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ABSTRACT
Objective: To analyse the falls in coronary heart
disease (CHD) mortality in England between 2000 and
2007 and quantify the relative contributions from
preventive medications and population-wide changes in
blood pressure (BP) and cholesterol levels, particularly
by exploring socioeconomic inequalities.
Design: A modelling study.
Setting: Sources of data included controlled trials and
meta-analyses, national surveys and official statistics.
Participants: English population aged 25+ in 2000–
2007.
Main outcome measures: Number of deaths
prevented or postponed (DPPs) in 2007 by
socioeconomic status. We used the IMPACTSEC model
which applies the relative risk reduction quantified in
previous randomised controlled trials and meta-
analyses to partition the mortality reduction among
specific treatments and risk factor changes.
Results: Between 2000 and 2007, approximately
20 400 DPPs were attributable to reductions in BP and
cholesterol in the English population. The substantial
decline in BP was responsible for approximately
13 000 DPPs. Approximately 1800 DPPs came from
medications and some 11 200 DPPs from population-
wide changes. Reduction in population BP prevented
almost twofold more deaths in the most deprived
quintile compared with the most affluent. Reduction in
cholesterol resulted in approximately 7400 DPPs;
approximately 5300 DPPs were attributable to statin
use and approximately 2100 DPPs to population-wide
changes. Statins prevented almost 50% more deaths in
the most affluent quintile compared with the most
deprived. Conversely, population-wide changes in
cholesterol prevented threefold more deaths in the
most deprived quintile compared with the most
affluent.
Conclusions: Population-wide secular changes in
systolic blood pressure (SBP) and cholesterol levels
helped to substantially reduce CHD mortality and the
associated socioeconomic disparities. Mortality
reductions were, in absolute terms, greatest in the
most deprived quintiles, mainly reflecting their bigger

initial burden of disease. Statins for high-risk
individuals also made an important contribution but
maintained socioeconomic inequalities. Our results
strengthen the case for greater emphasis on preventive
approaches, particularly population-based policies to
reduce SBP and cholesterol.

INTRODUCTION
The UK, as many other industrialised coun-
tries, has experienced a remarkable 60%
reduction in coronary heart disease (CHD)
mortality since the 1970s. However, CHD
remains the leading cause of premature
death.1

Strengths and limitations of this study

▪ This is the first IMPACT model to quantify the con-
tributions of population risk factors and primary
prevention treatments to recent changes in CHD
mortality rates by socioeconomic quintiles.

▪ The datasets used for the model are representative
of the English population and used deprivation
scores for area of residence as an acceptable proxy
indicator for socioeconomic status.

▪ Unlike the previous IMPACTSEC models, our study
stratifies the analysis and results by gender. This
allowed us to gain valuable new insights, for
example the change in uptake levels for women in
the least deprived quintile was almost as effective
as the population-wide changes in SBP and
cholesterol.

▪ We assumed that changes in the risk factors and
treatment uptakes have equal effect across socio-
economic groups.

▪ The model was not able to explain around 14%
of the total CHD mortality fall. One possible con-
tributor might be the exclusion of other
‘upstream’ cardiovascular risk factors, which
might affect SES groups differentially.
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Approximately one-third of this initial CHD mortality
reduction was attributable to treatments, and two-thirds
to reductions in major risk factors. The biggest contribu-
tions came from a large decline in smoking prevalence
since the 1960s and more recent reductions in blood
pressure and cholesterol.2 3

The CHD mortality declines have demonstrated a
changing relationship with socioeconomic status
(SES).4–6 Initially it demonstrated a positive relationship
with SES (ie, with affluence).7 However, this has now
reversed in more recent studies in the UK, US, New
Zealand, Australia and Scandinavia.8–10

Risk factors have also demonstrated strong socio-
economic patterning. Substantial positive associations
between lower SES and higher smoking prevalence and
higher blood pressure levels have been reported in
several studies.11–13 However, for cholesterol, the evi-
dence has been less dramatic, with a higher intake of
saturated fats among the more deprived populations
reported in most studies,14–16 but not all.17–19

Socioeconomic differences in both risk factors may thus
explain some of the CHD mortality gradients. Thus, any
attempt to reduce the CHD burden and tackle the asso-
ciated socioeconomic inequalities should explicitly con-
sider these major risk factors.20

Primary prevention medications to lower blood pres-
sure and cholesterol therefore, have been a standard UK
health policy for almost two decades. However, while
their quantitative benefits to whole populations are
accepted, their potential contributions to reduce
inequalities are less clear.7 9 21–25

The aim of this study was, therefore, to analyse the
recent falls in CHD mortality and quantify the relative
contributions from preventive medications and from
population-wide changes in blood pressure and choles-
terol levels, particularly exploring the potential effects
on different socioeconomic groups.

