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Fifty years ago it was thought that people either had
hypertension or not in the same way that a woman is
pregnant or not. With the realisation that blood pressure
is continuously related to cardiovascular risk, hyper-
tension has more recently been defined as the blood
pressure level above which there would be substantial
(or clinically significant) benefits from lowering blood
pressure;1 the same idea has been applied to defining
hyperlipidaemia. Most adults in developed countries and
increasing numbers in developing countries would meet
these so-called capacity to benefit2–4 definitions. This fact
has implications for governments since they are
responsible for reducing major threats to health, and
much greater investment is needed for population-based
cardiovascular disease preventive strategies. In this
review we focus on the clinical implications of these
definitions, which are also relevant because almost every
adult could be eligible for individualised treatment. We
argue that treatment decisions should be based mainly
on absolute estimates of cardiovascular risk. As a result,
some patients with average or below average levels of
blood pressure or blood cholesterol will be treated in
preference to other patients with higher levels. Although
this approach has been advocated for at least 10 years,5,6

and is supported by both observational and clinical trial
evidence, many clinicians still base treatment decisions
mainly on blood pressure or cholesterol levels.

Relative risk of cardiovascular diseases   
Meta-analyses of individual patient data, from prospective
observational studies covering both developed and
developing populations, show the same general pattern of
association between blood pressure or blood cholesterol
levels and relative risk of cardiovascular disease.4,7–9 As
figure 1 shows, for a specific absolute change in blood
pressure there is a constant relative change in cardio-

vascular risk between the blood pressure range of about
110/70 mm Hg and 170/105 mm Hg.2–4,7–10 A difference in
diastolic blood pressure of about 5 mm Hg is associated
with about a 20% relative difference in coronary risk and
about a 35% relative difference in stroke risk anywhere
within this wide blood pressure range.3 A 0·6 mmol/L
difference in total blood cholesterol corresponds to about
a 27% relative difference in coronary risk,3 and this
association is roughly constant anywhere in the total
cholesterol range between about 4·0 mmol/L and
9·0 mmol/L.7,10 The relation between blood cholesterol
and ischaemic stroke is also positive but the relation with
haemorrhagic stroke is uncertain.11 Although observa-
tional studies show a stronger relation between these two
risk factors and cardiovascular risk in younger than in
older people, the relative association remains constant
within any one age-group.4,7,10

Data from randomised trials of blood pressure or
blood cholesterol lowering treatments are generally
consistent with the observational evidence discussed
above. Trials show that for a given absolute reduction in
blood pressure or blood cholesterol, the cardiovascular
risk reduction is similar to that predicted by
observational studies.3,12–15 Moreover, most of the
predicted risk reduction seems to happen within about
5 years of treatment, which is the typical duration of
trials. The relative risk reductions are also similar at
different pretreatment levels of blood pressure and
blood cholesterol. Several trials of blood pressure
lowering drugs have been done without any blood
pressure entry thresholds,16,17 and these trials show
similar relative risk reductions whatever the entry blood
pressure. For example, figure 2 shows the constant
relative reduction in stroke risk by tertile of entry blood
pressure in PROGRESS,17,18 a trial of blood pressure
lowering in more than 6000 people with previous
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In this review, we outline the rationale for targeting blood pressure and blood cholesterol lowering drug treatments

to patients at high absolute cardiovascular risk, irrespective of their blood pressure or blood cholesterol levels.

