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IMPORTANCE Chronic obstructive pulmonary disease (COPD) is the third leading cause of
death in the United States.

OBJECTIVE To systematically review literature on the accuracy of screening questionnaires
and office-based screening pulmonary function testing and the efficacy and harms of
treatment of screen-detected COPD.

DATA SOURCES MEDLINE, PubMed, and the Cochrane Central Register of Controlled Trials for
relevant English-language studies published through January 2015.

STUDY SELECTION Two reviewers independently screened abstracts and studies. The search
yielded 13 141 unique citations; 465 full-text articles were reviewed, and 33 studies met the
inclusion criteria.

DATA EXTRACTION AND SYNTHESIS Two reviewers rated the quality of each study using
USPSTF criteria.

MAIN OUTCOMES AND MEASURES Diagnostic accuracy (sensitivity, specificity, positive
predictive value [PPV], and negative predictive value [NPV]; treatment efficacy (COPD
exacerbations, all-cause mortality, quality of life, and dyspnea); and treatment harms.

RESULTS All screening questionnaires were based on symptoms as well as risk factors such as
age and smoking history. The COPD Diagnostic Questionnaire was the most extensively
studied (5 studies, n = 3048), with moderate overall performance for COPD detection: area
under the receiver operating characteristic curve (AUC), 0.65 to 0.72; sensitivity, 80% to
93%; and specificity, 24% to 49%, at a threshold of greater than 16.5. Positive predictive
value and NPV ranged from 17% to 45% and 76% to 98%, respectively. For pulmonary
function-based screening tools, FEV,/FEVg was the best studied (3 studies, n = 1587), with
AUC ranging from 0.84 to 0.85. Sensitivity ranged from 51% to 80%. Specificity (range,
90%-95%) and PPV (range, 63%-75%) appeared better than questionnaires. There was not
strong evidence to support that screening and supplying smokers with spirometry results
improves smoking cessation rates. Treatment trials were unavailable for screen-detected
patients. Trials that reported outcomes in patients with mild to moderate COPD included 2
trials of long-acting B-agonists (LABAs) (n = 3174), 1RCT of LABAs and inhaled corticosteroids
(ICS) (n =1097), 5 RCTs of the long-acting muscarinic antagonist tiotropium (n = 4592), and 6
RCTs of ICS (n = 3983). They suggested no benefit in all-cause mortality, but a decrease in
annual rates of exacerbations with pharmacologic treatments. Few trials reported harms for
any individual drug class. Adverse effects were generally mild (eg, dry mouth and cough).

CONCLUSIONS AND RELEVANCE There was no direct evidence available to determine the
benefits and harms of screening asymptomatic adults for COPD using questionnaires or
office-based screening pulmonary function testing or to determine the benefits of treatment

in screen-detected populations. Indirect evidence suggests that the COPD Diagnostic
Questionnaire has moderate overall performance for COPD detection. Among patients with mild
to moderate COPD, the benefit of pharmacotherapy for reducing exacerbations was modest.
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hronic lower respiratory disease, composed chiefly of
chronic obstructive pulmonary disease (COPD), was the
third leading cause of death in the United States in 2013."2
Cigarette smoke exposure, either directly or indirectly, has been
highly correlated with the development of COPD and COPD
mortality.3” In theory, primary care physicians can identify unde-
tected COPD by screening relatively unselected, asymptomatic in-
dividuals or by targeting a high-risk asymptomatic population using
screening spirometry, followed by confirmatory diagnostic spirom-
etry in primary care or pulmonary specialty clinics.”® Current clini-
cal practice guidelines recommend against screening for COPD in
asymptomatic patients; however, many professional organizations
recommend case-finding among patients presenting with respira-
tory symptoms associated with the disease, such as dyspnea, chronic
cough, or sputum production.”®
In 2008, the US Preventive Services Task Force (USPSTF) rec-
ommended against screening asymptomatic adults for COPD using
spirometry (grade D).'® The USPSTF concluded that this method had
no net benefit and had large associated opportunity costs. The aim
of this systematic review is to update the evidence on the benefits
and harms of screening for COPD using questionnaires and spirom-
etry, including the diagnostic accuracy of primary care-feasible
screening instruments; the effect of spirometric screening on up-
take of targeted preventive services; and the effectiveness, ben-
efits, and harms of treating screen-detected patients (generally those
with mild to moderate COPD) since the last recommendation.

Methods

Scope of the Review

To conduct this review, an analytic framework was developed with
8 key questions (KQs) (Figure 1) that examined the effect of screen-
ing asymptomatic adults 40 years and older for COPD on health out-
comes (KQ1); the accuracy and harms of screening questionnaires
and pulmonary function tests (KQs 2-4); the effectiveness and harms
of COPD screening on the uptake of targeted preventive services
(KQs 5 and 6); and the effectiveness and harms of treatment of
asymptomatic mild to moderate COPD (KQs 7 and 8). Detailed
methods and results are available in the full evidence report (http:
//Iwww.uspreventiveservicestaskforce.org/Page/Document
/final-evidence-review143/chronic-obstructive-pulmonary
-disease-screening)." The analytic frameworlk, review questions, and
methods for locating and qualifying evidence reflect publicinput after
posting on the USPSTF website.

Data Sources and Searches

Searchesincluded MEDLINE, PubMed, the Cumulative Index to Nurs-
ing and Allied Health Literature, and the Cochrane Central Register
of Controlled Trials from January 2000 to January 2015, supple-
mented by checking reference lists from relevant systematic re-
views. Evaluating the effect of a COPD diagnosis on pneumococcal
and influenza immunization rates was a new question to this re-
view; therefore, databases were searched from inception through
January 2015. Since January 2015, we have continued to conduct
ongoingsurveillance through article alerts and targeted searches of
high-impact journals to identify major studies published in the in-
terim that may affect the conclusions or understanding of the evi-
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dence and therefore the related USPSTF recommendation. The last
surveillance was conducted on January 22, 2016, and identified no
new studies.

