








of future CHD. The concept of CHD risk equivalents may be
considered one specific instance of the use of absolute risk
thresholds for this purpose. Potential interventions include
lifestyle modification but also drug therapy, including treat-
ment of hyperlipidemia, use of aspirin, and treatment of
hypertension. An underlying concept is that because the
absolute risk of future vascular disease is greater, assuming a
relatively constant relative risk reduction, absolute risk re-
duction and effectiveness of treatment will be maximized.
Treatment of DM is always recommended, regardless of
overall risk of vascular disease.

US guidelines on lipid management for primary and
secondary prevention, including those of the NCEP, expand

the use of absolute risk levels by including categories of CHD
risk equivalents.5 Those considered to have coronary risk
equivalents include those with established CHD, as well as
those with DM, PAD, and symptomatic carotid artery disease.
Risk stratification can also be performed with the Framing-
ham risk prediction instruments, and patients can be divided
into those with low (�10%), moderate (10%–20%), or high
(�20%) 10-year risks. Those at high risk are also then
included in the coronary risk equivalent category.

The use of absolute risks in determining prevention strat-
egies, however, is not limited to the NCEP guidelines. The
2007 update to the AHA guidelines for CVD prevention in
women defined women at high risk as those with “established

Table 1. Applying Classification of Recommendation and Level of Evidence

A recommendation with Level of Evidence B or C does not imply that the recommendation is weak. Many important clinical questions addressed in the guidelines
do not lend themselves to clinical trials. Although randomized trials are unavailable, there may be a very clear clinical consensus that a particular test or therapy is
useful or effective.

*Data available from clinical trials or registries about the usefulness/efficacy in different subpopulations, such as sex, age, history of diabetes, history of prior
myocardial infarction, history of heart failure, and prior aspirin use.

†For comparative effectiveness recommendations (Class I and IIa; Level of Evidence A and B only), studies that support the use of comparator verbs should involve
direct comparisons of the treatments or strategies being evaluated.
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CHD, cerebrovascular disease, peripheral arterial disease,
abdominal aortic aneurysm, end-stage or chronic renal dis-
ease, DM, and 10-year Framingham risk �20%.”18 The 2011
guidelines for women7 have continued this approach and
recommended the use of specific risk prediction instruments
that include cerebrovascular disease as part of global risk
assessment.9,19 Recent European guidelines also use risk of
death because of CVD (heart and stroke) as the salient end
point, with �5% absolute risk of death because of CVD
considered high risk.20

Uses of Absolute Risk Categories

Hyperlipidemia
The NCEP ATP III recommended a more intensive approach
to treatment of hyperlipidemia in the presence of CHD or
CHD risk equivalents.5 Much of the rationale for an aggres-
sive approach to lipid lowering comes from the West of
Scotland Coronary Prevention Study (WOSCOPS), a
placebo-controlled study of statin therapy for primary pre-
vention of CVD.21 In WOSCOPS, the 10-year risk of CHD
was �15% in patients taking placebo. The study convinc-
ingly showed reduction of CHD risk in the original 5 years of
randomization and during longer-term follow-up.22 The statin

intervention in the higher-risk profile WOSCOPS patients
was associated with a greater absolute CHD risk reduction
and a lower number needed to treat. The NCEP ATP III
guidelines set the LDL-C goal in patients with CHD or CHD
risk equivalents at �100 mg/dL5 and suggested the possibil-
ity of a “very high-risk” group (established CHD plus risk
factors or acute coronary syndromes) who might qualify for
the even lower LDL-C target of �70 mg/dL.5

Aspirin
The 2009 report of the US Preventive Services Task Force
recommended use of aspirin for primary prevention in men
�45 years of age and women �55 years of age in whom the
risk of MI or stroke, respectively, can be reduced in excess of
the risk of a significant hemorrhagic complication.23 The
recommendations suggest that many people with a 10-year
risk of CHD of �20% should also begin empirical aspirin
therapy for primary prevention.