Because the specific levels of blood pressure and cholesterol are of little clinical relevance when considered in

isolation from other risk factors, terms such as hypertension or hypercholesterolaemia have limited value. Separate

management guidelines for raised blood pressure and blood cholesterol need to be replaced by integrated

cardiovascular risk management guidelines, and absolute cardiovascular risk prediction scores should be used

routinely. Since cardiovascular risk factors interact with each other, moderate reductions in several risk factors can

be more effective than major reductions in one. An affordable daily pill combining low doses of various drugs could

be useful for the many individuals with slightly abnormal cardiovascular risk factors. 
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cerebrovascular disease. The same pattern is seen with
blood cholesterol lowering treatments and is best shown
by the Heart Protection Study,19 which randomly
assigned more than 20 000 high-risk people to a statin or
placebo if their total blood cholesterol concentration was
greater than 3·5 mmol/L. About a quarter of the
participants had entry total cholesterol concentrations
less than 5·0 mmol/L or LDL cholesterol lower than
3·0 mmol/L, and no attenuation of relative cardio-
vascular risk reduction was noted across the tertiles of
entry cholesterol concentrations (figure 3).

Although observational studies show an age-related
attenuation of the relative association between blood
pressure or blood cholesterol and cardiovascular risk,4,20,21

randomised trials have not indicated a clear age-treatment
interaction.16,19,22,23 Whether this age-related attenuation in
relative risk is real or an artifact is of little consequence
because the absolute pretreatment risks (and therefore the
absolute benefits of treatment) are generally much greater
in elderly people than in younger patients.16,17,19,22

Absolute risk of cardiovascular disease
Absolute cardiovascular disease risk (ie, the probability
that a patient will have a cardiovascular event in a
defined period) is determined by the synergistic effect of
all cardiovascular risk factors present,24 and absolute
differences in risk can vary more than 20-fold in patients
with the same blood pressure or cholesterol levels.10 The
most powerful risk predictors are age, previous sympto-
matic cardiovascular disease, and pathophysiological
changes, such as left ventricular hypertrophy and renal
impairment, but many factors, including increasing
blood pressure and lipids, smoking, male sex, and
others, interact to determine absolute risk.25 Single risk
factors such as blood pressure or cholesterol have a
minor effect on a patient’s absolute risk in the absence
of other risk factors, but they can have a major effect in
the presence of several risk factors.26 For example,
figure 4 shows the effect on absolute cardiovascular risk
of successively adding risk factors in patients with
different systolic blood pressure levels, and figure 5
shows the similar effects of additional risk factors 
in individuals with different blood cholesterol
concentrations. A non-smoking non-diabetic 50-year-old
woman with a total cholesterol of 4·0 mmol/L, an HDL
cholesterol of 1·6 mmol/L, and a systolic blood pressure
of 130 mm Hg, has a 5-year cardiovascular risk of about
1%. However, the same woman with the same blood
pressure would have a 10% 5-year risk if she were a
smoker with a total cholesterol of 7 mmol/L and an HDL
of 1 mmol/L. If she also had diabetes her 5-year risk
would be almost 20% despite an identical blood
pressure. A similar range of predicted absolute
cardiovascular risks would be recorded in women with
identical total and HDL cholesterol levels but different
patterns of other risk factors. As a result of this
synergistic effect of risk factors, individuals with low

blood pressure or blood cholesterol might have much
higher absolute risks than others with high levels of one
of these risk factors. These observations emphasise the
clinical limitations of terms such as hypertension or
hypercholesterolaemia.
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Figure 2: Relative risk reduction in stroke by baseline blood pressure level in PROGRESS18

SBP=systolic blood pressure. DBP=diastolic blood pressure. Modified from reference 18 with permission of Elsevier.

Figure 1: Relative risk of coronary heart disease and stroke by blood pressure8 and cholesterol10 concentration
SBP=systolic blood pressure. CHD=coronary heart disease. DBP=diastolic blood pressure. Derived from data
presented in the references cited.
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As with relative differences in risk, the absolute
cardiovascular risk reductions shown in clinical trials of
blood pressure or cholesterol lowering are consistent
with the absolute benefits predicted from prospective
observational studies. For a specific reduction in either
blood pressure or blood cholesterol, randomised trials
show that the absolute cardiovascular treatment benefit
is directly proportional to the pretreatment absolute risk

(figures 6 and 7).22,27–29 These figures show similar relative
reductions in risk whether or not the trials included
individuals with previous stroke or vascular disease. By
contrast, the absolute differences in benefit vary about
two-fold to three-fold with a greater absolute benefit in
patients with previous cardiovascular disease. 

