Chronic obstructive pulmonary disease
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ABSTRACT
Objectives Case finding is proposed as an important
component of the forthcoming English National Clinical
Strategy for chronic obstructive pulmonary disease
(COPD) because of accepted widespread underdiagnosis
worldwide. However the best method of identification is
not known. The extent of undiagnosed clinically
significant COPD in England is described and the
effectiveness of an active compared with an
opportunistic approach to case finding is evaluated.
Methods A cross-sectional analysis was carried out
using using Health Survey for England (HSE) 1995e1996
data supplemented with published literature. A model
comparing an active approach (mailed questionnaires
plus opportunistic identification) with an opportunisticonly approach of case finding among ever smokers aged
40e79 years was evaluated. There were 20 496
participants aged $30 years with valid lung function
measurements. The main outcome measure was
undiagnosed clinically significant COPD (any respiratory
symptom with both forced expiratory volume in 1 s
(FEV1)/forced vital capacity (FVC) <0.7 and FEV1 <80%
predicted).
Results 971 (4.7%) had clinically significant COPD, of
whom 840 (86.5%) did not report a previous diagnosis.
Undiagnosed cases were more likely to be female, and
smoked less. 25.3% had severe disease (FEV1 <50%
predicted), 38.5% Medical Research Council (MRC)
grade 3 dyspnoea and 44.1% were current smokers. The
active case-finding strategy can potentially identify 70%
more new cases than opportunistic identification alone
(3.8 vs 2.2 per 100 targeted). Treating these new cases
could reduce hospitalisations by at least 3300 per year in
England and deaths by 2885 over 3 years.
Conclusions There is important undiagnosed clinically
significant COPD in the population, and the addition of
a systematic case-finding approach may be more
effective in identifying these cases. The costeffectiveness of this approach needs to be tested
empirically in a prospective study.

INTRODUCTION
Chronic obstructive pulmonary disease (COPD)
affects 5e10% of the population worldwide,1 with
a rising prevalence, and is a leading cause of
mortality. In the UK, COPD accounts for 1.4 million
general practitioner (GP) consultations and 1 million
inpatient bed days annually, costing the National
Health Service (NHS) >£800 million.2 Recently
COPD has received increasing attention as an
important condition in England, culminating in
a National Clinical Strategy due to be published later
this year.3 Global underdiagnosis, ranging between
492

45% and 85%,4e6 is widely reported, and recently the
British Lung Foundation has led a drive to identify
these ‘missing millions’. However, population
screening using spirometry is not recommended7
because it would identify many people without
clinically signiﬁcant symptoms for whom there is
little evidence of effective interventions.8 Evidence
for progression of asymptomatic cases to clinically
signiﬁcant disease is also conﬂicting.
Nevertheless it is likely that there are people with
unmet healthcare needs, who have clinically signiﬁcant COPD, but are unknown to the health services.
These patients may potentially beneﬁt from known
effective interventions (including inhaled treatment,
pulmonary rehabilitation and smoking cessation),8 9
which could offer symptomatic relief, modify disease
progression and improve quality of life. UK National
Institute for Health and Clinical Excellence (NICE)
guidelines recommend that a diagnosis of COPD
should be considered in patients with chronic respiratory symptoms and risk factors.9 Such opportunistic case ﬁnding is likely to be sporadically
implemented, but will miss patients not consulting
their GP. There might be a case for more systematic
targeted case ﬁnding such as indicated in the
preliminary report for the forthcoming National
Clinical Strategy.3 A few studies have explored
potential approaches in a range of different target
groups, but the best approach for identifying undiagnosed cases is not known as these reports have not
included comparison groups.10e13
The Health Survey for England (HSE) offers the
potential for assessing the degree of underdiagnosis
of COPD and for modelling various case-ﬁnding
strategies. Although not designed for this purpose,
it is a large data set, representative of the English
population and in 1995 and 1996 included
both spirometry and questions about respiratory
symptoms.
The aim of this study is ﬁrst, to use the HSE to
quantify the extent of undiagnosed clinically
signiﬁcant COPD in England, and describe the
characteristics of this population; and secondly to
model and compare two COPD case-ﬁnding
approaches in primary care, and to identify critical
points in the model using sensitivity analyses. By
informing the choice of case-ﬁnding approaches,
the model generated could be applied to similar
countries in Europe and North America.

