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Objectives

§ Describe trends in the epidemiology of stroke and the role of 
primary prevention

§ Review the impact of lifestyle on stroke risk
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Burden of Stroke
§ 2nd leading cause of death world-wide
§ 5th leading cause of death in the United States

- ~1 in 20 deaths
§ Third leading cause of disability-adjusted life-years lost

- A leading cause of adult disability
§ Someone in the US has a stroke every 40-seconds
§ $45.5 billion direct and indirect costs in 2014-2015

Virani et al. Circulation 2020;141:e139-e596
GBD 2016 DALYs and HALE Collaborators. Lancet 2017;390:1260–1344
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Changing World-Wide Stroke Burden
Objective

§ Determine whether the global burden of stroke has increased 
since 2010 using the most recent available data

Goldstein Stroke 2020 51:708-710
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Since 2010, has the world-wide incidence of 
stroke:

§ Decreased
§ Increased
§ Remain unchanged
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Results - Global Stroke Incidence

Year Rate 95% UI
2010 148 140-157
2017 156 146-168

Change 5.3% Increase

Incidence per 100,000

Goldstein Stroke 2020 51:708-710
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Results - Global Stroke Prevalence

Year Rate 95% UI
2010 1,143 1,099-1,192
2017 1,364 1,289-1,441

Change 19.3% Increase

Prevalence per 100,000

Goldstein Stroke 2020 51:708-710
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Results - Global Stroke Mortality

Year Rate 95% UI
2010 79 78-80
2017 81 79-83

Change 5.3% Increase

Deaths per 100,000

Goldstein Stroke 2020 51:708-710
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Results - Global Stroke DALY

Year Rate 95% UI
2010 1,683 1,626-1,739
2017 1,728 1,656-1,798

Change 2.7% Increase

DALYs per 100,000

Goldstein Stroke 2020 51:708-710
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Background - Stroke Mortality Trends
United States 2004-2013

Data from Benjamin et al. Circulation 2017;135:e146-e603
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Background -Stroke Mortality Trends
United States 2004-2017

Virani et al. Circulation 2020;141:e139-e596
Yang et al. MMWR 2017;66:933-939
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2013-2015
• 75% of states had a slowing, 

plateau or reversal of prior 
declines in adults >age 35 years

• Largest increase in South 
Census Region

• Significant 4.2% increase 
versus 3.3% annual decline 
2006-2013
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CDC Vital Signs 2018 
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DukeMedicine
Neurology

Stroke Mortality
United States 2017

https://nccd.cdc.gov/DHDSPAtlas/?

• Kentucky ranked 38
• 40.2 per 100,000
• 7.2% above the 

national average
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Stroke Mortality
Kentucky 2017

https://nccd.cdc.gov/DHDSPAtlas/?state=County

Counties with Stroke Care Network Hospitals
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Stroke Mortality
Appalachia 2008-2014

Health Disparities in Appalachia 2017 - http://www.cdc.gov/nchs/data_access/cmf.htm
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Stroke Mortality
Appalachia 2008-2014

Health Disparities in Appalachia 2017 - http://www.cdc.gov/nchs/data_access/cmf.htm
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Stroke Mortality Decline
Appalachia vs United States

Health Disparities in Appalachia 2017 - http://www.cdc.gov/nchs/data_access/cmf.htm
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Stroke Mortality
Appalachia

Health Disparities in Appalachia 2017 - http://www.cdc.gov/nchs/data_access/cmf.htm

1989-1995                                                2008-2014

Coded by national quintile
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Is the increase in stroke mortality related to:

§ Increased incidence
§ Increased case fatality

22

Increasing Stroke Mortality

§ Increase in stroke incidence
§ Increase in case-fatality rate

23

A ll R ig h ts  R e s e rv e d , D u k e  M e d ic in e  2 0 0 7

Urban-Rural Stroke Disparities
REACH Registry – Incident Stroke

Community Age, Sex, Race, 
Region

+ Risk 
Factors

+SES

Urban* 1.00 1.00 1.00 
Large rural 1.23 

(1.01–1.51) 
1.21 

(0.99–1.48) 
1.18

(0.96–1.44) 
Small rural/isolated 1.30 

(1.03–1.62) 
1.26 

(1.01–1.58) 
1.19

(0.94–1.50) 
p for trend 0.0073 0.015 0.071 

Howard et al. Stroke 2017;48:1773-1778

Hazard ratio:  Adjusted for age, sex, race, region (* Reference)

Risk factor adjustment: hypertension, diabetes mellitus, smoking, atrial fibrillation, 
left ventricular hypertrophy, and heart disease 

SES adjustment: individual income and education and neighborhood SES 

24
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Urban-Rural Stroke Disparities
REACH Registry – Stroke Case Fatality

Community Age, Sex, Race, 
Region

+ Risk 
Factors

+SES

Urban* 1.00 1.00 1.00 
Large rural 1.22

(0.70–2.15) 
1.25

(0.71–2.21) 
1.13

(0.63–2.01) 
Small rural/isolated 0.73

(0.36–1.48) 
0.77

(0.38–1.58) 
0.70

(0.33–1.44) 
p for trend 0.61 0.74 0.47 

Howard et al. Stroke 2017;48:1773-1778

Hazard ratio:  Adjusted for age, sex, race, region (* Reference)

Risk factor adjustment: hypertension, diabetes mellitus, smoking, atrial fibrillation, 
left ventricular hypertrophy, and heart disease 

SES adjustment: individual income and education and neighborhood SES 

25
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Objectives

§ Describe trends in the epidemiology of stroke and the role of 
primary prevention

§ Review the impact of lifestyle on stroke risk
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Stroke Lifestyle Risk Factors
INTERSTROKE Study

Risk Factor Odds Ratio (95% CI)
Current smoking 2.09 (1.75-2.51)
“Poor” diet 1.35 (1.11-1.64)
Regular physical activity 0.69 (0.53-0.90)
Waist:hip ratio (T3 vs T1)* 1.65 (1.36-1.99)
>30 Alcoholic drinks/month or 
binging

1.51 (1.18-1.92)

Psychosocial factors
Psychosocial stress
Depression

1.30 (1.06-1.60)
1.35 (1.10-1.66)

O’Donnell et al. Lancet 2010;376:112-123

22 Worldwide case-control studies
2007-2010
N=6000

* Cutoffs
• Men: 0·91 and 0·96
• Women 0·86 and 0·93 
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Effects of Potentially Modifiable Stroke Risk Factors
INTERSTROKE Study- 32 Countries

Risk Factor OR (95% CI) PAR (95% CI)

HTN 2.98 (2.72-3.28) 48% (45-51%)

Regular Physical Activity 0.60 (0.52-0.70) 36% (28-45%)

(Apo)B/ApoA1 ratio* 1.84 (1.65-2.06) 27% (22-32%)

Diet* 0.60 (0.53-0.67) 23% (18029%)

Waist:hip ratio* 1.44 (1.27-1.64) 19% (13-25%)

Psychosocial factors 2.20 (1.78-2.72) 17% (13-23%)

Current smoking 1.67 (1.49-1.87) 12% (12-15%)

Cardiac disease 3.17 (2.68-3.75) 9% (  8-10%)

High alcohol consumption 2.09 (1.64-2.67) 6% (  3-10%)

Diabetes mellitus 1.16 (1.05-1.30) 4% (  2- 8%)

O’Donnell et al. Lancet 2016;388:761-775

Ten potentially modifiable risk factors associated with 90% of the PAR

* Highest vs lowest tertile
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Effects of Potentially Modifiable Stroke Risk Factors
INTERSTROKE Study- 32 Countries

Risk Factor OR (95% CI) PAR (95% CI)
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High alcohol consumption 2.09 (1.64-2.67) 6% (  3-10%)

Diabetes mellitus 1.16 (1.05-1.30) 4% (  2- 8%)

O’Donnell et al. Lancet 2016;388:761-775

Ten potentially modifiable risk factors associated with 90% of the PAR

* Highest vs lowest tertile

29
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Acute Ischemic Stroke, US
National Inpatient Sample
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Data from George, Tong & Bowman. JAMA Neurol. 2017;74:695-703
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Increase Prevalence of Risk Factors
Patients Hospitalized with Acute Ischemic Stroke

were diabetic (table e-3). Admissions with comorbid
hypertension and diabetes increased by 36.1%, from
25.1% in 2004 to 34.2% in 2014 (table e-2).

Dyslipidemia was listed as a secondary diagnosis
in 46.9% of hospitalizations (table 1). Overall dys-
lipidemia prevalence more than doubled during the
study period (from 28.9% in 2004 to 58.6% in
2014) (table 1) across all age groups (figure 1, table
e-4). Admissions with concomitant hypertension,
diabetes, and dyslipidemia also increased by
.200%, from 9.4% in 2004 to 23.7% in 2014
(table e-2).