Study Selection

Two reviewers independently reviewed 13 141 unique citations and
465 full-text articles against a priori inclusion criteria (Figure 2 and
eMethods in the Supplement). For KQs 1through 6, we initially con-
sidered studies including asymptomatic adults 40 years and older
(limited to current smokers for KQ5a). For questions 7 and 8, we re-
stricted the population further toinclude only asymptomatic adults
40 years and older who were also diagnosed with mild COPD (forced
expiratory volume in 1second [FEV,] =80% normal) to moderate
COPD (FEV, 50%-79% normal) or a mean population FEV, greater
than or equal to 60% predicted to approximate a population of mild
to moderate COPD. Asymptomatic patients were defined as those
in 1of the following states: free of the disease; the disease is pres-
ent, but the patient has physical symptoms that are undetected by
the patient or the clinician; or the patient has nonspecific symp-
toms that have gone unrecognized as being related to COPD. For KQs
2 and 4, we analyzed COPD prescreening questionnaires feasible in
primary care with published studies describing their original devel-
opment, internal validation, and external validation; results are re-
ported only for COPD screening questionnaires with external vali-
dation, which is the minimal requirement for consideration in clinical
practice." For KQ2, the initial search was for risk factor-only based
screening questionnaires, which would capture an asymptomatic
population. However, because none were identified, risk factor-and
symptom-based prescreening questionnaires were included. For
KQ3, we examined primary care-feasible screening pulmonary func-
tion tests (eg, handheld devices or prebronchodilator testing re-
quiring minimal personnel training).

For the treatment questions, the search included treatment ef-
ficacy literature for the following COPD drug classes or combina-
tions of any of the following: long-acting 3-agonists (LABAs), long-
acting anticholinergics, and inhaled corticosteroids (ICS). Because
there were no trials in screen-detected or asymptomatic popula-
tions, theincluded population was expanded to those diagnosed with
mild to moderate disease because observational studies show that
84% to 95% of screen-detected patients are expected to have mild
to moderate COPD.'*"”

For KQs 1, 5, and 7, the study design was limited to randomized
clinical trials (RCTs). For KQs 2 and 3, designs were limited to diag-
nostic accuracy studies (including cross-sectional and cohort stud-
ies) with a reference standard COPD definition of a postbronchodi-
lator ratio of FEV, to forced vital capacity (FVC) of less than 0.70.”
For KQs 4 and 6, RCTs, large screening registry or database obser-
vational studies, and cohort studies were considered. When evalu-
ating harms associated with the treatment of COPD (KQ8), the
data were limited to what was reported in the efficacy trials
included in KQ7, large screening registries, and systematic reviews,
supplemented with information reported by the US Food and Drug
Administration.

Data Extraction and Quality Assessment

One reviewer extracted study-level data into standardized evi-
dence tables; a second checked for accuracy. Articles meeting in-
clusion criteria were critically appraised by 2 independent reviewers
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Figure 1. Analytic Framework
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Does screening asymptomatic adults 40 years and older for COPD with prebronchodilator screening spirometry improve health-related quality of

a. Does the effect of screening among asymptomatic adults vary across strategy (ie, selective subgroups [age, presence of certain comorbidities, sex,

Can high-risk asymptomatic adults who are more likely to test positive on screening for COPD be reliably identified using prescreening questionnaires?

What is the test performance of screening pulmonary function tests (eg, prebronchodilator screening spirometry, peak flow meter) in predicting
diagnosis of COPD based on confirmation using postbronchodilator spirometry to identify fixed airflow obstruction in asymptomatic adults?

What are the adverse effects of screening for COPD using prescreening questionnaires or screening pulmonary function tests?

Does identifying asymptomatic adults with fixed airflow obstruction through screening improve the delivery and uptake of targeted preventive services?
a. Does screening for COPD increase smoking cessation rates among asymptomatic adults compared with usual care?

b. Does screening for COPD increase relevant immunization rates among asymptomatic adults compared with usual care?

What are the adverse effects of COPD screening, including the effect of targeted preventive services in this population (eg, false reassurance for

Does treatment for asymptomatic adults identified with mild to moderate COPD through screening improve health-related quality of life or reduce

The process of screening asymptomatic adults for chronic obstructive
pulmonary disease (COPD) can either involve a targeted screening approach
(with questionnaires [key question 2]) or no risk stratification whereby
asymptomatic unselected adults go directly to pulmonary function screening

tests (key question 3). The dashed line indicates an established association
between an intermediate outcome and a health outcome.

2 Using prescreening questionnaires.

using predefined criteria'®?' with disagreements resolved by a

third investigator. Included studies were limited to those published
in English that were rated as good or fair quality using USPSTF qual-
ity rating standards.'® (Details are available in eTables 1and 2 in
the Supplement.)

JAMA April5,2016 Volume 315, Number 13

Data Synthesis and Analysis

Data from the included studies were qualitatively examined to iden-
tify a range of results. Given the clinical heterogeneity of studies,
meta-analyses were not conducted for any of the questions in
this review.
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Figure 2. Literature Flow Diagram
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Diagnostic criterion for chronic obstructive pulmonary disease is a

postbronchodilator ratio of forced expiratory volume in 1second (FEV,) to

forced vital capacity (FVC) of less than 0.70. KQ indicates key question.

2 Details about reasons for exclusion are as follows. Relevance: study aim not
relevant. Setting: study was not conducted in a country relevant to US
practice. Population: study was not conducted in asymptomatic adults

40 years and older. Quality: study did not meet criteria for fair or good quality
(ie, it was poor quality). Study design: study did not use an included design.
Intervention: study used an excluded intervention or screening approach.
Outcomes: study did not have relevant outcomes or had incomplete
outcomes. Non-English: study was published in a non-English language.