The Joint British Societies’ guidelines recommend aspirin
at 75 mg/d for their high-risk (fatal and nonfatal MI and
stroke �20% at 10 years) group, including some patients with
DM.24 The 2007 European guidelines on prevention of CVD
recommend aspirin for “virtually all patients with established
CVD (including people with DM),” as well as patients
without a history of CVD for whom the 10-year risk of CVD
mortality is “markedly increased” (�10%) after hypertension
has been controlled.25 The 2011 AHA guidelines for preven-
tion of CVD in women recommend considering aspirin
(75–325 mg/d) in women who are at high risk regardless of
age or for women �65 years of age who are at risk or healthy,
depending on risk of hemorrhage and consideration of risk for
ischemic stroke.7

Hypertension Treatment
In the Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC 7), hypertension treatment is not based
on a specific level of future risk but on a target blood pressure
of �140/90 mm Hg.26 One exception is “compelling indica-
tions,” which represent specific higher-risk conditions, but
these address specific classes of antihypertensive therapy to
be used as opposed to serving as an indication for blood
pressure treatment.

The British Hypertension Society guidelines for manage-
ment of hypertension27 also use absolute risk to recommend
specific blood pressure medications.24 High-risk groups in-
clude patients with evidence or history of target organ
damage related to hypertension, including established CVD,
renal disease, DM, or a global CVD risk assessment of �20%
over 10 years. The blood pressure goal for those considered at
high risk (�20% 10-year overall CVD risk) is �140/
85 mm Hg, but the goal for those with established CVD,
including stroke, or DM is �130/80 mm Hg.

Influenza Vaccination
Another recommendation based on the presence of CHD or
other atherosclerotic vascular disease (PAD, atherosclerotic
aortic disease, and CAD) is an annual influenza vaccina-
tion.28–31 Stroke was not specifically included in this US
guideline.

Table 2. Definition of Classes and Levels of Evidence Used in
AHA Stroke Council Recommendations

Class I Conditions for which there is evidence for
and/or general agreement that the
procedure or treatment is useful and
effective.

Class II Conditions for which there is conflicting
evidence and/or a divergence of opinion
about the usefulness/efficacy of a
procedure or treatment.

Class IIa The weight of evidence or opinion is in
favor of the procedure or treatment.

Class IIb Usefulness/efficacy is less well established
by evidence or opinion.

Class III Conditions for which there is evidence
and/or general agreement that the
procedure or treatment is not
useful/effective and in some cases may be
harmful.

Therapeutic recommendations

Level of Evidence A Data derived from multiple randomized
clinical trials or meta-analyses

Level of Evidence B Data derived from a single randomized
trial or nonrandomized studies

Level of Evidence C Consensus opinion of experts, case
studies, or standard of care

Diagnostic recommendations

Level of Evidence A Data derived from multiple prospective
cohort studies using a reference standard
applied by a masked evaluator

Level of Evidence B Data derived from a single grade A study,
or �1 case-control studies, or studies
using a reference standard applied by an
unmasked evaluator

Level of Evidence C Consensus opinion of experts
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Section Summary
In summary, a history of high absolute risk of vascular
disease has been invoked in many CVD guidelines as an
indication for more intensive preventive interventions. Stroke
has been inconsistently included in these high-risk categories.
Interventions that have been based on high risk in at least
some guidelines include lipid management, antihypertensive
therapy, and antiplatelet use. The varying definitions of the
high-risk groups confound a simple and universal recommen-
dation and support the need for an international alignment.

Categories of CHD Risk Equivalents
Existing CHD
Although the development of categories of CHD risk equiv-
alents by the NCEP is only one example of the use of absolute
risk to determine approaches to treatment, it provides an
instructive example for deciding what disorders to consider
under the umbrella of high vascular risk conditions. Patients
with existing CHD may logically be considered to have a
CHD risk equivalent because they already have the disease of
interest. It is reasonable, then, to consider the absolute event
rates of these patients as a standard level with which other
patient groups may be compared.