METHODS
Study design and participants
This was a cross-sectional analysis of data collected
by the HSE (1995 and 1996).
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Case finding for chronic obstructive pulmonary
disease: a model for optimising a targeted approach

Chronic obstructive pulmonary disease

Procedures
Information was obtained on demographic factors, lifestyle and
health, including if they had diagnosed asthma, any (and which)
longstanding illnesses and a range of respiratory symptoms.
Smoking was deﬁned as current, ex- and never regular smokers
(regular deﬁned as $1 cigarette per day). Pack-years were
calculated for all participants.
Pulmonary function tests, without reversibility, were
performed according to a standard protocol14 15 with a Vitalograph Escort spirometer (Fleisch pneumotachograph ﬂow head)
calibrated daily at normal room temperature.

Definition of COPD
In conformity with NICE guidelines,9 clinically signiﬁcant
COPD was deﬁned as reporting of any respiratory symptom
(exertional breathlessness, chronic cough, regular sputum,
frequent winter bronchitis or wheeze) and evidence of airways
obstruction on spirometry (forced expiratory volume in 1 s
(FEV1)/forced vital capacity (FVC) <0.7 and FEV1 <80%
predicted (equivalent to Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage II16). There is controversy over
the criteria which should be used to deﬁne COPD, therefore
analyses were repeated with different spirometric criteria,
including GOLD (FEV1/FVC <0.7), single LLN (FEV1/FVC
below the lower limit of normal¼5th percentile of the healthy
never-smoking population, using the ECCS (European
Community for Steel and Coal) reference equations)17 and
double LLN (FEV1/FVC and FEV1 values both below the lower
limit of normal).18
Participants with airways obstruction and reporting a diagnosis of asthma, with ﬁrst episode of wheeze before the age of
30, were reclassiﬁed as ‘not having COPD’ to reduce misclassiﬁcation of those with asthma. Those with clinically signiﬁcant
COPD who did not report having chronic bronchitis/emphysema were classiﬁed as being ‘undiagnosed’.

the HSE and published literature, and applied to a likely scenario
in primary care with a hypothetical cohort of 10 000 patients
(ﬁgure 1). Patients in the target group would be identiﬁed from
general practice records. With an opportunistic-only approach,
each patient’s notes would be ﬂagged as a reminder for GPs/
practice nurses to ask simple questions during any consultation
about relevant respiratory symptoms. This would be compared
with the ‘active’ approach, consisting of both an opportunistic
component (as above) and the addition of a postal questionnaire
with the same respiratory questions.
Patients with positive respiratory symptoms (deﬁned
according to the NICE criteria as above) would be invited for
spirometry and then classiﬁed as having COPD or not (deﬁnition as above). Assumptions for proportions entering each stage
of the model were taken from the above HSE analyses or from
the published literature (table 1). The model was based on
a 1 year period, assuming the respiratory questions would be
administered at one consultation.

Model outcomes
The main outcomes were: new cases detected as a percentage of
patients targeted, difference in number of cases detected (per 100
targeted), proportion of total expected cases detected and

Ever smokers without
diagnosed COPD
aged 40-79 yrs

Attends GP surgery
(12 mths)
0.91
N= 9100
GP/nurse asks
questions
0.5
N=4550
Patient responds to
questionnaire
0.9
N=4095

Model details
A simple model comparing an active case-ﬁnding approach with
an opportunistic-only approach was developed using data from
Thorax 2010;65:492e498. doi:10.1136/thx.2009.129395

Respond to
questionnaire
0.5
N=5000

Non-responders
0.5
N=5000
Attends GP
surgery (12 mths)
0.91
N=4550
GP/nurse asks
questions
0.5
N=2275
Patient responds
to questionnaire
0.9
N=2048

Development of a case-finding model
Target group
Initial analyses showed that the prevalence of clinically signiﬁcant COPD among never smokers and in those aged <40 years
was low. As there are also practical difﬁculties in measuring lung
function in elderly patients, the chosen target group for case
ﬁnding in our model was current or ex-smokers aged
40e79 years without a prior self-report of chronic bronchitis/
emphysema. Although there are several screening tools
published which include more complex methods for identifying
undiagnosed COPD designed to increase speciﬁcity,19e21 none
has been designed or validated with the clinical COPD deﬁnition
used here. Consequently, this broad target group was chosen,
allowing sensitivity analyses for more restrictive scenarios.