Estimating absolute cardiovascular risk
In view of the wide range of possible absolute
cardiovascular risks in patients with similar blood
pressure or blood cholesterol concentrations, accurate
risk assessment is fundamental to effective clinical risk
management. Results from a North American study
examining clinicians’ ability to quantify cardiovascular
risk and treatment benefits suggests that knowledge of
risk is poor in both generalists and specialists.30

Clinicians had inflated perceptions of cardiovascular risk
and benefits of treatment. When given a hypothetical
case of a patient with raised cholesterol, family doctors
and general internists overestimated 5-year risk of
myocardial infarction by more than three-fold and
absolute treatment benefits by a greater margin, and
specialists overestimated risk by two-fold and benefits by
three-fold.

A range of paper-based and electronic cardiovascular
risk prediction scores is now readily available (table 1).
Although the degree of uptake is uncertain, a growing
body of research has shown that risk prediction scores
are usable in routine clinical practice39,40 and lead to
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Figure 3: Relative risk reduction in cardiovascular disease by baseline blood cholesterol concentration in the
Heart Protection Study19

CVD=cardiovascular disease. TC=total cholesterol. Derived from data presented in the reference cited.
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Figure 4: Absolute risk of cardiovascular disease over 5 years in patients by systolic blood pressure at specified levels of other risk factors26

Reference category is a non-diabetic, non-smoker female aged 50 years with total cholesterol of 4·0 mmol/L and HDL of 1·6 mmol/L. Risks are given for systolic
blood pressure levels of 110, 120, 130, 140, 150, 160, 170, and 180 mm Hg. In the other categories additional risk factors are added consecutively, for example, the
diabetes category is a diabetic 50-year-old male cigarette smoker, with a total cholesterol of 7 mmol/L and HDL of 1 mmol/L. TC=total cholesterol. Derived from data
presented in the references cited.
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improved risk management.41,42 Many scores have been
derived from the Framingham Heart Study, a cohort
study of about 5000 white Americans, established more
than 50 years ago and replenished by offspring of the
original cohort.43 Scores have also been based on the
Prospective Cardiovascular Munster (PROCAM) Study,
a working population of about 20 000 people in northern
Germany, initiated in 1979,44 and another score is based
on about 5000 people with diabetes from the UK
Prospective Diabetes Study.35 Several other
cardiovascular mortality scores have been published,
one based on 47 088 adults with raised blood pressure
from eight European and North American trials,37 and
the European SCORE project’s high risk and low risk
region charts based on 12 European cohorts
representing 2·7 million person-years of follow-up.38

Most of the scores have been generated with regression
models, although the PROCAM investigators have
developed a neural network-based score that they believe
will improve prediction.36 Their neural network model
predicted about 75% of all cohort events over 10 years
within a high-risk subgroup including only 7·9% of the
cohort, whereas a regression model predicted only 46%
of events in 8·4% of the cohort. However, the
investigators have yet to validate their models in
independent populations and neural network models are
typically less generalisable than regression models.

Several validation studies have been done with the
Framingham prediction scores but findings are

conflicting. Framingham investigators report that their
risk scores are reasonably generalisable across popula-
tions with coronary rates similar to North American
rates and that the scores can be recalibrated for other
populations.45 Other investigators report less favourable
results for both the discriminatory power and generalis-
ability of Framingham predictive functions.46,47 Most
validation studies report relative measures of validity,
such as similarities in relative risks or areas under
receiver-operator characteristic curves. However, such
measures do not capture the more clinically relevant
absolute predictive validity of the approach, such as the
proportion of all events predicted in a small, definable,
and treatable high-risk group. Models that include a

Relative risk and 95% confidence interval 
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Figure 6: Absolute and relative treatment effects on stroke in blood pressure lowering trials, by prior history
of stroke15

Derived from data presented in the references cited.