METHODS
We used an extended version of the well-known IMPACT
model to estimate the contributions of population-level
risk factor changes and changes in treatment uptake on
the CHD mortality decline in England between 2000
and 2007 for adults aged 25 and above, for two major
risk factors—blood pressure and cholesterol.10

The IMPACT model applies the relative risk reduction
quantified in previous randomised controlled trials
(RCT) and meta-analyses to estimate the mortality
reduction attributable to (1) temporal change in risk
factor prevalence and (2) net change over the period in
the uptake of specific treatments in patients with each
specific form of CHD. This previously validated deter-
ministic cell-based model has been described in detail
elsewhere.21 26

The extended version IMPACTSEC model2 includes all
the major CHD risk factors: smoking, systolic blood pres-
sure (SBP), total cholesterol, body mass index (BMI),

diabetes, physical inactivity and fruit and vegetable con-
sumption. It also includes 45 medical and surgical treat-
ments employed in nine different patient groups.
Additionally, the model allows exploring the variation in
CHD mortality trends by socioeconomic circumstances.
Model inputs and outputs are stratified by the Index of
Multiple Deprivation (IMD) quintiles as a proxy indica-
tor of SES.14

Our primary outcome measure was the mortality fall
or more specifically, the total number of deaths pre-
vented or postponed (DPPs), for each deprivation quin-
tile, that can be attributed to either population-level risk
factor changes in SBP and cholesterol, or changes in the
uptake of antihypertensive and dyslipidaemia treatments.
The DPPs in 2007 relative to 2000 are defined as the dif-
ference between the number of CHD expected deaths
in 2007 (had age, sex and SES quintile-specific CHD
mortality rates in 2000 remained unchanged) and the
observed figures.
To calculate the expected number of CHD deaths in

2007, we multiplied the age-sex-IMD quintile specific
mortality rates from CHD in 2000 by the population
counts for 2007 in that age-sex-IMD quintile stratum.
Summing over all strata then yielded the expected
number of deaths in 2007 had mortality rates that
remained unchanged. Population counts, CHD mortality
rates and observed number of deaths used in this step,
along with sources, are enlisted in sections 3.1 and 3.2
of the online supplementary technical appendix.
The first part of the IMPACTSEC model calculates the

net benefit of statins and antihypertensive treatment in
2007. First, we calculated the expected number of DPPs
if statin and antihypertensive uptake rates in 2000
remained constant by multiplying the 2000 age-sex-IMD
quintile specific treatment uptake levels by the popula-
tion counts for 2000 in that age-sex-IMD quintile
stratum, the 1-year case fatality rate and the relative
reduction in the case fatality rate as a result of the admi-
nistered treatment. We did the same for the expected
number of DPPs in 2007 by using the 2007 age-sex-IMD
quintile specific treatment uptake levels. The difference
between the expected number of DPPs (ie, using the
treatment uptake rates in 2000) and the estimated
number DPPs (ie, using the 2007 uptake rates) is the
net benefit of treatments in 2007.
The uptake levels for antihypertensives and statins

were defined as the prevalence of never having had
angina or heart attack, and currently taking medication
specifically prescribed to treat high-blood pressure or
lipid-lowering treatment. Treatment uptake values, esti-
mates of treatment efficacy (relative risk reductions) and
age-sex specific case fatality rates, along with their
sources, are presented in sections 3.3–3.6 of the online
supplementary technical appendix.
The second part of the IMPACTSEC model estimates

