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1 Purpose of document

This is a protocol for the development of a new UK cardiovascular risk equation
(QRISK) using the QRESEARCH database and validation of its performance on
independent data. It has been written for the Information Centre at the request of the
Department of Health and the National Collaborating Centre for Primary Care.
cardiovascular risk guideline development group.

A new CVD risk score is needed because the current CVD risk score (which is based
on the Framingham cohort) is not well calibrated for UK population and in general
tends to over predict risk. Over-prediction of risk may lead to inappropriate treatment
for patients and increased costs for the NHS. A new risk algorithm which can more
reliably identify people at high risk is now needed to underpin new guidance due from
NICE in July 2007. This guidance will recommend that the threshold for treatment
with statins is lowered from 40% to 20% risk of CVD over ten years.

Unlike the existing Framingham equations, the new CVD risk equation will also allow
the NHS to identify social deprivation and include this as a factor in the estimation of
CVD risk. This will be a significant step in reducing health inequalities due to
cardiovascular disease; the leading cause of premature death, disease and disability.

The development of an integrated approach to vascular risk assessment is seen as a
priority within the Department of Health, not least by the Chief Medical Officer and
the National Director for Heart Disease, and this work is central to developing an
appropriate risk assessment model for the UK population

Lastly, the Scottish Intercollegiate Guidelines Network (SIGN) has developed a risk
score called ASSIGN' using a dataset from a Scottish cohort. It is not known how
this performs in other UK countries as this cohort was recruited in the 1980’s when
Scotland had the highest CVD mortality in the world.

The research team undertaking this work includes:

Julia Hippisley-Cox Peter Brindle

Carol Coupland Margaret May

Yana Vinogradova John Robson
1-3

Author: Julia Hippisley-Cox, 14 May 2007

© QRESEARCH 2006 This document is issued by QRESEARCH and is not to be reproduced in whole or in part without the
prior written permission of QRESEARCH. The information contained herein is confidential and to be used only for the purpose
for which it was submitted. Any use or distribution for commercial purposes is expressly forbidden



2 Introduction

Cardiovascular disease (CVD) is a major cause of death and disability in the
developed world”. Identification of asymptomatic individuals who are at high risk of
developing CVD is the accepted method for the primary prevention of CVD.
Asymptomatic patients thought to be at high risk of CVD need to be identified so they
can be offered blood pressure and cholesterol lowering treatment together with aspirin
and advice about exercise, diet and smoking cessation..

The identification of patients at high risk of CVD is fundamental to many national
screening and prevention programmes. Many guidelines recommend that CVD risk is
estimated by combining different risk factors into a numeric risk score. There are a
variety of risk calculators available as charts, tables, computer programs and web-
based tools”™ most of which are based on equations derived from the American
Framingham Heart Study which is described in detail elsewhere’.

Whilst the Framingham risk equation has been the ‘gold standard’ for many years, it
has significant limitations. The Framingham cohort is almost entirely white, which
limits its application to other more ethnically mixed populations where recalibration is
needed’. The number of outcome events in Framingham is low which gives its
predictions a considerable degree of uncertainty. The Framingham risk equations were
developed during the peak of incidence of CVD in America and apply well to similar
populations but tend to over-estimate risk by up to 50% in Northern European
populations where CVD incidence is lower®. They may also under estimate risk in
some high risk subgroups such as patients from deprived areas potentially
exacerbating health inequalities’ '°. Lastly, Framingham does not take account of
factors likely to affect risk such as deprivation, body mass index, family history and
current treatment with antihypertensives. The evidence supporting the use of
cardiovascular risk scores for primary prevention in the UK is scarce'.

New guidance issued by the National Institute of Health and Clinical Excellence
(NICE) will lower the threshold for intervention with statins and other drug
treatments from a ten year CVD risk of 40% to 20% '* . With this lowering of
threshold, any systematic over-estimation of risk, is likely to result in many more
people being identified for inappropriate treatment.. Over-identification and over
treatment of patients will also impact on prescribing costs and this is likely to have a
long term impact since treatment tends to be recommended as life long. For these
reasons, it is critical that the underlying methods of risk prediction are fit for purpose
so that treatment can be targeted to those who are most likely to benefit. In other
words, the equation underpinning the estimate of CVD risk needs to be revised and
calibrated for the UK population with an appropriate weighting for social deprivation
to avoid exacerbating social inequality.
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3 Aims

The overall aim of this research is to derive a new CVD risk score which can be used
in clinical practice to better identify high risk patients and target interventions. The
new CVD risk score will be derived from a very large representative population of
patients contributing data to the UK QRESEARCH database. It will include in the risk
prediction traditional risk factors as well as explore additional risk factors such as
deprivation, family history, body mass index, ethnicity and the effect of existing
antihypertensive treatment. It will be validated on independent sample and predictions
compared against Framingham, the current gold standard.

