary tion
for identifying care point
chronic obstructive
pulmonary disease
in smokers
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Year| Popu- Name of | No. Score Significant Sensitivity Specificity | Positive | Negative Likelihood Area

lation ' Screening of Range Cut-point Predictive Predictive Ratio LR Under the
Instrument Items Value Value (95%Cl), ROC
Curve
Estes3! An evidence- 2014 Pri- COPD 9 038 217 50.0% 71.0% 17.0% 93.0% - 0.67
based quality mary Question-
improvement care naire

perspective for a
chronic obstructive

pulmonary disease
case-finding
program
Stanley32 Validation of 2014  Pri- CDQ 8 0-38 19.5 63.0% 70.1% 24.1% 92.6% - AUC=
the COPD mary 0.713
Diagnostic care
Questionnaire
in an Australian
general practice
cohort: a cross-
sectional study
Martinez33  Developmentand 2008 Pri- COPD- 5 0-10 5 84.4% 60.7% 56.8%  86.4% - AUC=
initial validation mary PS 0.73
of a self-scored care question-
COPD Population and  naire
Screener pulm-
Questionnaire onary
(COPD-PS) spec-
ialist
Zarowitz3*  Developmentand 2011 Spec-  No 4 Yesto 90.6% 77.8% ROC=
validation of a ialist:  name at least 0.903
screening tool nur- one and
for chronic sing if the only
obstructive home oneis
pulmonary smoking
disease in it must
nursing home be 219
residents pack
years
Miillerova3s Validation of 2004 Spec- Confr- 5 - 92.0% 79.4% 92.0% 79.3% Chance-
a chronic ialist:  onting corrected
obstructive pulm- COPD agreement
pulmonary onary Survey kwas
disease screening hos-  (per- 0.66
questionnaire pital  sonal (SE 0.098)
for population level
surveys screener
for
COPD)

*The Price et al 2006 Chest article did not report 1 final recommended cut-point for their screener; hence the table presents the
performance characteristics from the 2 cut-points presented in the article.

bThe Price et al 2006 Respiration article details the development of the COPD screening instrument and used a different sample
of individuals. The screening instrument was validated in the Price 2006 Chest study.
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Table 3. Predictive Factors Assessed in COPD
Epidemiological Studies
Study Design & Setting Factors/Predictors Measured

