
ABSTRACT
Background
Diagnosing the aetiology of chest pain is challenging.
There is still a lack of data on the diagnostic accuracy
of signs and symptoms for acute coronary events in
low-prevalence settings.

Aim
To evaluate the diagnostic accuracy of symptoms and
signs in patients presenting to general practice with
chest pain.

Design of study
Cross-sectional diagnostic study with delayed-type
reference standard.

Setting
Seventy-four general practices in Germany.

Method
The study included 1249 consecutive patients
presenting with chest pain. Data were reviewed by an
independent reference panel, with coronary heart
disease (CHD) and an indication for urgent hospital
admission as reference conditions. Main outcome
measures were sensitivity, specificity, likelihood ratio,
predictive value, and odds ratio (OR) for non-trauma
patients with a reference diagnosis.

Results
Several signs and symptoms showed strong
associations with CHD, including known vascular
disease (OR = 5.13; 95% confidence interval [CI] = 2.83
to 9.30), pain worse on exercise (OR = 4.27; 95% CI =
2.31 to 7.88), patient assumes cardiac origin of pain
(OR = 3.20; 95% CI = 1.53 to 6.60), cough present (OR
= 0.08; 95% CI = 0.01 to 0.77), and pain reproducible
on palpation (OR = 0.27; 95% CI = 0.13 to 0.56). For
urgent hospital admission, effective criteria included
pain radiating to the left arm (OR = 8.81; 95% CI = 2.58
to 30.05), known clinical vascular disease (OR = 7.50;
95% CI = 2.88 to 19.55), home visit requested (OR =
7.31; 95% CI = 2.27 to 23.57), and known heart failure
(OR = 3.53; 95% CI = 1.14 to 10.96).

Conclusion
Although individual criteria were only moderately
effective, in combination they can help to decide about
further management of patients with chest pain in
primary care.

Keywords
chest pain; medical history taking; myocardial
ischaemia; primary health care; sensitivity and
specificity.

INTRODUCTION
Chest pain is common, with studies showing a
lifetime prevalence of 20–40% in the general
population.1 Its prevalence in primary care ranges
from 0.68% to 2.7%, depending on inclusion criteria
and country.2–4

Chest pain can be caused by a wide range of
conditions, with life-threatening cardiac disease
being of the greatest concern to doctors and
patients. However, in primary care other aetiologies
like musculoskeletal pain are far more common than
coronary heart disease (CHD).3–6 Against this
background, GPs face a challenge: they have to
identify serious cardiac disease reliably but also limit
unnecessary investigations and hospital admissions.
While certain electrocardiography (ECG) findings

are specific markers of an acute coronary syndrome
(ACS), the ECG is in general an insensitive diagnostic
tool for CHD.7 The troponin test is only of value for
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ruling out ACS in the limited number of patients that
have a negative test result at least 8 hours after their
chest pain started.8 Therefore, the patient’s history
and the physical examination remain, the main
diagnostic tools for the GP.
Most published studies of the diagnostic accuracy

of symptoms and signs for acute coronary events
were conducted in high-prevalence settings; for
example, hospital emergency departments.9–15 Their
results cannot be generalised to primary care.16,17 A
recently published diagnostic meta-analysis could
not define an important role for symptoms and signs
in the diagnosis of acute myocardial infarction or
ACS in a low-prevalence setting.18

In a prior qualitative study, the authors explored
the criteria and heuristics GPs use in their practice to
either diagnose or exclude CHD.19 The study
presented here investigates these and other
symptoms, addressing the question of their
diagnostic accuracy with regard to CHD. In acute
cases, the GP has to decide mainly whether urgent
hospital admission is needed or not. Differentiation
between stable angina, Q wave myocardial
infarction, pulmonary embolism, or even ruptured
aortic aneurysm is of secondary importance at this
level. Therefore, an additional analysis was
performed of the diagnostic accuracy of symptoms
and signs, with ‘indication for urgent hospital
admission’ as the second reference criterion.

METHOD
A cross-sectional diagnostic study was conducted
with a delayed-type reference standard20 in a primary
care setting. CHD and urgent hospital admission
were the reference conditions.

Participating GPs and patients
Only GPs who were prepared to undergo random
recruitment audits were accepted. Participating
practices had to recruit consecutively every patient
attending who had chest pain either as the presenting
complaint or on questioning. The recruitment period
lasted 12 weeks for each practice. For logistical
reasons, recruitment was staggered in four waves
between October 2005 and July 2006.
Every patient aged over 35 years with pain

localised in the area between the clavicles and lower
costal margins and anterior to the posterior axillary
lines was to be included. GPs were asked to recruit
also at home visits and emergency calls. Patients
were eligible irrespective of the acute or chronic
nature of their complaint, or of previously known
conditions including CHD or risk factors. Patients
whose chest pains had subsided for more than
1 month, whose chest pains had been investigated
already, and/or who came for follow-up of their chest

pains were excluded. In emergency situations
without sufficient time for patient information and
written consent, relevant clinical items were
documented and kept by the GPs. Later, for example
after discharge from hospital, the patient was asked
to participate in the study. The report form was only
handed over to the study personnel if the patient
gave consent.

Data collection
GPs took a standardised history and performed a
physical examination according to a report form that
was piloted and modified accordingly. Index tests
covered first impression of the patient, duration and
temporal patterns of pain, character, localisation and
associated symptoms, known vascular diseases, risk
factors, and relevant findings. GPs also recorded
their preliminary diagnoses, investigations, and
management related to the patients’ chest pains.
Patients were contacted by phone 6 weeks and
6 months after the index consultation. Study
assistants blinded to the results of index tests asked
about the course of their chest pain and treatments,
including hospitalisations and drugs. Discharge
letters from specialists and hospitals were requested
from GPs if needed.

Precautions against selection bias
Participating GPs were recruited from a network of
research practices associated with the Department
of General Practice, University of Marburg. The
importance of recruiting every patient with chest pain
irrespective of the presumed likelihood of CHD was
emphasised to GPs. GPs were visited at 4-week
intervals to check report forms, recruitment logs, and
compliance with study procedures. Random audits
were performed by searching routine documentation
of participating practices to identify cases of chest
pain not included in the study.

