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Summary
The Metabonomics and Genomics in Coronary Artery Disease (MaGiCAD) study is
designed to improve the identification of those patients most at risk of coronary artery disease
in order to minimise acute coronary events by appropriate use of therapeutic interventions
and lifestyle changes. By the end of 2005, we will have recruited approximately 1500
patients undergoing diagnostic coronary angiography at Papworth Hospital. For each patient
in the study, nearly 400 data points are collected from their medical records and using a large
lifestyle questionnaire. In addition to a comprehensive record of the interpretation of the
angiogram from the medical records, each patient’s angiogram is read independently by two
clinicians, giving us a detailed estimate of the disease status of each individual. Serum,
platelet-poor plasma, DNA (all prepared from a single blood sample) and a urine sample are
taken and stored at –85°C for future analysis. Each patient is also flagged on the Office of
National Statistics database so that incidence of myocardial infarction and eventual cause of
death can be determined. One control group is comprised of the ~20% of patients who
undergo the angiogram, but are found to have normal coronary arteries whereas a second
control group is comprised of 100 partners of the patients recruited into the study.
Metabonomic, genomic and proteomic profiling of the MaGiCAD samples will be carried
out, with the resulting data analysed using pattern recognition techniques such as principal
component analysis. Such pattern recognition techniques applied to the entire dataset will
enable us to model the results of angiography and risk of future myocardial infarction and
may therefore allow the prediction of coronary artery disease status from a single blood
sample.

Introduction
The first symptom of coronary artery disease (CAD) is often angina. This may lead
the sufferer to visit their primary care physician, who may initiate a series of investigations
eventually leading to a clinical diagnosis of CAD following a coronary angiogram. Once
CAD is diagnosed, the options for treating the patient are varied, from the more invasive
coronary artery bypass graft, through less invasive coronary angioplasty to medical treatment.
Many of these treatments are very effective, and often enable the patient to enjoy many more
pain-free years.
Unfortunately, our ability to diagnose CAD in patients is lagging our ability to treat
them once identified. The ‘gold standard’ diagnostic test, coronary angiography, is expensive
(marginal cost per procedure c. £700), but more importantly has significant morbidity and
mortality associated with it (approximately 1 in every 1,000 patients die during or shortly
after the diagnostic procedure). Other risk factors associated with CAD, such as serum
cholesterol, smoking, blood pressure and family history of heart disease provide only a hint
of likely risk of a particular individual to have significant CAD. Risk calculator algorithms,
such as that developed from the German PROCAM study, take such risk factors and produce
a personalised risk score. However, although such algorithms can estimate your statistical
likelihood of having a heart attack or dying from an acute coronary event, even an accurate
measure of absolute risk is of little practical use in treating the individual. Indeed, of those
patients who eventually have a coronary angiogram due to chest pain and/or some
combination of these risk factors, 43% are found to have no clinically significant coronary
stenoses1.
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Since this risk factor or candidate-based approach can currently provide only a poor
estimate of the likelihood of an individual to have significant CAD, we have used an
alternative approach. Metabolic profiling (obtained using NMR spectroscopy) of a routine
blood sample followed by pattern recognition analysis was used to model the results of the
gold-standard diagnostic test for CAD, coronary angiography. We showed that such NMRbased metabonomics can distinguish between patients with normal coronary arteries and
those with severe atherosclerosis (sensitivity and specificity both greater than 90%)2.
However, the published study was performed using only two small cohorts of patients. The
first group, comprising patients with severe disease and controls contained 66 patients and
the second group, comprising patients with varying disease severity, contained 76 patients.
The primary goal of the MaGiCAD study is therefore to repeat the published investigation,
with substantially greater numbers of patients. Additionally, the very large number of
classical measurements that have been made will allow a better estimate of the relative
contribution of the information contained in the metabolic profile versus the power of the
pattern recognition methodology to the diagnostic power of the metabonomic test.