Comorbid drug abuse prevalence in men (3.0%)
was.2 times the prevalence in women (1.4%) while
smoking prevalence in men (19.2%) was over 60%
higher compared to women (11.5%). Drug abuse
prevalence increased 2-fold, from 1.4% in 2004 to
2.8% in 2014 in all patients, while smoking preva-
lence increased by 70% over the same period. Most of
this increase occurred in young and middle-aged pa-
tients (figures 1 and 2 and table e-4). By 2014, 38.3%
and 44.1% of AIS patients aged 18–39 years and 40–

59 years, respectively, were using cigarettes, alcohol,
or drugs (table e-2).

Prevalence and trends in chronic renal failure, carotid

stenosis, and coronary artery disease. CRF prevalence
increased by approximately 3-fold, from 4.8% in
2004 to 15.0% in 2014. More black participants
had CRF compared to white participants (17.1% vs
10.8%) and by 2014, 20% of black participants
had CRF compared to the 14.0%–14.9% preva-
lence in other races (table e-3). CRF prevalence
increased exponentially in all age groups except in
those 18–39 years of age, where rates remained
unchanged over time in both sexes (table e-4)
(figure 2).

Overall prevalence of CAD was 26.5% (table 1).
CAD prevalence was greater in the elderly compared
to other age groups and estimates in white partici-
pants (28.9%) were greater than those in black
(20.7%) and Hispanic participants (23.8%) (table
e-3). Prevalence also increased from 25.2% to
27.3% over the study period.

Figure 1 Weighted prevalence of hypertension, diabetes mellitus, dyslipidemia, and tobacco smoking in acute ischemic stroke patients
hospitalized in the United States from 2004 to 2014

(A) Hypertension, (B) diabetes mellitus, (C) dyslipidemia, (D) tobacco smoking.

4 Neurology 89 November 7, 2017

ª 2017 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

Otite et al. Neurology 2017;89:1985-1994

Hypertension Diabetes

Dyslipidemia Smoking

National Inpatient Sample
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Prevalence of  3-5 Risk Factors in Men
NIS, Ischemic Stroke Hospitalizations
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HTN, DM, LD, Obesity, Tobacco Use
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Discussion - Prevalence of  3-5 Risk Factors in Women
NIS, Ischemic Stroke Hospitalizations
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Life’s Simple 7

Physical activity

Healthy weight

Healthy diet

Don’t smoke or
use smokeless tobacco

Healthy blood pressure

Healthy lipid levels

Healthy blood glucose 
levels

Virani et al. Circulation 2020;141:e139-e596

34

Definitions of Poor, Intermediate and Ideal 
for Each Component of CV Health

Virani et al. Circulation 2020;141:e139-e596
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Prevalence of Poor, Intermediate and Ideal 
CV Health - Children (ages 12-19 yr, 2015-16)

Virani et al. Circulation 2020;141:e139-e596

Smoking

Body 
Mass 
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Physical 
Activity

Health 
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Total 
Cholest

Blood 
Pressure
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Percent

Ideal Intermediate Poor

36

Prevalence of Poor, Intermediate and Ideal 
CV Health - Adults (2015-16)

Virani et al. Circulation 2020;141:e139-e596

Smoking

Body Mass Index

Physical Activity

Healthy Diet

Total Cholesterol

Blood Pressure

Diabetes

Percent

Ideal Intermediate Poor
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Baseline, Projected and Target Metrics

Virani et al. Circulation 2020;141:e139-e596

Percent

Ideal Intermediate Poor

Men Women

38

What is the anticipated relative reduction in
stroke that may be expected with following a
healthy lifestyle?

§ 20%
§ 40%
§ 60%
§ 80%

39
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Impact of Healthy Lifestyle

§ 43,685 men, Health Professionals Follow-up Study
§ 71,243 women, Nurses Health Study
§ 5 Lifestyle factors

– Not smoking
– Healthy diet 
– At least 30 min per day of moderate or vigorous physical activity
– Optimal weight (BMI < 25kg/m2)
– 1- alcoholic drink/day for women, 1-2 for men

Chiuve et al. Circulation 2008;118:947-954

40
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Impact of Healthy Lifestyle
Risk of First Stroke

Chiuve et al. Circulation 2008;118:947-954
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Life’s Simple 7

Physical activity

Healthy weight

Healthy diet

Don’t smoke or
use smokeless tobacco

Healthy blood pressure

Healthy lipid levels

Healthy blood glucose 
levels

Virani et al. Circulation 2020;141:e139-e596

42

Hypertension Classification

BP Interpretation
<120/80 mmHg Normal
120-139 or 80-89 mmHg Pre-hypertension
140-159 or 90-99 mmHg Stage 1 Hypertension
>160 or > 100 mmHg Stage 2 Hypertension

Go et al. Hypertension 2014;63:878-885

43

Blood Pressure and Stroke Mortality

For personal use. Only reproduce with permission from The Lancet Publishing Group.

amount of information underlying that particular group
(details in appendix C; http://image.thelancet.com/extras/
01art8300webappendixC.pdf). The statistical comparisons
between groups then take the 50 log risks for SBP to be
mutually independent with these 50 variances. The
analyses for DBP were similar to those for SBP, except that
the baseline DBP measurement was used to divide people
into only six categories, reflecting the narrower range of
values (see table B2 in appendix B).

The present report describes the hazard ratios (and 95%
CIs) that are associated with 20 mm Hg lower usual SBP,
and with 10 mm Hg lower usual DBP. If the slope of log
risk against usual SBP (calculated as in appendix C) is x,
then the hazard ratio for a 20 mm Hg lower usual SBP is
exp(–20x). Hence, for example, to obtain the hazard ratio
for a 10 mm Hg lower usual SBP, one would raise the
hazard ratio for a 20 mm Hg lower usual SBP to the power
10/20 (ie, take its square root).

Role of the funding source
The sponsors of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results
Study populations
Individual records for each of 958 074 participants in 61
studies were included in this meta-analysis, with 70% of
the participants from Europe, 20% from North America

or Australia, and the remainder from Japan or China
(table A1 in appendix A). During 12·7 million person-
years at risk (mean of 12 years to death), there were
11 960 deaths attributed to stroke, 34 283 attributed to
IHD, 10 092 attributed to other vascular causes, and
60 797 attributed to non-vascular causes (while a further
5584 deaths were of unknown cause: table 2 and table A1
in appendix A). Of the deaths from a specified type of
stroke, one-sixth of those at ages 40–59 years, one-third
of those at 60–69 years, and half those at 70–89 years
were attributed to cerebral ischaemia. Individual records
were not available for inclusion in the meta-analysis from
participants in the MRFIT study, which involved 16 784
vascular deaths at ages 40–69 years among 353 168 men
(see footnote to table 2). But parallel analyses using the
same methods of that one large study yielded similar
findings, and these are given separately.

Age-specific hazard ratios
Figure 1 summarises the age-specific hazard ratios for
death from stroke (top), from IHD (middle), and from
other vascular causes (bottom) that are associated with a
20 mm Hg lower usual SBP throughout the range down
to 115 mm Hg (figure 1A); or, approximately
equivalently, with a 10 mm Hg lower usual DBP
throughout the range down to 75 mm Hg (figure 1B). At
ages 60–69 years, such differences in usual blood
pressure are associated with slightly more than a twofold
difference in the risk of stroke death and with almost a

ARTICLES
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Figure 2: Stroke mortality rate in each decade of age versus usual blood pressure at the start of that decade
Rates are plotted on a floating absolute scale, and each square has area inversely proportional to the effective variance of the log mortality rate. For
diastolic blood pressure, each age-specific regression line ignores the left-hand point (ie, at slightly less than 75 mm Hg), for which the risk lies
significantly above the fitted regression line (as indicated by the broken line below 75 mm Hg).

Prospective Studies Collaboration Lancet 2002;360:1903–1913 
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Prehypertension and Stroke Risk

Huang et al. Neurology 2014;82:1153-1161
were not included in the prior study.4 Additionally, 2
publications31,32 included in the prior study were up-
dated with recently published data9,10 and the latter
were included in our study.