o 8
- = E=1
5 <2
o |2 2 5| |s =2 >
$éas 2 @ g |, |83 B
0,—§<,E,§§‘ Eg (?n'cwﬁ“g% 3 8% 'g
Age s92oa 20 530£832%5 8% =
Ran- ELE @ > 25 UCU)_Q%Q E“% Q
: o?eL 0|8 @ia, 28 L8 55E oL |2
Title? Year Study |Coun-|Pop- Sam-| ge 5 ¢t _e2REFZ2=52 3(8E=leg
Design® try Ula- ple Inclu- o 2 8=6238 2283288 533S32P5E 5
tion  size sion 282 &6 CIBEESESE58 8682 SEES
de Marco36 Incidenceof =~ 2007 Prospective 12 Gen- 5002 20- X X X Xx| X X
chronic obstructive studyof  Euro- eral 44
pulmonary disease COPD pean popu-
in a cohort of young (incidence coun- lation
adults according to of COPD) tries
the presence of
chronic cough and
phlegm
Hvidsten37 Prevalenceand 2010 Prospective Nor- Gen- 3506 47- X X X X XX XXX X X X X
predictors of studyof  way eral 48
undiagnosed COPD popu- and
chronic obstructive lation 71-
pulmonary disease 73
in a Norwegian
adult general
population
Lamprecht38 COPDinnever 2011 Prospective 14 Gen- Men 240 X 5 X A X B X
smokers: results analysis coun- eral (n=
from the tries popu- 1311)
population-based lation Wo-
burden of men
obstructive lung (n=
disease study 2578)
Medbg3° What rolemay 2008 Prospective Nor- Gen- 3919 >60 X X X X AR
symptoms play studyof  way eral
in the diagnosis COPDf popu-
of airflow lation
limitation?®
Ohar40 Do symptoms 2010 Prospective US Gen- 3955 240 X X X X X
predict COPD study of eral
in smokers?9 COPD popu-
lation
Ulrik*! Early detection 2011 Prospective Den- Gen- 3095 >35 X X X X
of COPD in studyof mark eral
general practice COPD popu-
lation
Albers*? Dofamily =~ 2009  Retro- Ne- Pri- 532 20- X X X | Bl x x
physicians records spective  ther- mary 70
fit guideline study! lands care
diagnosed COPD?"
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Study Design & Setting Factors/Predictors Measured
. = 8
o (7]
98|a/5 o B 2 g5 &
52522 (e8| |25l |8 (BF |8
Age Fos s 36 68082805 Tz 2
Ran- ESc sl (A5 [BER=CE L8 =8 |8
Year  Study Coun- Pop- Sam- ge 2els e _28gE8L88anhgfT , O
y P g (] '_QZ(DCE:SE: .‘_‘Dw.cg;f:_,:)-—g%e_@
Design® try Ula- ple Inclu- o 2 8= C 388 EZ 8308538 ST2F8EST
tion  gize sion 2EEE 6 EEAEESESESE IS ELEL TS ES
Hill*3 Prevalenceand 2010 Prospective On- Pri- 1003 240 X X X X X X
underdiagnosis of studyof  tario, mary
chronic obstructive COPD Can- care
pulmonary disease ada
among patients
atrisk in
primary care
Lokke Detectionof =~ 2012 Prospective Den- Pri- 4049 >35 X X X X XXX X
previously studyof  mark mary
undiagnosed COPD care
cases of COPD
in a high-risk
population
identified in
general practice
Minas* COPD prevalence 2010 Prospective Gree- Pri- 1526 >30 X X X X X X X X X XX X
and the differences study of ce mary
between newly COPD care
and previously
diagnosed COPD
patientsina
spirometry program
Van Detecting patients 2002 Prospective Ne- Pri- 651 35- X XX X XX X
Schayck?*® at a high risk of study ther- mary 70
developing chronic lands care
obstructive pulmonary
disease in general
practice: cross-
sectional case
finding study!
Vande- Early detection of 2007 Prospective Ne- Pri- 146 40- X X X X XX XX X
voorde?” COPD: A case studyof  ther- mary 70
finding study in COPD lands care

general practice

2COPD case definition unless otherwise noted was defined as postbronchodialator FEV1/FVC ratio <0.70

PMultivariate analysis used to assess significance in all studies unless otherwise noted

Chest infections including cough, colds, respiratory issues that brought patient to the doctor

dprior diagnosis of asthma, bronchitis, or chronic expectorations

®COPD case definition: Pre bronchodilator FEV1/FVC <0.70 for individuals 69 years and younger and pre bronchodilator
FEV1/FVC <0.65 for individuals 70 years and older

fBinary logistic regression was used in calculating odds ratios

9COPD case definition: Post bronchodilator FEV1/FVC <70%, aged 240, and 220 pack years of smoking

bCOPD case definition: No FEV1 reversibility 212% and 2200 ml after taking salbutamol

' Data source: DMCA, Detection, Intervention and Monitoring of COPD and Asthma

J COPD case definition: FEV1 <80%

Grey shading = odds ratio was significant at p <0.05
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Table 4. Variables Used to Identify Cases of COPD by

