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Introduction
Cardiovascular disease remains a major cause of global 
mortality and morbidity. Atherosclerosis is the main underlying 
cause in the majority of cardiovascular disease events. 
Traditional independent risk factors for car diovascular disease 
include age, abnormal lipid levels, elevated blood pressure, 
smoking and elevated blood sugar levels (diabetes mellitus). 
These risk factors are incorporated into a risk score, such as 
the Framingham Risk Score (FRS), that is used to predict an 
individual’s absolute risk of a cardiovascular event, typically over 
the next 10 years, e.g. 15% risk over 10 years.

These risk scores are useful in predicting risk in populations, but 
their ability to predict a cardiovascular event in an individual 
patient is not accurate and varies considerably across diff erent 
populations.1

Currently, there are three methods of calculating cardiovascular 
risk. These are risk charts, e.g. FRS, a non-laboratory-based risk 
calculation, and lastly, screening for subclinical cardiac disease.

Problems with cardiovascular risk prediction
The estimation of cardiovascular risk is not an exact science. 
One of the problems is that different combinations of risk 
factors in any given patient may interact in a complex way that 
is diffi  cult to incorporate into a risk score.2 Risk is the product 
of several factors. Risk estimation attempts to determine the 
combined eff ects of several risk factors.

Risk prediction models, e.g. FRS, systematic coronary risk 
evaluation (SCORE) score, QRESEARCH cardiovascular risk 
algorithms (QRISK1 and QRISK2) and Prospective Cardiovascular 
Münster (PROCAM) score, are risk estimates for populations. It is 
problematic to apply a risk estimate to an individual patient. On 
average, these risk scores provide fairly accurate risk estimates, 
but they have high intrinsic variance for the prediction of risk 
when applied to a given patient.1

There is low short-term risk (over 10 years) in a signifi cant 
proportion of the population, but high lifetime risk. Age in all 
risk tables is a major driver of short-term risk of cardiovascular 
events in this regard. The result is that the risk scores become 

misleading. Becoming older is by far the strongest predictor of a 
cardiovascular event. Typically, there is an increased lifetime risk 
of a young person developing an event, but a low short-time 
risk because of age.

Framingham Risk Score
The Framingham Heart Study taught us the concept that 
a cumulative average of risk provided by cardiovascular 
risk factors could be more important than the peak of one 
cardiovascular risk factor.3 The FRS is a well validated tool 
and has been tested in many populations. However, it has 
well established limitations in non-white, female and young 
cohorts.4

A systematic review of studies comparing FRS predicted risk 
of coronary artery disease to the observed incidence of such 
events over 10 years has demonstrated under-prediction in 
high-risk people (predicted to observed ratio of 0.43) and 
over-prediction in low-risk people (predicted to observed 
ratio of 2.87).5 Typically, there is a c-statistic of 0.763 in men 
and 0.793 in women when using the FRS.6 The c-statistic (area 
under the receiver operating  characteristic curve) incorporates 
two measures of the accuracy of a screening or diagnostic 
test, namely sensitivity (the ability to detect disease when 
it is present), and specifi city (the ability to exclude disease 
when it is absent). A c-statistic of 0.50 is uninformative with no 
discrimination. There is perfect discrimination with a c-statistic 
of 1. A c-statistic of 0.76 and 0.79 means that at least one in 
four to one in fi ve cases of cardiovascular events will be missed 
using the FRS prediction. Various additions to the basic FRS, 
such as C-reactive protein and B-type natriuretic peptide, have 
not led to large improvements in the c-statistic. For example, 
including an observed carotid atherosclerotic plaque adds 
0.01–0.05 to the FRS. There are too little data on whether or 
not various other emerging risk factors could improve the FRS. 
However, testing of emerging risk factors is underway as how to 
improve the accuracy of the FRS.

The FRS is also being tested on its ability to predict lifetime risk 
in the Framingham Off spring Study, to be followed over 30 years 
for hard cardiovascular end-points, such as coronary death, 
myocardial infarction and strokes. The c-statistic was 0.803.7
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In addition, the updated FRS can be used to calculate the 
vascular age of a patient using the same cardiovascular risk 
factors, e.g. a patient may have a risk score of 10% over the 
next 10 years, and the vascular age could be 60 years when 
the patient is only 48 years old. The vascular age is useful in 
motivating patients to improve their vascular age by better 
adhering to therapy.6

Non-laboratory-based risk calculation
At least five risk calculators that use age, smoking status, 
blood pressure level, hypertension treatment status, the 
presence of diabetes mellitus (or not) and body mass index 
(kg/m²), replace laboratory-measured serum cholesterol levels. 
Removing cholesterol from the risk chart has not led to a 
signifi cant reduction in the c-statistic.8 These non-laboratory-
based risk scores can be used in low-income countries where 
the cost of a laboratory test can be prohibitive and a barrier to 
the use of cardiovascular risk prediction. Available models for 
non-laboratory-based risk scores were evaluated in a recent 
publication.9

Screening for subclinical disease
Screening for, or the measurement of, the presence of 
subclinical disease (including target organ damage), 
represents a more defi nitive way of personalising preventative 
cardiovascular treatment.1 Screening for disease also reduces 
uncertainty for the patient and may facilitate an improvement 
in personalised decision-making.

Coronary artery calcium (CAC) is a marker and direct 
measurement of the total burden of atherosclerosis in the 
coronary artery. CAC integrates the cumulative effect of 
measured and unmeasured risk factors on an individual’s 
vascular bed. A CAC score of zero indicates little or no 
signifi cant coronary artery disease, while increasing CAC scores 
are associated with increasing risk.10

Visualised carotid plaques improve the ability to predict future 
myocardial infarction significantly.11 Both increased CAC 
scores and visualised carotid plaques, as evidence of disease in 
asymptomatic patients, may benefi t the patient through plaque 
stabilisation and lipid-reducing statin therapy.