ACTIVE
N=10,000

OPPORTUNISTIC
N=10,000

Positive respiratory
symptoms
0.48
N=1966

Positive respiratory
symptoms
0.48
N=3383

Attends for spirometry
0.7
N=1376

Attends for
spirometry
0.7
N=2368

Clinical COPD
0.16
N=220

Clinical COPD
0.16
N=379

Figure 1 Model comparing an active approach with opportunistic-only
approach with case finding in chromic obstructive pulmonary disease
(COPD). Figures are proportions (based on estimates from sources
detailed in table 1) and calculated numbers based on a hypothetical
cohort of 10 000 in each option.
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The HSE is an annual survey which monitors the health of
the nation. A general population sample is obtained by multistage stratiﬁed random sampling of private households in
England14 15 with standardised home interviews and health
assessments administered by trained interviewers/nurses. In
1995e1996, >32 000 adults participated. Data were obtained
from the UK Data archive combining both years. Participants
aged $30 years with valid lung function and height data were
included.

Chronic obstructive pulmonary disease
Table 1

Base case assumptions for model: among ever smokers aged 40e79 years without diagnosis of COPD
Source/explanation

0.32
0.13
0.25
0.21
0.48
0.04
0.16

HSE analysis

0.73
0.23
0.04
0.39
0.51
0.5

Probability that patients consult their GP/staff at least once per year

0.91 over
12 months

Proportion of consultations where questionnaire is administered
opportunistically
Response rate to questionnaire in surgery
Proportion attendance for spirometry
Sensitivity of spirometry test (quality compared with specialised technician)

0.5
0.9
0.7
1.0

HSE analysis
HSE analysis

HSE analysis

HSE analysis
HSE analysis
Response rates estimates from previous experience/literature vary between
50% and 90%22 23
Patients aged 45e64 years consult on average 3.3 times per year24; patients
with COPD consult 6.4 times per year.25 Overall estimate based on Poisson
distribution, varying the prevalence of COPD between 1% and 20%. Assume
patients will not be questioned more than once per year.
Reported rates for atrial fibrillation screening with pulse 30e70%23 26
Response rates 98e100%11 12 27
Uptake rates 33e97%5 12 23 27
Possible 3% underdiagnosis28 but literature suggests overdiagnosis most
common

*Clinically significant COPD is defined as respiratory symptoms and airways obstruction (National Institute for Health and Clinical Excellence criteria).
Estimates based on 1 year time period.
COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; GP, general practitioner; HSE, Health Survey for England; MRC, Medical Research Council.

numbers needed to target (NNT; calculated as 1/risk difference)
for the active compared with the opportunistic approach. The
proportion of new cases who would be expected to have stage III
or IV disease (FEV1 <50% predicted) or Medical Reseach Council
(MRC) grade 3 or worse dyspnoea was also calculated in order to
quantify the proportion most able to beneﬁt from diseasemodifying treatment (treatment which can reduce exacerbations, hospitalisations or mortality).8 9

the age of 30. Although 8410 (41.0%) reported at least one of the
included respiratory symptoms, only 971 (4.7%) also had
airways obstruction, and were thus classiﬁed as having clinically
signiﬁcant COPD. Of these, only 131 (13.5%) reported chronic
bronchitis/emphysema, suggesting that >85% were undiagnosed. Notably, although 291 (1.4%) reported a diagnosis of
chronic bronchitis/emphysema, less than half of these demonstrated airﬂow obstruction.

Sensitivity analyses

Characteristics of participants with undiagnosed COPD

Sensitivity was assessed by considering the impact of varying
each parameter individually within plausible ranges.