For studies of diagnostic accuracy, 2 x 2 tables were con-
structed from data reported in the primary studies. When 95% Cls
were not reported for diagnostic accuracy estimates, these intervals
were calculated using Jeffrey confidence intervals (Stata version 13.1).
For diagnostic accuracy studies, in addition to the standard test per-
formance characteristics (area under the receiver operating charac-
teristic [ROC] curve, sensitivity, specificity, positive predictive value
[PPV1], negative predictive value [NPV]), we calculated the following
outcomes: COPD prevalence in the population, percentage of pa-
tients screening positive, false-positive rate, and the percentage of
missed cases.

. |
Results

Thirty-three studies (48 articles) met the inclusion criteria for this
systematic review (Figure 2). This article provides a summary of re-
sults that supported the USPSTF recommendation process.

Effect of Screening on Health Outcome

KQ1: Does screening asymptomatic adults 40 years and older for
COPD with prebronchodilator screening spirometry improve
health-related quality of life or reduce morbidity or mortality?

jama.com

There was no direct evidence comparing the effectiveness of
COPD screening and no screening on patient health outcomes.

Screening Questionnaires

KQ2: Can high-risk asymptomatic adults who are more likely to test
positive on screening for COPD be reliably identified using pre-
screening questionnaires?

KQ4: What are the adverse effects of screening for COPD using pre-
screening questionnaires?

No relevant studies of COPD screening questionnairesin asymp-
tomatic populations were identified that were based solely on risk
factors. Three externally validated prescreening questionnaires were
identified that assessed risk factors and respiratory symptoms to se-
lect high-risk patients for screening spirometry: the COPD Diagnos-
tic Questionnaire (CDQ), the Lung Function Questionnaire (LFQ), and
the COPD Population Screener (COPD-PS). The predictive accu-
racy of these questionnaires in all included studies was measured
against the postbronchodilator FEV,/FVC reference standard
according to the Global Initiative for Chronic Obstructive Lung
Disease COPD definition and American Thoracic Society and
European Respiratory Society quality standards.”?2%3

The CDQ is an externally validated, 8-item, self-administered,
symptom- and risk factor-based COPD prescreening questionnaire
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used to select high-risk patients for screening spirometry, which as-
signs scores for established risk factors including age, pack-years of
smoking, and body mass index (BMI) as well as symptoms and al-
lergy history (Table 1).*7-24-28 pgssible scores range from O to 38
(higher scores associated with higher COPD risk), with highest scores
attributed to older age (score 10 for =70 years), greater pack-years
(score 7 for =50 pack-years), and lower BMI (score 5 for BMI). Two
cut points (16.5 and 19.5) have been proposed to select patients for
screening spirometry based on ROC curves from the original devel-
opment study.3° The original development and internal validation was
performed in a primary care-based US and UK cross-sectional study
of 818 past and current smokers 40 years and older.>'

The CDQ has been externally validated in 5 fair- to good-
quality diagnostic accuracy studies mainly focusing on primary care
European and Australian populations.'*1”2426 The study popula-
tions varied; 3 studies recruited solely current or ever-smokers from
primary care, the general population, or both,"?#26 and 2 studies
recruited patients from primary care clinics without regard to smok-
ing history.*2> Chronic obstructive pulmonary disease was diag-
nosed by spirometry in 10.3% to 41.1% of participants in each of the
4 studies that reported this outcome, with the highest prevalence
(41.1%) being reported in astudy that required participants to be cur-
rent smokers with at least a 10 pack-year history and have at least 1
respiratory symptom; these participants were essentially pre-
screened, thereby selecting for those most likely to have COPD.2®
Prevalence of COPD in the studies recruiting ever-smokers ranged
from 13.1% t0 27.9%,"?* and 1 general population study with more
than half nonsmoking participants had an overall COPD prevalence
0f10.3%, which was higher (17.2%) among ever-smokers.'* The ma-
jority of patients found to have COPD were identified as having mild
or moderate disease (83.8%-94.7%).

Most external validation studies reported that a CDQ score
greater than 16.5 had a sensitivity ranging from 80% to 91% and
specificity ranging from 24% to 49% for identifying those who test
positive using spirometric confirmation for COPD (Table 1). Choos-
ing a higher cut point (19.5) reduced sensitivity and NPV but in-
creased specificity and PPV. The proportion of cases missed by the
CDQ (false-negative rate) varied widely, from 9.0% to 37.0%, and
was lowest when using the most sensitive screening threshold (see
full evidence report™). For the threshold of less than 16.5 for screen
negatives, and limiting to studies in which fewer than 20% of spi-
rometry tests were invalid orincomplete, the proportion of missed
spirometry-diagnosed COPD was around 10%. In these studies, in-
creasing the screening threshold to less than 19.5 increased the
missed COPD cases to 27.9% to 34.2% in best estimates.

Simple tables were constructed to compare screening test per-
formance using the CDQ across a range of populations, using the
mean sensitivity and specificity of applicable studies. Table 2 shows
the trade-offs with missed cases and false-positive tests in popula-
tions with varying COPD prevalence at the 2 cut points (16.5and 19.5).

