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New risk 
score for 
cardiovascular 
disease with 
improved 
performance

QR4 is a new cardiovascular 
disease (CVD) risk score 
developed and evaluated in 
16.9 million people that has 
better performance than other 
commonly used CVD risk scores. 
It includes nine new risk factors 
associated with increased risk of 
developing CVD (for example, a 
heart attack or stroke) over the 
next 10 years.

The problem

Cardiovascular disease (CVD) causes  
an estimated 17.9 million deaths  
worldwide annually, according to  
the World Health Organization.  
International guidelines recommend  
the use of CVD risk-prediction tools  
to determine which people are at  
high risk and should receive interven-
tions to reduce risk. Consequently, the 
effectiveness of public health policies 
relies on risk-prediction tools that 
identify all important risk groups in the 
population, with validated risk estimates 
across the full range of population  
characteristics (such as age, ethnicity, 
sex and medical conditions). Previous  
research has highlighted some condi-
tions associated with increased CVD risk 
that are not included in any of the three 
most widely used CVD risk-prediction 
scores: ASCVD1, QRISK3 (ref. 2) and 
SCORE2 (refs. 3,4). These conditions 
include chronic obstructive pulmonary 
disease (COPD), learning disability, 
Down’s syndrome, cancer and female 
reproductive health conditions. If these 
conditions are independently associated 
with increased CVD risk, then current 
CVD risk scores will underestimate CVD 
risk in affected people. We sought to 
derive a new population-based CVD 
risk score to include these factors and 
validate it compared with three other 
CVD risk scores.

The solution

We developed and validated QR4,  
a new algorithm to estimate 10-year CVD 
risk that accounts for the competing  
risk of death and incorporates nine risk 
factors, all with good clinical utility. 
These additional predictors are learning 
disability, Down’s syndrome, COPD, lung 
cancer, oral cancer, blood cancer and 
brain cancer (each in men and women), 
and pre-eclampsia and postnatal depres-
sion (in women only). We used large  
and diverse populations from across  
the United Kingdom: over 9.9 million 
people to develop the algorithm, and  
6.9 million people to evaluate the algo-
rithm, with two established research  
databases (QResearch and Clinical  
Practice Research Datalink Gold) of  
anonymized electronic health records 
collected during routine clinical care 
from the UK National Health Service 
(NHS). We used these databases to  
ensure that our populations were  
representative and that the results  
of the study would generalize well.  

We compared QR4’s performance  
in ranking patients by risk of CVD  
(discrimination) and predicting risk 
accurately (calibration) with that of 
ASCVD, QRISK3 and SCORE2.

The new algorithm was well cali-
brated, and its overall performance 
was better than that of the other widely 
used CVD risk scores. QR4 enabled 
more-accurate CVD risk estimation, 
which should lead to improvements in 
health outcomes, especially for people 
with the conditions now included as 
risk predictors (Fig. 1). QR4 is likely to 
result in clinically important changes 
in risk estimates; these changes will 
lead to different CVD risk-reduction 
advice or interventions, particularly 
for those with the newly included risk 
factors, which might lead to interven-
tions at a younger age. Furthermore, the 
algorithm takes into account the risk of 
death from other causes and thereby 
reduces over-prediction of CVD risk, 
especially among elderly populations.

The implications

Widely available CVD risk algorithms 
have been used for many millions of 
CVD health checks worldwide, sup-
ported by international guidelines. 
However, it is important that guidance 
be based on the best possible algo-
rithms, because they will affect which 
patients are offered risk-reducing 
interventions. Failure to accurately 
assess CVD risk and offer appropriate 
risk-reducing interventions across all 
patient groups might further disadvan-
tage vulnerable patients, particularly 
those with relevant co-morbidities 
(such as COPD, Down’s syndrome 
or learning disability), survivors of 
cancer, or people with a history of 
postnatal depression or pre-eclampsia. 
Although the underlying conditions 
themselves might not be modifiable, 
the identification of people at high risk 
in these groups can lead to targeted 
interventions to reduce CVD risk.

Our validation population was fully 
from the United Kingdom; further 
research to enable international use 
should evaluate the algorithm in differ-
ent countries with different CVD rates 
and risk-factor profiles. This evaluation 
might be achieved by further validation 
and recalibration where necessary,  
using different data sets with appropri-
ate linked data.
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Fig. 1 | Predicted 10-year CVD risk with QR4. Examples of predicted 10-year CVD risk in specific  
populations (white men and women with healthy levels of modifiable risk factors (systolic blood pressure, 
cholesterol, body weight index and smoking status) and each of the newly included risk factors), calculated 
with QR4, presented as predicted risk (%) of CVD at 10 years (vertical axis). Dashed red lines (Reference) 
indicate the risk for an age-matched person with no adverse health condition. Down, Down’s synrome.  
© 2024, Hippisley-Cox, J. et al.

expeRt opinion

“This paper describes the development 
of QR4, the latest of the QRISK algorithms 
designed to estimate the 10-year risk of 
cardiovascular disease (CVD). Various 
improvements over QRISK3 might have 
implications for CVD prevention in the UK. 
The data used cover a more recent time 

period, suggesting that the estimated 
CVD risks will be more appropriate for the 
contemporary UK population, and inclusion 
of various additional health conditions as 
risk predictors might improve risk estimation 
for affected individuals.” Lisa Pennells, 
University of Cambridge, Cambridge, UK.

Behind the papeR

In 2007, we published the original version 
of QRISK, a new CVD risk algorithm for the 
United Kingdom, given that the NHS needed 
to identify the patients at highest risk to 
target them for interventions. In 2008,  
we published QRISK2, which accounted  
for ethnicity and several additional  
co-morbidities. Both algorithms were 
externally validated and showed better 
performance than that of other CVD risk 
tools. By 2014, QRISK2 was recommended 
for use across the NHS. In 2017, in response 
to requests from patients, policymakers and 

clinicians, we developed QRISK3 to include 
additional conditions, such as severe mental 
illness. QRISK3 is now recommended 
for clinical use in the United Kingdom, 
superseding QRISK2, and has been used 
many millions of times in the United 
Kingdom and internationally. This paper 
presents a new algorithm that supersedes 
QRISK3 by including additional predictors, 
new statistical methods and improved 
underlying linked electronic health care 
data. J. H.-C. & C.C.

fRom the editoR

“Using large data sets from the United 
Kingdom, this study updates one of the most 
commonly used risk scores, QRISK3, for 
predicting the 10-year risk of CVD. The new 
risk score, called QR4, outperforms standard 
risk scores and can potentially have a strong 
clinical impact by changing how CVD risk 
for patients is calculated.” Editorial Team, 
Nature Medicine.
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