Left ventricular hypertrophy, reduced estimated glomerular 
fi ltration rate and microalbuminuria are indicative of organ 
damage, and are associated with increased cardiovascular risk. 
There is a cumulative impact if these are added to a risk score, 
especially in patients with an intermediate risk score.12

Not included in the current risk charts
A family history of premature coronary heart disease or 
cardiovascular death is associated with an approximately 50% 
higher long-term risk of cardiovascular disease, even after 
adjustment for traditional risk factors.13 A positive family history 
is also not incorporated into traditional risk scores.

It is estimated that up to 4.5% of cases of myocardial infarction 
may be associated with or due to air pollution.14 This risk factor 
has also not been incorporated into the risk scores.

Are chronic kidney disease and depression risk factors? They 
are not included in any risk scores, and yet they are associated 
with increased cardiovascular events. Both are also strong 
contenders as emerging cardiovascular risk factors.

The use of nonsteroidal anti-inflammatory drugs
It was shown in a recent, extensive meta-analysis that all 
studied nonsteroidal anti-infl ammatory drugs (NSAIDs) cause 
gastrointestinal complications (cyclo-oxygenase-2 to a lesser 
degree), increase the risk of heart failure (naproxen, the most) 
and cardiovascular events (except naproxen).15 There can be up 
to three major vascular events in 1 000 patients at moderate risk 
of heart disease, including one death due to a year of high-dose 
NSAID therapy. NSAIDs also interfere with low-dose aspirin 
which is given for cardiac protection. Therefore, NSAIDs and 
aspirin should be given at least eight hours apart. Patients must 
undergo cardiovascular risk assessment before an NSAID is 
prescribed. Protective cardiovascular therapy should be off ered 
to high-risk patients. NSAIDs are also not given to patients for at 
least six months after an acute event, e.g. myocardial infarction, 
a stroke or percutaneous coronary intervention. In this 
meta-analysis, it was clear that the higher the cardiovascular 
risk, the higher the chance of the NSAID causing harm. In 
addition, the NSAID must be given at the lowest possible 
eff ective dose to provide pain relief. It should not be prescribed 
for long periods in order to reduce cardiovascular risk. 
Ultimately, a balance between benefi t and risk is needed. The 
FRS is useful in helping this decision to be made.

References
1. McEvoy JW, Diamond GA, Detrano RC, et al. Risk and the physics of 

clinical prediction. Am J Cardiol. 2014;113(8):1429–1435.
2. Graham IM, Cooney MT. Risks in estimating risk. Eur Heart J 

2014;35(9):537–539.
3. Christ iaens T.  Cardiovascular  r isk tables.  BMJ. 

2008;336(3679):1445–1446.
4. Shaw LJ. Why global risk scores fail to detect at-risk young 

woman and men with acute coronary syndrome. Can J Cardiol. 
2014;30(1):12–13.

5. Brindle P, Beswick A, Fahey T, Ebrahim S. Accuracy and impact of risk 
assessment in the primary prevention of cardiovascular disease: a 
systematic review. Heart. 2006;92(12):1752–1759.

6. D’Agostino RB Snr, Vasan RS, Pencina MJ, et al. General 
cardiovascular risk profile for use in primary care: The Framingham 
Heart Study. Circulation. 2008;117(6):743–753.

7. Pencina MJ, D’Agostino RB Snr, Larson MG, et al. Predicting the 
30-year risk of cardiovascular disease: The Framingham Heart Study. 
Circulation. 2009;119(24):3078–3084.

8. Gaziano TA, Young CR, Fitzmaurice G, et al. Laboratory-based 
vs. non-laboratory method for the assessment of cardiovascular 
disease risk: the NHANES 1 Follow-up Study cohort. Lancet. 
2008;371(9616):923–931.

9. Kariuki JK, Stuart-Shor EM, Leveille SG, Hayman LL. Evaluation of the 
performance of existing non-laboratory based cardiovascular risk 
assessment algorithms. BMC Cardiovasc Dis. 2013;13:123.

10. Detrano R, Guerci AD, Carr JJ, et al. Coronary calcium as a predictor 
of coronary events I four racial or ethnic groups. N Eng J Med. 
2008;358(13):1336–13345.

11. Inaba Y, Chen JA, Bergmann SR. Carotid plaque compared to 
CIMT more accurately predicts coronary artery disease events: a 
meta-analysis. Atherosclerosis. 2012;220(1):128–133.

12. Volpe M, Battistoni A, Tocci G, et al. Cardiovascular risk assessment 
beyond systemic coronary risk estimation: a role for organ damage 
markers. J Hypertens. 2012;30(6):1056–1064.

13. Bachmann JM, Willis BL, Ayers CR, et al. Association between 
family history and coronary heart disease death across long-term 
follow-up in men: Cooper Center Longitudinal Study. Circulation. 
2012;125(25):3092–3098.

14. Mustafic H, Jabre C, Caussin C, et al. Main air pollutants and 
myocardial infarction: a systematic review and meta-analysis. JAMA. 
2012;307(7):713–721.

15. Coxib and Traditional NSAIDs Trialists’ (CNT) Collaboration, 
Bhala N, Emberson J, et al. Vascular and upper gastrointestinal 
effects of non-steroidal anti-inflammatory drugs: meta-analysis 
of individual participant data from randomized trials. Lancet. 
2013;382(9894):769–779.

D
ow

nl
oa

de
d 

by
 [

41
.1

33
.3

9.
63

] 
at

 0
6:

43
 2

0 
A

ug
us

t 2
01

4 