Reference standard
As in most patients the probability of CHD would be
low, an invasive reference standard, for example

How this fits in
Most available data on the diagnostic accuracy of symptoms and signs for
coronary heart disease (CHD) have been derived from studies conducted in
emergency departments. The few studies conducted in primary care took acute
coronary syndrome as the reference criterion. This study provides the first data
on diagnostic accuracy of symptoms and signs for CHD (acute and stable)
derived from a large prospective sample of primary care patients. In addition, it
provides information about which symptoms and signs support the need for
urgent hospital admission. This is important as GPs cannot always distinguish
the actual aetiology of acute and severe chest pain but need guidance whether
to refer a patient urgently.
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coronary angiography, was not considered to be
ethically justified. After completed follow-up at
6 months, a reference panel of one cardiologist, one
GP, and one research staff member of the
Department of General Practice, University of
Marburg reviewed each patient’s data. For a
‘delayed-type reference standard’,20 they decided on
the presence/absence of CHD or the need for urgent
hospital admission at the time of patient recruitment
(index consultation). This design is based on the
assumption that serious diseases, such as CHD,
would manifest themselves within the mentioned
time period. Decision making by the panel was
based on recommendations of the CHD guideline of
the German programme for disease management
guidelines.21

Patient history is part of the definition of acute and
chronic CHD. However, providing the reference panel
with clinical data recorded by GPs would have raised
the possibility of incorporation bias. To reduce
incorporation bias, the panel judged each patient
first without the index test (that is, blinded to clinical
data recorded by the GP, including preliminary
diagnoses), only using the information gathered at
follow-up: referred to as the ‘blinded reference
standard’. In a second round, follow-up data were
reviewed in a randomly changed order, together with
history and findings recorded by GPs: referred to as
the ‘unblinded reference standard’. In patients who
could not or could only partly be reached for follow-
up, GPs were contacted for relevant data. If sufficient
data were available, the reference panel could still
make a decision for these patients.

Statistical analyses
Sample size calculation was based on the primary
research question with CHD as the reference
criterion. In low-prevalence samples, the precision of
estimates of sensitivity is critical. To establish a (low)
sensitivity of 0.55 with a confidence interval (CI) of
0.45 to 0.65, 96 patients with CHD would be needed.
Under the assumption that 8% of patients with chest
pain had CHD, 1200 patients had to be recruited.
This would allow estimation of high sensitivities with
even more precision; for example, a 95% CI (with the
same width for sensitivity = 0.95) would require only
19 patients with CHD.22

The main analysis is based on Sample I which
excluded trauma cases and patients with data that
were insufficient for a reference decision with regard
to CHD (Figure 1): these were cases for analysis. A
subpopulation of patients presenting with chest pain
of less than 48 hours duration (Sample A) was also
analysed for the alternative reference standard, that
is, urgent hospital admission being indicated or not:
these were acute cases.

To reduce the number of analyses, index tests
were analysed only if appropriate; for example, items
related to GPs’ general impression of what
constitutes an acute case. For univariate analyses,
sensitivities, specificities, positive and negative
predictive values, positive and negative likelihood
ratios (LRs), and diagnostic odds ratios (ORs) were
calculated for all items covered by the report form.
To arrive at a small subset of criteria for clinical

recommendation, those index test items that had
P<0.05 (univariate analysis) and LRs indicating at
least moderate diagnostic accuracy, that is, for
inclusion LR ≥2, for exclusion LR ≤0.5 were selected.
They were included as independent variables in
multivariable logistic regression analysis. Known
CHD, cerebrovascular diseases, and peripheral
arterial disease were grouped into a combined
variable, ‘clinical vascular disease’, which was
positive if at least one of the single variables was
positive. One cluster of logically related tests (time of
the day) was not analysed further as only two of six
items fulfilled univariate criteria.
Dependent variables were CHD and ‘indication for

urgent hospital admission’. Variable selection was
conducted using the backward stepwise procedure
(P<0.05). ORs and 95% CIs were calculated for both
patient groups. For the independent variable ‘worse
with inspiration’, very unstable estimates for
regression coefficients were obtained. By omitting
this variable in the final model with all other variables
selected so far; however, estimates for other
variables were not affected.
Main analyses on diagnostic accuracy were based

on the unblinded reference standard. The robustness
of the results was tested in sensitivity analyses with
the blinded reference standard. Agreement between
blinded and unblinded reference standards was
assessed by the κ statistic. All analyses were
performed with SPSS software (version 14.0).

RESULTS
GP characteristics
A total of 209 GPs (GPs and general physicians) in
Hessen, Germany were approached, of whom 35.4%
agreed to participate in the study. Of the participating
74 GPs, 50 were male and 24 female. Most were
situated in urban areas (63.5%); the mean age of
GPs was 49 years (range 33 to 64 years).

Patient characteristics
A total of 1355 patients presenting with chest pain
were approached by participating GPs; 99 refused to
participate in the study and seven were excluded
because they did not meet the inclusion criteria. Data
were obtained on symptoms and signs for 1249
patients (Table 1). For the following analyses,
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patients with a history of trauma (n = 39), patients
who dropped out of the study (n = 3), and those in
whom no reference diagnosis could be made (n = 8)
were excluded. Sample I included all cases for
analysis (n = 1199), and Sample A included all acute
cases (n = 349; Figure 1). Sixty patients were lost to
follow-up and 11 died during the follow-up period
but provided enough data to be included in Sample I.
Among patients without trauma, 180 (14.9%) were

eventually given the reference diagnosis CHD and 70
patients (5.8%) had an indication for urgent hospital
admission according to the reference panel. Of these
70 patients, 42 (60.0%) had ACS, 12 (17.1%) stable
CHD, six (8.6%) hypertensive crisis, one (1.4%)
acute heart failure, three (4.3%) cardiac arrhythmia,
two (2.9%) pulmonary embolism, one (1.4%)
obstructive airway disease, and one acute
cholecystitis; two (2.9%) patients could not be
classified.