The LFQ and COPD-PS are both 5-item self-administered risk
factor- and symptom-based questionnaires (Table 1). The LFQ as-
signs scores to age; smoking history (pack-years, never/current/
former smoker); and presence of wheezing, dyspnea, and mucous
productive cough. Possible scores range from 5 to 25, with lower
scores associated with higher COPD risk. A threshold of 18 or less
has been proposed as a cut point for COPD risk warranting pulmo-
nary function diagnostic workup. Although the LFQ was specifi-

JAMA April5,2016 Volume 315, Number 13
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cally developed in the National Health and Nutrition Examination Sur-
vey population with chronic bronchitis and studied in US primary care
practices,>233 data for this questionnaire were limited to asingle vali-
dation study.?” This external validation study, however, had quality
concerns (31% of spirometry was invalid or incomplete) and rela-
tively poorer test performance than the CDQ (lower sensitivity, speci-
ficity, PPV, and NPV) when used in similar populations. In addition,
we could not assess the harms of screening (ie, rate of false posi-
tives or proportion of missed cases) using the LFQ because only a
subset of screen-negative patients were selected for spirometry.

The COPD-PS assigns scores for age, smoking history, dys-
pnea, sputum production, and dyspnea-related functional limita-
tions. Possible scores range from O to 10, with higher scores being
associated with a higher risk of COPD. A threshold of 5 to 6 or more
has been proposed as a cut point for COPD risk warranting pulmo-
nary function test workup. Although the COPD-PS was derived in
an enriched sample of US pulmonary and primary care clinics,>* its
external validation in a single Japanese population-based study
makes conclusions regarding generalizability of accuracy results
limited.?8 The COPD-PS has recently been applied in a multisite, US-
based primary care, pragmatic COPD screeningtrial (n = 8770); how-
ever, this trial did not include the reference standard of spirometry
for accuracy estimation.>®

Screening Pulmonary Function Tests

KQ3: What is the test performance of screening pulmonary func-
tion tests in predicting diagnosis of COPD based on confirmation
using postbronchodilator spirometry to identify fixed airflow ob-
struction in asymptomatic adults?

KQ4: What are the adverse effects of screening for COPD using
screening pulmonary function tests?

One good-quality and 4 fair-quality diagnostic accuracy stud-
ies were identified that evaluated 2 different handheld pulmonary
function screening tests against a postbronchodilator FEV,/FVCref-
erence standard: FEV,/FEV'*""® (delivered either before or after
the bronchodilator) (Table 3) and peak expiratory flow (PEF).3738
The included populations varied in their selectivity in terms of age,
smoking status, symptomatology, and exclusion of preexisting COPD.

Three studies (1 good-quality and 2 fair-quality) reported the
screening test performance of FEV,/FEV (n = 1587)."""36 Two stud-
ies assessing prebronchodilator FEV,/FEVg among ever-smokers
found similar sensitivities (51% and 53%) and specificities (90% and
93%) (Table 3)."73® The third study'* used postbronchodilator
FEV,/FEV, for screening; sensitivity was much higher (80%) than
the 2 prebronchodilator studies,”->¢ and specificity was as good or
better (95%).'* However, the sample was enriched with current
smokers, which would increase the predictive value. In a sub-
sample limited to ever-smokers, postbronchodilator screening ap-
peared similar to screening test performance in the entire popula-
tion, suggesting that postbronchodilator FEV,/FEV performs better
than prebronchodilator testing.

Harms of screening pulmonary function testing included false
positives and false negatives (missed cases). False-negative rates
(proportion of total diagnoses missed) ranged from 14% to 49%, de-
pending on the threshold used (see full evidence report™). The
FEV,/FEVg index test threshold of less than 0.70 showed the low-
est rate of false negatives (19.8%) seen after postbronchodilatorin-
dex testing."* Using a prebronchodilator cutoff of FEV,/FEV less than
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Table 2. Results of Screening in a Hypothetical Population (n = 1000) Using CDQ or FEV,/FEV¢

(Key Questions 2 and 3)

No.

COPD Prevalence

Screen Positive False Positive

Missed Cases

CDQ >16.5: sensitivity 87%, specificity 44%

10% 591

20% 622
CDQ >19.5: sensitivity 69%, specificity 70%

10% 339

20% 378
FEV,/FEV <0.70 (pre-BD): sensitivity 52%, specificity 92%

10% 124

20% 168
FEV,/FEV¢ <0.70 (post-BD): sensitivity 80%, specificity 95%

10% 125

20% 200

504 13
448 26
270 31
240 62
72 48 Abbreviations: BD, bronchodilator;
64 Y CDQ, COPD Diagnostic
Questionnaire; COPD, chronic
obstructive pulmonary disease; FEV;,
45 20 forced expiratory volume in 1second;
40 40 FEVe, forced expiratory volume in

6 seconds.

Table 3. Range of Diagnostic Accuracy Values for FEV,/FEV in Included Studies (Key Question 3)

Positive

S %(95%CN)
No. Screening

Source Screened Country Reference Standard Population Cutoff Sensitivity Specificity PPV NPV AUC Quality
Prebronchodilator FEV,/FEVg
Frith et al,” 237 Australia Post-BD spirometry Current or <0.70 51 93 73 83 0.85 Good
2011 (FEV,/FVC <0.70) and former (37-64) (87-96) (56-85) (76-88)

reversibility <200 mL and smokers

<12% from baseline pre-BD FEV;
Thornetal,?® 305? Sweden  Post-BD spirometry Current or <0.70 53 90 63 85 0.84 Fair
2012 (FEV,/FVC <0.70) former smokers (42-64)> (85-93)° (51-74)° (80-89)°
Postbronchodilator FEV,/FEVg
Sichletidis 1250 Greece  Post-BD spirometry Smokers and <0.70 80 95 64 98 NR  Fair
etal,'4 (FEV,/FVC <0.70) nonsmokers (72-87)>  (93-96)° (56-72)° (97-99)°
2011 Smokersonly  <0.70 80 94 75 96 NR

Abbreviations: AUC, area under the receiver operating characteristic curve; BD,
bronchodilator; FEV;, forced expiratory volume in 1second; FEV, forced
expiratory volume in 6 seconds; NPV, negative predictive value; NR, not
reported; PPV, positive predictive value.