Furthermore, as well as the metabolic profile, we will collect high-density data using
other techniques such as genomics, transcriptomics and proteomics. In contrast to published
studies, which have tended to focus on one of these disciplines, collecting data from all of
these approaches and performing pattern recognition on a combined ‘multi-omics’ dataset
may prove substantially more powerful than collecting data using one technique at a time.
A secondary aim of the study is to provide a bank of samples that may be used to test
more traditional biochemical assays, such as inflammatory markers, cytokines and classical
risk factors, for their possible relationship to atherosclerosis and coronary heart disease
status.

MaGiCAD Design
The MaGiCAD study is being carried out at Papworth Hospital in Cambridgeshire,
one of the leading centres in the UK for specialist cardiac, thoracic and transplantation
services. Patients are referred to Papworth Hospital for diagnostic coronary angiography
from a surrounding area with a population of almost 5 million, resulting in 7,000 angiograms
being performed annually. This large number of individuals meeting the entry criteria for the
study, together with a culture of promoting research and development made Papworth
Hospital the ideal location for running the MaGiCAD study.
Organisation
The MaGiCAD study is run by a Management Committee with five members: Dr.
David Mosedale (Principal Investigator, Translational Research Unit, Papworth Hospital
NHS Trust; chair), Drs Schofield and Clarke (Consultant Cardiologists, Papworth Hospital
NHS Trust), Dr. David Grainger (BHF Senior Research Fellow, University of Cambridge)
and Dr. Hester Goddard (R & D Manager, Papworth Hospital NHS Trust). They are assisted
by four Clinical Research Assistants (CRAs) who recruit the patients, prepare the samples
and enter all of the questionnaire and clinical data into the study database.
A constitution governing the MaGiCAD study was formally adopted in April 2003.
This constitution provides detailed guidance on the use of the MaGiCAD cohort, both by
members of the Management Committee and by external scientists who may wish to exploit
the samples of the MaGiCAD cohort in their own work. In addition, a web-site has been
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established (http://www.magicad.org.uk/), which provides information for MaGiCAD
subjects, research professionals and the study team regarding current progress of the study.
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Jan-05
Apr-05
Jul-05

Patients recruited

Partners recruited

Recruitment
Participation rates
All patients attending Papworth
Hospital for a diagnostic angiogram are eligible
Could not
Declined to
for recruitment into the MaGiCAD study. The
participate
participate
only patients who are excluded from
participating are those who have previously had
a heart transplant and those who are unable to
give informed consent.
Eligible patients are selected from a list
of all angiograms due to take place, approached
with information about the study and invited to
take part. Probably due to the non-invasive
nature of the study, the participation rate is
Agreed to
exceptionally high – 93.6% of patients
participate
approached agree to participate, with 4.8%
declining and 1.5% unable to participate1. Up
Recruitment
to the end of July 2004, 960 patients and 63
100
partners have been recruited into the
1500
(predicted)
Patients
MaGiCAD study.
1250
75
Partners
The study design specifies recruitment
1000
of a minimum of 100 subjects in each of six
50
750
disease status categories (partners, normal
500
25
coronary arteries, mild disease, one-, two- or
250
three-vessel disease), with at least 50 male and
0
0
50 female subjects in each group. As no
selection on the basis of sex or likely disease
status is taking place, we estimate that
approximately 1500 patients will be needed to recruit fully into the sub-group with the lowest
prevalence in the population (female patients with three-vessel disease).
Since recruitment, data collection and sample collection all take place prior to
performance of the angiogram, the MaGiCAD study represents a prospective study design
with regard to both end-points (angiographic status and future coronary events).
