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ABSTRACT

Objective To derive a new cardiovascular disease risk

score (QRISK) for the United Kingdom and to validate its

performance against the established Framingham

cardiovascular disease algorithm and a newly developed

Scottish score (ASSIGN).

Design Prospective open cohort study using routinely

collected data from general practice.

Setting UK practices contributing to the QRESEARCH

database.

Participants The derivation cohort consisted of 1.28

million patients, aged 35-74 years, registered at 318

practices between 1 January 1995 and 1 April 2007 and

who were free of diabetes and existing cardiovascular

disease. The validation cohort consisted of 0.61 million

patients from 160 practices.

Main outcome measures First recorded diagnosis of

cardiovascular disease (incident diagnosis between 1

January 1995 and 1 April 2007): myocardial infarction,

coronary heart disease, stroke, and transient ischaemic

attacks. Risk factors were age, sex, smoking status,

systolic blood pressure, ratio of total serum cholesterol to

high density lipoprotein, body mass index, family history

of coronary heart disease in first degree relative aged less

than 60, area measure of deprivation, and existing

treatment with antihypertensive agent.

Results A cardiovascular disease risk algorithm (QRISK)

was developed in the derivation cohort. In the validation

cohort the observed 10 year risk of a cardiovascular event

was 6.60% (95% confidence interval 6.48% to 6.72%) in

women and 9.28% (9.14% to 9.43%) in men. Overall the

Framingham algorithm over-predicted cardiovascular

disease risk at 10 years by 35%, ASSIGN by 36%, and

QRISK by 0.4%. Measures of discrimination tended to be

higher for QRISK than for the Framingham algorithm and it

was better calibrated to the UK population than either the

Framingham or ASSIGN models. Using QRISK 8.5% of

patients aged 35-74 are at high risk (20% risk or higher

over 10 years) compared with 13% when using the

Framingham algorithm and 14% when using ASSIGN.

Using QRISK 34% of women and 73% of men aged 64-75

would be at high risk compared with 24% and 86%

according to the Framingham algorithm. UK estimates for

2005 based on QRISK give 3.2 million patients aged 35-

74 at high risk, with the Framingham algorithm predicting

4.7 million and ASSIGN 5.1 million. Overall, 53668

patients in the validation dataset (9% of the total) would

be reclassified from high to low risk or vice versa using

QRISK compared with the Framingham algorithm.

Conclusion QRISK performed at least as well as the

Framingham model for discrimination and was better

calibrated to the UK population than either the

Framingham model or ASSIGN. QRISK is likely to provide

more appropriate risk estimates to help identify high risk

patients on the basis of age, sex, and social deprivation. It

is therefore likely to be a more equitable tool to inform

management decisions and help ensure treatments are

directed towards those most likely to benefit. It includes

additional variables which improve risk estimates for

patients with a positive family history or those on

antihypertensive treatment. However, since the validation

was performed in a similar population to the population

from which the algorithm was derived, it potentially has a

“homeadvantage.” Further validation in other populations

is therefore required.

INTRODUCTION

Cardiovascular disease is the leading cause of prema-
ture death and amajor cause of disability in the United
Kingdom.1 Asymptomatic patients thought to be at
high risk of cardiovascular disease need to be identified
so they can be offered advice about lifestyle changes,
such as smoking cessation, physical activity, and diet,
about treatment to lower blood pressure and modify
cholesterol levels, and about use of aspirin when
appropriate.
Many guidelines recommend that the risk of cardio-

vascular disease is estimated by combining different
risk factors into a numeric estimate of risk. A variety
of risk calculators are available, as charts, tables, com-
puter programs, and web based tools.2-4 Equations
derived from the American Framingham cohort
study are the most widely used in the United
Kingdom.5

1Tower Building, University Park,
Nottingham NG2 7RD
2Centre for Health Sciences,
Queen Mary’s School of Medicine
and Dentistry, London
3Department of Social Medicine,
University of Bristol
4Avon Primary Care Research
Collaborative, Bristol Primary Care
Trust

Correspondence to: J Hippisley-Cox
julia.hippisley-cox@nottingham.
ac.uk

doi:10.1136/bmj.39261.471806.55

BMJ | ONLINE FIRST | bmj.com page 1 of 12

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.39261.471806.55 on 5 July 2007. D
ow

nloaded from
 

http://www.bmj.com/


Although the Framingham risk equations have been
the most used method for many years they have major
limitations. The Framingham cohort is almost entirely
white and recalibration may be needed in more ethni-
cally diverse populations.6 The Framingham risk equa-
tions were developed during the peak incidence of
cardiovascular disease in America. They perform
well in similar populations but may over-estimate risk
by up to 50% in contemporary northern European
populations where the incidence of cardiovascular dis-
ease is lower.7 The confidence intervals for estimates
produced from the Framingham algorithm have been
difficult to quantify and any estimate is uncertain for
estimation of an individual’s risk. The equations may
also underestimate risk in some high risk subgroups,
such as patients from deprived areas, potentially
exacerbating health inequalities.8 9 Lastly, the Fra-
mingham algorithm does not include factors such as
social deprivation, body mass index, family history of
cardiovascular disease, and current treatment with
antihypertensives. The evidence supporting the utility
of cardiovascular risk scores for primary prevention in
the United Kingdom is scarce.10

In a major initiative to improve public health in the
United Kingdom the National Institute for Health and
Clinical Excellence has lowered the threshold for pri-
mary prevention with statins from a 10 year

cardiovascular disease risk of 40% to that of 20%.11 12

We refer to a 10 year cardiovascular disease risk of
20% or more as high risk. Any systematic over-estima-
tion of risk results in an excessive number of people
being identified for treatment. Not only would this
have a major impact on prescribing costs and NHS
resources supporting lifelong treatment, it potentially
also exposes patients to unnecessary treatments and
hence possible side effects. It is important that this
new public health programme includes social depriva-
tion to reduce rather than to exacerbate existing social
inequalities in cardiovascular disease and to target
those at greatest risk.13 In recognition of these pro-
blems Scotland has adopted ASSIGN equations that
include social deprivation.14