Univariable analysis
Univariate results for all patients with the reference
diagnosis CHD (acute and chronic cases) are listed in
Appendix 1. Interestingly, character of pain,
localisation and radiation, pain duration criteria, sex
of patient, and cardiovascular risk factors, except for
diabetes mellitus, were not useful indicators.
However, age (male ≥55 years, female ≥65 years),
pain getting worse on exercise, and the need for a
home visit were useful indicators for CHD.
Continuous pain, stinging pain, cough and signs of
respiratory infection, pain depending on inspiration,
localised muscle tension, and pain that was
reproducible on palpation was associated with
reduced likelihood of CHD.
Appendix 2 describes the subgroup of patients

presenting with acute chest pain (<48 hours) against
‘indication for urgent hospital admission’ as the
reference standard. As in the CHD group, most
comorbidity factors were associated significantly

with ‘indication for urgent hospital admission’. Age,
hyperlipidaemia, diabetes mellitus, pain worse on
inspiration and movement, patient assuming cardiac
origin of pain, and the need for a home visit (home
visit conducted by the GP because of the patient’s
chest pain) were further predictors. Five index tests
of the cluster showed positive LRs >2: the GP’s
impression that ‘something is wrong with my
patient’; pale; cold and clammy skin; patient
unusually calm; and breathlessness.
Stinging pain, cough, pain depending on breathing

or movement, muscle tenderness, and replicable
pain on palpation all showed negative associations.
No significant results were found for the different
clusters of index tests for presentation and duration
of a pain episode, frequency and time at onset of
pain, pain localisation, or the index tests for nausea
and vomiting and tightness.

Multivariable analysis
Items fulfilling the univariate selection criteria (listed
in bold letters in Appendices 1 and 2) were selected
for multivariable analysis, the results of which are
reported in Table 2.
Clinical vascular disease, pain depending on

exercise, patient assuming cardiac origin of pain,
age, known heart failure, and diabetes mellitus were
associated positively with CHD. Negative
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7 excluded

1355 patients with chest pain approached

99 refused

3 drop outs 39 trauma cases

60 lost to
follow-up; 11 died

8 diagnosis not 
possible

1249 valid documentation

Sample I (n = 1199)

Sample A (n = 349)

~190 000 consultations (74 GPs)

850 chronic cases

Figure 1. Patient flow:
from number of
consultations to cases
for analysis (Sample I)
and acute cases
(Sample A).

Patient characteristics

Age in years: mean (range) 59 (35 to 93)

Female patients: n (%) 701 (56.1)

Patient having chest pain in GP’s surgery: n (%) 660 (52.8)

Patient known to GP: n (%) 1148 (91.9)

Chest pain as reason for consultation: n (%) 1092 (87.4)

Acute pain (<48 hours, including 15 trauma cases): n (%) 364 (29.1)

Table 1. Basic characteristics of study population (n = 1249).
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associations were found for stinging pain, cough
present, localised muscle tension, and pain
reproducible on palpation.
Pain radiating to the left arm, clinical vascular

disease, home visit, and known heart failure were
associated positively for the subgroup of patients
with pain duration below 48 hours and the indication
for urgent hospital admission. However, pain
reproducible on palpation was a negative indicator
for this group. For clinical use, Table 3 presents LRs
of diagnostic items that were significant in the
multivariable analysis for including or excluding CHD
and ‘indication for urgent hospital admission’.

Blinded versus unblinded reference standard
As measures of agreement of blinded versus
unblinded reference panel, κ = 0.61 (95% CI = 0.55
to 0.66) was obtained for CHD and κ = 0.54 (95% CI
= 0.38 to 0.71) for ‘indication for urgent hospital
admission’. Sensitivity analyses for accuracy
comparing the unblinded and blinded reference
standards were performed (results available on
request). Although measures of diagnostic
effectiveness are on average slightly reduced with
the reference panel blinded to index tests results,
they are of the same order of magnitude.

DISCUSSION
Summary of main findings
A large number of symptoms and signs, although
traditionally regarded as useful, were not shown to
be effective in this study. However, clinical vascular
disease, pain depending on exercise, the patient
assuming cardiac origin of pain, age, known heart
failure, and diabetes mellitus were indicators of CHD.
Pain being of a stinging character, reproducible on
palpation, localised muscle tension, and the
presence of cough were associated with reduced
likelihood of CHD.

Strengths and limitations of the study
To the authors’ knowledge, this is the largest study
investigating the diagnostic accuracy of cardiac
symptoms and signs in primary care. The diagnostic
tests evaluated were chosen according to the results
of an exploratory analysis of GPs’ decision making in
daily practice.19 Study procedures ensured
consecutive patient recruitment in a large number of
urban and rural practices. An independent reference
panel reviewed diagnostic data. This is therefore a
phase III diagnostic study, the results of which
should have immediate relevance for clinical
practice.23

Given the low prevalence of CHD, the authors think
there is no alternative to the ‘delayed-type reference
standard’, that is, an expert panel reviewing follow-up
data. However, the panel often had to decide on the
basis of limited data as there was no requirement for
GPs to use defined investigations. This was
especially the case in older patients, some of them
with already known CHD, whom their GP did not
investigate beyond a resting ECG. Even fewer data
were available for assessment blinded to clinical data
recorded by GPs (index tests). There is a trade-off
between reducing incorporation bias by blinding, and
providing sufficient information for the reference
decision, that is, by providing comprehensive data
including the results of index tests. As a result, the
reference standard in the present study cannot be
regarded as perfect.