These findings have important clinical and public
health implications. Considering the high incidence
of prehypertension, up to 30%–50%,2 successful
intervention in this large population could have
a major public health impact. Many placebo-
controlled trials have been performed in cohorts with
prehypertensive average BP levels for the treatment of
other conditions (e.g., treatment of atherosclerosis
and prevention of diabetes), and a meta-analysis of
these studies showed that the risk of stroke was sig-
nificantly decreased by antihypertensive therapy in
individuals with prehypertension.33 However,
because of the limited prospective, randomized trials
examining the effects of antihypertensive therapy on
reducing CVD specifically in those with prehyperten-
sion, professional societies do not currently recom-
mend pharmacotherapy of prehypertension, even in
individuals with high-range prehypertension.30 The
PHARAO (prevention of hypertension with the
angiotensin-converting enzyme inhibitor ramipril in
patients with high-normal blood pressure) study was a
prospective randomized controlled study designed to
analyze the effect of ramipril on preventing or delaying

hypertension in individuals with prehypertension.34 It
showed that the incidence of cerebrovascular and car-
diovascular events was low and not significant com-
pared with placebo. However, the PHARAO study is
not adequately powered, or the follow-up duration
may be too short to detect the difference in CVD
incidence. Based on this situation, we agree that life-
style intervention is the mainstay treatment for prehy-
pertension in the general population. However,
because the incidence of stroke increased across the
range of prehypertension, high-risk subpopulations
with prehypertension are needed for future controlled
trials of pharmacologic treatment. Many risk factors,
including elevated C-reactive protein, abnormal glu-
cose metabolism, and dyslipidemia, have been reported
to be associated with prehypertension and CVD.25,35

These risk factors may serve as indicators for selecting
high-risk subpopulations, especially individuals with
high-range prehypertension, for future controlled trials
of antihypertensive therapy.

The main strengths of this meta-analysis are the
very large sample size, and the consistency of results
in subgroup analyses of age, study characteristics,
and ethnicity. Furthermore, we limited the studies
included in our meta-analysis to prospective cohort
studies that reported multivariate-adjusted RRs. It
was reported that prehypertension is often associated

Figure 2 Prehypertension and stroke risk

Association of prehypertension (BP 120–139/80–89mmHg) and stroke risk. The square box in the graph portrays the weight that each study contributed to
the analysis. The overall summary estimate of relative risk is shown on the last row of the graph. BP5 blood pressure; CI5 confidence interval; IV5 inverse
variance; SE 5 standard error.

Neurology 82 April 1, 2014 1157
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Blood Pressure and Stroke Mortality

Prospective Studies Collaboration Lancet 2002;360:1903–1913 

For personal use. Only reproduce with permission from The Lancet Publishing Group.

twofold difference in death from IHD
and from other vascular causes. (In
figure 1, this twofold difference in risk
is represented by the vertical broken
line through a hazard ratio of 0·5.) The
hazard ratios are about twice as
extreme for vascular deaths at ages
40–49 years as at ages 80–89 years, but
the associations with each of these
three categories of vascular mortality
remain strong even in old age. Thus,
although a 20 mm Hg lower usual SBP
is associated with more than a twofold
difference in vascular mortality at ages
40–49 years (hazard ratios of 0·36 for
stroke, 0·49 for IHD, and 0·43 for
other vascular mortality), it is still
associated with about one-third less
vascular mortality at ages 80–89 years
(hazard ratios of 0·67, 0·67, and 0·70,
respectively). Parallel analyses of the
MRFIT study yield similar age-specific
results for the relevance of usual SBP
to vascular mortality (see legend to
figure 1).

Stroke mortality and usual blood
pressure
Figure 2 shows that the relationship of
stroke mortality to usual blood
pressure is strong and direct at all ages,
with no good evidence of a threshold at
any age in the range of usual SBP
above 115 mm Hg or of  usual DBP
above 75 mm Hg. A “doubling” (ie,
proportional, or log) scale has been
used for mortality rates, with a 95% CI
for each point that reflects the amount
of information underlying each risk
estimate (see Methods). Because these
mortality rates are collectively
“floating”, multiplication of all of them
by some constant appropriate for a
particular population would allow
prediction of the absolute rates in that
population. For usual SBP, all ten
points within each age-group are well
fitted by the age-specific regression
lines plotted (figure 2A). These
approximately “log-linear” relation-
ships imply that the proportional
difference in the age-specific risk of
stroke death associated with a given
absolute difference in usual blood
pressure is about the same at all levels
of usual SBP down to at least
115 mm Hg. For usual DBP, the age-
specific regression lines were fitted to
five points only, ignoring the left-hand
point (corresponding to slightly less
than 75 mm Hg) for which the risk lies
significantly above the fitted regression
line but still below that of the adjacent point (figure 2B).
The slopes of these regression lines were used to calculate
the age-specific hazard ratios for stroke death associated
with a 20 mm Hg lower usual SBP, or 10 mm Hg lower
usual DBP, that were given in figure 1. Throughout
middle age, such differences in usual blood pressure are
associated with more than a twofold difference in the risk

of stroke death. Although the strength of the association
between the proportional risk of stroke death and usual
blood pressure declines to some extent with increasing
age at death, stroke is so much more common in old age
than in middle age that the absolute annual difference in
stroke death associated with a given difference in blood
pressure increases with increasing age. For example, the
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Age at
risk (years)

Sex

A: Sex

Number of
deaths

Age at
risk (years)

Type of
stroke

B: Type of stroke

Number of
deaths

40–49 Male 279 0·33 (0·29–0·38)
Female 135 0·41 (0·34–0·49)
Both 414 0·36 (0·32–0·40)

50–59 Male 989 0·34 (0·32–0·37)
Female 383 0·45 (0·40–0·50)
Both 1372 0·38 (0·35–0·40)

60–69 Male 2116 0·41 (0·39–0·44)
Female 823 0·47 (0·43–0·51)
Both 2939 0·43 (0·41–0·45)

70–79 Male 2599 0·48 (0·46–0·51)
Female 1728 0·53 (0·49–0·56)
Both 4327 0·50 (0·48–0·52)

80–89 Male 1238 0·68 (0·63–0·75)
Female 1398 0·65 (0·60–0·71)
Both 2636 0·67 (0·63–0·71)

0·25 0·35 0·5 0·7 1·0

50–59 SAH 301 0·50 (0·43–0·58)
Cerebal haemorrhage 462 0·38 (0·34–0·43)
Cerebal ischaemia 177 0·35 (0·29–0·41)
Unknown 432 0·34 (0·30–0·38)
Any stroke 1372 0·38 (0·35–0·40)

60–69 SAH 271 0·47 (0·40–0·55)
Cerebal haemorrhage 741 0·43 (0·39–0·47)
Cerebal ischaemia 538 0·45 (0·41–0·51)
Unknown 1389 0·44 (0·41–0·47)
Any stroke 2939 0·43 (0·41–0·45)

70–79 SAH 107 0·76 (0·58–0·99)
Cerebal haemorrhage 915 0·51 (0·47–0·56)
Cerebal ischaemia 850 0·50 (0·45–0·55)
Unknown 2455 0·49 (0·46–0·52)
Any stroke 4327 0·50 (0·48–0·52)

80–89 SAH 33 1·03 (0·56–1·89)
Cerebal haemorrhage 423 0·51 (0·43–0·60)
Cerebal ischaemia 518 0·77 (0·67–0·87)
Unknown 1662 0·67 (0·62–0·72)
Any stroke 2636 0·67 (0·63–0·71)

0·25 0·35 0·5 0·7 1·0

Stroke hazard ratio (95% CI) for 20 mm Hg 
lower usual systolic blood pressure

Stroke hazard ratio (95% CI) for 20 mm Hg
lower usual systolic blood pressure

Figure 3: Stroke mortality: sex-specific and type-specific hazard ratios for 20 mm Hg
lower usual systolic blood pressure
Conventions as in figure 1. Hazard ratios (95% CIs) for subarachnoid haemorrhage (SAH) are given
numerically but are not plotted.
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twofold difference in death from IHD
and from other vascular causes. (In
figure 1, this twofold difference in risk
is represented by the vertical broken
line through a hazard ratio of 0·5.) The
hazard ratios are about twice as
extreme for vascular deaths at ages
40–49 years as at ages 80–89 years, but
the associations with each of these
three categories of vascular mortality
remain strong even in old age. Thus,
although a 20 mm Hg lower usual SBP
is associated with more than a twofold
difference in vascular mortality at ages
40–49 years (hazard ratios of 0·36 for
stroke, 0·49 for IHD, and 0·43 for
other vascular mortality), it is still
associated with about one-third less
vascular mortality at ages 80–89 years
(hazard ratios of 0·67, 0·67, and 0·70,
respectively). Parallel analyses of the
MRFIT study yield similar age-specific
results for the relevance of usual SBP
to vascular mortality (see legend to
figure 1).