Assessment of random recruitment
The study design requires those patients recruited into the MaGiCAD study to be
representative of the population of patients undergoing coronary angiography at Papworth
Hospital. However, practical limitations on the processing of biological samples means that
patients are only invited to take part in the MaGiCAD study if their angiogram is scheduled
for between c. 10:00 and 14:30 even though angiograms are performed from 08:30 until at
least 17:30. Therefore, in order to determine if there are significant differences between the
patients recruited into the MaGiCAD study and all patients having an angiogram, we collect a
limited set of data from every patient having an angiogram at Papworth (termed the
“admissions dataset”) for one week every quarter. This enables us to compare the data from
patients recruited into the MaGiCAD study with the admissions dataset, identifying any ways
in which the study participants may not be typical of all patients attending Papworth Hospital
for diagnostic angiography. Results for the first 400 patients recruited provide no evidence
for any bias in selection of patients based on anything other than the time at which the
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patients were recruited (as expected) and the hospital ward onto which the patient has been
admitted. All other measured parameters, including disease severity, were not different
between the admissions and MaGiCAD datasets.
The admissions dataset itself (with over 400 fields on 1000 patients) represents a
useful resource, allowing analysis of trends in the population of patients attending Papworth
Hospital for diagnostic angiography over a period of over four years.
Control groups
All of the patients attending Papworth Hospital for an angiogram must have a
suspected cardiac disorder because of the risk associated with the diagnostic procedure.
Nevertheless, approximately 20% of these patients have angiographically-defined normal
coronary arteries. As a result, this group of patients serves as a control group to the
remaining 80% of patients.
The sub-group of patients with angiographically normal coronary arteries has a
significant limitation as a control group – despite their apparent lack of coronary
atherosclerosis they may have another cardiac disorder or suspected cardiac disorder (e.g. a
diseased aortic valve or non-attributable chest pain). Consequently, an additional 100 control
subjects (50 male and 50 female) are being recruited into the MaGiCAD study from among
the partners of the study patients. Each patient recruited into the study is asked if we may
contact their partner to invite them to participate. The same data is collected from the
partners as for the patients, except for their history from their medical records and the data on
their coronary arteries obtained from the angiogram. Importantly, this control group is drawn
from the same underlying population as the MaGiCAD patients, with a similar age
distribution. Note that some of these additionally control subjects may themselves have
clinical CAD, but by imposing no exclusion criteria on recruitment of partners we improve
the likelihood of this control group being representative of the general population from which
the patients recruited into the MaGiCAD study are drawn.
As a check for the quality and reliability of the data, we aim to recruit at least 20
patients into the MaGiCAD study on two separate occasions. Due to the length of time taken
to recruit 1600 subjects into the study (c. 4 years), many patients will attend Papworth more
than once in this period. By recruiting a patient for the second time and comparing the
results collected on each occasion we will be able to estimate the quality of both the
questionnaire and medical data.
Samples prepared
Blood is taken from the subject, either from the arterial catheter immediately prior to
the start of the angiogram or, for subjects in the partner control group, by venipuncture. In a
separate study (already completed) blood was taken from patients from the cubital vein 24
hours prior to their angiogram and then again from the arterial catheter immediately prior to
their angiogram. These samples enable us to compare a range of measurements made using
arterial and venous blood, to alert us to any potential differences in levels of measured factors
between them.
Regardless of the origin of the blood sample, it is then split into two. One portion of
the blood sample is decanted into polypropylene tubes and allowed to clot at room
temperature for between two and three hours. Following centrifugation, the resulting serum
is aliquoted and frozen at –85°C. The second portion of the blood sample is transferred into
pre-cooled Diatube plasma preparation tubes immediately following collection. Following
standing for between 15 and 60 minutes on ice, then centrifugation, the platelet-poor-plasma
is removed, aliquoted and frozen. The cell pellet from the plasma preparation tubes is then
stored at –85°C for preparation of DNA in the future. Platelet degranulation in platelet-poor
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PF4 concentration

40

plasma prepared using the Diatubes is
minimal – platelet factor 4 measurements
30
in the plasma are very low suggesting that
very little platelet activation occurs during
this procedure. Furthermore, taking the
20
blood sample from the arterial catheter
rather than by venipuncture results in even
lower levels of platelet degranulation (see
10
Figure).