Patients with existing CHD may be considered to have
absolute event rates of further CHD events of at least 20% per
decade. The placebo groups in 2 long-term secondary pre-
vention trials (Cholesterol And Recurrent Events [CARE]
and Long-term Intervention with Pravastatin in Ischemic
Disease [LIPID]) among people with “average” cholesterol
levels had an absolute risk of CHD of �26% per decade
(Table 3). The risk of CHD in other clinical trials is
summarized in Table 3.32–39

It is notable that many of the data used in the NCEP
statement were based on trials that followed patients for 5 to
6 years rather than for the 10 years on which risk equivalent
status is based. Given that clinical trial participants are likely
to have event rates lower than those of similar people in the
general population (because of the healthy volunteer effect)
and that the event rates likely will increase as participants age
beyond typical 5- to 6-year trial periods, an event rate of 20%
per decade in people with CHD probably represents a
minimum estimate of the absolute annual risk associated with
existing CHD. Although event rates have decreased some-
what over time,46 probably because of increased penetrance
of statins and other secondary preventive strategies, there is
still evidence that patients with existing coronary disease
have event rates of �2% annually.

DM as a CHD Risk Equivalent
In the 2002 NCEP ATP III recommendations, DM was
considered a “CHD risk equivalent”; in other words, the risk
of CHD in people with DM was considered as great as the
risk of recurrent CHD in those with recent CHD events.5

Three lines of evidence were presented to support this
designation for patients with type 2 DM, with a short
statement saying that there was insufficient evidence for
designating type 1 DM as a CHD risk equivalent.

The first line of evidence came from cohort studies and
randomized trials that demonstrated elevated risks of coro-

nary outcomes among patients with DM and no heart disease
similar to those in patients with heart disease alone. A Finnish
population-based study published in 1998 reported an 18.8%
recurrent risk of MI in people without DM with a history of
MI versus a 20.2% risk of MI in people with DM without a
prior CHD history.47 The Organization to Assess Strategies
for Ischemic Syndromes (OASIS) study showed that over 2
years, the rate of new MI was 10.7% in people with DM
without CHD and 10.2% in those with a history of CHD but
no DM.48 The Heart Outcomes Prevention Evaluation
(HOPE) trial demonstrated an estimated 2.5% annual rate of
CHD in people with DM with vascular risk factors. Broader
outcomes showed rates of combined MI, stroke, and vascular
death over 5 years of 19.8% in people with DM and 18.7% in
those with a history of CVD (some of whom had DM).49

CHD rates of 15% to 20% over 10 years in the UK
Prospective Diabetes Study were also broadly supportive of
considering DM as a CHD risk equivalent.50

The second line of evidence supporting DM as a CHD risk
equivalent in ATP III was the finding that an initial MI is
more severe in people with DM, with greater rates of
complications, including acute congestive heart failure and
greater case-fatality rates after MI, which justifies a more
intensive preventive approach. One study of patients pres-
enting with symptoms of possible MI showed a 1-year
mortality rate of 25% for those with DM versus 10% for those
without DM.51 The Corpus Christi Heart Project (CCHP)
showed greater rates of in-hospital congestive heart failure,
longer lengths of stay, and greater rates of 28-day and
long-term mortality among patients with DM, with 28-day
case-fatality rates of 10.1% among people with DM com-
pared with 5.0% among those without DM.52 Another study
showed MI fatality rates out of hospital, at 28 days, and at 1
year to be consistently higher in those with DM than in those
without DM.53

The third line of evidence was that long-term mortality
after MI is higher in people with DM. In CCHP, 44-month
post-MI mortality rates were 37.4% among people with DM
compared with 23.3% among those without DM.52 The
Finnish study mentioned above showed death attributable to
cardiovascular causes occurred at a rate of 2.6% annually in
people without DM after MI versus 7.3% annually in people
with DM without MI.47 In a Framingham, MA, cohort, after
initial survival, 2-year mortality rates were 14% in people
with DM versus 6% to 8% in people without DM.54 In a
follow-up study to the Secondary Prevention Reinfarction
Israeli Nifedipine Trial (SPRINT), 10-year mortality after MI
was increased in both men and women with DM (versus those
without DM) and even more so for those requiring insulin
treatment (versus oral medications).55

There are limitations to the arguments presented in ATP III
to include people with DM as risk equivalents. Not all cohort
studies provide evidence that event rates are higher in people
with DM, and patients with DM are not a homogeneous
group. In an older cohort of patients from the Australian
Dubbo Study,56 risk of subsequent CHD was significantly
lower in patients with DM but no history of CHD versus those
with prior CHD. In the Physicians’ Health Study, risk of
CHD was higher among people without DM with baseline
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CHD than among people with DM without CHD.57 Cross-
sectional and cohort analyses from a Tayside, Scotland, study
and the Atherosclerosis Risk In Communities (ARIC) study
showed higher rates of overall mortality, cardiovascular
death, and hospital admission for MI in patients with recent
MI than in people with DM without a history of CHD.58,59