LR (95% CI) if finding is:

Present Absent

Useful for including or excluding any CHD
Pain worse with exercise 2.53 (2.04 to 3.14) 0.68 (0.60 to 0.78)
Known clinical vascular disease 4.51 (3.63 to 5.62) 0.54 (0.46 to 0.63)
Known heart failure 3.95 (2.60 to 6.13) 0.86 (0.81 to 0.93)
Known diabetes 2.55 (1.90 to 3.44) 0.81 (0.74 to 0.89)
Age (female ≥65 years, male ≥55 years) 1.85 (1.69 to 2.05) 0.32 (0.23 to 0.44)
Patient assumes cardiac origin of pain 1.43 (1.31 to 1.56) 0.39 (0.27 to 0.57)
Stinging pain 0.45 (0.33 to 0.62) 1.41 (1.29 to 1.54)
Cough present 0.27 (0.13 to 0.57) 1.12 (1.08 to 1.17)
Localised muscle tension 0.38 (0.29 to 0.58) 1.68 (1.38 to 1.70)
Pain reproducible by palpation 0.25 (0.15 to 0.41) 1.71 (1.56 to 1.89)

Useful for considering urgent hospital admission
Pain reproducible by palpation 0.27 (0.11 to 0.68) 1.68 (1.40 to 2.02)
Home visit 6.36 (3.40 to 11.90) 0.60 (0.54 to 0.87)
Known clinical vascular disease 3.94 (2.78 to 5.90) 0.50 (0.33 to 0.70)
Known heart failure 3.61 (1.84 to 7.03) 0.80 (0.66 to 0.97)
Pain radiating to left arm 2.75 (1.39 to 5.42) 0.84 (0.71 to 1.00)

LR = likelihood ratio. CHD = coronary heart disease. Diagnostic items fulfil univariable and
multivariable criteria. Inclusion: LR+ ≥2.0; exclusion: LR– ≤0.5.

Table 3. Clinical recommendation (significant diagnostic
items for the two reference conditions).

Index test Adjusted OR (95% CI) P-value

Coronary heart disease
Patient assumes cardiac origin of pain 3.20 (1.53 to 6.60) <0.01
Age (female ≥65 years, male ≥55 years) 2.81 (1.43 to 5.53) <0.01
Stinging pain 0.44 (0.24 to 0.87) 0.02
Cough 0.08 (0.01 to 0.77) 0.03
Pain worse with exercise 4.27 (2.31 to 7.88) <0.001
Known clinical vascular disease 5.13 (2.83 to 9.30) <0.001
Known heart failure 2.93 (1.30 to 6.59) 0.01
Known diabetes mellitus 2.21 (1.10 to 4.45) 0.03
Localised muscle tension 0.46 (0.24 to 0.89) 0.02
Pain reproducible by palpation 0.27 (0.13 to 0.56) 0.001

Indication for urgent hospital admission
Home visit 7.31 (2.27 to 23.57) 0.001
Known heart failure 3.53 (1.14 to 10.96) 0.03
Pain reproducible by palpation 0.12 (0.03 to 0.40) 0.001
Known clinical vascular disease 7.50 (2.88 to 19.55) <0.001
Pain radiating to left arm 8.81 (2.58 to 30.05) 0.001

Table 2. Multivariable models, coronary heart disease, and
‘indication for urgent hospital admission’.
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Some item clusters, for example temporal pattern
of pain, showed a higher rate of missing data than
others because this kind of information was difficult
to frame within given categories. Due to the smaller
sample size (n = 350), the subanalysis of the acute
cases produced less precise estimates than the main
analysis and might therefore be more affected. Given
the overall large number of analyses, type 1 error
cannot be ruled out. Calculations with CHD as the
reference are the study’s main analyses, whereas
those with an ‘indication for urgent hospital
admission’ must be regarded as descriptive.
The study data reflect the German health system

where patients with chest pain may directly contact
the emergency service, the hospital, or a
cardiologist. Without a registered list of patients it
was not possible to find out how many patients were
admitted to hospital during the study period.

Comparison with existing literature
A systematic review of acute and chronic chest pain
presenting in primary care showed that single clinical
features in isolation were not helpful in ruling in or out
ACS. The most helpful clinical features were pleuritic
pain and pain on palpation.24 These findings are
supported by a diagnostic meta-analysis
determining the accuracy of 10 important signs and
symptoms in diagnosing acute myocardial infarction
or ACS. Only chest wall tenderness on palpation
largely ruled out acute myocardial infarction or ACS,18

a finding that is also supported by the present data.
A clinical review of the value and limitations of chest
pain history in the evaluation of patients with
suspected ACS reached similar conclusions.25

Although the present study used the indication for
acute hospital admission as a reference criterion, the
results are comparable as ACS will make up the
majority of these cases. The present study also adds
the need for a home visit as an indicator for acute
hospital admission.
In a systematic review about the accuracy of

bedside findings for diagnosing CHD, Chun and
McGee found age and history of prior myocardial
infarction to be relevant predictors.26 This is also
supported by the present findings.
In a study undertaken in an intensive care unit,

pain localisation and radiation could not discriminate
between patients with or without myocardial
infarction.10 In a prospective study undertaken in an
emergency ward, Berger et al reported that right arm
involvement can help to differentiate coronary
disease from chest pain of other origin.27 However,
both studies were undertaken in high-prevalence
settings. The findings of the present study show that
in a low-prevalence setting neither the localisation
nor the radiation of pain yield significant diagnostic

accuracy for CHD. However, radiation to the left arm
predicts the need for urgent hospital admission in
patients with acute chest pain. The fact that in the
findings of the present study neither the duration and
frequency of pain, nor the pain character and the
time at onset were found to be valuable predictors is
in line with the above quoted studies.
Goodacre et al examined clinical predictors for

ACS in patients presenting with acute
undifferentiated chest pain in an emergency
department. They identified male sex, burning pain,
radiation in the right or left arm, vomiting, and
smoking as significant and independent criteria.14

The same variables were examined in the present
study, for a low-prevalence setting, and it was found
that all except radiation in the left arm (for the
subgroup ‘indication for urgent hospital admission’)
were not effective.
The study analysis incorporated items that are

unique to primary care; for example, whether a home
visit was asked for, whether the patient assumed his
or her heart to be the origin of pain, and whether the
patient gave a different impression compared to
previous visits. The former two proved to be effective
diagnostic tests.