For these reasons the underlying methods of risk
prediction should be fit for purpose, targeting those
likely to benefit most and avoiding inappropriate treat-
ment of those at lower risk. The equation underpinning
the estimate of cardiovascular disease risk needs to be
revised and calibrated for the contemporaryUKpopu-
lation, with an appropriate weighting for social depri-
vation and current treatment with antihypertensives.
We therefore carried out a study to derive and validate
a new cardiovascular disease risk score and compared
this with the Framingham5 and the new ASSIGN
equations.15

Table 1 | Computer recorded incidence of cardiovascular disease per 1000 person yearswith 95%confidence intervals in

derivation and validation cohorts by age, sex, and deprivation fifth

Derivation cohort Validation cohort

No of incident
cases of

cardiovascular
disease Person years

Incidence rate per 1000
person years (95% CI)

No of incident
cases of

cardiovascular
disease Person years

Incidence rate per 1000
person years (95% CI)

No of women 27 828 4 238 309 6.57 (6.49 to 6.64) 13 107 2 025 193 6.47 (6.36 to 6.58)

Age group:

35-44 1791 1 449 107 1.24 (1.18 to 1.29) 958 693 806 1.38 (1.30 to 1.47)

45-54 4861 1 249 132 3.89 (3.78 to 4.00) 2347 592 108 3.96 (3.81 to 4.13)

55-64 8597 878 314 9.79 (9.58 to 10.00) 3984 420 752 9.47 (9.18 to 9.77)

65-74 12 579 661 756 19.01 (18.68 to 19.34) 5818 318 527 18.27 (17.80 to 18.74)

Townsend fifth:

First 4851 931 167 5.21 (5.07 to 5.36) 2324 440 671 5.27 (5.06 to 5.49)

Second 5134 921 744 5.57 (5.42 to 5.72) 2366 429 554 5.51 (5.29 to 5.73)

Third 5698 865 316 6.58 (6.42 to 6.76) 2559 410 564 6.23 (6.00 to 6.48)

Fourth 6187 804 175 7.69 (7.50 to 7.89) 2948 392 190 7.52 (7.25 to 7.79)

Fifth 5958 715 907 8.32 (8.11 to 8.54) 2910 352 215 8.26 (7.97 to 8.57)

No of men 37 843 4 001 632 9.46 (9.36 to 9.55) 17 705 1 909 991 9.27 (9.13 to 9.41)

Age group:

35-44 3851 1 521 521 2.53 (2.45 to 2.61) 1865 738 492 2.53 (2.41 to 2.64)

45-54 9197 1 237 808 7.43 (7.28 to 7.58) 4238 584 812 7.25 (7.03 to 7.47)

55-64 12 591 777 769 16.19 (15.91 to 16.47) 5877 365 856 16.06 (15.66 to 16.48)

65-74 12 204 464 535 26.27 (25.81 to 26.74) 5725 220 831 25.92 (25.26 to 26.61)

Townsend fifth:

First 7440 864 786 8.6 (8.41 to 8.80) 3496 404 789 8.64 (8.36 to 8.93)

Second 7797 856 868 9.1 (8.90 to 9.30) 3515 396 201 8.87 (8.58 to 9.17)

Third 7727 800 876 9.65 (9.44 to 9.87) 3566 382 090 9.33 (9.03 to 9.64)

Fourth 7671 755 090 10.16 (9.93 to 10.39) 3615 372 434 9.71 (9.40 to 10.03)

Fifth 7208 724 013 9.96 (9.73 to 10.19) 3513 354 477 9.91 (9.59 to 10.24)
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METHODS

Our prospective cohort study was carried out within a
largeUKprimary care population.Weused version 14
of the QRESEARCH database (www.qresearch.org).
This is a large, validated electronic database represen-
tative of primary care and containing the health
records of 10 million patients over a 17 year period
from 529 general practices using the EMIS computer
system. It covers about 7% of the current UK popula-
tion and the contributing practices are similar to over
8000 practices nationally for a wide variety of
measures.16 It has been used for a wide range of health
service analyses and research studies, including studies
of the incidence, risk, and treatment of cardiovascular
disease.17-21 The database contains area measures of
ethnicity and deprivation evaluated at output area on
the basis of the 2001 census and linked to every
patient’s record. The Townsend score22 is a good area
measure of material deprivation based on four vari-
ables (unemployment, overcrowding, non-car owner-
ship, and non-home ownership) and has been widely
used in medical research. It is available at output area,
about 125 households. Most recently QRESEARCH
has been linked to cause of death data from the Office
for National Statistics enabling sensitivity analyses
including certified cause of death. QRESEARCH is
sufficiently large to allow modelling on two thirds of
the database,with validation using the remaining third.

Practices and cohorts

We included all the contributing practices in the Uni-
ted Kingdom once they had been using their EMIS
system for at least a year. We randomly allocated two
thirds of eligible practices to thederivationdataset, sav-
ing the remaining third for the validation dataset. The
derivation dataset was used to derive a new risk

equation for estimating cardiovascular risk, validated
using the validation dataset.
We identified an open cohort of patients aged 35-74

at the date of study entry, drawn from patients regis-
tered with eligible practices from 1 January 1995 to 1
April 2007. We excluded those with a diagnosis of
cardiovascular disease or diabetes before their entry
date. We also excluded temporary residents and
patients with interrupted periods of registration with
the practice. We also excluded 4% of patients who
did not have a valid postcode related Townsend score.
For each patient we determined an entry date to the

cohort analysis, which was the latest of the following
dates: 35th birthday, date of registration with the prac-
tice, date on which the practice computer system was
installed, and the beginning of the study period (1 Jan-
uary 1995). In additionwe only includedpatients in the
analysis once they had a minimum of one year’s com-
plete data in their medical record.
For each patient we determined the right censor

date, which was the earliest date of the dates on which
they developed the outcome of interest, the study per-
iod ended (1 April 2007), date of death, date of dereg-
istration with the practice, or date of last upload of
computerised data. We determined the person years
at risk—the difference between the entry date and the
right censor date. We used person years at risk as the
denominator term for the incidence rates.

Cardiovascular disease outcomes

The primary outcome was the first recorded diagnosis
of cardiovascular disease on the general practice’s clin-
ical computer system either before or at death occur-
ring between 1 January 1995 and 1 April 2007. Our
definition included myocardial infarction, coronary
heart disease, stroke, and transient ischaemic attack.