the number of DPPs related to changes in SBP and chol-
esterol levels in the population. To calculate DPPs from
changes in risk factors we used the regression approach,
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where the number of CHD deaths in 2000 were multi-
plied by the absolute change in risk factor level (abso-
lute difference in the risk factors levels between 2000
and 2007) and by a regression β-coefficient quantifying
the estimated relative change in CHD mortality that
would result from a one unit change in risk factor level.
Risk factors mean levels and β-coefficients, along with
their sources, are presented in sections 3.7–3.9 of the
online supplementary technical appendix.
Recent reductions in CHD mortality have been the result

of simultaneous change in multiple risk factors. Hence,
part of the effect of one risk factor may be mediated
through another. In this regard, we used a cumulative risk
reduction adjustment factor (AF) to adjust downwards the
DPPs attributed to multiple risk factors acting additively or
separately, more details can be found in section 2.5 of the
online supplementary technical appendix.
Also we considered that some overlap between

pharmacological and non-pharmacological contribu-
tions to risk factor DPPs occur. Therefore, to estimate
the impact of population-wide reduction in total choles-
terol due to non-pharmacological change only, we sub-
tracted the estimated effect of cholesterol-lowering
treatments uptake levels change from the overall
number of DPPs due to change in mean total choles-
terol. A similar procedure was carried out for SBP and
antihypertensive treatments. For more details see section
2.6 of the online supplementary technical appendix.
Finally, we implemented sensitivity analysis using the

EXCEL add-in Ersatz software which allows Monte Carlo
simulation. This allows us to calculate 95% uncertainty
intervals (95% UI) for all outputs, based on 5000 draws
from specified probabilistic distributions for the model
input variables. The probabilistic distributions and their
parameters used for the each of the input variables can
be found in section 2.8 of the online supplementary
technical appendix.
More details on the methodology and worked exam-

ples can be found in the online supplementary technical
appendix.

RESULTS
SBP and cholesterol population levels
Figure 1 depicts the trends in population SBP and chol-
esterol levels between 2000 and 2007, stratified by IMD
quintiles and sex. SBP fell substantially between 2000
and 2007, by an average of 5.4 mm Hg in women and by
2.5 mm Hg in men. Total cholesterol also fell substan-
tially (by approximately 0.20 mmol/L), but equally in
men and women.
There was no evidence of a social gradient, since the

population factors levels were similar across IMD quintiles
with no statistically significant difference between them.

Antihypertensive and statin treatment uptakes
Figure 2 depicts treatments uptakes between 2000 and
2007: there was a substantial increase in both treatment

uptakes, especially statins. Uptake levels of antihyperten-
sive treatments and statins were remarkably equitable
across quintiles for men and women, with no statistically
significant differences between them.

Deaths prevented or postponed
There were approximately 38 000 fewer CHD deaths in
2007 than if 2000 mortality rates had persisted and been
applied to 2007 population estimates for England. Our
model was able to explain approximately 32 800 (86.3%)
of these fewer deaths (see table 1). Approximately 7100
(95% UI, 3500–14 200) fewer deaths (19% of the total
mortality reduction) were attributed to increases in the
uptake levels of treatments for high-blood pressure and
raised cholesterol. Approximately 13 300 (8500–17 400)
DPPs (35% of the mortality reduction) were attributed to
population falls in blood pressure and cholesterol in
asymptomatic individuals after subtracting the estimated
effect of increases in treatment uptakes. The remaining
32% of the deaths prevented or postponed in our model
were attributed to other risk factors and treatments.
Figure 3 shows the number of deaths prevented or

postponed from changes in the population mean levels
of SBP and cholesterol (figure 3A, left panel) and from
changes in the treatments uptake levels (figure 3B, right
panel). We can highlight some key aspects:
(1) Population falls in SBP and cholesterol resulted in

more DPPs than increases in uptake levels changes of
antihypertensives and statins; (2) Most of the mortality
reduction through population changes reflected falls in
SBP rather than in cholesterol; (3) By contrast, most of
the effect of treatment uptake levels changes was
through increments in the uptake levels in statin use
rather than antihypertensive use, reflecting the larger
increase in statins use during the period of study (e.g.,
statin uptake rate in 2000 was around 1% compared to
12% in 2007); (4) Substantial numbers of DPPs were
observed in all social class groups; (5) The absolute
effect of population changes on DPPs was larger among
persons residing in the most deprived quintiles; and (6)
by contrast, the number of DPPs attributable to
increases in treatment uptake levels was remarkably
equitable across SES groups. However, statin uptakes
apparently postponed or prevented slightly more deaths
in the most affluent quintile than in the most deprived
quintile (figure 3B).