Finally, a systematic review and meta-analysis using data
from 13 studies and 45 108 patients found a significant
summative odds ratio of 0.56 for risk of CHD events in
people with DM without history of MI versus MI patients
without DM.60 Circling back, even if the risk of CHD in

people with DM is less than the risk in people without DM
after MI, the higher post-MI mortality rates observed in
people with DM despite these lower event rates may again
essentially equalize CHD deaths, a counterargument some
have used for continuing to consider DM as a CHD risk
equivalent for practical purposes.5

Several studies, moreover, have demonstrated that there is
heterogeneity in risk levels among patients with DM. A report
from the Prospective Cardiovascular Munster Study assessed
rates of coronary events over 10 years in a subcohort of 406
people with DM drawn from among 5389 participants.12

Table 3. Studies Providing Absolute Cardiac Risks Among Patients With CHD and PAD

Study (Year)
Study
Design Participants n

Follow-Up
Period Outcome

Risk of
Outcome, % Comment

Existing CHD

4S32 (1994) Clinical trial Persons with high
cholesterol levels

2223 (Placebo
group)

10 y Risk of CHD 26

CARE33 (1996) Clinical trial Persons with average
cholesterol levels

2078 (Placebo
group)

Median 5 y Nonfatal MI or
cardiovascular death

13

LIPID34 (1998) Clinical trial Persons with average
cholesterol levels

4502 (Placebo
group)

Median 6 y Fatal CHD or nonfatal
MI

16

VA-HIT35 (1999) Clinical trial Persons with low
HDL-C levels

1267 (Placebo
group)

10 y Risk of CHD 43

HERS36 (2002) Clinical trial Women 1383 (Placebo
group)

6.8 y Annual rate of CHD 3.7

WHI37 (2003) Clinical trial Women with
preexisting CHD

8102 (Placebo
group)

Mean 5.2 y Annual nonfatal MI or
fatal CHD event rate

1.65

PEACE38 (2004) Clinical trial Stable CHD and normal
or mildly reduced
ejection fraction

4132 (Placebo
group)

4.8 y Nonfatal MI, fatal CHD,
or cardiac arrest

8.6

ACCORD39 (2008) Clinical trial With DM and CVD 5051 (Standard
care group)

Mean 3.5 y Annual risk of nonfatal
MI or CHD death

2

PAD

Lipid Research
Council, San Diego
cohort40 (1985)

Cohort study With peripheral
vascular disease

159 4 y Annual coronary
mortality

2 Over 10 y (n � 67),
annual mortality

was 2.5% per year
for men but only

0.4% for women41

McKenna et al42

(1991)
Cohort study ABI �0.85 744 . . . Annual CHD mortality 6 40% of patients had

known CHD

Poulias et al43

(1992)
Cohort study Age 35–87 y

undergoing
aortofemoral bypass

1000 (941
men)

Range 1 mo
to 20 y

Annual mortality 2.4

Multicenter Study of
Osteoporotic
Fractures44 (1993)

Prospective
cohort study

Women without CHD 1027 Mean 4.3 y Annual total CHD
mortality rate among
those with ABI �0.9

2.9

Edinburgh Artery
Study45 (1996)