Table 2 | Baseline clinical characteristics formenandwomen aged35-74 initially free fromcardiovascular disease anddiabetes in

derivation and validation datasets. Values aremeans (standard deviations) unless stated otherwise

Characteristics

Derivation cohort Validation cohort

Men (n=636 753)
Women (n=646

421) Men (n=305 140)
Women (n=309

413)

Median (interquartile range) age (years) 48 (40-57) 49 (41-59) 47 (40-57) 49 (41-59)

Median (interquartile range) Townsend score −1.1 (−3.1-2.3) −1.2 (−3.1-2.1) −0.9 (−3.0-2.4) −1.0 (−3.0-2.1)

Body mass index 26.5 (4.0) 26 (4.8) 26.5 (4.0) 26 (4.8)

Systolic blood pressure (mm Hg) 135.7 (19.6) 132.6 (21.5) 135.4 (19.7) 132.4 (21.6)

Total serum cholesterol level (mmol/l) 5.7 (1.1) 5.9 (1.2) 5.7 (1.1) 5.9 (1.2)

High density lipoprotein cholesterol level (mmol/l) 1.3 (0.4) 1.6 (0.4) 1.3 (0.4) 1.6 (0.4)

Ratio of total serum cholesterol to high density lipoprotein 4.6 (1.3) 4.0 (1.3) 4.7 (0.7) 4.0 (0.6)

No (%) of current smokers 179 144 (28.1) 149 089 (23.1) 85 834 (28.1) 70 879 (22.9)

No (%) with family history of cardiovascular disease* 57 708 (9.1) 78 442 (12.1) 28 610 (9.4) 38 852 (12.6)

Current treatment:

Antihypertensives† 53 742 (8.4) 80 066 (12.4) 26 080 (8.5) 38 868 (12.6)

Angiotensin converting enzyme inhibitors† 15 969 (2.5) 16 101 (2.5) 7714 (2.5) 7787 (2.5)

β blockers† 25 084 (3.9) 38 536 (6.0) 12 109 (4.0) 18 720 (6.1)

Calcium channel blockers† 16 566 (2.6) 18 618 (2.9) 8019 (2.6) 9107 (2.9)

Thiazides† 15 476 (2.4) 31 919 (4.9) 7389 (2.4) 15 331 (5.0)

*In first degree relative aged less than 60.

†At entry to cohort.
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Weused nationally agreed definitions—that is, compu-
ter recorded Read codes—from the General Medical
Services contract quality and outcomes framework.
We have used the general practitioner’s clinical

diagnosis of cardiovascular disease for ourmain analy-
sis. At the time of writing, however, patient level data
for cause of death were available from the Office for
National Statistics for the five years between 2002
and 2007. We were able to link these data at patient
level within the general practices’ clinical computer
systems and extract the resulting data onto the QRE-
SEARCHdatabase.Wewere therefore able to identify
patients who had a primary or underlying certified
cause of death as either coronary heart disease (codes
I20-I25, international classification of diseases, 10th
revision), stroke, or transient ischaemic attack and to
use these data to examine the completeness of outcome
data on QRESEARCH.

Risk factors for cardiovascular disease

We included the following risk factors in our analysis,
using the value closest to the entrydate to the cohort for
each patient and imputing missing values when neces-
sary: age (in single years); sex (men vwomen); smoking

status (current smoker, non-smoker—including former
smoker); systolic blood pressure (continuous); ratio of
total serum cholesterol to high density lipoprotein
levels (continuous); left ventricular hypertrophy
recorded in clinical records (yes or no); body mass
index (continuous); family history of cardiovascular
disease in a first degree relative aged less than 60 (yes
or no); Townsend deprivation score (2001 census data
at output area level evaluated as a continuousvariable);
percentage of South Asian residents at output areas
(2001 census data evaluated at output areas as a contin-
uous variable); current prescription of at least one anti-
hypertensive—thiazide, β blocker, calcium channel
blocker, or angiotensin converting enzyme inhibitor
(yes or no).

Model derivation and development

We used the Cox proportional hazards model in the
derivation dataset to estimate the coefficients asso-
ciated with each potential risk factor for the first ever
recorded diagnosis of cardiovascular disease for men
and women separately. A priori we specified the vari-
ables we intended to include in the model on the basis
of traditional risk scores (for example, Framingham
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equation).We comparedmodels using theBayes infor-
mation criterion. This is a likelihoodmeasure in which
lower values indicate better fit and inwhich a penalty is
paid for increasing the number of variables.We exam-
ined the strength of the association between one unit
increases in each continuous variable and we com-
pared categories for other variables—for example, cur-
rent smoking compared with non-smoking.
Continuous variables were centred for analysis. We
checked the assumptions of the proportional hazards
model for each variable and tested for any non-linear
relation between continuous independent variables
and the outcome. We used fractional polynomials to
model non-linear risk relations with continuous vari-
ables when appropriate.23 24Modelling using fractional
polynomials is a flexible approach for modelling non-
linear risk relations with continuous variables. We
tested for interactions between systolic blood pressure
and antihypertensive treatment and between smoking
and deprivation.

Initially our models were fitted using patients with-
out any missing data (complete case analysis), and the
fractional polynomial terms were obtained from the
complete case analysis using amultivariable approach.
However, because patients with complete data might
have a different health status and risk of cardiovascular
disease compared with those with missing data, we
fitted our principal models on the basis of multiple
imputed datasets using Rubin’s rules to combine effect
estimates and estimate standard errors.24 25Weused the
ICE procedure in Stata26 to obtain five imputed
datasets.

We took the log of the hazard ratio for each of the
risk factors (that is, the coefficients from the Cox
regression) from the final model and used these as
weights for the new cardiovascular disease risk equa-
tion. We then estimated each patient’s probability of
experiencing a cardiovascular eventwithin 10 years by
combining these weights with the characteristics of the
patient and also using the baseline survivor function
for all participants, as in other studies.15 27 The baseline
survivor function was estimated from the Cox regres-
sion model centred on the means of continuous risk
factors and we extracted the value for 10 years’ fol-
low-up.