In addition to the blood sample, a
single mid-flow urine sample is also
0
collected prior to the angiogram. After
Arterial catheter Venipuncture
cooling on ice for up to 1 hour, it is
aliquoted and frozen at –85°C.
All of the biological samples are stored in 96-well plates, with multiple aliquots of
each type of sample. In this way, future analysis (e.g. by ELISA or using an autosampler) is
greatly simplified as the samples may be removed from the plates using a multi-channel
pipette. The samples are stored in a freezer that is connected to a 24-hour alarm system, with
a back-up freezer available in the case of failure.
Data collected
The data collected from each subject in the MaGiCAD study falls into four categories:
questionnaire, information about the biological samples collected, medical history and
coronary artery angiogram results. Across the whole database, we estimate that only 1-3% of
data points are missing values.
Firstly, a CRA interviews the subject and collects information on the subject’s social
status, family (including age of parents, siblings and offspring), smoking and drinking habits,
history of past infections, diet, pets and use of any over-the-counter medicines or food
supplements. The Mosedale questionnaire used is shown in Appendix 1.
Secondly, detailed notes are recorded about each of the biological samples collected,
for example the actual length of time each blood sample was left to clot. In addition, any
derivation from the protocol, or any unexpected outcome when preparing the biological
samples, is assessed, categorised and recorded.
Thirdly, a brief medical history is taken from every subject as part of the Mosedale
questionnaire. For the patients recruited into the MaGiCAD study an additional detailed
medical history of cardiovascular diseases from the patients’ medical notes, including all
previous admissions, results of all tests and so forth is taken. Included in these notes are the
results of a full biochemical screen that is performed on each patient on admission to
Papworth Hospital for a coronary angiogram. This screen includes blood group, full blood
counts, urea and electrolytes, liver function tests and measures of lipid parameters. We
perform the same biochemical screen on a sample taken from each member of the partner
control group, so that this data is available for all of the study subjects.
Finally, a detailed record of the results of the patient’s angiogram results is extracted
from the hospital database, medical record and discharge letter to the referring primary care
physician. Using a minor modification of the method of Rindqvist et al.3 (based on a 70%
stenosis cut-off), we categorise patients angiogram result into one of five categories – normal
coronary arteries, mild disease and 1-, 2- or 3 vessels diseased (Appendix 2). The decision
on the future clinical management of the patient made by the consultant as a result of
performing the angiogram is also recorded.
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Metabonomic and genomic profiling
Metabolic profiles will be generated using 1H-NMR spectroscopy. The particular
conditions to be used will be determined by ongoing analysis of a completed study in which a
set of serum samples were subjected to metabolic profiling under a wide range of different
conditions. The same set of profiles will be used to optimise the particular pattern
recognition approach to be used in the data analysis. As a further comparison, we will also
obtain metabolic profiles of the MaGiCAD serum samples using gas chromatography
followed by mass spectrometry. Compared with NMR, this approach has greater sensitivity
to detect low-abundance metabolites, but at the cost of failure to detect some abundant
metabolites due to their unfavourable ionisation properties.
Genomic profiles will be generated using gene-chip technology, which allow the
haplotype at several thousand loci to be determined simultaneously. The exact number of
loci to be screened, as well as the composition of the panel we select, has yet to be
determined because of rapid advances in the technology.
Independent angiogram reads
One of the most important pieces of data collected for each patient in the MaGiCAD
study is a record of their angiogram test results. Unfortunately, the clinical interpretation of
the angiogram may not be the best estimate of the actual disease status of the coronary
arteries – the clinician may not record data from certain regions of the coronary vasculature
regarded as irrelevant, or emphasise other regions of particular importance in a given patient.