Implications for clinical practice
Several authors have deplored the dearth of studies
on diagnostic accuracy,28 especially with regard to
the history and physical examination.29 This study
has found that most symptoms and signs should not
have a role in the diagnosis of CHD. However, there
remain a number of symptoms and signs that show
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Pre-test probability

Test 1 Pain radiation left arm
LR ~3

Test 2 Home visit conducted
LR ~6

Test 3 Known vascular disease
LR ~4

Test 4 No heart failure known
LR ~1

Test 5 Pain not reproducible by palpation
LR ~1.5

Post-test probability

Figure 2. Applying the
recommendations
(example).

In this example, a patient is seen with acute chest pain (<48 hours) during a GP home visit.
Patient has known cerebrovascular disease and pain radiates to the left arm. Heart failure is
not known and pain is not reproducible by palpation. In the study sample, this patient has a
pretest probability of ~6% for urgent hospital admission. Applying the different diagnostic
items listed in Table 3 allows multiplication of the corresponding LRs. When plotting the result
(108) on the Fagan nomogram,32 the GP calculates a post-test probability of ~88% and
consequently decides to admit the patient to hospital. LR = likelihood ratio.
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significant diagnostic accuracy for both CHD and the
‘indication for urgent hospital admission’. Most of
these LRs are in a range that goes along with a small
to moderate change in disease likelihood.30 In
isolation, they are not suitable to rule in or out
disease. However, when taken together and applied
stepwise following the Bayesian approach (see the
example in Figure 2), they can guide decisions with
regard to further work-up or referral.31
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Sensitivity, Specificity, PPV, NPV,
Index test Number (%)a % % % % LR+ LR– OR (95% CI) P-value

Sex Female 684 (57.0), 48.3 41.6 12.5 82.3 0.83 1.24 0.67 0.01
n = 1199 (0.48 to 0.92)

Age Female ≥65 years, 599 (50.0), 82.2 55.7 24.7 94.7 1.85 0.32 5.8 <0.001
male ≥55 years n = 1199 (3.90 to 8.70)

Patient self- Patient assumes 660 (62.2), 83.8 41.4 19.4 93.8 1.43 0.39 3.76 <0.001
perception cardiac origin of painn = 1061 (2.40 to 5.89)

Home visit 53 (4.4), 83.0 96.3 28.3 85.6 22.4 0.17 2.3 0.01
n = 1199 (1.26 to 4.36)

Physician’s Patient is different 177 (16.2), 21.5 84.7 19.2 86.4 1.41 0.93 1.43 0.10
impression than usual n = 1092 (0.94 to 2.18)

Presentation Pain at time 625 (52.6), 29.1 70.5 14.6 85.2 0.99 1.01 1.02 0.91
and duration of consultation n = 1189 (0.72 to 1.45)
of a pain Continuous painb 277 (23.1), 9.0 74.7 5.8 82.6 0.36 1.22 0.31 <0.001
episode n = 1199 (0.18 to 0.52)

12–24 hours 51 (4.3), 3.9 95.7 13.7 85.2 0.91 1.00 0.90 0.79
n = 1199 (0.40 to 2.02)

1–12 hours 159 (13.3), 15.7 87.3 17.6 85.7 1.24 0.97 1.31 0.27
n = 1199 (0.85 to 2.04)

30–60 minutes 187 (15.6), 16.3 84.5 15.3 85.4 1.05 0.99 1.10 0.79
n = 1199 (0.72 to 1.68)

1–30 minutes 337 (28.1), 41.6 74.5 22.0 88.1 1.63 0.78 2.04 <0.001
n = 1199 (1.48 to 2.83)

<1 minute 180 (15.0), 12.4 84.7 12.2 84.8 0.81 1.03 0.78 0.31
n = 1199 (0.48 to 1.26)

Frequency More than 643 (59.9), 53.3 38.8 14.0 81.6 0.87 1.20 0.73 0.05
of pain once a day n = 1073 (0.53 to 1.02)

Once a day 172 (16.0), 1.15
n = 1073 17.2 84.2 16.9 84.5 1.09 0.98 (0.75 to 1.78) 0.52

Less frequently 185 (17.2), 1.55
than once a day n = 1073 23.1 83.8 21.1 85.4 1.43 0.92 (1.04 to 2.31) 0.03

Time at onset Early morning 39 (3.89), 4.2 96.3 17.9 84.0 1.14 0.99 1.15 0.75
of pain n = 1024 (0.50 to 2.64)

Morning 47 (4.6), 3.6 95.2 12.8 83.7 0.75 1.01 0.75 0.52
n = 1024 (0.31 to 1.80)

Midday 36 (3.5), 6.7 97.1 30.6 84.4 2.31 0.96 2.38 0.02
n = 1024 (1.15 to 4.94)

Afternoon 7 (0.7), 0.6 99.3 14.3 83.9 0.86 1.00 0.85 0.88
n = 1024 (0.10 to 7.11)

Eveningb 95 (9.3), 4.2 89.8 7.4 83.0 0.41 1.07 0.39 0.02
n = 1024 (0.18 to 0.85)

Night 77 (7.5), 9.7 92.9 20.8 84.3 1.37 0.97 1.41 0.25
n = 1024 (0.79 to 2.50)

Pain character Pressure 521 (43.7), 63.4 59.6 21.1 90.5 1.57 0.61 2.47 <0.001
n = 1191 (1.78 to 3.44)

Burning 152 (12.7), 9.7 86.8 11.2 84.9 0.73 1.04 0.71 0.21
n = 1199 (0.42 to 1.21)

Stingingb 466 (39.1), 19.4 57.2 7.2 80.6 0.45 1.41 0.33 <0.001
n = 1191 (0.23 to 0.49)

Dull 192 (16.1), 21.7 85.0 19.8 86.4 1.45 0.92 1.59 0.03
n = 1191 (1.07 to 2.36)

Other Nausea/vomiting 89 (7.4), 56.0 92.3 11.2 85.0 7.27 0.48 0.62 0.18
symptoms n = 1199 (0.30 to 1.25)

Dyspnoea 265 (22.1), 34.8 80.2 23.3 87.7 1.76 0.81 2.05 <0.001
n = 1199 (1.45 to 3.90)

Tightness 407 (34.0), 51.7 69.4 22.5 89.3 1.69 0.70 2.28 <0.001
n = 1199 (1.65 to 3.14)

Coughb 157 (12.9), 3.9 85.5 4.5 83.8 0.27 1.12 0.24 <0.001
n = 1199 (0.11 to 0.52)

Respiratory 113 (9.4), 4.5 89.8 7.1 84.5 0.44 1.06 0.41 0.01
infectionb n = 1199 (0.20 to 0.86)

continued...