Validation of the new cardiovascular disease risk equation

Having obtained the risk equation in the derivation
dataset (the QRISK score) we tested its performance
(calibration and discrimination) in the validation data-
set.We calculated the 10year estimated cardiovascular
disease risk for each patient in the validation dataset,
replacing missing values for continuous variables with
mean values obtained from the derivation dataset by
five year age-sex bands and assuming patients were
non-smokers when smoking status was not recorded.

To assess calibration (the degree of similarity
between observed and predicted risks) we calculated
the mean predicted risk of cardiovascular disease at
10 years and the observed risk at 10 years obtained
using the 10 year Kaplan-Meier estimate. We then
compared the ratio of the predicted to the observed
cardiovascular disease risk for patients in the valida-
tion cohort in each tenth of predicted risk. We also

Table 3 | Adjusted hazard ratios with 95%confidence intervals for preferredQRISKmodel formen andwomen aged35-74

Variables
Adjusted hazard

ratio
Lower 95%

confidence limit
Upper 95%

confidence limit

Women:

Log (age/10) 87.75 81.34 94.66

Ratio of total serum cholesterol to high density lipoprotein cholesterol levels 1.001 0.999 1.002

Body mass index (kg/m2) 1.015 1.013 1.018

Family history of premature cardiovascular disease 1.229 1.187 1.273

Smoking status (current smoker) 1.530 1.487 1.574

Townsend score of output area 1.035 1.031 1.038

Systolic blood pressure (mm Hg) 1.005 1.004 1.005

Receiving treatment for blood pressure at baseline 1.734 1.674 1.796

Interaction terms for systolic blood pressure×blood pressure treatment 0.996 0.995 0.997

Men:

Log (age/10) 50.634 47.792 53.646

Ratio of total serum cholesterol to high density lipoprotein cholesterol levels 1.001 0.999 1.003

Body mass index (kg/m2) 1.022 1.019 1.025

Family history of premature cardiovascular disease 1.300 1.257 1.344

Smoking status (current smoker) 1.417 1.385 1.449

Townsend score of output area 1.017 1.014 1.020

Systolic blood pressure (mm Hg) 1.004 1.004 1.005

Receiving treatment for blood pressure at baseline 1.847 1.788 1.908

Interaction terms for systolic blood pressure×blood pressure treatment 0.993 0.992 0.995

Variables simultaneously adjusted for other variables in table. Continuous variables were centred.

Hazard ratios correspond to increase of 1 unit for log (age/10), 1 mm Hg for systolic blood pressure, 1 kg/m2 for body mass index, 1 unit for

Townsend score, and 1 unit for ratio of total serum cholesterol to high density lipoprotein cholesterol levels.
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compared predicted and observed risks overall for
men andwomenby age band and by fifth of Townsend
score. We calculated the area under the receiver oper-
ating curve to assess discrimination—that is, the ability
of a risk prediction equation to distinguish between
those who do and those who do not have a cardio-
vascular event during the follow-up period. We also
calculated the D statistic28 and an R2 statistic,29 which
are measures of discrimination and explained varia-
tion for survival models.

Comparison with the Framingham and ASSIGN equations

We compared the performance of QRISK against the
risk estimates derived from Framingham equations.5

We used an equation for cardiovascular disease risk
that was computed by summing the coronary risk
(including myocardial infarction and coronary heart
disease death plus angina plus coronary insufficiency)
and stroke risk (including transient ischaemic attack) as
these outcomes are closest to those used in randomised
trials of drug effectiveness. They are also the outcomes
used to define cardiovascular disease in the current
Joint British Society Guidelines.30

We calculated the area under the receiver operating
curve and the D statistic for the Framingham estimates
in the validation dataset and compared them with the
corresponding QRISK values. We also compared the

performance of QRISK against the ASSIGN
equation.15 ASSIGN contains similar variables to
QRISK except it uses the number of cigarettes smoked
per day instead of a categorical variable for smoking
and the index of multiple deprivation as the measure
of deprivation.
Finally, we calculated the proportion of patients in

the validation sample who have a 20% or more risk of
cardiovascular disease at 10 years, by age, sex, and
deprivation according toQRISK and the Framingham
and ASSIGN equations. We determined the propor-
tion of patients who would be reclassified into a higher
or lower risk category using the new risk equations.We
estimated the number of people in the United King-
dom with a 10 year cardiovascular disease risk of
20% or more for each score, using UK population esti-
mates for 2005. Stata (version 9.2) was used for all ana-
lyses.

RESULTS

Overall, 478 UK practices met our inclusion criteria of
which 318 were randomly assigned to the derivation
dataset and 160 to the validation dataset.
In the derivation cohort 3 374 617 patients of all ages

were registeredwith 318practices at somepoint during
the study period. Of these, 1 283 174 were aged
35-74 years and were free of cardiovascular disease

Table 4 | Ratio of predicted to observed risks of cardiovascular disease event at 10 years across tenths of estimated risks

Tenth*

QRISK Framingham ASSIGN

Predicted
risk (%)

Observed
risk (%) Ratio

Predicted
risk (%)

Observed
risk (%) Ratio

Predicted
risk (%)

Observed
risk (%) Ratio

Women:

First 0.71 0.44 1.61 0.59 0.53 1.12 1.31 0.34 3.81

Second 1.06 0.95 1.12 1.17 0.96 1.22 1.83 0.91 2.00

Third 1.49 1.45 1.03 1.95 1.59 1.22 2.41 1.49 1.61

Fourth 2.11 2.11 1 3.02 2.19 1.38 3.18 2.14 1.48

Fifth 2.97 3.06 0.97 4.41 3.02 1.46 4.23 3.08 1.37

Sixth 4.22 4.5 0.94 6.15 4.63 1.33 5.76 4.17 1.38

Seventh 6.06 6.16 0.99 8.21 6.97 1.18 8.05 6.60 1.22

Eighth 8.9 9.65 0.92 10.76 10.29 1.05 11.61 9.79 1.19

Ninth 13.36 13.95 0.96 14.15 14.63 0.97 17.28 13.86 1.25

Tenth 22.52 20.19 1.12 22.47 16.86 1.33 29.29 19.35 1.51

Overall 6.34 6.25 1.02 7.28 6.16 1.18 8.49 6.17 1.38

Men:

First 1.64 0.93 1.77 2.86 1.03 2.79 3.37 0.92 3.65

Second 2.24 1.6 1.39 4.19 1.73 2.43 4.36 1.63 2.68

Third 2.92 2.6 1.12 5.54 2.53 2.19 5.31 2.56 2.07

Fourth 3.81 3.86 0.99 7.04 3.71 1.90 6.43 3.39 1.90

Fifth 5 4.86 1.03 8.86 5.43 1.63 7.83 5.22 1.50

Sixth 6.61 6.67 0.99 11.13 7.38 1.51 9.65 7.16 1.35

Seventh 8.88 9.88 0.9 14.00 10.11 1.38 12.16 10.19 1.19

Eighth 12.24 14.24 0.86 17.78 13.90 1.28 15.76 13.97 1.13

Ninth 17.4 18.46 0.94 23.19 19.05 1.22 21.30 18.79 1.13

Tenth 27.86 25.72 1.08 35.24 23.42 1.51 33.34 24.49 1.36

Overall 8.86 8.88 1.00 12.96 8.81 1.47 11.95 8.83 1.35

All patients 7.59 7.56 1.004 10.10 7.48 1.35 10.21 7.49 1.36

Comparison between QRISK, Framingham, and ASSIGN in validation cohort in patients aged 35-74.

*First tenth is lowest tenth of risk.
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and diabetes at baseline. These patients were included
in the study. Of these, 50.4% were women. During the
study period 65 671 incident cases of cardiovascular
disease from 8.2 million person years of observation
occurred giving a crude incidence rate for cardio-
vascular disease of 7.96 per 1000 person years. Inci-
dence rates were higher in men than in women and
increased steeply with age (table 1). The computer
recorded incidence of cardiovascular disease was also
significantly higher among men and women from
deprived areas, the effect being more noticeable for
women. The median follow-up was 6.5 years (range
0-12 years) and 306 259 patients were followed-up for
at least 10 years. The 10 year observed risk of a cardio-
vascular event in women aged 35-74 was 6.69% (95%
confidence interval 6.61% to 6.78%) and in men was
9.46% (9.36% to 9.56%).
In the validation dataset 614 553 eligible patients

were aged 35-74 and of these 50.3%werewomen. Inci-
dence rates among patients in the validation cohort
were similar to those in the derivation cohort
(table 1). The 10 year observed risk of a cardiovascular
event in women aged 35-74 was 6.60% (6.48% to
6.72%) and in men was 9.28% (9.14% to 9.43%).
Table 2 compares the characteristics of eligible

patients in the cohorts. Although the validation cohort
was drawn froman independent group of practices, the
baseline characteristics were similar to those for the
derivation cohort.

Outcome comparison with data from the Office for National

Statistics

A subgroup analysis was undertaken in the period
2002-7 for practices with linked data on death to deter-
mine the degree of under-ascertainment of deaths from
cardiovascular disease on the general practice’s clini-
cal computer record—that is, patients with a cardio-
vascular disease death recorded on Office for
National Statistics data who had not been identified
through the general practice’s clinical record. Of the
39 507 patients with a cardiovascular disease outcome
on either record between 2002 and 2007, 37 074

(93.8%) had already been identified on the basis of
their general practice record alone—that is, an addi-
tional 6.2% of patients were identified by virtue of
theirOffice forNational Statistics cause of death linked
record.

Baseline characteristics of derivation cohort

At baseline 8.4% of men and 12.4% of women were
receiving treatment for blood pressure. A family his-
tory of premature coronary heart disease in a first
degree relative aged less than 60 was recorded in
9.1% of men and 12.1% of women and 0.4% had a
recorded diagnosis of left ventricular hypertrophy.
The figure shows the percentage of patients with

recorded values. It also shows mean values for body
mass index, systolic blood pressure, total serum cho-
lesterol and high density lipoprotein, and the propor-
tion of smokers at baseline compared with data from
the health survey for England for the year closest to
1996 that included measurement of the risk factor.
Values by age for most variables were similar to
those in the health survey suggesting that the study
cohort is representative of the general population.
The exception was smoking where the survey rates
were slightly higher than the study rates for women
but lower than the study rates for men.
We compared characteristics of patients with and

without recorded values. Women with missing data
on smoking status were less likely to be taking blood
pressure treatment or to have a family history of pre-
mature coronary heart disease. Women with missing
values for body mass index were less likely to be
receiving treatment for blood pressure, less likely to
smoke, and less likely to have a family history of pre-
mature coronary heart disease. Women with missing
blood pressure measurements were less likely to be
receiving treatment for blood pressure, less likely to
smoke, less likely to have a family history of premature
coronary heart disease, and were slightly younger.
Women with missing data on the ratio of total serum
cholesterol to high density lipoprotein were less likely
to be receiving treatment for blood pressure or to have
a family history of premature coronary heart disease,
were more likely to be smokers, were younger, had
lower systolic blood pressure, and had a slightly
lower bodymass index.A similar patternwas observed
for men. In general patients with missing data had sig-
nificantly different survival rates—for example,
women with a cholesterol ratio recorded had a
10 year observed risk of a cardiovascular event of
4.0% compared with 7.9% for those with missing
values. For men the values were 4.9% and 10.9%.

Model derivation

Table 3 shows the results of theCox regression analysis
for the final model. A log transformation was used for
age but otherwise variables were fitted as linear terms
as this best fitted the data according to the fractional
polynomial analysis. Three main models were com-
pared for fit and interpretability. The final model
included the logarithm of age, ratio of serum

Table 5 | Summarystatistics comparingQRISKequation for 10year riskof cardiovascular disease

to predictions based on FraminghamandASSIGNequations applied to validation cohort in

patients aged35-74

Summary statistics QRISK Framingham ASSIGN

Women:

Receiver operating curve
statistic*

0.7879 0.7744 0.7841

D statistic* (SE) 1.549 (0.014) 1.393 (0.014) 1.472 (0.014)

R2 statistic† (SE) 36.4%(0.43) 31.7%(0.44) 34.1% (0.43)

Men:

Receiver operating curve
statistic*

0.7674 0.7598 0.7644

D statistic* (SE) 1.447 (0.013) 1.31 (0.012) 1.357 (0.012)

R2 statistic† (SE) 33.3% (0.39) 29.1% (0.38%) 30.5% (0.38)

Although QRISK validation sample was drawn from independent practices all use same clinical computer system

(EMIS) therefore score needs to be validated in practices using other clinical systems.