Stroke mortality and usual blood
pressure
Figure 2 shows that the relationship of
stroke mortality to usual blood
pressure is strong and direct at all ages,
with no good evidence of a threshold at
any age in the range of usual SBP
above 115 mm Hg or of  usual DBP
above 75 mm Hg. A “doubling” (ie,
proportional, or log) scale has been
used for mortality rates, with a 95% CI
for each point that reflects the amount
of information underlying each risk
estimate (see Methods). Because these
mortality rates are collectively
“floating”, multiplication of all of them
by some constant appropriate for a
particular population would allow
prediction of the absolute rates in that
population. For usual SBP, all ten
points within each age-group are well
fitted by the age-specific regression
lines plotted (figure 2A). These
approximately “log-linear” relation-
ships imply that the proportional
difference in the age-specific risk of
stroke death associated with a given
absolute difference in usual blood
pressure is about the same at all levels
of usual SBP down to at least
115 mm Hg. For usual DBP, the age-
specific regression lines were fitted to
five points only, ignoring the left-hand
point (corresponding to slightly less
than 75 mm Hg) for which the risk lies
significantly above the fitted regression
line but still below that of the adjacent point (figure 2B).
The slopes of these regression lines were used to calculate
the age-specific hazard ratios for stroke death associated
with a 20 mm Hg lower usual SBP, or 10 mm Hg lower
usual DBP, that were given in figure 1. Throughout
middle age, such differences in usual blood pressure are
associated with more than a twofold difference in the risk

of stroke death. Although the strength of the association
between the proportional risk of stroke death and usual
blood pressure declines to some extent with increasing
age at death, stroke is so much more common in old age
than in middle age that the absolute annual difference in
stroke death associated with a given difference in blood
pressure increases with increasing age. For example, the
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Type of
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Number of
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Conventions as in figure 1. Hazard ratios (95% CIs) for subarachnoid haemorrhage (SAH) are given
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AHA/ACC/CDC Hypertension Guidelines
Lifestyle Modifications

Lifestyle Factor Approximate SBP 
reduction

Weight reduction (per 10kg) 5–20 mmHg
Adopt DASH eating plan 8–14 mmHg
Dietary sodium reduction

• Consume < 2,400 mg/d
• Greater reduction with <1,500 mg/d
• BP reduction with decrease by 1,000 mg/d

2–8 mmHg

Physical activity
• Regular aerobic activity such as brisk 

walking (at least 30-min/d, most days of the 
week)

4–9 mmHg

Moderation of alcohol consumption
• No more than 2-drinks (24-oz beer, 10-oz 

wine, or 3-oz 80-proof whiskey)/d in most 
men and 1-drink in women

2–4 mmHg

Go et al. Hypertension 2014;63:878-885
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close to the median reduction in the 27 trials in which
blood pressure reduction was reported, which was
6 mmHg systolic and 3 mmHg diastolic.

Predicting the trial results on CHD and stroke from
epidemiological studies and trials of drugs on blood
pressure
Effect of blood pressure lowering drugs in lowering blood
pressure according to dose

These estimates are taken from a meta-analysis of 354
short term randomised placebo controlled trials of
blood pressure lowering drugs in fixed dose,32 which
showed that the fivemain classes of blood pressure low-
ering drugs produce similar reductions in blood pres-
sure when taken at standard dose or at the same
multiple of standard dose. It also showed that the
blood pressure lowering effect of the drugs increased
with dose and with pretreatment blood pressure, and
reported regression equations that quantified the reduc-
tion in blood pressure from one drug according to pre-
treatment blood pressure. From the average blood
pressure of 154mmHgsystolic and 97mmHgdiastolic
one drug at standard dose lowered blood pressure by
9.1mmHgsystolic and5.5mmHgdiastolic onaverage.

At lower or higher pretreatment blood pressures the
blood pressure reduction decreased (or increased) by
0.10 mm Hg systolic and 0.11 mm Hg diastolic per
mm Hg decrease (or increase) in pretreatment blood
pressure. The estimated effect of one drug at standard
dose in lowering blood pressure from a pretreatment
blood pressure P is therefore [9.1+0.10(P!154)] systolic
and [5.5+0.11(P!97)] diastolic. So for example the
reduction in blood pressure was 8.7 mm Hg systolic
from a pretreatment value of 150 mm Hg, 4.7 mm Hg
diastolic from a pretreatment value of 90 mm Hg. The
estimated blood pressure reduction for two or three
drugs at standard dose was calculated by applying
these equations to each drug in turn, allowing for the
effect of the first in lowering pretreatment blood pres-
sure for the second, and the second for the third. In the
above example the pretreatment blood pressure for the
second drug would be 141.3 (150!8.7) mmHg systolic
and 85.3 (90!4.7) mmHg diastolic.

Using drugs at half standard dose, taking dose and
pretreatment blood pressure into account, it was esti-
mated in the meta-analysis of 354 trials that one, two,
and three drugs at half standard dose reduced a pre-
treatment systolic pressure of 150 mm Hg by 6.7 mm

Table 2 | Summary relative risk estimates (95% confidence intervals) for coronary heart disease (CHD) events and stroke
from randomised blood pressure difference trials observed and standardised to a blood pressure reduction of 10 mm Hg
systolic and 5 mm Hg diastolic

Clinical history of
participants on entry No of trials

Observed
Standardised for blood pressure

reduction

CHD events Stroke CHD events Stroke

No vascular disease 27 0.84 (0.79 to 0.90) 0.64 (0.56 to 0.73) 0.79 (0.72 to 0.86) 0.54 (0.45 to 0.65)

CHD* 37 0.85 (0.79 to 0.91) 0.77 (0.68 to 0.87) 0.76 (0.68 to 0.86) 0.65 (0.53 to 0.80)

Stroke 13† 0.85 (0.73 to 1.00) 0.76 (0.68 to 0.85) 0.79 (0.62 to 1.00) 0.66 (0.56 to 0.79)

All trials* 72 0.84 (0.81 to 0.88) 0.70 (0.65 to 0.76) 0.78 (0.73 to 0.83) 0.59 (0.52 to 0.67)

*Summary estimates omitting CHD events (but not strokes) in trials of ! blockers in patients with a clinical history of CHD (heterogeneity for CHD,
"2=0.02, df=2, P=0.99; heterogeneity for stroke, "2=2.0, df=2, P=0.37).
†Includes subgroups of participants with stroke on entry from five predominantly “no vascular disease” trials so total is less than the sum of the
individual categoriesw5 (see web extra table 1iii).
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Fig 3 | Relative risk estimates of coronary heart disease events and stroke in single drug blood pressure difference trials according to class of drug (excluding
CHD events in trials of ! blockers in people with history of coronary heart disease). (Totals are less than the sum of the individual categories because some
trials include more than one category; see web extra figures 3a-i for individual trial results and summary estimates)
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close to the median reduction in the 27 trials in which
blood pressure reduction was reported, which was
6 mmHg systolic and 3 mmHg diastolic.

Predicting the trial results on CHD and stroke from
epidemiological studies and trials of drugs on blood
pressure
Effect of blood pressure lowering drugs in lowering blood
pressure according to dose

These estimates are taken from a meta-analysis of 354
short term randomised placebo controlled trials of
blood pressure lowering drugs in fixed dose,32 which
showed that the fivemain classes of blood pressure low-
ering drugs produce similar reductions in blood pres-
sure when taken at standard dose or at the same
multiple of standard dose. It also showed that the
blood pressure lowering effect of the drugs increased
with dose and with pretreatment blood pressure, and
reported regression equations that quantified the reduc-
tion in blood pressure from one drug according to pre-
treatment blood pressure. From the average blood
pressure of 154mmHgsystolic and 97mmHgdiastolic
one drug at standard dose lowered blood pressure by
9.1mmHgsystolic and5.5mmHgdiastolic onaverage.

At lower or higher pretreatment blood pressures the
blood pressure reduction decreased (or increased) by
0.10 mm Hg systolic and 0.11 mm Hg diastolic per
mm Hg decrease (or increase) in pretreatment blood
pressure. The estimated effect of one drug at standard
dose in lowering blood pressure from a pretreatment
blood pressure P is therefore [9.1+0.10(P!154)] systolic
and [5.5+0.11(P!97)] diastolic. So for example the
reduction in blood pressure was 8.7 mm Hg systolic
from a pretreatment value of 150 mm Hg, 4.7 mm Hg
diastolic from a pretreatment value of 90 mm Hg. The
estimated blood pressure reduction for two or three
drugs at standard dose was calculated by applying
these equations to each drug in turn, allowing for the
effect of the first in lowering pretreatment blood pres-
sure for the second, and the second for the third. In the
above example the pretreatment blood pressure for the
second drug would be 141.3 (150!8.7) mmHg systolic
and 85.3 (90!4.7) mmHg diastolic.

