
INTRODUCTION
The diagnostic process for chronic
obstructive pulmonary disease (COPD) in
primary care starts with history taking and
physical examination, and if results remain
suggestive of COPD, spirometry is
performed to diagnose or exclude COPD.
Diagnosing or excluding COPD, especially
the early cases, is not straightforward, as
there is no single ‘gold standard’ available.1,2
Spirometry is very important, but results
can only be interpreted in combination with
symptoms and signs. There is substantial
underdiagnosis of COPD in primary care,3,4
and awareness of possible COPD in
symptomatic patients is recommended.1
However to perform spirometry in all
patients with respiratory complaints is
neither efficient nor feasible.2 Recently, the
authors developed a decision aid for COPD,
using only symptoms and signs, to assist
physicians in estimating the probability of
COPD and enhance efficient use of
spirometry. The aid, developed from the
dataof 400patients consulting their primary
care physician with persistent cough,
showed good ability to exclude COPD
(negative predictive value >90%) (BDL
Broekhuizen et al, unpublished data, 2010).
However, when a patient presents with a

general symptom like persistent cough, the
diagnostic process in practice usually does
not start with obtaining the result of a
formal decision aid. Rather, physicians first

explore the problem using intuitive short
history taking and physical examination.
This results in an initial assessment of the
probability of a possible underlying disorder.
After this, a decision aid is more likely to be
used to obtain more diagnostic certainty.
Therefore, to determine whether an 8-item
decision aid for COPD is potentially useful
for practice, its diagnostic accuracy should
be determined in addition to the (initial)
physician’s assessment.
Despite the large number of decision aids

published each year,5,6 little is known about
the added value of decision aids above the
physician’s assessment. A few studies, of
disorders other than COPD, compared the
physician’s assessment with a decision aid.
In some the aid was superior,7–9 and in
others the physician’s assessment was.10,11
However the added value of the decision aid
was not quantified.
The aim of the present analysis was to

determine whether the recently developed
8-item decision aid for COPD added
diagnostic value to the physician’s clinical
assessment, in middle-aged and older
primary care patients presenting with
persistent cough.

METHOD
Design and study population
This was a subanalysis of a large Dutch
diagnostic study on COPD performed from
2006 to 2009. The study protocol has been
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Abstract
Background
Numerous decision aids have been developed
recently, but the value they add above that of
the initial clinical assessment is not well
known.

Aim
To quantify whether a formal decision aid for
chronic obstructive pulmonary disease (COPD)
adds diagnostic information, above the
physician’s clinical assessment.

Design and setting
Subanalysis of a diagnostic study in Dutch
primary care.

Method
Sixty-five primary care physicians included 357
patients who attended for persistent cough and
were not known to have COPD. The physicians
estimated the probability of COPD after short
history taking and physical examination. After
this, the presence or absence of COPD was
determined using results of extensive
diagnostic work-up. The extent to which an 8-
item decision aid for COPD, which included only
symptoms and signs, added diagnostic value
above the physician’s estimation was quantified
by the increase of the area under the receiver
operating characteristic curve (ROC area), and
the improvement in diagnostic risk
classification across two classes: ‘low
probability of COPD’ (<20%) and ‘possible
COPD’ (≥20%).

Results
One hundred and four patients (29%) had
COPD. Adding the decision aid to the clinical
assessment increased the ROC area from 0.75
(95% confidence interval [CI] = 0.70 to 0.81) to
0.84 (95% CI = 0.80 to 0.89) (P<0.005), and
improved the diagnostic risk classification of
the patients, such that 35 fewer patients
needed spirometry testing and eight fewer
COPD cases were missed.

Conclusion
A short decision aid for COPD added diagnostic
value to the physician’s clinical assessment.
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COPD; cough; diagnosis; diagnostic accuracy;
primary care.
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described in detail elsewhere.4 Briefly,
inclusion criteria for patients were being
aged over 50 years and consulting their
primary care physician for complaints of
cough for 14 days or longer. Exclusion
criteria were known COPD, suspected
pneumonia, and terminal illness.