Figure 5: Absolute risk of cardiovascular disease over 5 years in patients by blood total cholesterol at specified levels of other risk factors26

Reference category is a 50-year-old non-smoker, non-diabetic female with systolic blood pressure of 110 mm Hg, HDL of 1·6 mmol/L. Risks are given for total
cholesterol concentrations of 4·0, 4·5, 5·0, 5·5, 6·0, 6·5, 7·0, 7·5, and 8·0 mmol/L. In each of the other categories additional risk factors are added consecutively,
for example the HDL=1 mmol/L category is a 50-year-old, female cigarette smoker with systolic blood pressure of 170 mm Hg and HDL of 1 mmol/L. Derived from
data presented in the references cited. SBP=systolic blood pressure.
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greater range of risk factors35,36 tend to be more predictive
than do those with fewer factors,26 suggesting that there
is potential to improve on the models in use and that the
usefulness of predictive factors such as C-reactive
protein48 should be investigated further.

As a minimum requirement, risk prediction scores
should be based on populations with reasonably similar
risk profiles and event rates to those to which they are
applied, or the scores should be calibrated to fit the
target population.45 The proportions of patients likely to
be classified at different absolute risk levels should be
estimated so that practical and economically sustainable
treatment thresholds can be set. Although, ideally,
prediction models should be developed locally, they
should at least be validated in local populations.49 With
the increasing use of electronic medical records, it is
now theoretically possible to link risk factor profiles with
disease event data in large patient populations.50,51 These
developments in information technology will enable
cardiovascular risk prediction scores to be generated
rapidly for specific populations as part of routine clinical
practice.

Unresolved issues  
Potential life years gained from preventing a
cardiovascular event  
There is much confusion about the relation between
short-term absolute risk (eg, 5-year risk of a
cardiovascular event) and the long-term absolute
benefits of treatment (eg, life-years gained from
prevention of a cardiovascular event). Short-term
absolute risk and therefore short-term absolute
treatment benefit increase exponentially with age,
favouring treatment in older patients, but it has been
argued that younger people have more to gain than do
older people from preventive therapies because of their
greater life-expectancy.52 Although the number of
potential life-years lost after a cardiovascular event in
younger people is greater than in older people, the
differences are surprisingly small after adjustment for
discounting of life expectancy and case fatality.53 A
description is given below and is shown in table 2.

First, most people value time in the distant future less
than in the near future.54 Therefore, meaningful
comparisons of potential life-years lost from a
cardiovascular event at different ages need a weighting
(ie, discounting) that gives less value to years in the
distant future than in the near future. With the
conservative discount rate of 3% that has been
recommended by a US panel on cost-effectiveness55

(ie, every future year is valued at about 3% less than the
previous one), the average life expectancy of a 40-year-
old man falls from 37 actual years to about 22 discounted
years and the average life expectancy of a 70-year-old
man falls from 12 actual years to about 10 discounted
years. Second, case fatality after a cardiovascular event is
much higher in older than in younger people. Norris56

reported 30-day case fatality after acute coronary events
of more than 50% in people aged 65–74 years but less
than 25% in those younger than 50 years. Therefore
people older than 65 years who have a major

Risk prediction method Data from which approach Outcomes predicted Target population Available formats
derived

NZ chart31,32 Framingham Heart Study, USA Non-fatal and fatal CVD 35–75 year olds without CVD Colour charts and electronic calculator
Sheffield table33 Framingham Heart Study, USA Non-fatal and fatal CHD 28–70 year olds without CVD Colour charts
Joint British Societies chart34 Framingham Heart Study, USA Non-fatal and fatal CHD 35–75 year olds without CVD Colour charts and electronic calculator
UKPDS risk engine35 UKPDS, UK Non-fatal and fatal CHD People with diabetes Online and electronic calculators 

or Stroke without CVD
PROCAM Neural Network PROCAM, Germany Non-fatal and fatal Men aged 40–65 years with or Web-based calculator
Calculator36 myocardial infarction without CVD
Pocock Risk Score37 Eight randomised controlled trials of Fatal CVD 35–74 year olds with or Paper-based and online calculators

antihypertensive treatment in without CVD 
North America and Europe

Framingham subsequent Framingham Heart Study, USA Non-fatal and fatal CHD 35–74 year olds with CVD Paper-based calculator
CHD score25