Study Type

Variables Used in Screening Tools

Variables Tested in Epidemiologic Studies

Exposure Smoking status Smoking status
Pack years Passive smoke, exposure to smoke?, second hand smoke
Exposure to dust, biomass fuel, or other inhalant
Personal and Allergies Allergies
Family History | Prior diagnosis of asthma Prior diagnosis of asthma, bronchitis, or chronic
Breathing-related hospitalizations expectoration
Chest infections @
Childhood illness®
Family history of lung disease
Frequency of primary care visits®
Breathing medication or antibiotics
Cardiac co-morbidity
Symptoms Cough Cough
Phlegm Phlegm
SOB SOB
Wheeze Wheeze
Respiratory symptoms (combination)®
Fatigue/tiredness
Impact Activity limitation Self-rated health status®

(Breathing-related)

Demographics | Age Age
BMI BMI

Gender®
Race
Education/occupation®
Income

? Significant independent predictor of COPD status

Variables in italics are unique to that study type.

were significant predictors of COPD diagnosis. These Discussion

were chest infections (n=1 of 2 studies), childhood
illness (n=1 of 2 studies), frequency of primary care
visits (n=1 of 2 studies), respiratory symptoms (n=2
of 2 studies), self-rated health status (n=1 of 1 study),
gender (n=4 of 9 studies, with male gender a significant
predictor of COPD status), and education/occupation
(n=1 of 4 studies). Interestingly, 1 study"® found
exposure to organic dust and lower education were
significant predictors of COPD in women who never
smoked (n=1 of 1 study); passive smoke exposure was
also of borderline significance in this group. Factors not
included in the screeners and not statistically significant
in the epidemiological studies were income, fatigue/
tiredness, cardiac co-morbidity, and taking breathing
medications or antibiotics.

This paper summarizes predictive factors for identifying
new cases of COPD (defined as the presence of airflow
limitation on spirometry) using literature from case-
finding/screening questionnaires and epidemiologic
studies. The intent was to improve our understanding
of the factors and sets of factors that can be used
to identify people with undiagnosed COPD. This
information is not only useful for general case-finding
in clinical practice, but will be used together with data
mining techniques and qualitative research methods
to inform the development of candidate variables for
a new method for identifying undiagnosed, clinically-
significant COPD in primary care.

While the review summarized the COPD screening
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and epidemiologic studies separately, it is clear that,
in many instances, COPD screening tools were built
based upon the existing epidemiologic literature. For
example, Calverley et al'® first identified characteristics
of COPD patients by conducting a literature review, and
then identified the correspondence to those specific
questions in the NHANES III dataset. Similarly, van
Schayk et al'® conducted a literature review to first
identify previously available tools and potentially useful
items for screening, and then retrospectively validated
the selected set of items using the NHANES III dataset.
Yawn et al'® used NHANES III data for empirical
item selection and item-reduction, and conducted a
qualitative assessment phase to assess the content
and face validity of their items via physician focus
groups and patient interviews. Martinez et al®> used a
combination of expert opinion and patient survey data.

Notsurprisingly, there was substantial overlap between
the screening and epidemiologic studies amongst
individual factors most likely to identify COPD. In both
studies, factors that appear to be strongly associated
with COPD were older age, BMI, smoking history, and
symptoms such as cough, wheeze, and dyspnea. However,
we also identified factors through the epidemiological
studies that were not included in the screening studies.
One of these factors was childhood illness. Other lines of
research suggest that factors such as prenatal maternal
smoking, low birth weight, postnatal tobacco exposure,
and childhood respiratory infections may predispose
individuals to the development of COPD.*® Therefore,
it makes sense that factors like childhood illness might
increase the likelihood of identifying individuals with
COPD. History of chest infections, frequency of primary
care visits, and poor self-rated health status were also
factors identified in the epidemiologic studies but not
tested in the screening studies. While it is possible that
chest infections could predispose the development of
COPD, it is also possible that chest infections, frequent
primary care utilization, and poorer health status
are manifestations of COPD, which could aid in the
identification of high-risk COPD.