Physician’s assessment and a decision aid
for COPD
On the day the patient presented with
persistent cough, the physician, who was
theGPof the patient, recorded the results of
short standardised history taking and
physical examination, and, directly
thereafter, their estimation of the probability
that the patient had COPD.
All patients then underwent extensive

further diagnostic work-up, including
repeated spirometry by the GP, and
secondary-care lung function testing (body
plethysmography and carbon monoxide
diffusingcapacitymeasurement). Finally, an
expert panel determined the presence or
absence of COPD (reference test), according
to international guidelines,1 using the
results of all documented study tests,
including the results of history taking and
physical examination, except the GP-
estimated probability of COPD. The expert
panel also determined the severity of COPD
according to the criteria of the Global
Initiative for Chronic Obstructive Lung

Disease (GOLD),1 and possible other
diagnoses, like asthma.
Previously, the authors developed a

decision aid for COPD including the
independently contributing items of history
taking and physical examination (BDL
Broekhuizen et al, unpublished data, 2010).
This aidwasdeveloped from the samestudy
patients as included for the present
analysis, using multivariable logistic
regression analysis, with the expert panel
diagnosis (COPD or no COPD) as diagnostic
outcome. The final 8-item decision aid was
internally validated by bootstrapping
techniques to adjust the regression
coefficients for overfitting and is presented
in Box 1.

Analysis
In the original diagnostic study, 400 patients
with persistent cough were included. In the
present analysis, patients were included if
the physician’s clinical assessment and the
panel diagnosis were available, resulting in
357 participants, included (and assessed) by
65 GPs (Figure 1). The physician’s
estimation of the probability of COPD was
entered as a continuous variable in a
multivariable logistic regression analysis,
with COPD as diagnostic outcome. The
estimated probability for COPD by the
previously developed decision aid was
added as a continuous variable. To quantify
the added discriminative value of the
decision aid above the physician, the area
under the receiver operating characteristic
curve (ROC area) of the physician’s estimate
and of the combination of the physician’s
estimate and the decision aid, were
compared.
Next, the extent to which the addition of

the decision aid resulted in improvement in
diagnostic risk classification across
clinically relevant risk groups was
quantified. In daily practice, themain aim of
history taking and physical examination in
cases of possible COPD, is to distinguish
patients in whom COPD can safely be
excluded (low estimated probability), from
those who should undergo spirometry.1,2
Therefore, two predefined risk classes were
used: ‘low probability of COPD’ (<20%) and
‘possible COPD’ (≥20 %). As there are no
generally accepted thresholds for these risk

How this fits in
Numerous decision aids have been
developed in recent decades. Decision aids
for general complaints like cough are
usually applied only after the clinical
assessment of the physician. Whether
decision aids have added diagnostic value
to this clinical assessment was unknown.
This study found that a short decision aid
for chronic obstructive pulmonary disease
(COPD) that included only symptoms and
signs added relevant diagnostic value to the
physician’s clinical assessment, in 357
patients presenting with persistent cough.
These results suggest that implementation
of diagnostic decision tools in the
diagnostic pathway for COPD could
enhance efficient use of spirometry.
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Box 1. Decision aid for COPD that was developed in 400 patients with
persistent cough3

Risk of COPD presence = 1/(1 + exp–[–5.6 + 0.2 × every 5 years above age of 50 + 0.6 ×male sex + 1.0 ×
current smoking + 0.7 × >20 pack years + 0.6 × cardiovascular disease + 0.6 × complaints of wheezing

+ 0.7 × diminished breath sounds])



classes, a relatively high threshold of 20%
was chosen, because missed COPD is not
life threatening, and could eventually be
managed later, if symptoms persist. As a
sensitivity analysis around the predefined
risk threshold, this analysis was repeated
using a threshold of 10%and 30%. Changes
in diagnostic risk classification were
expressed in number of spirometries
needed and missed COPD cases. Analyses
were performed using SPSS (version 17.0).