Systolic blood pressure
Overall, SBP falls between 2000 and 2007 prevented or
postponed approximately 13 000 (8100–17 500) deaths
(34.2% of the total mortality reduction). Approximately
1800 (700–3900) of those were attributable to antihyper-
tensive treatments (4.7% of the total mortality reduc-
tion) and some 11 200 DPPs (6500–15 100), over sixfold
more, were attributable to population-wide SBP changes
(29.5% of the total mortality reduction). Substantially
more DPPs through population-wide changes occurred
in the most deprived quintile: 2400 (1600-3100)
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compared with the most affluent quintiles: 1800
(1000–2600). Thus population-wide changes apparently
helped to reduce inequalities in absolute terms.

Conversely, changes in treatment uptake levels demon-
strated the opposite effect, since more deaths were pre-
vented in the most affluent quintile (360 DPPs)

Figure 1 Mean values of systolic blood pressure (SBP) and cholesterol (with 95% UI) between 2000 and 2007 for England

stratified by deprivation quintiles and sex.

Figure 2 Uptake levels and proportion change in treatment uptake (with 95% UI) between 2000 and 2007 for England stratified

by deprivation quintiles and sex.
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compared to the most deprived (280 DPPs). However, in
both cases, SES differences were not statistically signifi-
cant. Detailed outputs with uncertainty intervals can be
found in section 4 of the online supplementary tech-
nical appendix.

Cholesterol
Overall, cholesterol falls between 2000 and 2007 resulted
in approximately 7400 (3900–14 500) fewer deaths
(19.5% of the total mortality reduction). This total com-
prised some 5300 (2100–12 300) fewer deaths (13.9% of
the total mortality reduction) attributable to statin medi-
cations and approximately 2100 (1000–3200) fewer
deaths (5.5% of the total mortality reduction) attribut-
able to population-wide falls in cholesterol. Statin medi-
cations prevented some 1100 (400–2700) deaths in the
most affluent quintile compared to approximately 800
(300–1900) DPPs in the most deprived quintile.
Conversely, population changes in cholesterol resulted
in approximately 700 (500–1000) DPPs in the most
deprived quintile and some 200 (40–400) DPPs in the

most affluent quintile. However, like SBP, there was no
clear SES gradient. Section 4 of the online supplemen-
tary technical appendix provides detailed outputs with
uncertainty intervals.

Gender differences
Figure 4 shows the number of deaths prevented or post-
poned in men and women from falls in the population
mean levels of SBP and cholesterol (figure 4A, left
panels) and from increases in the treatment uptake
levels (figure 4B, right panels). For men, although most
of the mortality reduction came from population falls in
SBP, cholesterol reductions also had a considerable
larger effect in reducing mortality compared to women
(four times higher). By contrast, the number of DPPs
due to increases in treatment uptakes in men appeared
remarkably equitable across SES groups.
For women, the impressive reduction in SBP mean

level between 2000 and 2007 contributed the most to
the total mortality reduction and in all quintiles,
whereas population level reductions of cholesterol had a

Table 1 CHD deaths prevented or postponed between 2000 and 2007 in England, stratified by deprivation quintiles

Deaths prevented or postponed (DPP)

England

IMD quintile 1

affluent IMD quintile 2 IMD quintile 3 IMD quintile 4

IMD quintile 5

deprived

Mean 32 770 5775 6745 7015 6870 6370

95% LL 25 990 4430 5320 5420 5400 5100

95% UL 41 550 7705 8515 9360 8765 7830

Figure 3 Number of deaths prevented or postponed (DPPs) between 2000 and 2007 in England, attributable to changes in the

population in SBP and cholesterol (A, left panel), changes in uptakes levels for antihypertensive treatments and statins (B, right

panel); stratified by deprivation quintiles
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smaller benefit. Moreover, the joint benefit of increasing
treatment uptakes (antihypertensive and statins) in
women appeared to have an important effect: for
example, in the most affluent quintile (IMDQ1) the
reduction in DPPs due to the increase in treatment
uptakes for women was almost as effective as the
population-wide falls in both sexes for that quintile.
However, in terms of differences between men and

women, the results of the uncertainty analysis suggest
that these are not significant in statistical terms. More
detailed outputs split by gender can be found in section
5 of the online supplementary technical appendix.