We will also estimate the numbers of patients in the UK likely to need further
assessment and treatment in the UK based on a 20% CVD risk threshold measured
using the new QR CVD risk compared with the yield based on the existing
Framingham equation.

4 Description of the data source

The QRESEARCH database will be used for this study (http://www.qresearch.org).
This is a very large validated and representative primary care electronic database
containing the health records of 10 million patients over a 17 year period. It has been
used for a used for a wide range of research studies including studies of
cardiovascular disease incidence, risk and treatment'*'®. QRESEARCH contains
deprivation scores (e.g. Townsend score evaluated at output area) linked to every
patient record based on the 2001 census. Most recently, the database has been linked
to ONS cause of death data thus allowing sensitivity analyses involving different
CVD endpoints. The size and representativeness of the population in QRESEARCH
means the results are likely to be generalisable to the UK population and CVD risk
estimated with good precision. QRESEARCH is sufficiently large to allow the
modelling on two thirds of the database with validation using the remaining one third.

The results of this research should allow the NHS to target the effects of deprivation
on vascular risk directly, a significant step in reducing health inequalities due to this
group of conditions that are the leading cause of premature death, disease and
disability. In addition, this will be the first time that a measure of deprivation has been
included in a risk prediction tool to help implement national guidelines.
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5 Methods

5.1 Study design

This will be a prospective cohort study conducted within a very large UK primary
care population derived from the QRESEARCH database which will determine new
risk prediction equations for cardiovascular disease and then test out its performance.

5.2 Practice and patient study population

5.2.1 Practice selection

We will use QRESEARCH version 14 for the analysis. This database is complete
until 01 April 2007. Practices will be eligible for inclusion in the analysis a year after
the date on which their EMIS system was installed and will stop being included in the
analysis on the date of the last recorded upload of data. All eligible practices in the
UK contributing to the QRESEARCH database will be included.

We will divide the full QRESEARCH database into two parts —a development dataset
and a validation dataset. The development dataset will consist of a random selection
of two thirds of the practices contributing to the whole database. The validation
dataset will consist of the remaining one third of practices. The development dataset
will be used to derive a new coronary risk equation risk score and it will be validated
using the validation dataset.

5.2.2 Cohort selection

We will identify an open cohort of patients aged 35 and over, drawn from patients
registered with eligible practices from 01 Jan 1995 onwards until 01 April 2007. For
each patient we determine an entry date to the cohort analysis which will be the latest
of the following dates: 35" birthday, date of registration with the practice, date on
which the practice computer system was installed and the beginning of the study
period. In addition, patients will only be included in the analysis once they have a
minimum of one year of complete medical record data.

For each patient, we will the right censor date which will be the earliest date on which
they developed the outcome of interest, the study period ended, date of death, date of
de-registration with the practice or date of last upload of computerised data or 100™
birthday.

We will then determine the person years at risk which will be the difference between
their entry date and their right censor date. Person years at risk will then be used as
the denominator term for the incidence rates.
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5.2.3 Exclusion criteria

As this is a study of primary prevention, patients with a diagnosis of cardiovascular
disease or diabetes prior to their entry date will be excluded from the analysis. We
will also exclude patients under the age of 35 years or over 100 years of age,
temporary residents and patients with interrupted periods of registration with the
practice.

5.3 Cardiovascular disease outcomes

The primary outcome (outcome 1) for this main analysis is the first ever
diagnosis of cardiovascular disease (CVD) i.e. incident diagnosis of CVD.

CVD will include myocardial infarction, coronary heart disease, stroke and transient
ischaemic attacks. Post mortem diagnoses of these outcomes will be included where
available (linked cause of death data requested from ONS).

Additional endpoints undertaken will be reported separately including.

e Qutcome 2: Coronary heart disease (myocardial infarction, angina) including
post-mortem diagnosis.

e Qutcome 3: Stroke or transient ischaemic attack including post mortem
diagnosis.

e Qutcome 4: All cause mortality.

5.4 Measurement of outcomes

A patient will be considered to have the primary outcome of interest if they have
either a computer recorded Read codes for CHD, stroke, Transient ischaemic attack
(as defined in the GMS Contract Quality and Outcomes Framework) within their
primary care record or relevant ICD 10 codes for post mortem diagnosis within their
linked ONS death record.