The SCORE charts for low and 12 European cohort studies Fatal CVD 40–65 year olds Colour charts
high risk European regions38

CVD=cardiovascular diseases. CHD=coronary heart disease. UKPDS=United Kingdom Prospective Diabetes Study.

Table 1: Examples of absolute cardiovascular risk prediction scores

Few or no participants
had a history of 
vascular disease 

Most or all participants 
had a history of 
vascular disease 

Treatment
Control 0% 5% 10% 15% 20%

Absolute risk reduction/5 years
(95% confidence interval)

2·0% (1·7%, 2·3%) 

3·4% (3·1%, 3·6%) 

Relative risk reduction
(95% confidence interval)

24% (17%, 30%)  

24% (18%, 21%)  

0·5 1 1·5

Relative risk and 95% confidence interval Estimated 5-year CHD event rate

Figure 7: Absolute and relative treatment effects on coronary heart disease in cholesterol lowering trials, by
history of vascular disease29

CHD=coronary heart disease. Derived from data presented in the references cited. 
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cardiovascular event will lose more than half their
potential remaining life expectancy through death in the
first 30 days whereas those younger than 50 years will
lose only a quarter of their remaining life expectancy.

The approximate halving of the difference in life
expectancy between 40-year-olds and 70-year-olds
through slight discounting, and the doubling of case-
fatality in 70-year-olds compared with 40-year-olds,
results in a similar number of discounted life-years lost
after a cardiovascular event in the two age-groups
(table 2). This finding suggests that any additional long-
term benefits from prevention of an event in a 40-year-
old compared with a 70-year-old might be smaller than
one would intuitively expect. These calculations do not
take into account the morbidity or disability attributable
to a cardiovascular event or other comorbidities, and
young people who have a non-fatal event could lose
more disability-free years than older individuals. While
elderly people are more likely to be physically disabled as
a result of a non-fatal cardiovascular event than younger
people, they are also more likely to have other health-
related disabilities. However, the psychological effect of
a cardiovascular event in younger people might be
greater than in elderly individuals. Therefore, the effect
of disability that can be attributed to a cardiovascular
event in different age-groups, including both physical
and psychological effects, is difficult to quantify. 

Data shown in table 2 suggest that individuals aged
about 80 years lose fewer potential discounted life years
after a cardiovascular event than do younger people,
principally because of their much shorter life
expectancy. It might therefore be reasonable to make
some adjustment to absolute risk-based risk prediction
scores for any individual with a short life expectancy.
Age-specific disability weights might be deemed
appropriate in future.

Treatment targets  
Few trials assessing cardiovascular outcomes have
randomly assigned patients to standard versus intensive
blood pressure lowering. An overview of three trials of
intensive compared with less intensive blood pressure
lowering showed a greater reduction in cardiovascular
events with intensive treatment; the difference in stroke
risk was 20% (95% CI 2–35), coronary risk was 19%
(2–33), and major cardiovascular disease risk was 15%
(4–24).14,59 A recent trial has shown that intensive lipid-
lowering treatment with statins provides greater
cardiovascular protection than do standard statin treat-
ment regimens,58 and overviews of cholesterol lowering
trials show a dose-response relation with cardiovascular
outcomes.3,59 Individual patients are therefore likely to
achieve the greatest benefit from the maximum tolerated
reductions in blood pressure or cholesterol. Since side-
effects of drug treatment are typically dose-related, and
because cardiovascular risk factors act synergistically,
the most effective strategy for lowering cardiovascular

risk might be one that targets moderate reductions in
multiple risk factors rather than large reductions in
single factors; however, no trials have compared these
two strategies. Although cost and complexity of
management is one barrier to multiple interventions,
development of one tablet combining different drugs,
such as the proposed polypill,59 could be of substantial
merit. For high-risk patients with only slightly raised
levels of different risk factors, a low-dose combination
tablet might be especially appropriate. A low-dose
multidrug approach would also be consistent with the
absolute risk-based treatment strategy that lessens the
importance of any one risk factor in the decision to treat
or in setting treatment goals.