*Higher scores indicate better discrimination.

†Indicates percentage of variation explained.
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cholesterol to high density lipoprotein levels, systolic
bloodpressure, bodymass index, family history of pre-
mature cardiovascular disease, smoking status, Town-
send deprivation score, and use of at least one blood
pressure treatment. The final model also included an
interaction term between systolic blood pressure and
blood pressure treatment. Left ventricular hypertro-
phywas omitted from the finalmodel as the prevalence
of recording was low and its inclusion made little dif-
ference to the overall model. The area measure of eth-
nicity was also omitted from the finalmodel since it did
not improve themodel fit over and above the inclusion
of the area measure of deprivation and interpretation
of the results was difficult. Overall the final model was
superior to the other models according to the Bayes
information criterion statistic.
Hazard ratios for the finalmodel show that the risk of

a cardiovascular disease event increased with increas-
ing age, body mass index, and Townsend deprivation
score. The riskwas higher in patients who smoked, had
a family history of premature cardiovascular disease,
and were receiving blood pressure treatment at base-
line. Risk increased more steeply with systolic blood
pressure in those not receiving treatment for blood
pressure. The hazard ratio associated with the ratio
for total serum cholesterol to high density lipoprotein
level was just above and close to one for both sexes.
However, we decided a priori to include this risk factor
in the model. The model was repeated omitting the
cholesterol ratio term and a small change was found
to the coefficients for some of the other variables.

Calibration and discrimination of QRISK v Framingham v

ASSIGN

Table 4 compares predicted and observed risks of a
cardiovascular disease event at 10 years across each
tenth of risk (the first tenth representing the lowest
risk) for the Framingham, ASSIGN, and QRISK

equations. Overall, the Framingham equation over-
predicted risk at 10 years by 35%, ASSIGN by 36%,
and QRISK by 0.4%. All three equations tended to
over predict risk in the lowest three tenths for men
and women. The most noticeable over-prediction
occurred with ASSIGN, followed by the Framingham
equation and then QRISK. The Framingham equa-
tion, however, consistently over-predicted risk in
men across every tenth, with a 51% over-prediction
in the top tenth compared with 36% for ASSIGN and
8% for QRISK
Table 5 shows the validation statistics for QRISK

compared with the Framingham and ASSIGN equa-
tions. The receiver operating curve statistic indicates
that the final QRISK score has at least as good as, if
not slightly better, discrimination than the Framing-
ham and ASSIGN equations.
The R2 statistic (standard error) for QRISK in

women was 36.4% (0.43%), which is higher than the
corresponding value for the Framingham equation
which was 31.7% (0.44%). Similarly, the R2 statistic
for the model for men was higher for QRISK than for
the Framingham equation. The D statistic for QRISK
was 1.45 formen and1.55 forwomen, both higher than
the corresponding values for the Framingham equa-
tions which were 1.31 and 1.39 respectively, indicating
better discrimination for QRISK.

Predictions with age, sex, and social deprivation

Table 6 shows the proportion of patients with a cardio-
vascular disease risk score of ≥20% (high risk) by
Townsend fifths and sex according to each of the
three risk prediction scores.
The most noticeable differences were observed for

women. QRISK predicts 9.9% of women aged 35-74
from the most deprived fifth to be at high risk com-
pared with 3.0% of women from the most affluent
fifth. The corresponding values for the Framingham

Table 6 | Numbers (percentages) of patientswith a cardiovascular disease risk score ≥20%by sex and Townsend fifth in patients

aged35-74, estimated using three risk scores

Variables Total population

QRISK Framingham ASSIGN

No of patients % No of patients % No of patients %

Women

Townsend fifth*:

First 63 102 1871 2.97 2878 4.56 5451 8.64

Second 62 641 2408 3.84 3014 4.81 5699 9.10

Third 62 566 3054 4.88 3309 5.29 6661 10.65

Fourth 61 561 4598 7.47 3887 6.31 8168 13.27

Fifth 59 543 5910 9.93 3755 6.31 8873 14.90

Men

Townsend fifth*:

First 60 074 5770 9.60 12 324 20.51 9504 15.82

Second 60 020 6145 10.24 12 210 20.34 9546 15.90

Third 60 337 6569 10.89 12 175 20.18 9798 16.24

Fourth 61 346 7607 12.40 12 654 20.63 10 738 17.50

Fifth 63 363 7976 12.59 12 382 19.54 11 430 18.04

Total 614 553 51 908 8.45 78 588 12.79 85 868 13.97

*First fifth is most affluent and last fifth most deprived.
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equation are 6.3% (most deprived) and 4.6% (most
affluent).
QRISK predicts 12.6% of men from the most

deprived areas to be at high risk compared with 9.6%
of those from the most affluent areas. The correspond-
ing values for the Framingham equation were 19.5%
(most deprived) compared with 20.5% (most affluent).
Overall QRISK predicted 8.5% of patients aged 35-

74 to be at high risk compared with 12.8% for the Fra-
mingham equation and 14.0% for ASSIGN (table 7).
Using QRISK 34.5% of women and 72.9% of men
aged 64-75 would be at high risk compared with
24.1% and 86.0% using the Framingham equation.
Estimates based on QRISK give 3.2 million patients
aged 35-74 at high risk in the United Kingdom for
2005, with the Framingham equation predicting 4.7
million and ASSIGN 5.1 million.
Overall, 53 668 patients in the validation dataset (9%

of total) would be reclassified from high to low risk or
vice versa using QRISK compared with using the Fra-
minghamequation.Of these, 13 494patientswere clas-
sified as low risk using the Framingham equation but
high risk usingQRISK, and their observed 10 year risk
was 22.32% (95% confidence interval 21.36% to
23.32%). Conversely, of those 40 174 at high risk
using the Framingham equation but at low risk using
QRISK, the observed 10 year riskwas 16.45% (15.98%
to 16.93%).