Cohort study Men and women age
55–74 y

1592 5 y Annual major coronary
event rate among

those with ABI �0.9

2.4–3.8 614 (39%) had
preexisting CAD, and

results were not
presented

differentially for
those with and
without heart

disease

CHD indicates coronary heart disease; PAD, peripheral artery disease; 4S, Scandinavian Simvastatin Survival Study; CARE, Cholesterol And Recurrent Events; MI,
myocardial infarction; LIPID, Long-Term Intervention with Pravastatin in Ischaemic Disease; VA-HIT, Veterans Affairs High-Density Lipoprotein Cholesterol Intervention
Trial; HDL-C, high-density lipoprotein cholesterol; HERS, Heart and Estrogen/progestin Replacement Study; WHI, Women’s Health Initiative; PEACE, Prevention of Events
with Angiotensin Converting Enzyme inhibitor therapy trial; ACCORD, Action to Control Cardiovascular Risk in Diabetes trial; DM, diabetes mellitus; CVD, cardiovascular
disease; ABI, ankle-brachial index; and CAD, coronary artery disease.
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Among their main findings: that 13.3% of participants expe-
rienced a coronary event over 10 years of follow-up and that
only 27% of the subcohort with DM were estimated to have
a 10-year CHD risk �20%, the purported cutoff for a CHD
risk equivalent. They concluded that DM should not be
considered a CHD risk equivalent. Another cohort showed
that people with DM without prior CHD had a lower rate of
vascular events over 4 years (9%) than people without DM
with CHD (25%), who in turn had lower rates than people
with DM with CHD (43%).11 The conclusion was that it is the
combination of very high-risk and lower-risk patients with
DM that makes DM overall appear to be a CHD risk
equivalent in some previous epidemiological studies.

Some guideline statements reflect this uncertainty with
regard to the inclusion of all people with DM among those at
high absolute risk. In 2010, an American Diabetes Associa-
tion/AHA/American College of Cardiology Foundation sci-
entific statement discussed the use of aspirin for primary
prevention in patients with DM61 and made the following
recommendation:

Low-dose (75–162 mg/d) aspirin use for preven-
tion is reasonable for adults with and no previous
history of vascular disease who are at increased CVD
risk (10-year risk of CVD events over 10%) and who
are not at increased risk for bleeding (based on a
history of previous gastrointestinal bleeding or peptic
ulcer disease or concurrent use of other medications
that increase bleeding risk, such as nonsteroidal
anti-inflammatory drugs [NSAIDS] or warfarin).
Those adults with DM at increased CVD risk include
most men over age 50 years and women over age 60
years having one or more of the following additional
major risk factors: smoking, hypertension, dyslipid-
emia, family history of premature CVD, and albumin-
uria. (ACCF/AHA Class IIa, Level of Evidence: B)
(ADA Level of Evidence: C).

This statement specifically does not recommend the use of
aspirin for primary prevention in a lower-risk subgroup of
people with DM. A similar recommendation for aspirin in
only the higher-risk subset of people with DM is found in the
2010 American Diabetes Association standards of medical
care in DM.62

The evidence reviewed above calls into question the
blanket assertion of DM as a CHD risk equivalent. What is
clear is that some of the inconsistency in the literature is
related to differences in study design and specifically in the
types of patients included (eg, high- versus low-risk people
with DM) and the way the outcome events of interest are
defined (eg, CHD mortality versus CHD events versus all
cardiovascular events). What is also clear is that patients with
DM, who vary greatly in age and associated comorbid
vascular risk factors, represent a spectrum of risk for future
atherosclerotic vascular events. It is also clear that when a
person with DM has a CHD event, the short- and long-term
prognoses are much worse than those for a similar person
without DM. So, although people with DM may not be at the
same high risk of an initial CHD event as people with a
previous MI are at risk for a recurrent event, the short- and

long-term outcomes are much worse for people with DM, a
finding that enhances the importance of preventing that initial
event. Thus, those most likely to benefit from more intensive
preventive interventions are those with DM who are at
highest risk for an initial event, and the most recent guidelines
appropriately focus on these higher-risk groups.61,62

There is therefore residual controversy about whether
patients with DM should be considered risk equivalents.
Early attempts to define CHD risk equivalents focused on
data indicating that people with DM were at increased risk of
CHD and that prognosis after an event was worse among
people with DM. More recently, it has been appreciated that
some patients with DM may be at higher risk than others, and
preventive strategies, such as aspirin, may reasonably be
directed to those patients at higher risk.

Others (Chronic Kidney Disease, Symptomatic
Atherosclerotic Disease, Symptomatic Carotid
Disease, Aortic Disease)
In addition to DM, the NCEP ATP III guidelines define
certain other conditions as CHD risk equivalents: clinical
atherosclerotic disease and multiple risk factors. Other forms
of clinical atherosclerotic disease include PAD, carotid artery
disease, and AAA. The basis for including these 3 diseases is
that they represent other manifestations of atherosclerotic
disease and thus are associated with a high rate of CHD
events. Chronic kidney disease (CKD) was subsequently
considered by the AHA and other organizations to be a risk
equivalent as well, on the basis of rather limited data
providing evidence of an increased risk of coronary disease
among such patients. This section briefly reviews the ratio-
nale for including these other atherosclerotic diseases as risk
equivalents and compares this rationale with the inclusion of
atherosclerotic stroke.