The primary aim of the study – to model the outcome of clinical angiography – will
use the clinical interpretation of the angiogram as its predicted outcome variable. However,
the secondary aims that may be
Coronary artery tree diagram used for
addressed using the MaGiCAD
the independent angiogram reads
cohort – to further our
understanding of atherosclerosis
– require our best estimate of the
native (i.e. prior to any previous
treatments) vessel disease of each
of the patients in the MaGiCAD
study. The native vessel disease
may be estimated from a
combination of the patient’s
medical history and the maximal
stenosis in every region of the
coronary artery tree seen in the
angiogram. To avoid any
possible bias of interpretation by
the original clinician, the angiogram of every patient in the study is re-read by a panel of
clinicians with the aim of recording the native vessel disease. The angiogram video file is
extracted from the hospital database and the anonymised angiogram is now read by two
clinicians. Any significant discrepancy between the two independent reads is resolved by
discussion between the two clinicians. From these combined angiogram reads, a native
vessel disease status is calculated (Appendix 2). Furthermore, three secondary end-points are
also calculated – number of discrete lesions, total size of all discrete lesions and average size
of each discrete lesion.
There is considerable correlation between the classification of disease severity of an
individual following the clinical and independent reads. Between each of the independent
reads and the result of the angiogram read for clinical purposes there is approximately 70%
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identity (disease status the same), and 95% similarity (disease statuses within one category of
each other)1.
Flagging
We have made an application (which has been accepted) to the Office of National
Statistics (ONS) to flag each patient in the MaGiCAD study in their database. It will then be
possible to follow the medical status of each of the patients in the study. Data available from
the ONS includes hospital admissions, date of death and cause of death. In this way, we can
use the MaGiCAD database to model future cardiovascular events, and possibly to predict the
duration to next cardiovascular event from a routine blood sample.
Data integrity
All of the data (including the answers to the Mosedale questionnaire) is entered
directly into the MaGiCAD database maintained in FileMaker on laptop computers. This
approach ensures the integrity of the data is kept to the highest standards in several ways.
Firstly, transferring data from paper records is minimised, reducing the possibility of
transcription errors. Secondly, each database field can be set to allow entry of only certain
data types, ensuring that the data collected from either the subject or the medical records is in
the correct format. Warnings are also set when entering unusual data, such as biochemistry
results outside the normal ranges, so that double-checks are forced right at the earliest stage
of data entry. Computerised data entry also ensures compliance with pre-defined categories
(for example, religion is selected from a pull-down list defined at the beginning of the study).
As an additional check of data integrity, the 20 individuals recruited into the study on
two separate occasions can be used to estimate the internal error rate of the database.

Data analysis
The primary aim of the MaGiCAD study is to model the angiographic status of an
individual from metabolic and genomic profiles obtained from a blood sample. Such an
analysis necessitates the use of specialised megavariate statistical methods because the
number of variables may outnumber the number of observations and furthermore many of the
variables will be highly correlated with each other. Although our previous studies2 used the
projection methods of Wold and colleagues4, there are a range of such methods available5
which may be used for analysis of the MaGiCAD database. We will also be able to perform
similar analyses aiming to predict the consultant’s decision regarding the continuing clinical
care of the patient. Furthermore, since we also record the reason for the angiogram being
performed, sub-groups may be selected to determine if modelling is more successful on
certain groups of patients (for example those patients with unstable angina).
Megavariate analyses may be performed without reference to the end-point
classification of the sample (e.g. diseased vs. control) using techniques such as principal
component analysis or PCA. Alternatively, the analysis may be performed to optimise the
differences between groups using supervised techniques (such as PLS) where the end-point
variable is used in the generation of the model. Such supervised techniques may be more
powerful in understanding what variables contribute to the difference between patient groups,
but care has to be taken to avoid over-fitting the data by using external validation (that is,
predicting the classification of observations not used to construct the model).
As part of the secondary aims of the MaGiCAD study, plans are in progress to
measure circulating levels of many cytokines implicated in the process of atherosclerosis, to
determine if a systemic “cytokine profile” distinguishes patients with different extents of
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CAD. Both megavariate and classical statistical methods will be used to analyse the data
generated.