2 No. analyzed; No. screened was not reported.
b Calculated.

0.70, the missed cases in 2 of the trials approached 50% (see full
evidence report").”3® False-positive rates for the less than 0.70
threshold ranged from 5.2%t010.5%,*"736 with the lowest rate seen
in the single study using postbronchodilator testing.'

Mean sensitivity and specificity were used to construct simple
tables to compare screening test performance using the prebron-
chodilator and postbronchodilator FEV,/FEV across arange of popu-
lations. Table 2 shows the trade-offs with missed cases and false-
positive tests in populations with varying COPD prevalence.

Two fair-quality studies of PEF evaluated the largest number of
patients (n = 23 098).373® However, these were based on large
population-based studies whose primary aims were to describe the
prevalence of COPD internationally. Because the studies did not ex-
clude persons with preexisting COPD and also included several de-
veloping countries with environmental exposures that would be not
be considered generalizable to the United States, their results are
less applicable to screening.

Targeted Preventive Services

KQ5: Does identifying asymptomatic adults with fixed airflow ob-
struction through screening improve the delivery and uptake of
targeted preventive services?

JAMA April5,2016 Volume 315, Number 13

KQ5a: Does screening for COPD increase smoking cessation rates
among asymptomatic adults compared with usual care?
KQ5b: Does screening for COPD increase relevant immunization
rates among asymptomatic adults compared with usual care?
KQ6: What are the adverse effects of COPD screening, including
the effect of targeted preventive services in this population?
Five fair-quality studies (n = 1694) were identified that ad-
dressed theincremental value of adding spirometry to existing smok-
ing cessation counseling interventions to improve smoking cessa-
tion rates (Table 4).3°-*3 There was not strong evidence to support
the premise that supplying smokers with spirometry results im-
proves smoking cessation rates. No trials randomized patients with-
out known COPD diagnoses to screening spirometry vs no spirom-
etry in order to estimate the independent value of screening
spirometry. Instead, in all studies control groups received almost the
same smoking cessation support as the spirometry group; studies
varied in whether the control group received spirometry testing>>#!
or not*%4243 and in whether smoking cessation support was tai-
lored based on spirometry or other medical examination findings.
Ofthe 5included RCTs, a single fair-quality trial giving patients their
"lung age” reported a statistically significant difference in biochemi-
cally validated abstinence in the intervention group compared with
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Table 4. Study Characteristics and Abstinence Outcomes of Smoking Cessation Trials (Key Question 5a)

No. Follow-up, Smoking Abstinence,
Source Randomized  Population Summary mo Treatment Comparison No. (%) Quality
Kotz et al,3° 296 Aged 35-70y; 210 pack-year history; =1 12 1G: Counseling plus discussion 13 (11.2)>€ Fair
2009 respiratory symptom (cough, sputum, of spirometry results
. H a
shortness of breath); mild or moderate COPD CG: Counseling alone or 13 (11.6)><
referral to smoking cessation
treatment
McClure et al,*® 542 Smokers aged 218 y; smoked average of 15 12 1G: Counseling plus discussion 29 (10.9)<¢ Fair
2009 cigarettes/d for the past year or 10 of spirometry, “lung age,” and
cigarettes/d for 210 y CO results®
CG: Health risk report and 35 (13.0)<¢
general advice to quit smoking
Parkesetal,** 561 Aged 235 y; patient record indicates was a 12 1G: Counseling and 38 (13.6)>f Fair
2008 smoker within the last 12 mo confrontation with “lung age”
CG: General advice to quit 18 (6.4)>f
smoking and lung function
scores via mail with no further
explanation
Sippel et al, %> 205 Smokers aged 218 y 9 1G: Counseling plus discussion 9 (9.0)<¢ Fair
1999 of spirometry and CO results
CG: Counseling alone 14 (14.0)<¢
Risser and 90 Smokers participating in a general preventive 12 1G: Counseling plus discussion 9 (20.0)<¢ Fair
Belcher,** 1990 intervention Veterqns Administration of spirometry and CO results
demonstration project CG: Counseling alone 3(6.7)<¢

Abbreviations: CG, control group; CO, carbon monoxide; COPD, chronic
obstructive pulmonary disease; FEV,, forced expiratory volume in 1second;
FVC, forced vital capacity; IG, intervention group; RCT, randomized clinical trial.

2 Postbronchodilator FEV,/FVC <70% and FEV, =50% predicted.
b Biochemically validated smoking abstinence.
€ Not statistically significant.

9"Lung age” given to those with FEV, <80%.
© Self-reported smoking abstinence.

f Statistically significant difference; validated quit rate difference, 7.2% (95% Cl,
2.2%-12.1%); P = .005.

the control group rates after 12 months of follow-up (n = 561;13.6%
Vs 6.4%; validated quit rate difference, 7.2% [95% Cl, 2.2%-12.1%];
number needed to treat [NNT], 14); however, both the control and
treatment groups underwent spirometry, so the trial actually tested
the method of communicating spirometry results rather than the
value of the screening spirometry itself.*' Most of the other trials
either reported higher abstinence rates that were not statistically
significant or no difference in the intervention group compared with
control (Table 4).

There was little evidence examining the potential negative ef-
fect of COPD screening on targeted preventive services; little can
be concluded from the included qualitative study reporting that some
smokers felt that confrontation with spirometry would interfere with
personal choice.>®

No trials were identified reporting the effect of COPD screen-
ing on recommended immunization uptake rates.

Treatment Efficacy and Harms

KQ7: Does treatment for asymptomatic adults identified with mild
tomoderate COPD through screeningimprove health-related qual-
ity of life or reduce morbidity or mortality?