Using drugs at half standard dose, taking dose and
pretreatment blood pressure into account, it was esti-
mated in the meta-analysis of 354 trials that one, two,
and three drugs at half standard dose reduced a pre-
treatment systolic pressure of 150 mm Hg by 6.7 mm

Table 2 | Summary relative risk estimates (95% confidence intervals) for coronary heart disease (CHD) events and stroke
from randomised blood pressure difference trials observed and standardised to a blood pressure reduction of 10 mm Hg
systolic and 5 mm Hg diastolic

Clinical history of
participants on entry No of trials

Observed
Standardised for blood pressure

reduction

CHD events Stroke CHD events Stroke

No vascular disease 27 0.84 (0.79 to 0.90) 0.64 (0.56 to 0.73) 0.79 (0.72 to 0.86) 0.54 (0.45 to 0.65)

CHD* 37 0.85 (0.79 to 0.91) 0.77 (0.68 to 0.87) 0.76 (0.68 to 0.86) 0.65 (0.53 to 0.80)

Stroke 13† 0.85 (0.73 to 1.00) 0.76 (0.68 to 0.85) 0.79 (0.62 to 1.00) 0.66 (0.56 to 0.79)

All trials* 72 0.84 (0.81 to 0.88) 0.70 (0.65 to 0.76) 0.78 (0.73 to 0.83) 0.59 (0.52 to 0.67)

*Summary estimates omitting CHD events (but not strokes) in trials of ! blockers in patients with a clinical history of CHD (heterogeneity for CHD,
"2=0.02, df=2, P=0.99; heterogeneity for stroke, "2=2.0, df=2, P=0.37).
†Includes subgroups of participants with stroke on entry from five predominantly “no vascular disease” trials so total is less than the sum of the
individual categoriesw5 (see web extra table 1iii).
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CHD events in trials of ! blockers in people with history of coronary heart disease). (Totals are less than the sum of the individual categories because some
trials include more than one category; see web extra figures 3a-i for individual trial results and summary estimates)
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Hg, 13.3 mm Hg, and 19.9 mm Hg, respectively, and
reduced a pretreatment diastolic pressure of 90mmHg
by 3.7 mm Hg, 7.3 mm Hg, and 10.7 mm Hg, respec-
tively (allowing for the effect of one drug in lowering
pretreatment blood pressure for the next; table 4).32

These blood pressure reductions decreased (or
increased) by an estimated 0.078 mm Hg systolic and
0.088 mm Hg diastolic, per mm Hg decrease (or
increase) in pretreatment blood pressure per drug,
22% and 20% lower, respectively, than the changes at
standard dose (0.10 mm Hg and 0.11 mm Hg.32 The
blood pressure reductions from one, two, and three
drugs at half standard dose were [R+n!0.078(P!150)]
systolic and [R+n!0.088(P!90)] diastolic, where R is
the blood pressure reduction at 150 mm Hg systolic
or 90 mm Hg diastolic (given above), n is the number
of drugs, and P is the pretreatment blood pressure

Expected reduction in disease events for a specified
reduction in blood pressure
The associations between systolic and diastolic blood
pressure and CHD events and stroke were taken from
the largest published meta-analysis of 61 cohort (pro-
spective observational) studies.25 This showed that in
every age group cardiovascular mortality plotted on a
logarithmic scale against blood pressure on an arith-
metic scale is well fitted by straight lines, indicating a
constant proportional change in risk for a specified
change in blood pressure from any level of pretreat-
ment blood pressure. Age specific slopes of the lines
(regression coefficients) were published, permitting
the calculation of the predicted proportional reduction
in disease events for any age and blood pressure differ-
ence. For an age specific regression slope, S (see web
extra table 3), and decrease in blood pressure, d, the
relative risk is Sd/20 for systolic pressure and Sd/10 for
diastolic pressure. The following examples illustrate
the calculations. At age 60-69, the relative risk of stroke
is 0.43 (57% decrease) for a 20 mmHg decrease in sys-
tolic blood pressure. For a blood pressure decrease

twice as great (40 mm Hg), the relative risk of 0.43
effectively applies twice (0.43!0.43, or 0.432), which
is 0.18 (an 82% decrease). For a reduction in blood
pressure half as great, by symmetry the relative risk is
"0.43, or 0.431/2, which is 0.66 (a 34% decrease). For a
30 mmHg decrease in blood pressure the relative risk
is 0.431.5 (since 30/20=1.5), which is 0.28 (a 72%
decrease). The sloping lines in the lower portion of fig-
ure 6 reflect these regression coefficients for stroke and
CHD events in the age groups 50-59, 60-69, and
70-79 years.
The effect of blood pressure lowering drugs in redu-

cing the risk ofCHDevents and stroke can therefore be
estimated according to the reduction in systolic or dia-
stolic blood pressure (or the average of the two), from
the regression slope, S, and the decrease in blood pres-
sure, d, from the above equations. As an example, the
effect of three drugs at half standard dose in preventing
stroke in people aged 60-69 with a pretreatment systo-
lic blood pressure of 180 mm Hg systolic is estimated
as: decrease in systolic blood pressure=[19.9
+(3!0.078!(180!150))]=26.9 mm Hg, and relative
risk of stroke=0.4326.9/20=0.32 (a 68% decrease).

RESULTS

Overall, 147 trial reports were included in the analysis:
108 were blood pressure difference trials and 46 drug
comparison trials (seven trial reports with two treat-
ment groups and a placebo group fell into both cate-
gories, treatment versus placebo and one treatment
versus the other). Table 1 summarises the trials (see
web extra tables 1i-iii and 2 for individual data from
the trials). Forest plots of individual trial results are pre-
sented in 55 web extra figures (available at www.wolf
son.qmul.ac.uk/bptrial/) and the summary relative
risk estimates and results for heterogeneity testing are
shown in web extra table A. Results on CHD events
and stroke are presented first, according to the five
questions posed in the introduction, followed by
results on heart failure and all cause mortality.
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Fig 4 | Relative risk estimates of coronary heart disease events and stroke in 46 drug comparison trials comparing each of the five classes of blood pressure
lowering drug with any other class of drug (excluding CHD events in trials of ! blockers in people with a history of coronary heart disease; see web extra
figures 4a-j for individual trial results and summary estimates)
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Hg, 13.3 mm Hg, and 19.9 mm Hg, respectively, and
reduced a pretreatment diastolic pressure of 90mmHg
by 3.7 mm Hg, 7.3 mm Hg, and 10.7 mm Hg, respec-
tively (allowing for the effect of one drug in lowering
pretreatment blood pressure for the next; table 4).32

These blood pressure reductions decreased (or
increased) by an estimated 0.078 mm Hg systolic and
0.088 mm Hg diastolic, per mm Hg decrease (or
increase) in pretreatment blood pressure per drug,
22% and 20% lower, respectively, than the changes at
standard dose (0.10 mm Hg and 0.11 mm Hg.32 The
blood pressure reductions from one, two, and three
drugs at half standard dose were [R+n!0.078(P!150)]
systolic and [R+n!0.088(P!90)] diastolic, where R is
the blood pressure reduction at 150 mm Hg systolic
or 90 mm Hg diastolic (given above), n is the number
of drugs, and P is the pretreatment blood pressure

Expected reduction in disease events for a specified
reduction in blood pressure
The associations between systolic and diastolic blood
pressure and CHD events and stroke were taken from
the largest published meta-analysis of 61 cohort (pro-
spective observational) studies.25 This showed that in
every age group cardiovascular mortality plotted on a
logarithmic scale against blood pressure on an arith-
metic scale is well fitted by straight lines, indicating a
constant proportional change in risk for a specified
change in blood pressure from any level of pretreat-
ment blood pressure. Age specific slopes of the lines
(regression coefficients) were published, permitting
the calculation of the predicted proportional reduction
in disease events for any age and blood pressure differ-
ence. For an age specific regression slope, S (see web
extra table 3), and decrease in blood pressure, d, the
relative risk is Sd/20 for systolic pressure and Sd/10 for
diastolic pressure. The following examples illustrate
the calculations. At age 60-69, the relative risk of stroke
is 0.43 (57% decrease) for a 20 mmHg decrease in sys-
tolic blood pressure. For a blood pressure decrease

twice as great (40 mm Hg), the relative risk of 0.43
effectively applies twice (0.43!0.43, or 0.432), which
is 0.18 (an 82% decrease). For a reduction in blood
pressure half as great, by symmetry the relative risk is
"0.43, or 0.431/2, which is 0.66 (a 34% decrease). For a
30 mmHg decrease in blood pressure the relative risk
is 0.431.5 (since 30/20=1.5), which is 0.28 (a 72%
decrease). The sloping lines in the lower portion of fig-
ure 6 reflect these regression coefficients for stroke and
CHD events in the age groups 50-59, 60-69, and
70-79 years.
The effect of blood pressure lowering drugs in redu-

cing the risk ofCHDevents and stroke can therefore be
estimated according to the reduction in systolic or dia-
stolic blood pressure (or the average of the two), from
the regression slope, S, and the decrease in blood pres-
sure, d, from the above equations. As an example, the
effect of three drugs at half standard dose in preventing
stroke in people aged 60-69 with a pretreatment systo-
lic blood pressure of 180 mm Hg systolic is estimated
as: decrease in systolic blood pressure=[19.9
+(3!0.078!(180!150))]=26.9 mm Hg, and relative
risk of stroke=0.4326.9/20=0.32 (a 68% decrease).