For each patient, we will determine the date of the first event (either CHD, myocardial
infarction, stroke or TIA) prior to death will be the earliest recorded date of the
relevant diagnosis based on the computerised Read codes entered within the patient’s
medical record. A patient will be considered to have coronary heart disease as a cause
of death if they have an ICD code 120-25 in the primary cause of death or the final
underlying cause of death. A patient will be considered to have stroke or TIA if they
have an ICDI10 code of 163 or 164 as the primary cause of death or the final
underlying cause of death in their linked deaths data.
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5.5 Cardiovascular disease risk factors

Using the derivation dataset, we will describe the following variables for our study
population and include them as potential risk factors in the analysis.

Age in single years

Sex (males vs females)

Smoking status (current smoker, non smoker, not recorded)

Systolic blood pressure (continuous)

Total serum cholesterol (continuous)

High density lipoprotein (continuous)

Left ventricular hypertrophy recorded in clinical records (binary yes/no)

Body mass index (continuous)

Family history of cardiovascular disease in first degree relative under 60 years

(binary variable yes/no).

e Townsend deprivation score (2001 census data evaluated at output areas as a
continuous variable)

e % South Asian evaluated at output areas as a continuous variable (2001 census

data evaluated at output areas as a continuous variable)

For the above variables we will use values recorded closest to the study entry date in
the analysis. We will impute missing values where data are missing as described
below.

We will also investigate the effect of treatments with statins and antihypertensive
(beta blockers, thiazides, ACE inhibitors or calcium channel blockers following
drugs) in subsequent analyses which will be reported separately. The analysis will
include prescription for these drugs at the entry date and also incorporate information
on their use in the follow-up period until the right censor date. If there is evidence that
treatment modifies or attenuates the association between the risk factor and CVD risk,
then it might be possible to incorporate a measure of treatment into the final CVD risk
score.

5.6 Model derivation and development

We will use the Cox proportional hazards model in the derivation dataset to estimate
the unadjusted and adjusted hazard ratios associated with each potential risk factor for
the first ever recorded diagnosis of CVD (ie our primary outcome measure) for males
and females separately.

A priori, we specified the variables we intend to include in the model based on
traditional risk scores (ie Framingham). We will eliminate variables that are missing
or poorly recorded in a large number of subjects in general practice (such as left
ventricular hypertrophy. We will also exclude variables which aren’t statistically
significant and compare models using the Bayes Information Criteria (BIC). This is a
likelihood measure in which lower values indicate better fit and in which a penalty is
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paid for increasing the number of variables. Thus the variables selected for inclusion
should not only provide the best fit but also a parsimonious prediction model.

We will examine the strength of the association between one unit increases in each
continuous variable (e.g. 1 mmol increase in total serum cholesterol) and compare
categories for other variables (e.g. compare current smoking compared with non
smoking).

We will test the assumptions of the proportional hazards model for each variable. We
will test for any non linear relationship between independent variables and the
outcome. We will use fractional polynomials where there are non-linear relationships.

We will undertake selected testing for interactions between variables included in the
final model based on interactions which have been cited in published reports (for
example interaction between deprivation).

Subsequent analyses will include some variables as time varying covariates e.g. use of
antihypertensives and statins and examine for an interaction between systolic blood
pressure and treated hypertension. These analyses will be reported separately.

5.6.1 Missing values

For clinical values such as systolic blood pressure, cholesterol, HDL, body mass
index, family history and smoking status, the best clinical value would be a value
evaluated at the point of entry to the cohort. However it is highly likely that a
significant proportion of patients will not have a value measured on the exact entry
date itself but measured some time before or after. Therefore we will utilise the values
closest to the entry date for patients.

Our first model will be fitted using patients without any missing data (ie complete
case analysis). However, since patients with complete data might have a different
health status to those with missing data, the principal model which will be fitted will
be based on multiply imputed datasets using Rubin’s rules to combine effect estimates
and correctly estimate standard errors to allow for the uncertainty due to missing data.

We will re-fit the final model using two other methods of imputing values to allow for
missing data. First we will impute missing values by age and sex based on data from
the QRESEARCH population itself. Secondly, we will use the mean values reported
by age and sex from the Health Survey for England data. For consistency and
comparisons, we will use the same age bands will be < 35; 35-44; 45-54; 55-64; 65-
74; 75 plus. However, since this method does not capitalise on the correlation between
the variables at patient level and will artificially narrow standard errors our final
models will be based on the multiple imputed datasets.
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5.7 Derivation of the new CVD risk equation

The key outcome from this research is a utility which will be able to evaluate an
individual’s absolute risk of developing one of the four key outcomes over a specified
period of time given that they were free from the disease at baseline entry into the
cohort. This will take into account the individuals characteristics and existing
treatment.