KQ8: What are the adverse effects of COPD treatments in this
population?

Twenty studies of 14 distinct trials were identified for the 3 in-
cluded drug classes and 1 combination treatment: 2 trials of
LABAs,*+*>1RCT of LABAs plus ICS,*> 5 RCTs of the long-acting mus-
carinic antagonist (LAMA) tiotropium,*##%48 and 6 RCTs of
|C545.49-53 (Table 5)_54.55

No studies were found in patients with screen-detected COPD
and relatively few in patients with mild COPD (FEV, =80% pre-

jama.com

dicted). Most of the subanalyses of patients with mild to moderate
COPD in treatment trials included populations at the more severe
end of moderate COPD.

LABAs

One post hoc subanalysis of a large 4-group RCT and 1 post hoc
pooled subanalysis from 3 other RCTs (n = 3174) were identified
(Table 5).#*4° Based on 1subanalysis reporting each outcome (all-
cause mortality, exacerbations, health-related quality of life [HrQOL],
and dyspnea scores), LABAs appeared to reduce exacerbations and
dyspnea scores; results were mixed for HrQOL, and no trials re-
ported exercise capacity. Results for harms were rarely reported, with
few differences between treated and untreated groups for a vari-
ety ofindividual adverse events; however, lower rates of study with-
drawal and pneumonia were reported in 1 trial in patients treated
with salmeterol (Table 6).4#+46-50.51:53-55

ICS

One trial of patients with mild to moderate COPD, 2 post hoc sub-
analyses of RCTs, and 2 RCTs of patients with a mean FEV, greater
than or equal to 60% (n = 3983) were identified (Table 5). Despite
therarely reported outcomes and limitations, overall results seemed
to indicate a reduction in COPD exacerbations with ICS; however,
exacerbations were variably defined, and therefore annual rates of
exacerbations varied widely. Results from the 1trial in patients with
mild to moderate COPD (EUROSCOP; n = 1175) showed a statisti-
cally significant difference in exacerbation rates, but because the an-
nual rates of exacerbations were very low (<0.1 exacerbations/y) in
patients with milder COPD severities, the absolute difference was
very small (absolute difference of 0.02 exacerbations/y).*° Data were
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Table 5. Summary of Findings: Treatment Efficacy (Key Question 7)

LABA ICS LABA-ICS LAMA Tiotropium
Population Moderate COPD Mild to moderate COPD Moderate COPD Moderate COPD
Overall No. of studies 244,45 645,50-54 145 544,46-48,55
Overall No. of 3174 3983 1097 4592
participants
All-Cause Mortality
NO. Of Studies 145 445,50,53,54 145 246,55
No. of participants 1057 3653 1097 3196
Data summary 1G:9.2% Similar rates reported in IG vs CG  Reduction in IG vs CG (HR, 0.67  1G:9.2%
CG: 11.4% [95% Cl, 0.45-0.98]); CG: 10.8%
Statistical testing not interaction testing revealed no HR, 0.84 (95% Cl, 0.66-1.07)
provided heterogeneity of effect by COPD
severity;
main trial showed no difference
at3y
Exacerbations
No. of studies 145 445.50,52,54 145 346,47,55
No. of participants 1057 2803 1097 3483

Data summary

Annual rate of moderate to
severe exacerbation:

1G: 0.71

CG: 0.82

Statistical testing not
provided

3 RCTs report similar trends of
lower exacerbations but no
statistical testing;

1 RCT reported a significantly
lower yearly rate of
exacerbations in 1G vs CG (RR,
0.63[95% Cl, 0.47-0.85])

Annual rate of moderate to
severe exacerbations:

1G: 0.57

CG: 0.82

Annual reduction rate in IG, 31%
(95% Cl, 19%-40%)

2 of 3 subanalyses showed
reduction in mean number of
exacerbations;

other study showed no
difference in exacerbations
without reporting statistics

Health-Related Quality of Life

No. of studies
No. of participants

Data summary

944,45

3174

Mixed results

245,51

1114

Neither IG nor CG had changes
reaching the threshold for a
minimum clinically important
difference

145
1097

Neither group achieved clinically
meaningful changes

444,46,48,55

3282

1 RCT in treatment-naive
moderate disease reported
improvement in scores, but
uncertain if clinically
meaningful and 3 subanalyses
reported mixed results on
scores

Dyspnea Scores
No. of studies

No. of participants
Data summary

144
2117

Pooled subanalysis of 3 RCTs
showed there was a
statistically significant

251,53

1158

Fewer patients experienced
dyspnea in IG vs CG, but unclear
if clinically meaningful

0
NA

No trials

144

911

Patients achieving a meaningful
clinical difference in scores:
1G: 64.6%

short-term effect after 6 mo

CG: 49.3%
OR, 1.59 (95% Cl, 1.07-2.37)

Abbreviations: CG, control group; COPD, chronic obstructive pulmonary
disease; HR, hazard ratio; ICS, inhaled corticosteroids; IG, intervention group;

LABA, long-acting 3-agonist; LAMA, long-acting muscarinic antagonist;
OR, odds ratio; NA, not applicable; RCT, randomized clinical trial; RR, relative risk.

not sufficiently reported to make firm conclusions about the effect
of ICS treatment on dyspnea or HrQOL.