RESULTS

Overall, 147 trial reports were included in the analysis:
108 were blood pressure difference trials and 46 drug
comparison trials (seven trial reports with two treat-
ment groups and a placebo group fell into both cate-
gories, treatment versus placebo and one treatment
versus the other). Table 1 summarises the trials (see
web extra tables 1i-iii and 2 for individual data from
the trials). Forest plots of individual trial results are pre-
sented in 55 web extra figures (available at www.wolf
son.qmul.ac.uk/bptrial/) and the summary relative
risk estimates and results for heterogeneity testing are
shown in web extra table A. Results on CHD events
and stroke are presented first, according to the five
questions posed in the introduction, followed by
results on heart failure and all cause mortality.
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Fig 4 | Relative risk estimates of coronary heart disease events and stroke in 46 drug comparison trials comparing each of the five classes of blood pressure
lowering drug with any other class of drug (excluding CHD events in trials of ! blockers in people with a history of coronary heart disease; see web extra
figures 4a-j for individual trial results and summary estimates)
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§ Lowering BP by 10/5 mmHg
- 25% reduction in CHD events (fatal and non-fatal)
- 33% reduction in stroke
- No increase in non-vascular mortality. 

Law et al. BMJ 2009;338:b1665
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ability) of the measured values of each of these four 
factors was taken to be directly proportional to the !2 
statistic (twice the change in the log-likelihood) on 
addition of the baseline measurement of that factor into 
a regression model containing just baseline age, sex, and 
study.19 On comparison of the predictive abilities of total, 
HDL, non-HDL, and the ratio total/HDL cholesterol, 
these !2 statistics were calculated only for people with 
complete data for all four factors.

Role of the funding source
The sponsors of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. SL, PS, and GW had full access to 
the data, and the writing committee had fi nal 
responsibility for the decision to submit for publication.

Results
Individual records for all 892 337 eligible participants 
(without previous vascular disease recorded) in 61 studies 
were included in this meta-analysis: 70% from Europe, 
20% from the USA or Australia, and 10% from Japan or 
China (webtable 5). During 11·6 million person-years at 
risk between the ages of 40 and 89 years (mean follow-up 
13 [SD 6] years; mean time to death in those who died 

was 12 [7] years), there were 33 744 deaths attributed to 
IHD, 11 663 to stroke, and 9855 to other vascular causes 
(table 1). For about half (5960) of the stroke deaths the 
type of stroke was not recorded; when it was recorded, 
slightly more deaths were attributed to haemorrhage 
than to ischaemia (2700 vs 2134; excluding the 869 
attributed to subarachnoid haemorrhage). In the 
153 798 individuals with baseline data for HDL cholesterol 
there were 3020 IHD deaths, 914 stroke deaths, and 
1032 deaths attributed to other vascular causes during 
1·5 million person-years of follow-up (table 1). Although 
individual records were not available from the additional 
347 681 men in the MRFIT observational study—which, 
over 25 years of follow-up, involved 34 242 vascular deaths 
between the ages of 40 and 89 years (table 1)—the results 
from parallel analyses with identical methods are also 
provided.

Overall, the mean total cholesterol measurement at 
baseline was 5·8 (SD 1·3) mmol/L, and was similar in 
the subset with HDL cholesterol measurements 
(webtable 5). Mean total cholesterol levels tended to be 
lower in Japan and China than elsewhere. Overall, the 
mean HDL cholesterol was 1·4 (0·4) mmol/L, that for 
non-HDL cholesterol (ie, total minus HDL cholesterol, 
which is mostly LDL cholesterol) was 4·4 (1·2) mmol/L, 
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Figure !: IHD mortality (33 744 deaths) versus usual total cholesterol
(A) Age-specifi c associations. (B) Age-specifi c and sex-specifi c hazard ratios for 1 mmol/L lower usual total cholesterol. Hazard ratios on the left are plotted on a 
fl oating absolute scale of risk (so each log hazard ratio has an appropriate variance assigned to it). The slopes of the age-specifi c lines on the left are given on the right, 
subdivided by sex. Each square (left or right) has an area inversely proportional to the variance of the log of the hazard ratio that it represents.
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of each other (!2
1 for interaction=6·3, which is small 

compared with the !2
1 values of 286 for HDL and 438 for 

non-HDL cholesterol), so a specifi c di! erence in 
non-HDL cholesterol was associated with a similar HR 
irrespective of the level of HDL cholesterol, and vice 
versa (webfi gure 6). Hence, the ratio of non-HDL 
cholesterol to HDL cholesterol is substantially more 
informative than either alone. (Knowledge of this ratio is, 
of course, exactly equivalent to knowledge of the simple 
ratio of total to HDL cholesterol.)

Of the simple indices considered that involve HDL 
cholesterol, the most informative on its own as a predictor 
of IHD mortality was the ratio total/HDL cholesterol (!2

1 
relating IHD mortality to a single baseline 
measurement=627), which was more than twice as 
informative as total cholesterol (!2

1=277). By comparison, 
non-HDL cholesterol was only about 60% more 
informative (!2

1=438) than total cholesterol, and the ratio 
total/HDL cholesterol was 40% more informative than 
non-HDL cholesterol. Hence, the ratio total/HDL 
cholesterol is substantially (and highly signifi cantly) 
more informative about IHD risk than is non-HDL 
cholesterol (ie, total minus HDL cholesterol), and o! ers 
one of the best ways of using measurements of total and 
of HDL cholesterol to predict risk. Although an optimal 
linear combination of non-HDL cholesterol and 1/HDL 

cholesterol can be obtained by entering the two terms 
jointly into the regression model (yielding !2

2=641), the 
ratio total/HDL cholesterol provides 98% of the 
informativeness of this combination. Likewise, within 
each separate age range, the ratio total/HDL cholesterol 
was the most informative of the simple indices studied, 
and total cholesterol was the least informative.

There was a weak positive association between total 
cholesterol and total stroke mortality at ages 40–59 years, 
but little association at older ages (fi gure 4). Overall, the 
type of stroke was reported for only about half of these 
deaths, with the remainder being strokes of unknown type 
(either recorded as unknown for a particular individual or 
from a study that did not record the type at all). There was 
a weak positive association between total cholesterol and 
ischaemic stroke in middle age (40–59 years and perhaps 
also 60–69 years), whereas at older ages there was little or 
no association of total cholesterol with ischaemic stroke, 
and a negative association with haemorrhagic stroke. 
When the MRFIT and PSC fi ndings were combined 
(table 2, webfi gure 7), there was a weak positive association 
with total stroke at ages 40–69 years but not 70 years and 
older (and the positive association in middle age can be 
largely or wholly accounted for by the association of total 
cholesterol with systolic blood pressure; see discussion). 
The MRFIT study attributed only 480 deaths to ischaemic 
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Figure !: Stroke mortality (11 663 deaths) versus usual total cholesterol
(A) age-specifi c associations for total stroke; and (B) subtype-specifi c and age-specifi c hazard ratios for 1 mmol/L lower usual total cholesterol. Conventions as in 
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Non-Statin Cholesterol Lowering
Stroke Risk

Intervention No of Trials Risk Ratio
Fibrates 11 1.04 (0.92-1.19)
Resins 4 1.03 (0.54-2.00)
N3 Fatty Acids 8 0.91 (0.56-1.48)

Briel et al. Am J Med 2004;117:596-606 
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Statins and First Stroke

Amarenco and Labreuch. Lancet Neurology 2009;8:453-501

RRR=19% (13, 25%)
Statin Better           Statin Worse
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Review

Study (HPS), Long-Term Intervention with Pravastatin 
in Ischemic Disease (LIPID), and Cholesterol and 
Recurrent Events (CARE) that had cerebrovascular 
disease before randomisation. The pooled relative risk 
of stroke and major cardiovascular events (ie, stroke, 
myocardial infarction, and vascular death) were 
calculated for the statin trials and assessed the e! ect of 
intensive lipid-lowering therapy versus standard therapy 
by use of the DerSimonian and Laird random e! ect 
model. Statistical testing was done at the two-tailed " of 
0·05, apart from tests for homogeneity, for which an " 
of 0·10 was chosen. SAS software (version 9·1) was 
used for the regression analyses and the Cochrane 
Collaboration’s Review Manager software package 
(RevMan; edition 4·2·7) was used for the 
meta-analyses.