Appendix 1. Full list of index tests for all patients with chest pain versus the reference criterion coronary
heart disease (CHD; n = 1199).
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Pain Exercise 252 (21.0), 43.3 82.9 30.4 89.4 2.53 0.68 3.70 <0.001
depending on n = 1199 (2.65 to 5.20)

Inspiration 237 (1.8), 5.1 77.6 3.8 82.6 0.23 1.22 0.18 <0.001
n = 1199 (0.09 to 0.37)

Movement 314 (26.2), 16.9 72.2 9.5 83.4 0.61 1.15 0.52 <0.01
n = 1199 (0.34 to 0.78)

Food intake 32 (2.7), 0.6 97.0 3.1 85.0 0.20 1.02 0.18 0.06
n = 1199 (0.02 to 1.31)

Comorbidity Known CHD 172 (14.8), 48.3 91.1 48.3 91.1 5.43 0.57 9.44 <0.001
n = 1199 (6.56 to 13.57)

Cerebrovascular 45 (3.8), 9.0 97.2 35.6 86.1 3.21 0.94 3.33 <0.001
disease n = 1199 (1.77 to 6.27)
Heart failure 76 (6.3), 17.4 95.6 40.8 87.0 3.95 0.86 4.23 <0.001

n = 1199 (2.59 to 6.90)
Occlusive arterial 31 (2.6), 8.4 98.4 48.4 86.2 5.25 0.93 5.70 <0.001
disease n = 1199 (2.77 to 11.75)
Clinical vascular 214 (17.8), 52.8 88.3 44.4 91.4 4.51 0.54 8.45 <0.001
diseasec n = 1199 (5.96 to 12.0)

Risk factors Hyperlipidaemia 324 (27.0), 42.7 75.7 23.2 88.4 1.76 0.76 2.34 <0.001
for CHD n = 1199 (1.68 to 3.24)

Diabetes mellitus 159 (13.3), 27.5 89.2 30.6 87.7 2.55 0.81 3.09 <0.001
n = 1199 (2.11 to 4.54)

Smoking 163 (13.6), 8.4 85.6 9.2 84.4 0.58 1.07 0.60 0.06
n = 1199 (0.35 to 1.03)

Hypertension 511 (42.6), 60.7 60.9 21.1 90.0 1.55 0.65 2.39 <0.001
n = 1199 (1.72 to 3.30)

Overweight 380 (31.7), 32.6 68.8 15.3 85.5 1.04 0.98 1.09 0.64
n = 1199 (0.77 to 1.52)

Family history 127 (10.6), 10.1 89.4 14.2 85.2 0.95 1.01 0.93 0.78
of CHD/MI n = 1199 (0.55 to 1.57)
Lack of exercise/ 154 (12.8), 14.6 87.6 16.9 85.6 1.18 0.97 1.23 0.40
inactivity n = 1199 (0.77 to 1.92)

Localisation Retrosternal 718 (59.5), 68.3 41.6 17.1 88.1 1.17 0.76 1.54 0.01
of pain n = 1199 (1.10 to 2.16)

Left side of chest 772 (64.4), 65.6 36.5 15.2 86.0 1.03 0.94 1.10 0.57
n = 1199 (0.79 to 1.54)

Right side of chest 220 (18.3), 17.4 81.7 14.1 85.1 0.95 1.01 0.94 0.77
n = 1199 (0.62 to 1.43)

Upper abdomen 172 (14.3), 8.4 84.8 8.7 84.3 0.55 1.08 0.51 0.02
n = 1199 (0.29 to 0.899)

Radiation Left side of chest 157 (13.1), 16.9 87.7 19.1 85.9 1.37 0.95 1.44 0.10
of pain n = 1199 (0.94 to 2.23)

Left arm 149 (12.4), 15.2 88.2 18.1 85.8 1.29 0.96 1.33 0.21
n = 1199 (0.85 to 2.09)

Right side of chest 41 (3.4), 5.1 96.9 22.0 85.5 1.65 0.98 1.66 0.18
n = 1199 (0.78 to 3.55)

Right arm 26 (2.2), 1.7 97.8 11.5 85.2 0.77 1.01 0.75 0.64
n = 1199 (0.22 to 2.53)

Upper abdomen 34 (2.8), 3.9 97.4 20.6 85.4 1.50 0.99 1.52 0.33
n = 1199 (0.65 to 3.55)

Back 123 (10.2), 13.5 90.4 19.5 85.8 1.41 0.96 1.47 0.11
n = 1199 (0.91 to 2.37)

Physical Localised 447 (43.8), 19.7 47.7 6.0 94.0 0.38 1.68 0.27 <0.001
examination muscle tensionb n = 1031 (0.17 to 0.41)

Pain reproducible 384 (44.0), 12.2 51.2 3.6 79.3 0.25 1.71 0.142 <0.001
by palpationb n = 873 (0.80 to 0.25)

Bold marked variables were selected for multivariable analysis (P<0.05; LR ≥2 or LR ≤0.5). aNumbers vary because of missing index test data. bPositive diagnostic
criterion indicates lower probability of CHD. cCriterion positive if CHD or occlusive vascular disease or cerebrovascular disease. LR = likelihood ratio. MI = myocardial
infarction. NPV = negative predictive value. OR = odds ratio. PPV = positive predictive value.