Alternative targeting strategies
The effects of alternative strategies were considered such as
targeting different age groups, ageesmoking combinations,
symptom proﬁles and spirometric criteria. Estimates of input
parameters were derived from the HSE.

Statistical analyses
Characteristics of undiagnosed and diagnosed patients with
COPD were compared using c2 tests.

RESULTS
Characteristics and prevalence of undiagnosed COPD
There were 20 496 participants aged $30 years with valid height
and spirometry measurements, 9959 (48.6%) from 1995 and
10 537 (51.4%) from 1996 (table 2). Mean age was 51.8 years (SD
14.8) and 53.0% were female. A quarter of participants were
current smokers, and a further 6187 (30.2%) were ex-smokers. A
total of 2180 (10.6%) reported ever having been diagnosed with
asthma, and 6.3% that their ﬁrst episode of wheeze was before
494

Table 3 compares characteristics of participants with diagnosed
and undiagnosed clinically signiﬁcant COPD. Although there
was a greater proportion of females among undiagnosed cases,
this was not signiﬁcant (41.7% vs 35.9%, p¼0.2); however, they
were more likely to be never smokers (16.8% vs 6.9%, p¼0.002).
They were less likely to report each of the speciﬁc respiratory
symptoms and their dyspnoea was less severe (38.5% had MRC
grade 3 dyspnoea vs 69.5% of those reporting a diagnosis).
Although airways obstruction in undiagnosed cases was milder
overall (p<0.001), a quarter of these had severe airways
obstruction (FEV1 <50% predicted) and therefore under current
guidance would be eligible for disease-modifying inhalers.13 15
Those with milder stage disease would be eligible for bronchodilators or mucolytics for symptomatic relief,15 while those with
MRC grade 3 dyspnoea would be eligible for pulmonary rehabilitation.15 In addition, 44.1% were current smokers, and would
be eligible for smoking cessation therapy.
Prevalence of undiagnosed clinically signiﬁcant COPD
increased with age, from 0.2% (30e39 years group), to 12.9%
($80 years group). Prevalence was highest among smokers at all
ages (ﬁgure 2), rising from age 40e45 years. Among ex-smokers,
COPD prevalence remained at or below 1% until age 55 years,
Thorax 2010;65:492e498. doi:10.1136/thx.2009.129395
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Proportion of cohort having respiratory symptoms
Dyspnoea
MRC grade 3 dyspnoea or worse
Wheeze
Chronic cough or phlegm
Any of the above
Proportion having childhood asthma
Proportion with clinically significant COPD* among those with respiratory
symptoms
Proportion of COPD* with low FEV1 (% predicted)
50e79%
30e49%
<30%
Proportion of COPD* with MRC grade 3 dyspnoea or worse
Proportion of COPD* with either FEV1 <50% or MRC grade 3 dyspnoea
Response rate to postal questionnaire/reminders

Base case

Chronic obstructive pulmonary disease
Table 2

GOLD+symptoms
NICE+symptoms
Single LLN+symptoms
Double LLN+symptoms

20496
9959 (48.6%)
10537 (51.4%)
5340 (26.1%)
4822 (23.5%)
3821 (18.6%)
3371 (16.5%)
2365 (11.5%)
777 (3.8%)

Sensitivity analyses

9643 (47.1%)
10853 (53.0%)

Table 4 and ﬁgure 3 illustrate the effect of varying key parameters on the relative beneﬁt of the systematic approach, and
highlight the plausible ranges. The model is sensitive to changes
in the proportion of the target group with respiratory symptoms
(a range of 30e70% alters the rate difference from 1.0 to 2.3 per
100) and to the proportion of those with respiratory symptoms
having COPD on spirometry (a range of 10e30% alters the rate
difference from 1.0 to 3.0 per 100 targeted). The key modiﬁable
parameters are the response rate to postal questionnaires, the
probability the respiratory questionnaire is administered opportunistically and, to some extent, the spirometry uptake rates. A
variation in postal response of 30e70% would result in a rate
difference of 1.0e2.2 per 100 targeted. In contrast, as practices
administer more questionnaires, the advantage of the active
approach is attenuated.