Review and meta-analysis of evidence for lipid 
management in prevention of stroke
High-risk patients
We identifi ed statin trials that included 165 792 individuals 
at high risk of stroke (table).28–50 Incidence of all strokes 
was reduced by 18% (95% CI 13–23%, p<0·0001; fi gure 
1), incidence of fatal stroke was reduced by 13% (–3 to 27, 
p=0·10; fi gure 2), although this did not reach statistical 
signifi cance, and incidence of haemorrhagic stroke did 
not increase (RR 1·03, 95% CI 0·75–1·41, p=0·88; 
fi gure 3), without evidence of heterogeneity across the 
trials. In a meta-regression analysis of all major statin 
trials, each 1 mmol/L (39 mg/dL) decrease in 
concentration of LDL cholesterol equated to a relative 
risk reduction for stroke of 21·1% (6·3–33·5, p=0·009; 
fi gure 4). 

Primary prevention of stroke
SEARCH 4·2   4·6  0·91 (0·77–1·08)
JUPITER 0·4   0·7  0·52 (0·34–0·78)
ASPEN 2·8   3·2  0·89 (0·56–1·40)
MEGA 1·3   1·6  0·83 (0·57–1·20)
IDEAL 3·4   3·9  0·87 (0·70–1·08)
TNT 2·3   3·1   0·76 (0·60–0·96)
ALLIANCE 2·9   3·2  0·90 (0·58–1·42)
CARDS 1·5   2·8  0·53 (0·31–0·90)
PROVE-IT 1·0   0·9  1·09 (0·59–2·01)
A to Z 1·2   1·6  0·79 (0·48–1·29)
ASCOT-LLT 1·7   2·4  0·73 (0·56–0·96)
ALLHAT-LLT 4·0   4·5  0·91 (0·76–1·09)
GREACE 1·2   2·1  0·53 (0·24–1·18)
HPS (with no prior CVD) 3·2   4·8  0·67 (0·57–0·77)
PROSPER 4·7   4·5  1·04 (0·82–1·31)
MIRACL 0·8   1·6  0·50 (0·25–1·00)
GISSI 0·9   0·9  1·05 (0·56–1·96)
AFCAPS-TexCAPS 0·4   0·5  0·82 (0·41–1·67)
LIPID (with no prior CVD) 3·3   3·9  0·84 (0·67–1·05)
Post-CABG 2·6   2·4  1·12 (0·58–2·18)
CARE (with no prior CVD) 1·9   2·8  0·67 (0·44–1·01)
WOSCOPS 1·4   1·5  0·90 (0·61–1·34)
SSSS 2·5   3·5  0·72 (0·51–1·01)
Subtotal: p<0·0001 (heterogeneity: I!=26·6%, p=0·12) 0·81 (0·75–0·87)

Secondary prevention of stroke
SPARCL 11·2   13·1  0·85 (0·73–0·99)
HPS (with prior CVD) 10·3   10·4  0·99 (0·81–1·21)
LIPID (with prior CVD) 9·5   13·3  0·72 (0·46–1·12)
CARE (with prior CVD) 13·5   20·0  0·68 (0·37–1·25)
Subtotal: p=0·003 (heterogeneity: I!=0·8%, p=0·39)   0·88 (0·78–0·99)

   Active group (%)   Control group (%) RR (95% CI)    RR (95% CI)  

Total: p<0·0001 (heterogeneity: I!=7·3%, p=0·36)   0·82 (0·77–0·87)

0·1 0·2 0·5 1 2 5 10
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Figure !: Updated meta-analysis of major statin trials that assessed the e" ect of statins on fatal and non-fatal stroke 
Fatal and non-fatal stroke (24 trials with 165 792 patients). Data on LIPID and CARE with or without prior CVD extracted from Vergowen et al.51  AFCAPS-TexCAPS=Air 
Force-Texas Coronary Atherosclerosis Prevention Study. ALLHAT-LLT=Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial. 
ALLIANCE=Aggressive Lipid-Lowering Initiation Abates New Cardiac Events. ASCOT-LLA=Anglo-Scandinavian Cardiac Outcomes Trial-Lipid Lowering Arm. 
ASPEN=Atorvastatin Study for Prevention of Coronary Heart Disease Endpoints in Non-Insulin-Dependent Diabetes Mellitus. CARDS=Collaborative Atorvastatin 
Diabetes Study. CARE=Cholesterol and Recurrent Events. CVD=cerebrovascular disease. GISSI=Gruppo Italino per lo Studio della Sopravvivenza nell’Infarcto 
Miocardico. GREACE=Greek Atorvastatin and Coronary-Heart-Disease Evaluation. HPS=Heart Protection Study. IDEAL=Incremental Decrease in End Points Though 
Aggressive Lipid. JUPITER=Justifi cation for the Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin. LIPID=Long-Term Intervention with 
Pravastatin in Ischemic Disease. MIRACL=Myocardial Ischemia Reduction with Aggressive Cholesterol Lowering. Post-CABG=post-coronary artery bypass grafting. 
PROSPER=Prospective Study of Pravastatin in the Elderly at Risk. PROVE-IT=Pravastatin or Atorvastatin Evaluation and Infection Therapy. RR=relative risk. 
SEARCH=Study of the E! ectiveness of Additional Reductions in Cholesterol and Homocysteine. SPARCL=Stroke Prevention by Aggressive Reduction in Cholesterol 
Levels. SSS=Scandinavian Simvastatin Survival Study. TNT=Treating to New Targets. WOSCOPS=West of Scotland Coronary Prevention Study. 

456 www.thelancet.com/neurology   Vol 8   May 2009

Review

Study (HPS), Long-Term Intervention with Pravastatin 
in Ischemic Disease (LIPID), and Cholesterol and 
Recurrent Events (CARE) that had cerebrovascular 
disease before randomisation. The pooled relative risk 
of stroke and major cardiovascular events (ie, stroke, 
myocardial infarction, and vascular death) were 
calculated for the statin trials and assessed the e! ect of 
intensive lipid-lowering therapy versus standard therapy 
by use of the DerSimonian and Laird random e! ect 
model. Statistical testing was done at the two-tailed " of 
0·05, apart from tests for homogeneity, for which an " 
of 0·10 was chosen. SAS software (version 9·1) was 
used for the regression analyses and the Cochrane 
Collaboration’s Review Manager software package 
(RevMan; edition 4·2·7) was used for the 
meta-analyses.

Review and meta-analysis of evidence for lipid 
management in prevention of stroke
High-risk patients
We identifi ed statin trials that included 165 792 individuals 
at high risk of stroke (table).28–50 Incidence of all strokes 
was reduced by 18% (95% CI 13–23%, p<0·0001; fi gure 
1), incidence of fatal stroke was reduced by 13% (–3 to 27, 
p=0·10; fi gure 2), although this did not reach statistical 
signifi cance, and incidence of haemorrhagic stroke did 
not increase (RR 1·03, 95% CI 0·75–1·41, p=0·88; 
fi gure 3), without evidence of heterogeneity across the 
trials. In a meta-regression analysis of all major statin 
trials, each 1 mmol/L (39 mg/dL) decrease in 
concentration of LDL cholesterol equated to a relative 
risk reduction for stroke of 21·1% (6·3–33·5, p=0·009; 
fi gure 4). 