DISCUSSION
CHD mortality in England fell by a remarkable 34%
between 2000 and 2007. This represents an impressive
38 000 fewer deaths from CHD in 2007 than if the 2000
mortality rates had persisted. Reductions in major cardio-
vascular risk factors of blood pressure and cholesterol
explained for almost two-thirds of this large mortality fall.

Blood pressure trends
Declines in the population blood pressure level made
the largest contribution to the overall fall in CHD mor-
tality. In contrast, antihypertensive treatments produced
only modest benefits. First, because the baseline CHD
event rate was low in asymptomatic individuals (≤1% per
year) yielding only a small reduction of the attributable
risk during the period of study.27 Second, treatment effi-
cacy is low; and third, blood pressure control is still poor
(adherence levels to medication are around 60%),7

leading in conjunction to a substantial residual risk.21 28

Cholesterol trends
Population-wide falls in cholesterol levels averted more
deaths in the most deprived quintiles, reflecting similar
absolute falls but much higher baseline mortality rates.
The increase in the uptake of statins between 2000 and
2007 made an even greater contribution to the overall
mortality fall: twofold greater than the change in popu-
lation cholesterol (16% vs 6%), and with equitable bene-
fits across all five SES groups.

Figure 4 (A and B) Number of deaths prevented or postponed (DPPs) from changes in the population in systolic blood pressure

(SBP) and cholesterol, changes in uptakes levels for antihypertension and statins between 2000 and 2007 in England, stratified

by deprivation quintiles and sex.
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Comparisons with other studies
Our results are consistent with previous analyses in the
UK and around the world, supporting the importance
of this study beyond England. Using the IMPACT model
to examine contributions to the overall reductions in
CHD mortality in England and Wales population
between 1981 and 2000, Unal, Critchley3 reported a
higher contribution from blood pressure changes (com-
pared to cholesterol). Some 76% of this contribution
was attributable to population-wide changes rather than
antihypertensive medications. IMPACT analyses carried
out in the USA and Irish populations between 1980–
2000 and 1985–2000 likewise observed substantially
greater benefits attributable to secular changes in risk
factors rather than treatments.26 27

The analysis by DeWilde, Carey29 suggested that
reported blood pressure treatments were responsible for
25% of 5 mm Hg reduction in SBP during the period
1994–2009 for England.
Emberson et al30 applied a very different methodology

using evidence from randomised control trials and
cohort studies to analyse the effectiveness of population-
wide changes in risk factor levels against the high-risk
individual approach. Their findings were entirely consist-
ent with ours. They concluded that a mere 10% reduc-
tion in population-wide blood pressure and cholesterol
levels might achieve a 45% reduction in cardiac events in
the long term. However, it would be needed to provide
treatment to approximately 26% of the UK population at
high risk to achieve only a 34% reduction in cardiac
events. The US CHD policy model likewise reported that
population-wide reductions of salt intake (3 g/day)
might prevent between 44 000 and 90 000 deaths.31

Strengths and limitations
This is the first IMPACT model to quantify the contribu-
tions of population risk factors and primary prevention
treatments to recent changes in CHD mortality rates by
socioeconomic quintiles.
The data sets used for the model are representative of

the English population and used deprivation scores for
area of residence as an acceptable proxy indicator for
socioeconomic status. This allowed a sufficient sample
size to quantify the effect of risk factor modification
through changes in population-wide risk factor levels
and treatment uptakes.
Unlike, the previous IMPACTSEC models (Bajekal et al2

and Scholes et al22), our study stratifies the analysis and
results by gender. This allowed us to gain valuable new
insights. For example, changes in SBP and cholesterol
population levels for women led to the highest number
of DPPs for all quintiles. More surprisingly, the change
in uptake levels for women in the least deprived quintile
was almost as effective as the population-wide changes in
SBP and cholesterol. This suggests that any attempt to
tackle the socioeconomic inequalities in CHD mortality
should explicitly consider these gender differences.