DISCUSSION

Wederived andvalidated a newcardiovascular disease
risk equation (QRISK) in the United Kingdom in
readiness for a major change in national policy on the
identification of patients at high risk of cardiovascular
disease. It is the largest such study to have ever been
undertaken and the first time that routine data in a UK
general practice populationhave beenused rather than
an observational study in a predefined cohort. The
studywas validated on an independent sample of prac-
tices (althoughdata capturemethods are uniform in the

derivation and validation sample) and performs aswell
if not better than the Framingham algorithm in theUK
population. However, since the validation was carried
out in a similar population to the population from
which the algorithm was derived, it potentially has a
“home advantage.” Further validation in other popula-
tions is therefore required.
QRISK includes standard as well as additional risk

factors for cardiovascular disease, such as deprivation,
family history of premature coronary heart disease,
body mass index, and the effect of existing anti-
hypertensive treatment. Inclusion of antihypertensive
treatment at baseline is of relevance to 1 in 10 of the
population and failure to take this into account would
lead to a significant underestimation of cardiovascular
disease risk in thepopulation.Thepositive associations
with antihypertensive treatment and cardiovascular
disease risk were expected as these patients might
have several factors as well as blood pressure asso-
ciated with increased risk. Also these patients might
have subclinical disease.
Unlike the existing Framingham equations and the

European SCORE equation,31 QRISK identifies and
includes deprivation in the estimation of cardio-
vascular disease risk. This will be an important step in
supporting national initiatives to reduce health
inequalities in cardiovascular disease32 and is likely to
be an improvement on the Framingham algorithm,
which tends to over-estimate risk in affluent areas and
underestimate risk in deprived areas.8 Also, a weight-
ing for social deprivation might help to minimise
health inequalities, which may increase when new
interventions are introduced because of the inverse
equity hypothesis.33 The inclusion of a family history
of premature coronary heart disease is important
because observational studies indicate that such dis-
ease in a first degree relative increases risk by 50% or
more,34 35 although our estimates were lower. Further
work is needed to identify the utility of using self
reported ethnicity rather than an area based measure,

Table 7 | Numbers (percentages) of patients by age and sexwith cardiovascular disease risk ≥20% in validation cohort and

estimated numbers in UKpopulation in 2005 according toQRISK and Framinghamscores

Age band

Total No in
validation
cohort

QRISK Framingham

No at high risk in
validation cohort

Proportion at
high risk (%)

Estimated No at
high risk in UK,

2005
No at high risk in
validation cohort

Proportion at
high risk (%)

Estimated No at
high risk in UK,

2005

Women

Age group:

35-44 113 725 0 0 0 15 0.01 616

45-54 85 938 1 0 45 688 0.80 31 189

55-64 61 729 1277 2.07 74 008 4572 7.41 264 970

65-74 48 021 16 563 34.49 917 189 11 568 24.09 640 587

Men

Age group:

35-44 125 035 0 0 0 381 0.30 13 952

45-54 86 932 243 0.28 10 669 6815 7.84 299 201

55-64 56 690 7228 12.75 439 660 23 164 40.86 1 409 004

65-74 36 483 26 596 72.9 1 741 720 31 385 86.03 2 055 342

All patients 614 553 51 908 8.45 3 183 291 78 588 12.79 4 714 860
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because the inclusion of area measures of ethnicity in
QRISKdidnot improve theutility of the scorepossibly
as a result of the correlation with the area based mea-
sure of deprivation. QRISK tackles components not
included in SCORE,whichwasdesigned forEuropean
use. SCORE does not include cardiovascular disease
morbidity, which is an integral part of both trial data
(non-fatal myocardial infarction and stroke) and cost
effectiveness reviews. The health technology assess-
ment of statins in the United Kingdom has identified
a cardiovascular disease event of 20% in 10 years as the
threshold for treatment, of which most are non-fatal
events.36

Although QRISK includes more variables than the
Framingham algorithm and therefore seems more
complex, QRISK has been derived from routinely col-
lected clinical data from general practice. Not only is
QRISK likely to have a face validity in the setting
where it is likely to be applied, but software can be
developed within the general practice clinical system
to automatically calculate scores. Therefore this could
be implemented simply in clinical practice to flag high
risk patients for further assessment. Furthermore, the
case for inclusion of antihypertensive treatment has
already been made with respect to Framingham equa-
tions for risk prediction of stroke, a component of this
new equation.37

This study is based on a large, representative and
contemporary UK population with data obtained
from a validated research database. We used an open
cohort study design, which allowed patients to enter
the study population throughout the study period.
This was done so that patients who had more recent
data could be included in the estimation of the model
coefficients. The disadvantage of this approach is that
not all our patients had the opportunity to contribute
10 years worth of follow-up data although we did have
over 300 000 patientswith at least 10 years of follow-up
data. The median follow-up time was therefore rela-
tively short compared with the long established Fra-
mingham cohort and the more recent cohort used for
ASSIGN. This could introduce some imprecision in
the estimate of survival at 10 years. To assess this we
restricted the analysis to the closed cohort and found
minimal difference in the baseline survivor function.
As incidence of cardiovascular disease is changing
over time it is important to update this algorithm peri-
odically as planned. The cohort is socially, ethnically,
and geographically diverse and over 250 times the size
of the original Framingham cohorts from 30-50 years
ago. It includes both men and women.
The utility of any tool for risk prediction depends on

the quality of the data used to derive it; both risk factors
and outcome measure. Although levels of complete-
ness for some risk factors were good (notably body
mass index, smoking, and blood pressure), recording
levels were low for serum cholesterol. This is a likely
source of bias andmayhave contributed to the attenua-
tion of the hazard ratio of the cholesterol ratio term
towards one. However, comparison with the mean
values for systolic blood pressure, cholesterol, and

body mass index from the health survey for England
shows that this population is likely to be representative
of the population in England. This means our results
should be generalisable. The exception was smoking
where the survey rates were higher than the study
rates for women but lower than the study rates for
men. This could reflect a differential bias in self
reported smoking status either within the survey,
within the patients’ electronic health record, or within
both. A strength of our study, however, is the use of
multiple imputation of missing values, a technique
that is designed to increase the power of the analysis
and produce models that are more statistically reliable
and applicable within clinical practice.24 25 The pattern
of missing values, including differences in survival for
patients with and without missing data, supported the
use of this approach as compared with a complete case
analysis.We used a single baselinemeasure for systolic
blood pressure, which might lead to underestimation
of its associationwith cardiovascular disease risk owing
to large variation within individuals. Also we included
a relatively crudemeasure of blood pressure treatment
rather than undertaking a more complex time varying
approach.
The outcome measures in our study were not for-