Primary prevention of stroke
SEARCH 4·2   4·6  0·91 (0·77–1·08)
JUPITER 0·4   0·7  0·52 (0·34–0·78)
ASPEN 2·8   3·2  0·89 (0·56–1·40)
MEGA 1·3   1·6  0·83 (0·57–1·20)
IDEAL 3·4   3·9  0·87 (0·70–1·08)
TNT 2·3   3·1   0·76 (0·60–0·96)
ALLIANCE 2·9   3·2  0·90 (0·58–1·42)
CARDS 1·5   2·8  0·53 (0·31–0·90)
PROVE-IT 1·0   0·9  1·09 (0·59–2·01)
A to Z 1·2   1·6  0·79 (0·48–1·29)
ASCOT-LLT 1·7   2·4  0·73 (0·56–0·96)
ALLHAT-LLT 4·0   4·5  0·91 (0·76–1·09)
GREACE 1·2   2·1  0·53 (0·24–1·18)
HPS (with no prior CVD) 3·2   4·8  0·67 (0·57–0·77)
PROSPER 4·7   4·5  1·04 (0·82–1·31)
MIRACL 0·8   1·6  0·50 (0·25–1·00)
GISSI 0·9   0·9  1·05 (0·56–1·96)
AFCAPS-TexCAPS 0·4   0·5  0·82 (0·41–1·67)
LIPID (with no prior CVD) 3·3   3·9  0·84 (0·67–1·05)
Post-CABG 2·6   2·4  1·12 (0·58–2·18)
CARE (with no prior CVD) 1·9   2·8  0·67 (0·44–1·01)
WOSCOPS 1·4   1·5  0·90 (0·61–1·34)
SSSS 2·5   3·5  0·72 (0·51–1·01)
Subtotal: p<0·0001 (heterogeneity: I!=26·6%, p=0·12) 0·81 (0·75–0·87)

Secondary prevention of stroke
SPARCL 11·2   13·1  0·85 (0·73–0·99)
HPS (with prior CVD) 10·3   10·4  0·99 (0·81–1·21)
LIPID (with prior CVD) 9·5   13·3  0·72 (0·46–1·12)
CARE (with prior CVD) 13·5   20·0  0·68 (0·37–1·25)
Subtotal: p=0·003 (heterogeneity: I!=0·8%, p=0·39)   0·88 (0·78–0·99)

   Active group (%)   Control group (%) RR (95% CI)    RR (95% CI)  

Total: p<0·0001 (heterogeneity: I!=7·3%, p=0·36)   0·82 (0·77–0·87)

0·1 0·2 0·5 1 2 5 10
Log scale

Figure !: Updated meta-analysis of major statin trials that assessed the e" ect of statins on fatal and non-fatal stroke 
Fatal and non-fatal stroke (24 trials with 165 792 patients). Data on LIPID and CARE with or without prior CVD extracted from Vergowen et al.51  AFCAPS-TexCAPS=Air 
Force-Texas Coronary Atherosclerosis Prevention Study. ALLHAT-LLT=Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial. 
ALLIANCE=Aggressive Lipid-Lowering Initiation Abates New Cardiac Events. ASCOT-LLA=Anglo-Scandinavian Cardiac Outcomes Trial-Lipid Lowering Arm. 
ASPEN=Atorvastatin Study for Prevention of Coronary Heart Disease Endpoints in Non-Insulin-Dependent Diabetes Mellitus. CARDS=Collaborative Atorvastatin 
Diabetes Study. CARE=Cholesterol and Recurrent Events. CVD=cerebrovascular disease. GISSI=Gruppo Italino per lo Studio della Sopravvivenza nell’Infarcto 
Miocardico. GREACE=Greek Atorvastatin and Coronary-Heart-Disease Evaluation. HPS=Heart Protection Study. IDEAL=Incremental Decrease in End Points Though 
Aggressive Lipid. JUPITER=Justifi cation for the Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin. LIPID=Long-Term Intervention with 
Pravastatin in Ischemic Disease. MIRACL=Myocardial Ischemia Reduction with Aggressive Cholesterol Lowering. Post-CABG=post-coronary artery bypass grafting. 
PROSPER=Prospective Study of Pravastatin in the Elderly at Risk. PROVE-IT=Pravastatin or Atorvastatin Evaluation and Infection Therapy. RR=relative risk. 
SEARCH=Study of the E! ectiveness of Additional Reductions in Cholesterol and Homocysteine. SPARCL=Stroke Prevention by Aggressive Reduction in Cholesterol 
Levels. SSS=Scandinavian Simvastatin Survival Study. TNT=Treating to New Targets. WOSCOPS=West of Scotland Coronary Prevention Study. 

Elevated hs-CRP

Diabetes

HTN
HTN

Relative Risk
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LDL-C Lowering and Stroke

Revised from Amarenco and Labreuch Lancet Neurology 2009;8:453-451 
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Between group differences in LDL-C reduction (%  active m inus control groups) 
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All Trials
Secondary Prevention

Per 10% LDL-C Reduction
RRR Primary Prevention = 13.5% (7.7-18.8%)
RRR overall = 7.5% (2.3-12.5%)  

n= 165, 792
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Life’s Simple 7

Physical activity

Healthy weight

Healthy diet

Don’t smoke or
use smokeless tobacco

Healthy blood pressure

Healthy lipid levels

Healthy blood glucose 
levels

Virani et al. Circulation 2020;141:e139-e596
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Healthy Lifestyle
Diet

§ USDA
- 2,300 mg per day
- 1,500 mg per day for those 

over age 51 or African-
Americans

§ AHA
- 1500 mg per day for 

everyone
§ US average

- 3,400 mg per day
§ 1 Tsp = 2,300 mg
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DASH Eating Plan

http://www.nhlbi.nih.gov/health/public/heart/hbp/dash/new_dash.pdf

Total fat 27% Sodium 2300 mg
Saturated fat 6% Potassium 4700 mg
Cholesterol 150 mg Calcium 1250 mg
Protein 18% Magnesium 500 mg
Carbohydrate 55% Fiber 30 gm

2100 Calories
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DASH Diet
Stroke Risk

Fung et al. Arch Intern Med 2008;168:713-720

0.5 1.0 2.0

Quartile 2

Quartile 3

Quartile 4

Quartile 5

Relative Risk

Lower Risk           Higher Risk

  RR  (95% CI)

0.82 (0.71, 0.94)

0.89 (0.78, 1.02)

0.91 (0.80, 1.03)

0.92 (0.81, 1.05)

Stroke Risk (Multivariable Adjusted)

p trend <0.002
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Mediterranean Diet
Stroke Risk 

Control Advice for 
Low Fat (n=2450)

Mediterranean Diet 
with EVOO (n=2543)

Mediterranean Diet 
with Nuts (n=2454)

Rate per 1000 
person-years

5.9
(4.5-7.7)

4.1 *
(3.1-5.5)

3.1**
(2.1-4.4)

Hazard ratio - 0.67
(0.46-0.98)

0.54
(0.35-0.84)

*    p=0.03
** p=0.003

Estruch et al. NEJM 2013;368:1279-1290 
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Life’s Simple 7

Physical activity

Healthy weight

Healthy diet

Don’t smoke or
use smokeless tobacco

Healthy blood pressure

Healthy lipid levels

Healthy blood glucose 
levels

Virani et al. Circulation 2020;141:e139-e596

62

Physical Activity in Women
Stroke Risk – Women’s Health Study 

Kcal/week Total
p<0.0001

Ischemic
P<0.0001

Hemorrhagic
P=0.64

<200
(n=10,233)

1
n=181

1
n=155

1
n=24

200-599
(n=9,855)

0.91
(0.73-1.13)
n=138

0.86
(0.68-1.10)
n=106

1.29
(0.75-2.22)
n=32

600-1499
(n=10,895)

0.72
(0.57-0.89)
n=147

0.66
(0.52-0.84)
n=123

1.04
(0.60-1.79)
n=22

>1500
(n=8,332)

0.65
(0.51-0.82)
n=113

0.61
(0.47-0.80)
n=89

0.93
(0.52-1.67)
n=24

Sattelmair et al. Stroke 2010;41:1243-1250 

Age and treatment adjusted Relative Risk; 12-year follow up
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Life’s Simple 7

Physical activity

Healthy weight

Healthy diet

Don’t smoke or
use smokeless tobacco

Healthy blood pressure

Healthy lipid levels

Healthy blood glucose 
levels

Virani et al. Circulation 2020;141:e139-e596
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DukeMedicine
Neurology

Hypertension-Related Mortality
Kentucky 2017

https://nccd.cdc.gov/DHDSPAtlas/?state=County

Counties with Stroke Care Network Hospitals
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DukeMedicine
Neurology

Cigarette Smoking
United States,  2018

https://www.cdc.gov/statesystem/cigaretteuseadult.html

KY #2
23.4%
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Diabetes (Percent of Population)
Kentucky 2017

https://nccd.cdc.gov/DHDSPAtlas/?state=County

Counties with Stroke Care Network Hospitals
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Obesity (Percent of Population)
Kentucky 2017

https://nccd.cdc.gov/DHDSPAtlas/?state=County

Counties with Stroke Care Network Hospitals
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Physical Inactivity (Percent of Population)
Kentucky 2017

https://nccd.cdc.gov/DHDSPAtlas/?state=County

Counties with Stroke Care Network Hospitals
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Poverty (Percent of Population)
Kentucky 2017

https://nccd.cdc.gov/DHDSPAtlas/?state=County

Counties with Stroke Care Network Hospitals
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Objectives

§ Describe trends in the epidemiology of stroke and the role of 
primary prevention

§ Review the impact of lifestyle on stroke risk
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