5191 (25.3%)
6187 (30.2%)
9115 (44.5%)
2180 (10.6%)
1289 (6.3%)
291 (1.4%)
489 (2.4%)
5425
2223
4422
2783
2181
3447
8410

(26.5%)
(10.9%)
(21.6%)
(13.6%)
(10.6%)
(16.8%)
(41.0%)

Modelling alternative targeting strategies

2872 (14.0%)
1305 (6.4%)
1796 (8.8%)
733 (3.6%)

91628 (7.9%)
971 (4.7%)
1072 (5.2%)
571 (2.8%)

Reporting diagnosis of chronic
bronchitis/emphysema
145 (8.9%)
131 (13.5%)
113 (10.5%)
99 (17.3%)

*Excluding hayfever.
yPrebronchodilator values with childhood asthmatics reclassified (see the Methods
section).
zRespiratory symptoms and airflow obstruction.
GOLD¼FEV1/FVC <0.7; NICE¼FEV1/FVC <0.7 and FEV1 <80% predicted; single
LLN¼FEV1/FVC <5th percentile of healthy never-smoking population; double LLN¼FEV1/
FVC <5th percentile and FEV1 <5th percentile.
COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; FVC,
forced vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; LLN,
lower limit of normal; MRC, Medical Research Council; NICE, National Institute for Health
and Clinical Excellence.

while for never smokers rates did not rise above 1% until age
60 years.

Targeting those aged over 50 increases the efﬁciency of an active
approach compared with an opportunistic-only approach (NNT
47 vs 65) although marginally less sensitive than targeting the
full 40e79 year age range (44% vs 49% expected) (see online
table).
Targeting current smokers aged $45 years and ex-smokers
aged $55 years would improve the efﬁciency of the active
approach without losing many cases (NNT¼45; 47% total
identiﬁed).
An active strategy without concurrent opportunistic case
ﬁnding (ie, postal questionnaire only) would result in a difference of only 0.5 per 100 targeted over the base case, and identify
one-third fewer cases than with the combined approach.
Although restricting the target group to those with dyspnoea
only would identify patients with more severe disease (50.4%
with MRC grade 3 dyspnoea vs 39.2% in the base case), the
active approach would then have a relatively smaller beneﬁt and
pick up fewer undiagnosed cases than the base case.
Use of the single LLN criteria to deﬁne cases had little overall
effect, although cases were generally milder. While double LLN
decreased the yield in both arms, and reduced the advantage of the
active approach, a higher proportion of more severe cases would be
identiﬁed (59.0% eligible for disease-modifying treatment).

DISCUSSION
Comparing a model of an active approach against an
opportunistic-only approach to case finding
Analysis of the HSE showed that 48% of the target group (ever
smokers aged 40e79 years) reported relevant respiratory symptoms. Of these, 16% demonstrated airways obstruction, and
therefore, for every 10 000 ever-smoking patients in this age
group we would expect 768 undiagnosed cases (or 7.7 per 100).
Figure 1 details the ﬂow of patients through both arms of the
case-ﬁnding model taking into account other parameters such as
Thorax 2010;65:492e498. doi:10.1136/thx.2009.129395

In this analysis of nationally representative data of >20 000
adults aged $30 years, we identiﬁed a substantial amount of
undiagnosed clinically signiﬁcant COPD (patients with both
respiratory symptoms and airﬂow obstruction). Overall prevalence in this age group was 4.7%, consistent with internationally
available data,1 but lower than many recent studies reporting
spirometrically deﬁned COPD only.4 6 29
A total of 86.5% of those with clinically signiﬁcant COPD did
not report previously diagnosed chronic bronchitis/emphysema.
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response rates. The active approach to case ﬁnding would yield
70% more new cases than the opportunistic approach (3.8 vs 2.2
new cases per 100 ever smokers targeted), giving a rate difference
of 1.6 per 100 targeted and identifying 49% of the expected
cases. Sixty-three ever smokers would need to be actively
targeted to identify one extra case of COPD, over and above the
opportunistic approach. Of these new cases, 39.2% would have
at least MRC grade 3 dyspnoea, and 26.8% stage III/IV disease
(50.9% with either) and could beneﬁt immediately from effective disease-modifying treatments.