mally adjudicated—that is, some patients with a diag-
nosis of cardiovascular disease may have been
misdiagnosed. Validation studies of similar general
practice databases show that false positive diagnoses
occur in fewer than 10% of cases.38 Similarly, the infor-
mation for some patients with cardiovascular disease
may not be recorded on the clinical records. Such mis-
classification of outcomes, if present and if non-differ-
ential for risk factors,will result in hazard ratios tending
towards one, which would reduce the discriminatory
power of a risk score. Our subgroup analysis between
2002 and 2007, however, showed a 94% ascertainment
rate for cardiovascular disease outcomes based on the
general practice clinical record alone compared with
outcomes including death certification data.
Under-ascertainment is more likely to affect patients

from the most deprived areas and so it is possible that
our algorithmwill underestimate risk in these patients.
This underlines the need to include measures of depri-
vation in both the development and the application of
risk prediction scores as well as the need for more and
better data linkage across the health service. It is worth
noting that this is the first time that cause of death data
from theOffice forNational Statistics have been linked
to general practice data across 60% of theUnitedKing-
dom.Only a five year subset of data were ready in time
for this analysis, data back to 1993 will be used to
update algorithms for coronary heart disease and
stroke.
Lastly, although we have validated QRISK on a

separate sample of one third of practices from QRE-
SEARCH (that is, a different population from the
population used to develop the algorithm), it could be
argued that this is not an entirely independent popula-
tion because all the practices were using the EMIS clin-
ical system. This potentially gives a “home advantage”
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to QRISK as prediction algorithms tend to perform
better in populations similar to the ones in which they
were derived. A second validation is therefore under-
way using a different general practice database (THIN)
derived from practices using a different clinical com-
puter system. This analysis, which will be a more
severe test of the performance of QRISK, will be
reported separately when complete.

Comparison with Framingham and ASSIGN algorithms

The Framingham cohort is an invaluable resource for
epidemiology and aetiology owing to the complete-
ness of data. The weakness is that it was based on
exceptionally high rates of cardiovascular disease at
the height of an epidemic but is now used as a tool to
describe risks in contemporary European populations
for the purpose of drug treatment. It has repeatedly
been shown to be seriously inaccurate. QRISK
explains a higher percentage of the variation than
either the Framingham or ASSIGN algorithms in
both men and women. Discrimination (the ability to
differentiate between high and low risk patients) with
QRISK was better than with the Framingham equa-
tion. Improved discrimination using QRISK results
in a steeper gradient of cardiovascular disease risk for
social deprivation compared with estimates using the
Framingham equation. QRISK tends to increase
cardiovascular disease risk estimates in people living
in deprived areas relative to those in more affluent
areas. This effect is most noticeable for women from
deprived areas. Inclusion of area based deprivation
measures within the QRISK prediction algorithm is
likely to predict more accurately which patients are at
high or low risk and so target interventions more
appropriately on the basis of likely clinical need.
Our analysis shows that neither the Framinghamnor

ASSIGNequations is well calibrated for this UKpopu-
lation, with both scores tending to over-predict risk. If
the patient’s absolute risk is lower than predicted, the
absolute benefits of an intervention will be smaller and
the balance of risks and benefits will be less favourable.
Additionally, overestimation of risk prediction will
adversely affect direct prescribing costs as well as the
costs associated with monitoring for, and managing,

side effects. The degree of over-prediction for the Fra-
mingham algorithm is consistent with that reported in
other validation studies of the Framinghamequation in
the United Kingdom.39 We think that the over-predic-
tion is probably the result of a combination of differ-
ences in risk factor means and prevalences and
baseline survival function. In ASSIGN, for example,
41.5% of patients smoked compared with 26% of the
study population; 26% of patients in the ASSIGN
cohort had a family history of premature coronary
heart disease in a first degree relative compared with
11% recorded in the study population. The mean
serum cholesterol level in the ASSIGN cohort was
6.23mmol/l comparedwith 5.8mmol/l in our popula-
tion. ASSIGN is calibrated to the incidence of cardio-
vascular disease in Scotland, which is higher than that
in England. Although much less noticeable, some
over-prediction occurred in the top tenth using
QRISK, which might reflect an effect of increasing
age when the effect of risk factors diminish and survi-
vors are more resilient. Alternatively it could be due to
competing risks of death, such as cancer, which
become more important at higher ages.

Conclusion

We have derived and validated a new cardiovascular
disease risk prediction score that is better calibrated for
the UK population and has better discrimination.
Overall in patients aged 35-74, the Framingham algo-
rithm over-predicted cardiovascular disease risk at
10 years by 35%, ASSIGN by 36%, and QRISK by
0.4%. QRISK predicted 9% of patients aged 35-74 to
be at high risk comparedwith 13% for the Framingham
equation and 14% for ASSIGN. UsingQRISKwe esti-
mate that 34% of women and 73% of men aged 64-75
would be at high risk compared with 24% and 86%
according to the Framingham equation. UK estimates
on the basis of QRISK give 3.2 million patients at high
risk in 2005, compared with 4.71 million for the Fra-
minghamequation and 5.1million forASSIGN.Over-
all,QRISKwould reclassify about 1 in 10 patients from
high to low risk or vice versa compared with the Fra-
mingham algorithm.

We think that QRISK is likely to provide more
appropriate estimates of cardiovascular disease risk in
contemporaryUKpopulations and better discriminate
those at high risk on the basis of their age, sex, and
social deprivation as well as existing antihypertensive
treatment. It is likely therefore to be a more equitable
tool to inform patient management decisions.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Current cardiovascular risk prediction algorithms based on the Framinghammodel tend to
over-predict risk and are not well calibrated for the UK population

The Framinghammodel does not include measures of deprivation, family history, body mass
index, or current treatment with antihypertensives

WHAT THIS STUDY ADDS

A new risk score, QRISK, performed at least as well as the Framinghammodel for
discrimination and was better calibrated to the UK population than either the Framingham
model or ASSIGN

QRISK would identify a different high risk group of patients than the Framingham equation,
with one in ten patients being reclassified into high or low risk

QRISK includes additional variables that allow better tailoring of management to the
individual patient and will help to minimise health inequalities
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