In a separate project, anti-carbohydrate antibody profiles will be measured in the
samples from the MaGiCAD study, using a new multi-plexing technology developed by
SmartBead Technologies. Once again, the aim is to model the angiography results and future
risk of MI using megavariate statistics.
With metabolic and genomic data, as well as cytokine and antibody profiles (plus the
c. 400 fields of data collected with the samples), it is likely that the participants in the
MaGiCAD study will be among the most intensively analyse individuals ever reported. By
using cutting-edge pattern recognition mathematical algorithms, we stand a better chance
than ever before of being able to accurately predict which individuals in the general
population are going to suffer from CAD and thereby target the available treatment resources
as effectively as possible.
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Appendix 2. Categorisation of disease severity
This method of categorisation of disease severity is a minor modification of that proposed by
Rinqvist et al3.
Summary
The possible scores of this index range from normal coronary arteries to three vessels
diseased. The criterion for one-, two-, or three-vessel disease is a 70% or more reduction in
the internal diameter of the right, left anterior descending, or left circumflex system. A 50%
or more reduction in the internal diameter of the left main coronary artery is considered twovessel disease. Patients with less severe disease, that is obstructions causing <70% reduction
in the right, left anterior descending, or left circumflex coronary artery and <50% reduction
in the left main coronary artery are classified as mild disease for the purposes of this index,
except where no obstructions were noted at all, when the patient is classified as having
normal coronary arteries.
Detailed method of calculation
The number of diseased vessels is a measure of the extent of disease in the three
major branches of the coronary arteries. The three major vessels referred to by single,
double, and triple vessel disease are determined by dominance. In a right dominant,
balanced, or unknown system, these three branches include the right coronary artery, the left
anterior descending artery, and the left circumflex arteries. In a left dominant circulation,
they include the left anterior descending artery, the proximal left circumflex and its marginal
branches, and the distal left circumflex and its posterolateral branches. The left main stem is
equivalent to three vessels in a left dominant circulation and two vessels in a right dominant,
balanced or unknown circulation.
In a right dominant, balanced or unknown circulation, the number of diseased vessels
is determined in the following manner. The right coronary artery is considered diseased if
there is a ≥70% stenosis in the proximal, mid or distal right coronary arteries, or the right
posterior descending artery; this constitutes one diseased vessel. If the left main stem has a
50% or greater stenosis, this constitutes an additional two diseased vessels. If the left main
stem is not diseased or has <50% stenosis and there exists a stenosis of 70% or greater in the
proximal, mid or distal left anterior descending artery or the first or second diagonal, there is
one diseased vessel. If there is a stenosis of 70% or greater in the proximal, mid or distal
circumflex or in one of the three obtuse marginal vessels, then the left circumflex is diseased;
this constitutes one diseased vessel.
In left dominance, the number of diseased vessels is determined in the following
fashion. If the left main stem has a stenosis ≥50%, this constitutes three-vessel disease. The
remaining arteries are considered only if the left main stem has <50% stenosis. The criteria
for defining disease in the left anterior descending are the same as in a right dominant
circulation. If there is a stenosis of 70% or greater in the proximal, mid or distal circumflex
arteries, this counts as two vessel disease. The remaining arteries are considered only if the
proximal, mid or distal arteries are not diseased. If there is a stenosis of 70% or greater in the
first, second, or third obtuse marginal vessel, there is one diseased vessel. Finally, if there is
a stenosis of 70% or greater in the left atrial ventricular artery, the first, second, or third
posterolateral branches, or the left posterior descending artery this constitutes an additional
diseased vessel.
If the resulting number of diseased vessels is zero, the patient may be categorised as
having either normal coronary arteries or mild disease. If one or more narrowings were
noted, but the number of diseased vessels using the above formula was zero, then the patient
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has mild disease. Alternatively, the patient is categorised as having normal coronary arteries
if no stenoses were present throughout the coronary artery tree.
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