Characteristics of participants

Number of participants
1995
1996
Age (years)
30e39
40e49
50e59
60e69
70e79
$80
Sex
Male
Female
Smoking status
Current
Ex-regular
Never regular
Reported respiratory conditions
Reported asthma diagnosis
First wheezed before age
30 years
Reported diagnosis of chronic
bronchitis or emphysema
Other respiratory condition*
Reported respiratory symptoms
Dyspnoea
MRC grade 3 or worse
Wheeze
Chronic cough
Chronic phlegm
Frequent winter bronchitis
Any of the above respiratory
symptoms
Airways obstructiony
GOLD
NICE
Single LLN
Double LLN
Clinically significant COPDy, z

Table 3 Comparison of the characteristics of diagnosed and
undiagnosed clinically significant COPD in England

Sex
Male
Female
Smoking status
Current
Ex-regular
Never regular
Reported respiratory symptoms
Dyspnoea
MRC grade 3 or worse
Wheeze
Chronic cough
Chronic phlegm
Frequent winter bronchitis
Any of the above respiratory symptoms
Severity of airflow obstruction*
Stage (FEV1% predicted)
II (50e80%)
III (30e49%)
IV (<30%)
Likely to benefit most from diseasemodifying treatment (FEV1 <50%
predicted or MRC grade 3 dyspnoea)

Undiagnosed

Diagnosed

840

131

13 (1.6%)
70 (8.3%)
137 (16.3%)
257 (30.6%)
266 (31.7%)
97 (11.6%)

0
8 (6.1%)
19 (14.5%)
41 (31.3%)
53 (40.5%)
10 (7.6%)
(p¼0.2)

490 (58.3%)
350 (41.7%)

84 (64.1%)
47 (35.9%) (p¼0.2)

370 (44.1%)
328 (39.1%)
141 (16.8%)

53 (40.5%)
69 (52.7%)
9 (6.9%) (p¼0.002)

651
323
548
366
305
428
840

(77.5%)
(38.5%)
(65.2%)
(43.6%)
(36.3%)
(51.0%)
(100%)

110 (84.0%) (p¼0.09)
91 (69.5%) (p<0.001)
119 (90.8%) (p<0.001)
93 (71.0%) (p<0.001)
89 (67.9%) (p<0.001)
105 (80.2%) (p<0.001)
131 (100%)

628 (74.8%)
181 (21.6%)
31 (3.7%)
417 (49.6%)

55 (42.0%)
52 (39.7%)
24 (18.3%) (p<0.001)
104 (79.4%) (p<0.001)

*Stage according to GOLD (Global Initiative for Chronic Obstructive Lung Disease)
guidelines.
COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; MRC,
Medical Research Council.

This is comparable with other studies, despite their broader
diagnostic criteria.4e6 A substantial burden of undiagnosed
disease is not conﬁned to milder cases; over half would be eligible
for combination or anticholinergic inhaler treattment to reduce
hospitalisation and mortality or pulmonary rehabilitation,
which is effective in improving quality of life. Milder cases
would be eligible for symptomatic relief, smoking cessation, and
inﬂuenza and pneumococcal vaccinations under current guidance,9 and reports of subgroup analyses also indicate that
inhalers may reduce hospitalisation and mortality in these
patients too.30 31 This clearly demonstrates the need for case
ﬁnding.
Our analyses of the HSE suggest that case ﬁnding among
responding ever smokers aged 40e79 years would result in
a yield of 7.7%; this is somewhat lower than most previous
reports11 13 27 but partly reﬂects the tighter requirement in our
COPD case criteria for the concurrent presence of both symptoms and airﬂow obstruction. The yield would be further
reduced if more stringent spirometric criteria, such as double
LLN, were used. We have also demonstrated that the addition of
active to opportunistic case ﬁnding could potentially identify
70% more cases. This result is unaltered by varying the deﬁnition of COPD. Direct mailing alone to eligible patients (without
the back-up of opportunistic discovery for non-respondents)
would only have small beneﬁts over a reasonably well-implemented opportunistic approach.
496