However, our study has limitations that should also be
acknowledged. First, the area-level categorisation may
not be representative of individual circumstances.
Furthermore, observed SES differences in CHD mortal-
ity might reflect not material deprivation but other con-
founding and mediator factors such as alcohol
consumption, obesity or ethnicity. However, the IMD is a
comprehensive multidimensional construct of socio-
economic status made up of seven domains, and based
on small geographical areas (less than 1500 residents)
called lower level super output areas (LSOAs). The
advantage of using LSOAs is that their smaller geograph-
ical size also allows for a more detailed knowledge of
deprived areas.
Our risk factor effect data might still have some

residual confounding. Statins and antihypertensive medi-
cation data are from the surveys; therefore, some mis-
classification bias might be present.
We assumed that treatments and lifestyle changes have

an immediate effect on CHD mortality, which might not
be entirely true. However, Capewell and O’Flaherty23 32

pointed out evidence from clinical trials and policy
interventions which consistently suggest that changes in
diet and lifestyle across entire populations can be rapidly
followed by dramatic declines in mortality.
We assumed that changes in the risk factors and treat-

ment uptakes have equal effect across socioeconomic
groups. However, the benefits of falls in risk factors or
increases in treatment uptakes may be higher in more
affluent groups.2 This may partly explain the faster rates
of CHD mortality decline in the most affluent quintiles
as Bajekal et al10 pointed out. Likewise, we assumed that
the relative risk reduction due to treatments remained
constant from 2000 to 2007.
We simply subtracted the mortality gains from increas-

ing uptake levels of statins from the overall gains due to
reductions in total cholesterol to estimate the impact of
population-wide reduction in total cholesterol due to
non-pharmacological change only. This mutually exclu-
sive adjudication of cause adjustment might overestimate
medication benefit.
Given the background of higher mortality and morbid-

ity in the more deprived quintiles, DPPs might overesti-
mate the actual health gain, as we do not know the
additional life span gained by preventing a specific death
at a specific time. This might result in a lesser reduction
in inequalities than DPPs alone would suggest.
Finally, our model was not able to explain around

14% of the total CHD mortality fall between 2000 and
2007. One possible contributor might be the exclusion
of other ‘upstream’ cardiovascular risk factors, which
might affect SES groups differentially, for example, psy-
chosocial stress.33

Implications for public health and clinical care
This study shows that population-wide secular falls in
blood pressure and cholesterol have substantially helped
to decrease CHD mortality and reduce the associated
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socioeconomic disparities in absolute terms. Furthermore,
as we discussed earlier, there is an increasing body of evi-
dence to support the use of population-wide approaches
to reduce CHD risk factors. Mackenbach et al34 recently
evaluated 22 successful preventive interventions in the
Netherlands. Approximately 75% of the health gains
during the period 1970–2010 were achieved by a popula-
tion approach and just 25% by a high-risk individual
approach.
In the UK, the population-wide fall in blood pressure

is consistent with the recent successful implementation
of policies to reduce salt intake. Similar trends have
been reported in other developed countries.21 28 There
are also several international examples where policy
interventions have proven to be effective at achieving sig-
nificant reductions in saturated fats, trans-fats and cal-
ories in processed foods and takeaway meals.24 31 35 36

However, policies to reduce saturated fats and trans-fats
have so far been neglected in the UK.25

Conversely, targeting high-risk individuals with medica-
tion appears less effective and may also widen socio-
economic inequalities in CHD mortality.37 38 Any
intervention that requires people to mobilise their own
resources (material and psychological) will understand-
ably favour those who have greater resources37 and thus,
widen social inequalities. Thus, those with the poorest
health will benefit the least from such interventions.38

However, there is no simple choice between either
population-based or high-risk strategies to reduce CHD
mortality. The approaches are complementary in deliver-
ing the greatest public health benefit.39 40 It is, however,
clear that individual-based treatment strategies can
afford only modest reductions in mortality compared
with addressing risk factors population wide.
Severely limited healthcare budgets are now forcing

planning systems to consider how best to allocate future
resources. Our results strengthen the case for greater
emphasis on preventive approaches, particularly
population-based policies to reduce blood pressure and
cholesterol. Such strategies might be more powerful,
rapid, cost-effective and equitable than additional prevent-
ive medications.25
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