In order to determine this, we will take the log of the hazard ratio for each the risk
factors (ie the coefficients from the Cox regression) from the final model and use
these as weights for the new CVD risk equation. We can then estimate each
individual’s probability of experiencing a cardiovascular event within 10 years by
combining these weights with the characteristics of the individual and also using the
baseline survivor function for all study participants estimated using the Kaplan-Meier
method. We will also examine a method similar to the one described by Wilson et al'
and used for the derivation of the ASSIGN score' and other scores’.

5.8 Validation of the new CVD risk equation

Once the final CVD risk equations have been developed using the derivation dataset,
we will prospectively test their performance using the validation dataset. We will use
two measures of performance, calibration (ie degree of similarity between observed
and predicted events) and discrimination (i.e. ability of a risk prediction equation to
distinguish between those who do and do not have a cardiovascular event during the
follow up period).

We will also undertake comparisons between the new CVD risk equation and the
existing gold standard CVD risk score based on Framingham. We will calculate the
10 year CVD risk for each patient in the validation dataset for QRISK and
Framingham imputing missing values as described above.

We will separately report on comparisons between QRISK and the newly developed
ASSIGN CVD equation'.

5.8.1 Calibration

In order to assess calibration, we will compare observed and predicted CVD risk for
patients in the validation cohort. We will report the Brier score which computes the
sum of squared differences between the observed outcome and fitted probabilities and
for which smaller values indicate better concordance between predicted and observed
outcomes””. We will rank patients into deciles according to their predicted risk score
and compare observed and predicted risk for males and females separately and for
each quintile of Townsend score.
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5.8.2 Discrimination

We will assess discrimination of the new CVD risk equation in the validation cohort
by using an adaptation of the C statistic (Harrell’s C concordance statistic) for
censored survival data. This is the equivalent of the Receiver Operator Curves for
survival analyses using Cox regression as it allows for the variable length of follow up
for an individual patient. The C statistic is defined as the proportion of all usable
subject pairs in which the predictions and outcomes are concordant. We will consider
a C statistic of greater than or equal to 0.7 as indicating good discrimination, 0.8
would be very good and 0.9 would be excellent.

In addition, we will also present sensitivity, specificity, positive and negative
predictive powers of the new CVD risk equation.

5.8.3 Comparison with Framingham and ASSIGN

The existing gold standard CVD risk prediction tool is based on the Framingham risk
equation (Anderson 1991). We will therefore compare performance of the new CVD
risk equation with Framingham. We define CVD risk as the sum of CHD risk
(including MI and CHD death plus angina plus coronary insufficiency) and stroke risk
(including TIA) rather than using the CVD risk estimate from Framingham which also
includes CCF and peripheral vascular disease. This will mean that we have
comparable outcomes.

In addition, we will undertake an additional comparison between the new CVD risk
equation and ASSIGN (which will be reported separately).

In order to do this we will apply the Framingham equation and the ASSIGN equation
to individual patient level data in the validation dataset. For the ASSIGN score we
will need to estimate cigarettes per day where this is not recorded using either the
relevant read code (e.g. heavy smoker 40 plus) or values from the assign website by
age and sex.

We will then calculate each of the above summary statistics to determine
discrimination and calibration.

We will compare the scores for all patients aged 35 plus and also for all patients aged
35 to 74 years as in the original studies.

We will calculate the proportion of patients in the validation sample who have a ten
year risk of CVD or 20% or more according to QRISK, ASSIGN and Framingham.
We will describe the proportion of patients who are reclassified into a higher or lower
risk category.

Analyses will be conducted using Stata (version 9.2).
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6 Discussion of methodology

6.1 Bias and confounding

6.1.1 Misclassification bias of outcome measures

This analysis is based on routinely collected data from clinical general practice in the
UK. This is in contrast with other CVD risk scores which have been based on tightly
controlled and defined cohorts. The disadvantage of the QR cohort is that the outcome
measures have not been formally adjudicated i.e. there may be patients with a
diagnosis of coronary heart disease who have been misdiagnosed. Similarly, there
may be patients with coronary heart disease where the information is not recorded on
the clinical records. Such misclassification of outcomes, if present and if non-
differential with respect to the risk factors, will tend to result in hazards ratios which
tend towards one. However, the inclusion of linked cause of death data is likely to
minimise this misclassification.

A key advantage of this analysis is that it is based on a very large representative
population which is in the setting where the risk prediction score will later be applied.
The results from the analysis should therefore be generalisable to the setting in which
it will be used.