Six RCTs reported treatment harms associated with ICS among
patients with mild to moderate COPD (Table 6).#>49-53 Overall,
withdrawal rates between treatment groups were similar in the 4
trials that reported these data.*>*°>' Results of the composite out-
come of any adverse event or serious adverse events were mixed
but generally showed few differences between treated and
untreated groups. Data on pneumonia, bone mineral density, and
fractures were sparse and mixed. One post hoc subanalysis
reported more ischemic cardiac events among those in the placebo
group (3.0% vs 5.3%; P = .048), although these results should be
interpreted with caution due to study methods (see full evidence
report™).>4

LABAs and ICS
The Tincluded post hoc subanalysis among patients with moderate

COPD (n = 1097) suggested a possible all-cause mortality benefit

JAMA April5,2016 Volume 315, Number 13

that was not seen in the main trial across all stages of COPD
(Table 5).*° In addition, data showed a statistically significant, but
probably not clinically meaningful, improvement in HrQOL and a
reduction in exacerbations; however, more evidence is required to
make firm conclusions.

Two treatment effectiveness RCTs provided data on harms as-
sociated with treating patients with mild to moderate COPD with
the combination of LABAs and ICS (Table 6).*>* Withdrawal rates
appeared to be mixed, with the subanalysis of the TORCH trial re-
porting lower rates of withdrawal among patients treated with sal-
meterol and fluticasone than those treated with placebo,** and an-
other trial reporting similar rates of withdrawal between treatment
groups.> Only the subanalysis of the TORCH trial reported on the
incidence of composite or individual adverse events. It showed simi-
lar rates between treated and control groups, except perhaps a
higher risk for pneumonia with treatment, in contrast to findings for
LABAs in the same study.*® Paucity of data made robust conclu-
sions challenging.
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Table 6. Summary of Findings: Treatment Harms (Key Question 8)

LABA ICS LABA-ICS LAMA Tiotropium
Population Moderate COPD Mild to moderate COPD Moderate COPD Moderate COPD
Overall No. of studies et 545,50,51,53,54 245,51 344,46,55
Overall No. of participants 3191 3732 1149 4076
Withdrawals
No. of studies % ARSI ZLELEL 13C
No. of participants 1074 2617 1149 2739
Data summary 1G: 27% Similar rates reported between 1 subanalysis reported fewer 1G: 30.6%

CG: 35% groups withdrawals in 1IG vs CG (27% vs  CG: 34.7%

Statistical testing not
provided

35%; statistical testing not
provided); other RCT reported
similar withdrawal between
groups

Statistical testing not provided

Composite Adverse Events
No. of studies
No. of participants

Data summary

244,45

3191

1 pooled subgroup
analysis of 3 RCTs
reported mostly similar
rates across groups;

1 subanalysis reported
mixed results with some
adverse events slightly
more common in the IG
and some slightly more
common in the CG, but
unclear if there was a
meaningful difference

345,50,54

2552

2 of 3 RCTs showed similar rates
between groups;

1 trial reported more events in CG
vs |G

145

1108

1G: 86.2%
CG: 86.6%
Statistical testing not provided

244,55

1337

1 RCT of treatment-naive
patients reported similar rates
between groups (4.1% vs 4.4%;
statistical testing not
provided);

1 pooled analysis reported
higher rates in IG vs CG (67% vs
55.9%; statistical testing not
provided)

Fractures

No. of studies 0 %8 0 0

No. of participants NA 653 NA NA

Data summary No trials New lumbar fractures: No trials No trials
1G: 5%
CG: 3%
Statistical testing not provided

Pneumonia

No. of studies NS el e 0

No. of participants 1074 1377 1108 NA

Data summary 1G: 9.4% Mixed results: 1 RCT reported 1G: 15.3% No trials

CG: 10.6% higher rates in the 1G (12.8% vs CG: 10.6%

Statistical testing not
provided

10.6%);
1 reported higher rates in the CG
(11.0% vs 16.6%)

Statistical testing not provided

Downl oaded from j amanet wor k. com by Nati onal

Abbreviations: CG, control group; COPD, chronic obstructive pulmonary
disease; ICS, inhaled corticosteroids; IG, intervention group; LABA, long-acting

[B-agonist; LAMA, long-acting muscarinic antagonist; NA, not applicable; RCT,
randomized clinical trial.

LAMA
A single trial of the LAMA tiotropium in patients naive to mainte-
nance treatment with moderate COPD (n = 457)°° and 4 subgroup
analyses examining those with mild to moderate COPD were iden-
tified (Table 5).##46-48 Results were mixed for the effect of tiotro-
pium on exacerbations and HrQOL, although the majority of the evi-
dence suggested a beneficial effect on both outcomes. The trial of
treatment-naive patients with moderate COPD most approxi-
mated a screen-detected population and showed a statistically sig-
nificant reduction in exacerbations and statistically significant, but
probably not clinically meaningful, difference in work productivity
scores.>®

Two treatment effectiveness RCTs and 1post hoc analysis
of pooled study data** provided few data on harms associated with
tiotropium (Table 6). One trial*® reported very similar withdrawal
rates with and without tiotropium, with approximately half of these
withdrawals attributed to adverse events in both groups; 1study re-

46,55

jama.com

ported higher rates of any adverse event in the tiotropium group
compared with control (67% v 55.9%, no statistical testing), but 1
study reported no difference in serious events.*4>>

Overall, the treatment literature was largely based on patients
with COPD on the more severe range of moderate, so applicability
to a screen-detected asymptomatic population may not be appro-
priate. Furthermore, there were a number of limitations in the in-
cluded subgroup analyses for all classes of medications, such as
(1) the primary trials were powered for the entire population, not the
subgroup; (2) analyses were mostly post hoc; and (3) interaction
testing and adjustment for confounders were rarely performed. The
inconsistency in reported outcomes across the studies further lim-
ited the strength of available evidence. The most inconsistency was
seen in the definitions of exacerbations used in the studies. Most
studies defined an exacerbation as requiring treatment with an
antibiotic or systemic corticosteroid; however, other studies in-
cluded patient-reported increase in symptoms. Fewer than 5 trials
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reported harms for any individual medication class in patients with
mild to moderate COPD, limiting the ability to make firm conclu-
sions regarding the risk of treating patients with early disease.

|
Discussion

Anoverall summary of the evidenceis presented in Table 7. No popu-
lation-based trials were identified that compared screening with no
screening to determine whether primary care screening for COPD
improves health outcomes. Through the indirect evidence path-
way, we found that the CDQ appears to be the strongest risk fac-
tor- and symptom-based questionnaire, demonstrating reason-
able sensitivity and specificity for scores greater than 16.5, based on
5 external validation studies. However, no treatment trialsin screen-
detected populations were identified; treatment trials and subanaly-
ses in populations with symptomatic mild to moderate COPD sup-
ported a modest reduction in exacerbation frequency. Strong
evidence was not found to support screening as a means to im-
prove smoking cessation rates or other preventive services.