RESULTS
The mean age of the 357 participants was
63 years, 46% (n = 163) weremale, and 28%

(n = 102) were current smokers (Table 1).
One hundred and four participants had
COPD (prevalence 29%), of which 73 were
mild (forced expiratory volume in 1 second
[FEV1] >80% predicted), 28 moderate (FEV1
50–80% predicted), and three severe (FEV1
<50% predicted). Other diagnoses were
asthma in 50 participants (in 16 participants
this was known before the study), of which
19 had both COPD and asthma, four had
heart failure, and one had lung cancer.
Characteristics of the analysed and
excluded (n = 43) subjects did not
substantially differ.
The ROC area of a regression model

including only the physician’s estimate was
0.75 (95% confidence interval [CI] = 0.70 to
0.81). Adding the decision aid significantly
increased the ROC area (Figure 2) to 0.84
(95% CI = 0.80 to 0.89) (P<0.005).
Diagnostic classification by the physician

is shown in Figure 3: of the 138 subjects
estimated with low probability, 119 actually
had no COPD, resulting in a negative
predictive value (NPV) of low estimated
probability of 86%. Of the 219 patientswith a
high (≥20%) estimated probability (possible
COPD), 85 really had COPD, rendering a
positive predictive value (PPV) of 39% for a
high estimated probability. Diagnostic
classification by the combination of the
physician’s assessment and thedecisionaid
resulted in a NPV of 94% and a PPV of 51%
for, respectively, low and high estimated
probability, and implied that 35 fewer
patients underwent spirometry (184 instead
of 219) and eight fewer COPD cases were
missed (11 instead of 19) (Figure 3). Using a
threshold of 10% and 30% for low
probability (to exclude COPD), resulted in,
respectively, 37 fewer patients undergoing
spirometry (253 instead of 290) and three
fewer missed COPD cases (two instead of
five), and 27 fewer patients undergoing
spirometry (147 instead of 174) and nine
fewer missed cases (20 instead of 29)
(results not shown).

DISCUSSION
Summary
The diagnostic value of a aid including 8
items of history taking and physical
examination in addition to the physician’s
assessment, was studied in patients
presenting with persistent cough. The aid
added diagnostic value (ROCarea increased
from0.75 [95%CI = 0.70 to 0.81] to 0.84 [95%
CI = 0.80 to 0.89]) and improved the
diagnostic risk classification of the patients,
such that 35 fewer patients needed
spirometry testing and eight fewer COPD
cases were missed.

Table 1. Demographic and clinical characteristics of the 357 study
patients
Characteristic
Demographics (day 1)
Mean age, years (SD) 63 (9)
Male sex, % 46

History taking (day 1)
Current smoker, % 28
Complaints of wheezing, % 50
Mean duration of cough, days (median) 102 (40)

Physical examination (day 1)
Pulmonary wheezing, % 14
Diminished breath sounds, % 12

Clinical view physician (day 1)
Estimated probability of COPD, mean (SD) 0. 41 (0.27)

Lung function tests (day 90)
Post-dilator FEV1, % predicted mean (SD) 100 (19)
Post-dilator FEV1/FVC, mean (SD) 73 (10)

Panel diagnosis
COPD present, % 29
FEV1 = forced expiratory volume in 1 second. FVC = forced vital capacity. SD = standard deviation.

Eligible patients n = 400

History and physical 
examination n = 400

Panel diagnosis:
COPD or no COPD n = 357

Excluded: physicians’ 
assessment missing n = 25

Physicians’ assessment
n = 375

Excluded: lung function
results missing n = 18

Lung function tests
including spirometry and

body plethysmography
n = 357

Day 1

Day 1

Day 42 to 90

Day 120

Figure 1. Flow chart of the study and participants.
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COPD = chronic obstructive pulmonary disease.