Appendix 1 continued. Full list of index tests for all patients with chest pain versus the reference
criterion coronary heart disease (CHD; n = 1199).
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Sensitivity,Specificity, PPV, NPV,
Index test Numbera (%) % % % % LR+ LR– OR (95% CI) P-value

Age Female ≥65 years, 177 (50.7), 87.5 54.0 19.8 97.1 1.90 0.23 8.23 <0.001
male ≥55 years n = 349 (3.14 to 21.57)

Patient Patient assumes 185 (63.6), 83.3 38.7 13.5 95.3 1.35 0.44 3.16 0.02
self-perception cardiac origin of pain n = 291 (1.17 to 8.51)

Home visit 31 (8.9), 35.0 94.5 45.2 91.8 6.36 0.6 9.25 <0.001
n = 349 (4.1 to 20.86)

Physician’s Patient is different 99 (31.8), 56.3 71.0 18.2 93.4 1.94 0.62 2.93 <0.001
impression than usual n = 311 (1.41 to 6.10)

Something is wrong 79 (23.3), 56.4 81.0 27.8 93.5 3.05 0.52 5.51 <0.001
with my patient n = 339 (2.71 to 11.61)
Pale 60 (17.6), 42.5 85.7 28.3 91.8 3.05 0.66 4.42 <0.001

n = 340 (2.18 to 8.94)
Anxious 142 (41.4), 55.0 60.4 15.5 91.0 1.42 0.72 1.86 0.06

n = 343 (0.96 to 3.62)
Cold, clammy skin 15 (4.4), 15.0 97.0 40.0 89.5 5.13 0.87 5.68 <0.001

n = 339 (1.91 to 16.95)
Calm 26 (7.7), 23.1 94.3 34.6 90.4 4.05 0.82 4.83 <0.001

n = 339 (1.98 to 11.76)
Red complexion 29 (8.6), 10.3 91.7 13.8 88.7 1.24 0.98 1.22 0.72

n = 339 (0.40 to 3.71)
Agitated 109 (32.2), 38.5 68.6 13.8 89.5 1.23 0.90 1.31 0.44

n = 338 (0.66 to 2.60)
Breathless 51 (15.1), 28.2 86.6 21.6 90.2 2.10 0.83 2.45 0.02

n = 337 (1.13 to 5.28)

Presentation Pain at time 222 (64.0), 61.5 35.7 10.8 88.0 0.96 1.08 0.93 0.83
and duration of consultation n = 347 (0.47 to 1.83)
of a Continuous painb 110 (31.6), 23.1 67.3 8.2 87.4 0.71 1.14 0.69 0.33
pain episode n = 348 (0.32 to 1.46)

12–24 hoursb 18 (5.2), 2.6 94.5 5.6 88.5 0.47 1.03 0.97 0.42
n = 348 (0.92 to 1.03)

1–12 hours 41 (11.8), 12.8 88.3 12.2 88.9 1.09 0.99 1.08 0.88
n = 348 (0.40 to 2.94)

30–60 minutes 55 (15.8), 15.4 84.1 10.9 88.7 0.97 1.01 0.94 0.89
n = 348 (0.371 to 2.35)

1–30 minutes 83 (23.9), 33.3 77.3 15.7 90.2 1.47 0.86 1.64 0.17
n = 348 (0.81 to 3.36)

<1 minute 4 (9.8), 10.3 93.0 11.8 88.9 1.47 0.96 1.03 0.95
n = 348 (0.34 to 3.10)

Frequency Once a day 50 (17.4), 23.5 83.5 16.0 89.1 1.42 0.92 1.55 0.31
of pain n =288 (0.66 to 3.67)

Less frequently 31 (10.8), 11.8 89.4 12.9 88.3 1.11 0.99 1.12 0.84
than once a day n = 288 (0.37 to 3.42)

Time at onset Early morning 20 (7.2), 9.4 93.1 15.0 88.8 1.36 0.97 1.39 0.11
of pain n = 278 (0.39 to 5.05)

Morning 19 (6.8), 9.4 93.5 15.8 88.8 1.45 0.97 1.49 0.54
n = 278 (0.41 to 5.41)

Midday 14 (5.0), 0.0 94.3 0.0 87.9 0.00 1.06 0.25 0.17
n = 278 (0.01 to 4.23)d

Afternoon 1 (0.4), 0.0 99.6 0.0 88.4 0.00 1.00 2.52 0.72
n = 278 (0.10 to 63.11)d

Evening 26 (9.4), 9.4 90.7 11.5 88.5 1.01 1.00 1.00 1.00
n = 278 (0.28 to 3.53)

Night 30 (10.8), 18.8 90.2 20.0 89.5 1.92 0.90 2.14 0.12
n = 278 (0.80 to 5.70)

continued...

Appendix 2. Full list of index tests for patients with acute chest pain versus the reference criterion
‘indication for urgent hospital admission’ (n = 349).
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Pain character Pressure 156 (45.2), 73.7 58.3 17.9 94.7 1.77 0.45 3.56 <0.001
n = 345 (1.71 to 7.41)

Burning 44 (12.8), 7.9 86.6 6.8 88.4 0.59 1.06 0.54 0.32
n = 345 (0.16 to 1.83)

Stingingb 136 (39.4), 18.4 58.0 5.1 85.2 0.44 1.41 0.30 <0.001
n = 345 (0.13 to 0.71)

Dull 56 (16.2), 18.4 84.0 12.5 89.3 1.15 0.97 1.35 0.47
n = 345 (0.59 to 3.13)

Other Nausea/vomiting 39 (11.2), 17.9 89.6 17.9 89.6 1.72 0.92 1.84 0.18
symptoms n = 348 (0.75 to 4.49)

Dyspnoea 67 (19.3), 33.3 82.5 19.4 90.7 1.90 0.81 2.23 0.02
n = 348 (1.10 to 4.69)