6.1.2 Information or recording bias

The main source of information bias is likely to be absent recording of serum
cholesterol and smoking status. We will only have data on people that have had
contact with their GP surgery. These are a biased population and may not be
considered representative of the general healthy population. We will explore the likely
impact of this by fitting models with and without imputed values as described above.

6.1.3 Unmeasured confounding

There is likely to be some residual confounding due to unmeasured variables as with
all observational studies of this kind.

6.2 Risks and benefits for statins

A separate series of analyses, outside the scope of the current protocol, will address
the issues on risks and benefits of statins, ACE and aspirin per se as different samples
are likely to be needed. We will compare outcomes for patients on statins, aspirin and
ACE compared with non users of each. For statins, we will examine risk of cancer,
Parkinson’s disease, neuropathy, myopathy. For aspirin, we need to examine risk of
renal impairment, gastrointestinal ulcer and haemorrhage. For ACE we need to look at
renal impairment.
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6.3 Scientific and ethical approval

The proposal has been approved by the Trent Multi Centre Research Ethics
Committee.

6.4 Funding

This project has been commissioned by the Information Centre on behalf of the
Department of Health.
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Version 1.0

8 Appendix 1: Background to Framingham

8.1 Whatis Framingham, what is it based on and how is it used?

The Framingham risk equation predicts 10 year risk of fatal and non-fatal
cardiovascular events using age; smoking status; diagnosis of diabetes; systolic blood
pressure; total cholesterol; HDL; left ventricular hypertrophy. The original
Framingham cohort was recruited from the town of Framingham in the United States
in 1948. It consisted of 5,209 men and women aged 30-62 who have been followed up
every two years. A second cohort (the Framingham offspring cohort) was recruited in
1971 and consisted of 5124 children of the original cohort. A third cohort (the
Framingham grandchild cohort) has 3,500 people

8.2 Framingham cohort description

The paper by Anderson® (American Heart Journal) paper presents the analysis for six
different end points over 4-12 years. The analysis is based on a cohort of 5573 men
and women aged 30-74 years from the Framingham Heart Study and the Framingham
Offspring study. Baseline values measured between 1968 and 1975. Patients were
included if free of cancer (except basal cell carcinoma) and pre-existing CVD.

8.3 Cardiovascular disease (CVD) outcomes included in Framingham

There were six different end points over 4-12 years included in the Framingham
analysis:

Myocardial infarction (including silent and unrecognised MI)

Death from CHD (sudden or non-sudden)

CHD (including MI and CHD death plus angina plus coronary insufficiency)
Stroke (including TIA)

CVD (all of the above plus CCF and peripheral vascular disease)

CVD death (ie death from CVD)

AN N e

The significant risk factors included in the Framingham equation are

Age

Sex

Systolic blood pressure

Total serum cholesterol

HDL cholesterol

Current smoker (or quit within the last year)

Diabetes (ie on hypyglcaemics or raised fasting of 140mg/DL or above)

e Left ventricular hypertrophy on ECG in men only.
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Version 1.0

9 Appendix 2 — Health Survey for England data, 2003

The following data are from the Health Survey for England (2003).

sex ageband | Total serum | Low HDL | Systolic blood | Diastolic

cholesterol | cholesterol pressure blood Body mass %
pressure index smokers

females 35-44 5.4 1.6 122 71 26.8 27
females | 45-54 5.8 1.7 128 74 27.4 25
females 55-64 6.3 1.7 135 75 28.2 20
females 65-74 6.2 1.7 143 74 28 13
females | 75-100 6.1 1.6 148 71 26.9 9
Males 35-44 5.8 1.4 131 74 27.8 26
Males | 45-54 5.9 1.4 135 77 28.2 25
Males 55-64 5.8 1.4 139 77 28.3 19
Males 65-74 5.5 1.4 141 73 28 10
Males | 75-100 53 1.4 145 70 26.9 7

Notes: adults aged 16 and over
Source Department of Health (2004) Health Survey for England 2003. The stationary Office: London
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Revision date |Version Summary of Changes
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Peter Brindle, Carol Coupland, Margaret May, Yana
Vinogradova

01 March 2007 1-2 Updated after further more detailed discussion with
Carol Coupland

10 March 2007 1-3 Further JHC edits w.r.t. missing values

15 March 2007 1-4 JHC and CC edits w.r.t. fractional polynomials

21% March 1-5 Additional comments from JR. additional

2007 information on ICD cause of death. Final version for
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21% March 1-6 Amended ICD codes for CVD outcomes

2007
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