The most important treatment goal might be keeping
the patient on a one tablet drug cocktail rather than
achieving best possible individual risk factor levels. In
usual practice, the magnitude of a patient’s response to
treatment is difficult to determine accurately anyway,
even with multiple measurements of one risk factor.
Irwig and colleagues60 used data for within individual and
population variance of blood cholesterol to investigate the
number of tests needed to accurately estimate an
individual’s cholesterol concentration and response to
treatment. They concluded that even with several
measurements the confidence interval around the
recorded estimate is wide. The same measurement
difficulties have been shown for blood pressure.61 For
these reasons, less emphasis should be placed on
reaching treatment targets for specific risk factors and
more on identifying high-risk patients and targeting
multiple risk factors. Shepherd62 describes a so-called
“fire and forget” approach in which a small standard dose
of statin is given to many people without considering the
target blood cholesterol concentration. Perhaps this
approach could be modified to aim (at high-risk patients),
fire (with a multidrug low dose tablet), and forget (the
individual risk factors—but not adherence to treatment).

Patients’ expectations of treatment benefits  
Little research has been done on patients’ expectations of
preventive interventions, but perceptions of cardiovas-
cular risk and treatment benefits are probably as inflated

Age Average life Average life expectancy 30-day case fatality after Average discounted life-years 
(years) expectancy discounted at 3% a major CVD event* (%) lost after a CVD event, attributable

(years) per year (years) to 30-day case fatality (years)

80 6·8 6·2 60 3·7
70 12·2 10·3 50 5·2
60 19·2 14·8 40 5·9
50 27·6 18·9 30 5·7
40 36·8 22·4 25 5·6

*Coronary heart disease case fatality used as a proxy for cardiovascular disease case fatality56 (note that the model does not
account for morbidity after a cardiovascular disease event).

Table 2: Effect of discounting and 30 day case fatality on life years lost after a cardiovascular disease
event in men
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as doctors’ perceptions.30 Investigators have examined
the threshold of benefit for a hypothetical cholesterol-
lowering drug below which participants would not be
prepared to take the drug.63 The study included
307 people who: had been discharged from a coronary
care unit; were taking cardioprotective drugs but had no
recent history of myocardial infarction; or were neither
on drugs nor had a history of myocardial infarction.
Median absolute benefit thresholds were 20% over
5 years in the first two groups and 30% in the third
group. These values are well above the probable benefits
of most standard treatments, which are seldom greater
than 10–15% in absolute terms. Research on patients’
knowledge of risk and their expectations of treatment
benefits should be a major priority in view of the
apparent discrepancy between their expectations and the
actual benefits of treatment. This difference in
expectations of patients and those inferred from clinical
recommendations might account for the poor uptake of
many preventive interventions.

Conclusions  
Individualised management of cardiovascular risk
should be informed mainly by the probable size of
absolute treatment benefits. Neither doctors nor their
patients are well informed about the importance of these
benefits. Attention should be moved from knowing
one’s blood pressure and cholesterol concentrations to
knowing one’s absolute cardiovascular risk and its
determinants. Most cardiovascular risk factors cannot be
divided into present or absent categories and, in view of
the synergistic effects of these factors, risk cannot be
easily estimated in one’s head. A quantitative cardio-
vascular risk/benefit assessment should be a routine
component of quality clinical practice in middle aged
and older adults. It is timely for terms such as hyper-
tension and hypercholesterolaemia to be removed from
our clinical vocabulary and the next generation of
clinicians should treat risk not risk factors.
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