Tightness 119 (34.2), 56.4 68.6 18.5 92.6 1.80 0.64 2.67 <0.001
n = 348 (1.37 to 5.21)

Coughb 49 (14.1), 2.6 84.5 2.0 87.3 0.17 1.15 0.14 0.03
n = 348 (0.02 to 1.04)

Respiratory infectionb 39 (11.2), 2.6 87.7 2.6 87.7 0.21 1.11 0.18 0.07
n = 348 (0.24 to 1.37)

Pain Exercise 48 (13.8), 17.9 86.7 14.6 89.3 1.35 0.95 1.38 0.47
depending n = 348 (0.58 to 3.34)
on Inspirationb 91 (26.1), 2.6 70.9 1.1 85.2 0.09 1.37 0.06 <0.001

n = 348 (0.01 to 0.46)
Movementb 101 (29.0), 10.3 68.6 0.4 85.8 0.33 1.31 0.24 0.01

n = 348 (0.84 to 0.70)
Food intake 4 (1.1), 0.0 98.7 0.0 88.7 0.00 1.01 0.84 0.47

n = 348 (0.04 to 15.86)d

Comorbidity Known CHD 58 (16.7), 52.5 88.0 36.2 93.5 4.48 0.53 8.13 <0.001
n = 349 (4.00 to 16.51)

Cerebrovascular 17 (4.9), 15.0 96.4 35.3 89.8 4.28 0.88 4.78 <0.001
disease n = 349 (1.66 to 13.75)
Heart failure 32 (9.2), 25.0 92.9 31.3 90.5 3.61 0.80 4.35 <0.001

n = 349 (1.88 to 10.04)
Occlusive arterial 9 (2.6), 7.5 98.1 33.3 89.1 4.05 0.94 4.10 0.04
disease n = 349 (0.98 to 17.06)
Clinical vascular 68 (19.5), 57.5 85.4 33.8 94.0 3.94 0.50 7.94 <0.001
diseasec n = 349 (3.93 to 16.02)

Risk factors Hyperlipidaemia 78 (22.3), 40.0 79.9 20.5 91.1 2.04 0.74 2.66 <0.001
for CHD n = 349 (1.33 to 5.30)

Diabetes mellitus 44 (12.6), 27.5 89.3 25.0 90.5 2.64 0.80 3.17 <0.001
n = 349 (1.45 to 6.94)

Smoking 46 (13.2), 17.5 87.4 15.2 89.1 1.42 0.94 4.47 0.39
n = 349 (0.61 to 3.55)

Hypertension 136 (39.0), 62.5 64.1 18.4 93.0 1.71 0.60 2.97 <0.001
n = 349 (1.51 to 5.87)

Overweight 106 (30.4), 32.5 69.9 12.3 88.9 1.11 0.95 1.12 0.76
n = 349 (0.55 to 2.26)

Family history of 34 (9.7), 12.5 90.6 14.7 88.9 1.36 0.96 1.38 0.53
CHD/MI n = 349 (0.50 to 3.80)
Lack of exercise/ 43 (12.3), 7.5 87.1 7.0 87.9 0.60 1.06 0.56 0.32
inactivity n = 349 (0.16 to 1.85)

Localisation Retrosternal 207 (59.3), 62.5 41.1 12.1 89.4 1.04 0.94 1.16 0.66
of pain n = 349 (0.59 to 2.29)

Left side of chest 216 (61.9), 67.5 38.8 12.5 90.2 1.09 0.86 1.32 0.43
n = 349 (0.66 to 2.66)

Right side of chest 66 (18.9), 20.0 81.2 12.1 88.7 1.09 0.98 1.08 0.85
n = 349 (0.47 to 2.47)

Upper abdomen 54 (15.5), 12.5 84.1 9.3 88.1 0.81 1.04 0.76 0.58
n = 349 (0.28 to 2.03)

continued...

Appendix 2 continued. Full list of index tests for patients with acute chest pain versus the reference
criterion ‘indication for urgent hospital admission’ (n = 349).
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Radiation Left side of chest 37 (10.6), 15.0 90.0 16.2 89.1 1.54 0.94 1.58 0.33
of pain n = 349 (0.61 to 4.07)

Left arm 35 (10.0), 22.5 91.6 25.7 90.1 2.75 0.84 3.16 0.01
n = 349 (1.36 to 7.35)

Right side of chest 9 (2.6), 5.0 97.7 22.2 88.8 2.22 0.97 2.27 0.31
n = 349 (0.46 to 11.33)

Right arm 3 (0.9), 0.0 99.0 0.0 88.4 0.00 1.01 2.27 0.53
n = 349 (0.46 to 11.33)d

Upper abdomen 8 (2.3), 2.5 97.7 12.5 88.6 1.13 1.00 1.11 0.93
n = 349 (0.13 to 9.23)

Back 34 (9.8), 12.5 90.6 14.7 88.9 1.36 0.96 1.38 0.53
n = 349 (0.51 to 3.80)

Physical Localised muscle 140 (46.1), 20.7 51.3 4.3 86.0 0.44 1.53 0.27 <0.001
examination tensionb n = 304a (0.11 to 0.70)

Pain reproducible 121 (44.0), 12.5 51.9 3.3 81.8 0.27 1.68 0.15 <0.001
by palpationb n = 275a (0.05 to 0.45)

Bold marked variables were selected for multivariable analysis (P<0.05; LR ≥2 or LR ≤0.5). anumbers vary because of missing index test data. bPositive
diagnostic criterion indicates lower probability of indication for urgent hospital admission. cCriterion positive if CHD or occlusive vascular disease or
cerebrovascular disease. dIn case of cells with ‘0’, 0.5 was added to each cell. CHD = coronary heart disease. LR = likelihood ratio. MI = myocardial infarction.
NPV = negative predictive value. OR = odds ratio. PPV = positive predictive value.

Appendix 2 continued. Full list of index tests for patients with acute chest pain versus the reference
criterion ‘indication for urgent hospital admission’ (n = 349).