Strengths and limitations
To appreciate the present results, a few
potential strengths and weaknesses of the
study should be addressed. First, a strength
of the study was the valid measurement of
the physician’s initial clinical assessment,
directly after short standard history taking
and physical examination, without
knowledge on spirometry results or the
diagnostic probability estimated by the aid.
Moreover, all patients underwent the
reference test for COPD, irrespective of the
physician’s or aid’s estimation, eliminating
verification bias.
A limitation is that incorporation biaswas

possibly induced by presenting the results
of history taking and physical examination
to the expert panel to decide on the
presence or absence of COPD (the
reference test). These items were included
in the reference test to prevent

misclassification of COPD. Nevertheless,
the effect of incorporation bias was
probably limited because the expert panel
decisionwas based onmanymore items, of
which, for example, the lung functions tests
probably had much more influence on the
outcome of the reference test. A second
limitation is that the applied decision aid
had been internally validated, but not
externally, that is, in new patients, which
would have resulted in a more
generalisable decision aid.12 Finally, in the
present study, physicians were requested
to report their estimated probability of the
presence of COPD in their patients visiting
with cough, while it is possible that they
might otherwise not even have considered
this diagnosis. Therefore, the physician’s
estimation in the study may have been
more accurate than the initial diagnostic
assessment of COPD in daily practice.
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Figure 2. Receiver operating characteristic
curves of the physician’s assessment and
the physician’s assessment plus the
decision aid’s estimate combined.
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Figure 3. Diagnostic risk stratification by physicians
compared to physician’s estimation and decision aid
combined.

ROC = receiver operating characteristic.

Low <20% n = 138 COPD excluded
19 with COPD (14%)
119 without COPD (NPV = 86%)

High (20–100%) n = 219 spirometry
85 with COPD (39%) (PPV = 39%)
103 without COPD

Low <20% n = 173 COPD excluded
11 with COPD (6%)
162 without COPD (NPV = 94%)

High (20–100%) n = 184 spirometry
93 with COPD (51%) (PPV = 51%)
91 without COPD

Physician’s assessment Physician’s assessment + decision aid

COPD = chronic obstructive pulmonary disease. NPV = negative predictive value. PPV = positive predictive value.



Comparison with existing literature
Others have studied the diagnostic value of
clinical assessment for COPD,13–17 and
reported sensitivities ranging from 50% to
64% and specificities from 64% to 93%.
Considering an estimated probability of
<20% as ‘COPD excluded’ in the present
study, would result in a sensitivity of 82%
and a specificity of 47%. However, the other
studies did not include primary care
patients, and COPD severity was mostly
severe; therefore results are difficult to
compare with the present ones. To the
authors’ knowledge, no studies have
quantified the diagnostic value added to the
physician’s clinical assessment by a
decision aid for COPD.
In this study, the clinical assessment

remained independently associated with
COPD after addition of the decision aid’s
estimate. Hence, the clinical assessment
incorporated informationnot included in the
variables of the decision aid. Other studies
have also reported, for other disorders than
COPD, that the clinical assessment was an
independent diagnostic tool.18,19 This finding
is sometimes referred to as a physician’s
‘gut feeling’, which is obviously hard to
define or tomeasure.20 Underlying factors of
this gut feeling could be awareness of other
risk factors for COPD, knowledge about
prior respiratory complaints, or noticing
other suggestive clinical findings during
history taking and physical examination that
were not registered in the present study.

Implications for practice and research
The implications of the added value of a

decision aid — fewer spirometries needed
and more detected cases (that is, fewer
missed cases) of COPD — are relevant for
daily practice. Cough is one of the most
frequent complaints in primary care, which
underlines the need for efficient use of
spirometry. Spirometry is safe, but time
consuming and costly, because it must be
performed by trained professionals.
A debatable issue is the willingness of

physicians to implement decision aids in
daily practice.21,22 Most of the numerous
decision aids or models published in recent
decades, have never been implemented in
daily practice. In the present study, results
of the clinical assessment and the decision
aid were combined, assuming that the aid
wasalwaysused, and that reclassificationof
diagnostic risk was always applied by
physicians to decide on whether or not to
perform spirometry. However, physicians
are usually more inclined to use a decision
aid if they are not confident enough about
the presence or absence of the target
disorder after short history taking and
physical examination.23Moreover, according
to the widely acknowledged cognitive
mechanisms of ‘conservatism’ and
‘anchoring’, physicians who suspect (the
absence) of a certain disorder, especially a
severedisorder, are lesswilling to alter their
diagnostic risk assessment, despite
controversial new information, than those
who do not have this strong suspicion.23–25
An implementation study could provide
evidence on how clinical decision making is
really altered by the use of a decision aid, in
patients with possible COPD.22
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