With respect to performance characteristics, it should
be noted that the screening tools were tested in a variety
of populations, which significantly influenced the
sensitivity and specificity of the instruments. Several
authors commented on how a study population can
influence the performance properties of a screening
tool. For example, the CDQ screening tool developed
by Price et al3® had good performance properties in the

initial evaluation (AUC=0.82). However, in 2 subsequent
articles where other authors tested the same screening
toolin different samples, the performance characteristics
of the screening tool were reduced (AUC=0.65 in
Kotz et al?%; AUC=0.72 in Frith et al?®). Frith et al?®
suggested that the difference in results may be due to
differences in the demographic characteristics of the
study populations (the individuals in the original study
by Price et al®® were younger with lower cumulative
cigarette consumption compared to Frith et al2®). Frith
concluded that the utility of screening questionnaires
may be more limited outside the development and
validation population. Alternatively, Yawn et al'®
developed a screening tool to be useful across a broad
spectrum of patient types and settings, rather than
targeted to a particular population (e.g, smokers), as
many of the other studies were.2%:2%20:28-30 vaym et
al? tested their items in both a general population and
a chronic bronchitic population and found that items
performed similarly. This highlights the importance of
considering the target population during questionnaire
development and initial validation.

Limitations

Several limitations of this review should be mentioned.
First, due to the heterogeneity among studies in terms of
study design, the large number of different risk factors
studied, and the different ways in which certain variables
were measured (e.g, smoking), the use of meta-analytic
techniques was not the appropriate methodology to
synthesize results. This may be possible in the future, as
more studies utilize the same screening tool or capture
the same risk factors in the same way. Second, the review
was limited to studies published in English, and the
majority of the studies were from developed countries,
limiting generalizability of results to patients in other
countries. In developing countries, risk factors such
as biomass fuel exposure and occupational exposures
are likely important and would need to be considered
when developing a case-finding questionnaire specific
to these countries. Finally, most studies use FEV1/FVC
<0.70 as the cutoff for COPD diagnosis, which is likely
to overdiagnose disease in older individuals.

Implications for Practice and Further Research
Previous research suggests that COPD is widely under-
diagnosed,’ with many individuals experiencing
symptoms of clinically-significant COPD or AECOPD,
with diagnosis at the time of the event. Case-finding
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methods are needed to easily and accurately identify
these patients as part of routine clinical practice.
Screening tools are available which cover several
key factors, e.g, the COPD Population Screener
Questionnaire (COPD-PS)33 and the Lung Function
Questionnaire (LFQ),19 but our literature review
highlights new variables such as prenatal maternal
smoking, low birth weight, postnatal tobacco exposure,
and childhood respiratory infection that could further
the precision of screening in primary care settings.
Factors were identified in the epidemiologic studies
that have not been tested in screening studies, including
prior history of chest infections, childhood illness, self-
rated health status, and frequency of primary care visits.
Incorporating these missing variables into a COPD
case-finding measure may allow clinicians to accurately
identify not only undiagnosed cases of COPD, but also
patients at risk of clinically-significant COPD that would
benefit most from treatment. Currently, no method
has been developed to identify this group in most
need of care. The findings from the present study are
currently being used in further work to find the smallest
set or combination of items that are able to identify
undiagnosed, high-risk COPD patients in primary care.
The use of values from a peak flow meter, such as that
used by Nelson et al?! and Sichletidis et al,>? combined
with the questionaniare may further refine the patient
population in whom spirometry is needed.

Conclusion

This review lays the groundwork for a multi-method
development of a new screening approach foridentifying
undiagnosed, clinically-significant COPD in a primary
care setting. Findings from this review highlight
several factors that previous research has shown to be
consistently and significantly associated with COPD
case-finding in a variety of health care settings: age,
BMI, wheeze, phlegm/sputum, smoking, cough, and
dyspnea/breathlessness. However, our review suggests
there are other factors—such as childhood illness and
education/occupation—that are not included in existing
screening questionnaires, but may also increase our
ability to more precisely identify undiagnosed cases of
clinically-significant COPD.
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