The value assigned to screening for COPD depends not only on
the accuracy of screening tools; it requires judgments about the evi-
dence for the benefit of earlier identification balanced against the
harms of missed cases, false-positive diagnostic workups, and treat-
ment harms. Earlier identification could lead to net screening ben-
efits if there was evidence of beneficial outcomes derived from
downstream treatment in early-stage asymptomatic disease or im-
provements in the uptake of preventive interventions. However, the
treatment literature was largely limited to subgroup analyses, al-
most exclusively among individuals with moderate COPD and pri-
marily the severe end of moderate (eg, FEV,% predicted of approxi-
mately 60% in many studies). Even among these groups, the benefits
on exacerbations and dyspnea scores with early treatment in pa-
tients with moderate COPD are not strongly established, and the clini-
cal significance of the observed reduction may be limited. Abso-
lute treatment benefit estimates would be expected to be lower in
screen-detected populations with mostly mild disease compared
with the populations in the trials available for this systematic re-
view. Epidemiologic studies report that patients with mild to mod-
erate COPD have an average of less than 1exacerbation per year.” A
systematic review of RCTs and cohort studies reported an annual
event-based exacerbation frequency (defined as physician office vis-
its, antibiotic use, steroid use, or hospitalizations) of 0.82 (95% Cl,
0.46-1.49) for mild disease and 117 (95% Cl, 0.93-1.50) for moder-
ate disease.® Patients with screen-detected COPD might be ex-
pected to have even fewer exacerbations, which would render the
absolute benefit as at best modest. Limited data on harms re-
ported in the treatment effectiveness trials suggest that there are
no substantial serious adverse effects for most medications. How-
ever, some concerns remain about ICS-containing medications in-
creasing the incidence of pneumonia in patients with more severe
COPD and effects on bone mineral density and fracture risk.>”>® Data
were too limited to make firm conclusions regarding this potential
harmin the included trials for screen-detected individuals with mild
to moderate COPD.

Arguments have been made that the high prevalence of undi-
agnosed COPD (10%-20%).'® as well as clinical COPD misdiag-
noses in smokers who are found to have alternate treatable diag-
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noses (eg, congestive heart failure) could be considered as potential
benefits with few screening-related harms, because spirometry is
asimple, noninvasive test.>>°° |n contrast, however, are concerns
about the patient-focused benefits of population screening efforts
in largely asymptomatic patients, particularly in light of little evi-
dence on treatment benefit in mild disease, opportunity costs as-
sociated with screening, and high monthly costs of these inhaled
medications.®"63

A large potential benefit from COPD screening would be in-
creasing smoking cessation rates, because smoking cessation is the
only proven beneficial treatment for reducing progression in mild
to moderate COPD.%* Smoking cessation counseling and pharma-
cotherapy are effective in patients with COPD,%>"%” even though
there is some evidence that smokers with COPD differ in their mo-
tivation to quit compared with smokers without COPD.®® 7' The lung
age trial by Parkes et al*! was the only trial reporting a statistically
significant absolute increase in biochemically confirmed cessation
rates (7%) when screening results reported lung age to partici-
pants (NNT = 14). Because both groups received spirometry and
counseling, the communication of lung damage might be the criti-
cal component in counseling. However, these positive results have
not been replicated in other trials.*® On the other hand, we did not
identify literature to support the premise that false reassurance in
those with normal spirometry may dampen motivation to quit. No
completed or pending trials reporting the effect of COPD screen-
ing on recommended immunization uptake rates were identified.

Achallengingissue when considering screening for COPD is the
requirement for an asymptomatic population. All questionnaires in-
cluded symptoms as part of their scoring, and the rationale for
screening has largely been a case-finding one (ie, there is substan-
tial undiagnosed disease seen in primary care). As per USPSTF scope,
the systematic review was focused on asymptomatic individuals.
However, the distinction between patients who are symptomatic and
those who are undetected or who present with nonspecific symp-
toms was difficult to determine from available clinical research. Be-
cause there were few RCTs or screening studies, and the ones iden-
tified were clinically and methodologically diverse, we were limited
to qualitative analysis. Our a priori methods specified patient-
focused outcomes and did not include changesin FEV, becauseitis
unclear how changes in FEV, correlate with changes in patient-
oriented health outcomes such as exacerbation rates. In addition,
we relied on harms data as reported in the effectiveness RCTs and
thus may not have captured the full range of potential adverse ef-
fects or their population-based incidence. Itis unlikely, however, that
observational studies in screen-detected populations applicable to
US-based primary care are readily available given current practice.

. |
Conclusions

There was no direct evidence available to determine the benefits and
harms of screening asymptomatic adults for COPD using question-
naires or office-based screening pulmonary function testing or to
determine the benefits of treatment in screen-detected popula-
tions. Indirect evidence suggests that the CDQ has moderate over-
all performance for COPD detection. Among patients with mild to
moderate COPD, the benefit of pharmacotherapy for reducing ex-
acerbations was modest.
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