
Pooled individual patient data from five countries were used to derive a
clinical prediction rule for coronary artery disease in primary care

By themembers of the InternationalWorkingGroup onChest Pain in Primary Care (INTERCHEST)
Marc Aertsa,*, Girma Minalua, Stefan B€osnerb, Frank Buntinxc,d, Bernard Burnande,

J€org Haasenritterb, Lilli Herzigf, J. Andr�e Knottnerusd, Staffan Nilssong, Walter Renierc,
Carol Soxh, Harold Soxh,i, Norbert Donner-Banzhoffb

aInteruniversity Institute for Biostatistics and Statistical Bioinformatics (I-BIOSTAT), Hasselt University, I-BioStat, Agoralaan, Building D,

Diepenbeek B-3590, Belgium
bDepartment of General Practice and Family Medicine, Philipps University Marburg, Karl-von-Str. 4, Marburg 35037, Germany

cDepartment of Public Health and Primary Care, KU Leuven, Kapucijnenvoer 33, Blok J, PB 7001, Leuven 3000, Belgium
dDepartment of General Practice, Maastricht University, Peter Debyeplein 1, P.O. Box 616, Maastricht 6200 MD, The Netherlands
eInstitute of Social and Preventive Medicine, Lausanne University Hospital, Route de la Corniche 10, Lausanne 1010, Switzerland

fInstitute of Family Medicine, University of Lausanne, 44 rue du Bugnon, Lausanne CH-1011, Switzerland
gDivision of Community Medicine, Department of Medicine and Health Sciences, Link€oping University, Link€oping SE-581 83, Sweden

hDepartment of Community and Family Medicine, Geisel School of Medicine at Dartmouth, 1 Rope Ferry Road, Hanover, NH 03755-1404, USA
iPatient-Centered Outcomes Research Institute, 1828 L Street, NW, Suite 900, Washington, DC 20036, USA

Accepted 1 September 2016; Published online 20 October 2016

Abstract

Objective: To construct a clinical prediction rule for coronary artery disease (CAD) presenting with chest pain in primary care.
Study Design and Setting: Meta-Analysis using 3,099 patients from five studies. To identify candidate predictors, we used random

forest trees, multiple imputation of missing values, and logistic regression within individual studies. To generate a prediction rule on
the pooled data, we applied a regression model that took account of the differing standard data sets collected by the five studies.

Results: The most parsimonious rule included six equally weighted predictors: age �55 (males) or �65 (females) (þ1); attending
physician suspected a serious diagnosis (þ1); history of CAD (þ1); pain brought on by exertion (þ1); pain feels like ‘‘pressure’’ (þ1);
pain reproducible by palpation (�1). CAD was considered absent if the prediction score is !2. The area under the ROC curve was
0.84. We applied this rule to a study setting with a CAD prevalence of 13.2% using a prediction score cutoff of !2 (i.e., �1, 0, or
þ1). When the score was !2, the probability of CAD was 2.1% (95% CI: 1.1e3.9%); when the score was � 2, it was 43.0% (95%
CI: 35.8e50.4%).

Conclusions: Clinical prediction rules are a key strategy for individualizing care. Large data sets based on electronic health records
from diverse sites create opportunities for improving their internal and external validity. Our patient-level meta-analysis from five primary
care sites should improve external validity. Our strategy for addressing site-to-site systematic variation in missing data should improve in-
ternal validity. Using principles derived from decision theory, we also discuss the problem of setting the cutoff prediction score for taking
action. � 2016 Elsevier Inc. All rights reserved.
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What is new?

Key findings
� INTERCHEST collaborators provide a clinical

prediction rule for estimating the probability of
coronary artery disease in patients presenting with
chest pain in primary care.

� It is the first patient-level meta-analysis of clinical
prediction rules for chest pain in primary care.

What this adds to what was known?
� We present a model for the analysis of a large data

set comprised of smaller data sets from different
sites.

� The model directly addresses the attendant prob-
lems of missing data within sites and different data
sets across sites.

� We believe our approach will occupy a secure
place in the methodology of developing clinical
prediction rules from ‘‘big data.’’

� Our prediction rule raises a very important method-
ological question: how to set the cut-off disease
score for taking action as if the patient had (or
did not have) the target disease.

� Based on decision theory, we point out the main
principles that should drive the choice of a
threshold.

What is the implication, what should change now?
� A key to individualized care is to classify the pa-

tient’s probability of a disease or the probability
of responding to one of several treatment options.

� This process requires clinical prediction rules that
are both internally and externally valid.

� The growth of large data sets based on electronic
health records from diverse sites creates opportu-
nities for developing clinical prediction rules, but
investigators must pay close attention to methods
for dealing with missing clinical data.

� We discuss this problem, and our analytic strategy
addresses it directly.

1. Introduction

Applying individual patient meta-analysis to create clin-
ical prediction rules is methodologically difficult when pri-
mary studies, acting independently, do not collect the same

standard data sets. Methods to summarize the measures of
prediction (e.g., regression coefficients) across studies must
account for the data that individual studies did not try to
collect. We encountered this problem when we used data
from five independent studies of chest pain to develop a
clinical prediction rule for initial assessment of patients
presenting to a primary care setting. Chest pain is an impor-
tant diagnostic problem in primary care, where 0.7e2.7%
of patient encounters are due to chest pain [1e3], and cor-
onary artery disease is the cause of chest pain in
8.6e14.6% of patients [3,4]. Clinical prediction rules
developed in emergency departments, specialty clinics, or
hospitals may not apply to primary care because diagnostic
test results (e.g., an electrocardiogram) are incorporated in
the prediction rule in those settings.

2. Methods

2.1. Data sources and study selection

We conducted a systematic literature search to identify
studies potentially suitable for inclusion in a patient-level
meta-analysis [5]. We describe the search and selection pro-
cess in Appendix 1 at www.jclinepi.com. We defined pri-
mary care as an outpatient or clinic setting other than an
emergency department. We identified studies that had pro-
spectively obtained data on symptoms and signs and estab-
lished a final diagnosis of coronary artery disease (CAD) in
consecutive adult patients presenting with chest pain in pri-
mary care. We excluded studies if the patients received care
in a hospital emergency department or had been preselected
for evaluation because of suspected CAD.

We identified eight potentially eligible studies. We did not
include three studies because individual patient data were not
available [6], we could not contact the principal investigators
[7], or the study was ongoing when we conducted our anal-
ysis [8] (see Supplement Fig. 1 at www.jclinepi.com). The
five included studies had a total enrollment of 3,099 patients
[2,4,9e11]. Table 1 summarizes characteristics of the
studies. All studies had investigated prospectively the diag-
nostic accuracy of symptoms and signs for CAD in consec-
utive patients with chest pain in a primary care setting. To
establish the final diagnosis, study patients were followed
up for a defined period, and study physicians used the clin-
ical course and results of tests to establish the cause of the
index episode of chest pain. This delayed-type reference
standard can be an acceptable and valid alternative when a
single reference test is not possible [12]. The five studies
differed in the length of follow-up. The physicians making
the final study diagnosis were not blinded to the initial his-
tory and physical examination findings.

2.2. Data management

Principal investigators of the eligible primary studies
were invited to join the INTERCHEST collaboration and
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