Prevalence of undiagnosed COPD
35.0
30.0
25.0
20.0
15.0
10.0
5.0
0.0
30- 34 35- 39 40- 44 45- 49 50- 54 55- 59 60- 64 65- 69 70- 74 75- 79

80+

Age (years)
Current smokers

Ex-smokers

Never smokers

Figure 2 Prevalence of undiagnosed clinically significant chronic
obstructive pulmonary disease (COPD) by age and smoking history in
participants of the 1995e1996 Health Survey for England aged
$30 years. (Clinically significant indicates respiratory symptoms and
airways obstruction according to National Institute for Health and
Clinical Excellence criteria.)

In England, there are an estimated 10.9 million ever smokers
aged 40e79 years without a diagnosis of COPD.32 33 Implementation of such an active case-ﬁnding approach could identify
403 073 new cases. Of these, 108 024 (26.8%) may be eligible for
combination inhalers under current guidance. Assuming that
patients with more severe undiagnosed COPD are hospitalised
at a similar rate to those who are diagnosed, treatment with
combination inhalers could reduce the number of annual
hospitalisations by at least 3328 (combination treatment
reduces on average 0.03 COPD-related hospitalisations per
person30), 1401 more than with an opportunistic-only approach,
and could also prevent 2885 deaths over 3 years.30 This is
a conservative estimate, as patients could also beneﬁt from
pulmonary rehabilitation, smoking cessation and single inhalers,
all with health beneﬁts. Furthermore, even those with less severe
disease (FEV1 >50% predicted) may beneﬁt from combination
inhalers or anticholinergic inhalers.
Our models show that modifying the target population for
case ﬁnding (eg, smokers aged >45 and ex-smokers aged >55)
could increase yield and improve the efﬁciency while detecting
a similar proportion of all undiagnosed COPD.

Limitations
The estimates for most analyses were taken from the HSE
1995e1996. These data have the advantage of being representative of the English population and were obtained using
standardised methodology, but the HSE was not designed for
this purpose and therefore suffers from some limitations. The
spirometry standards may not be as rigorous as those now
recommended by the American Thoracic Society (ATS). Postbronchodilator spirometry was not available, and assumptions
made to help separate patients with COPD from those with
asthma may have misclassiﬁed COPD in either direction.
Participants were not explicitly questioned about whether they
had ever been diagnosed with COPD; they were asked to report
any longstanding illness which was coded as chronic bronchitis/
emphysema or ‘other respiratory conditions’. The latter included
‘bad chest’ or ‘chesty cough’, which may signify a diagnosis of
COPD. The reported diagnosis of COPD was likely to be
underestimated; indeed the diagnosed prevalence of COPD in
1997 was 1.5%34 compared with the 1.0% reported in the
1995e1996 HSE population. However, even if the number of
Thorax 2010;65:492e498. doi:10.1136/thx.2009.129395
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Number of participants
Age (years)
30e39
40e49
50e59
60e69
70e79
$80

Prevalence of undiagnosed COPD

Chronic obstructive pulmonary disease

Chronic obstructive pulmonary disease
Table 4

New cases
(per 100 targeted)

% additional cases
detected with active
approach

Rate difference
(per 100 targeted)

Active
Opportunistic only
Base case
3.8
2.2
Model assumptions
Proportion with any respiratory symptom
0.3
2.4
1.4
0.7
5.5
3.2
COPD* in those with respiratory symptoms
0.1
2.4
1.4
0.2
4.7
2.8
0.3
7.1
4.1
Process assumptions
Questionnaire response rate (postal)
0.3
3.2
2.2
0.7
4.4
2.2
GP asks questionnaire in surgery
0.1
2.9
0.4
0.2
3.1
0.9
0.3
3.3
1.3
0.7
4.2
3.1
Spirometry uptake rate
0.5
2.7
1.6
0.9
4.9
2.8
Spirometry accuracy
0.9 sensitivity
3.4
2.0
0.8 sensitivity
3.0
1.8

Proportion of expected
cases in the community
detected with active approach

NNT

1.6

70%

63

0.49

1.0
2.3

70%
70%

101
45

0.49
0.49

1.0
2.0
3.0

70%
70%
70%

101
50
34

0.49
0.49
0.49

1.0
2.2

43%
101%

105
45

0.41
0.58

2.5
2.2
2.0
1.2

561%
255%
154%
37%

41
45
49
87

0.38
0.41
0.41
0.55

1.1
2.0

70%
70%

88
49

0.35
0.63

1.4
1.3

70%
70%

70
79

0.44
0.39

Numbers in bold are referred to in the text.
*Clinically significant COPD defined as respiratory symptoms and airways obstruction (National Institute for Health and Clinical Excellence criteria).
COPD, chronic obstructive pulmonary disease; GP, general practitioner; NNT, number needed to target with the active approach to identify one additional new case over opportunistic only.
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Respiratory symptoms
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Rate Difference per 100 targeted

b
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Rate Difference per 100 targeted

a

Rate Difference per 100 targeted

Figure 3 Effect of varying key
parameters on rate difference of active
versus opportunistic case finding for
chronic obstructive pulmonary disease
(COPD). For each of the following eight
parameters, the graphs indicate how
changes in the estimates of the
parameter (proportions from 0 to 1)
affect the estimates of relative
effectiveness of the active approach.
Bold portions of the line indicate the
most plausible range of interest. (a)
Proportion of target population with
specified respiratory symptoms. (b)
Proportion of those with respiratory
symptoms having clinically significant
COPD. (c) Probability that patients with
COPD visit their GP (general
practitioner) at least once per year. (d)
Probability that patients without COPD
visit their GP at least once per year. (e)
Uptake in response to postal
questionnaire. (f) Probability GP/nurse
will ask respiratory questions
opportunistically. (g) Proportion of
patients responding to questions
administered at the surgery. (h) Uptake
of spirometry.

Smoking habits and the deﬁnitions of COPD may have
changed since data collection 12 years ago, and the diagnosis of
COPD in the UK may have improved with the advent of the
Quality Outcomes Framework. However, in 1997, the diagnosed

0

diagnosed cases of COPD were double, there would still have
been >70% undiagnosed. This misclassiﬁcation should not affect
the case-ﬁnding model which focuses purely on those who had
no previous diagnosis.

0

.2 .4 .6 .8

1

Spirometry uptake
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Parameter

Sensitivity analysis

Chronic obstructive pulmonary disease
8.
9.

Implications
We have demonstrated substantial undiagnosed COPD in the
community of w4% among adults $30 years in England. Identifying these cases would potentially have huge resource implications but could prevent a signiﬁcant number of annual
hospitalisations. The model is based on a simple spreadsheet and
could be adapted to different settings and countries where rates
of smoking, prevalence of respiratory symptoms and prevalence
of airways obstruction might vary.
The model relies on estimates from the literature, though
some of the process inputs could vary greatly. In order for the
cost-effectiveness of both approaches to be fully evaluated, wellconstructed primary studies are needed with examination of
different scenarios. For example, the case for applying ﬁnancial
incentives to GPs to ask respiratory questions versus prioritising
resources for ensuring optimal questionnaire response rate could
be evaluated, as could the potential for more sensitive algorithms to identify patients at risk, and different methods of
delivering spirometry.
In summary, our study adds to the evidence around case
ﬁnding for COPD by conﬁrming and quantifying the extent of
undiagnosed clinically signiﬁcant COPD and providing a simple
model of two alternative case-ﬁnding approaches. This can feed
into the development of case-ﬁnding strategies likely to be
needed in the new National Clinical Strategy in England and
also provides a ﬂexible model which can be applied to other
healthcare settings.

10.

11.
12.
13.
14.
15.
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prevalence of COPD was w1.5%34 and in 2006 1.4%.35 Even if
the proportion of undiagnosed COPD varied, the case-ﬁnding
model will remain valid.