Peripheral Arterial Disease
The NCEP statement refers specifically to PAD as a risk
equivalent. Although usually directly responsible for claudi-
cation rather than life-threatening events, PAD is widely
recognized to be associated with an increased risk of subse-
quent stroke and MI.63 Five studies are cited in the NCEP
ATP III report to support PAD as a risk equivalent, with
sample sizes ranging from 567 to 1592 and follow-up ranging
from 3 to 10 years. These are summarized in Table 3.40–45

Carotid Artery Disease
Symptomatic carotid artery disease is symptomatic by virtue
of leading to stroke or transient ischemic attack (TIA),
including retinal events. Thus, symptomatic carotid disease is
the one variety of cerebrovascular disease that is already
explicitly included among risk equivalents. As noted previ-
ously, however, symptomatic carotid disease only accounts
for �10% of cerebral infarctions.

Seven studies are cited to support carotid disease as a risk
equivalent, with sample sizes ranging from 158 to 3024 and
follow-up ranging from 2.5 to 8.0 years. For example, in the
North American Symptomatic Carotid Endarterectomy Trial
(NASCET), the coronary mortality rate was 19% over 10
years64; the inclusion of nonfatal events, it was argued, would
increase the event rate well into the range of a risk equivalent.
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In the European Carotid Surgery Trial, among 3024 patients,
the 10-year nonstroke vascular mortality rate was estimated at
30%.65 Just under a quarter of patients had preexisting
coronary disease. It is likely that even in patients with carotid
disease, the absolute risks of MI and vascular death vary,
depending on the severity and extent of disease.66

In 1 study, among asymptomatic patients followed up for
0.5 to 8.0 years, coronary event rates were 2.7% per year for
those with stenosis �50% and increased to 8.3% for patients
with stenosis �75%.67 Notably, this study was not a
population-based study but a referral population. In the
Asymptomatic Carotid Atherosclerosis Study (ACAS),68 cor-
onary mortality was 19% over 10 years. The prevalence of
vascular diseases was high in this cohort: 69% had CHD,
28% were smokers, and 255 had DM. In the Veterans Affairs
Cooperative Study Group (n�444 men with �50% stenosis
monitored for 4 years), the estimated 10-year coronary
mortality rate was 51%, or �5% annually.69 Again, there was
a high burden of vascular disease among these patients: 27%
had a history of MI, 50% were smokers, and 30% had DM. In
the Mayo Asymptomatic Carotid Endarterectomy Study
(n�158), the 10-year coronary event rate was 30%.70 In the
Carotid Artery Stenosis with Asymptomatic Narrowing: Op-
eration Versus Aspirin (CASANOVA) trial (n�410), the
10-year coronary mortality rate was 35%.71 The burden of
vascular risk factors was again high. The absence of a large
population-based study of patients with asymptomatic steno-
sis is a limitation of the available data.

Abdominal Aortic Aneurysm
Only 1 study was cited in the NCEP statement to support the
inclusion of AAA as a risk equivalent.72 This was a follow-up
study of a cohort of patients who underwent surgery for AAA
and were monitored for an end point of fatal MI after
recovery from surgery. The study included 343 participants
(300 men) 45 to 89 years of age who were studied for 6 to 11
years; there were 286 operative survivors. Among those
without a history of coronary disease and a normal ECG
before surgery (31% of the population), the annual CHD
mortality rate was 1.9%. The rate was higher among those
with an abnormal ECG or a history of coronary disease
(2.0%–3.9%). Given that nonfatal events were not included, it
was considered likely that their inclusion would further push
the rates up above those considered to represent those of a
risk equivalent.

Chronic Kidney Disease
Although CKD was not originally considered a CHD risk
equivalent in the ATP III guidelines, subsequent recommen-
dations from major national organizations recommended its
inclusion. In 2003, the National Kidney Foundation Task
Force on Cardiovascular Disease in Chronic Renal Disease
considered patients with CKD to be in the group at highest
risk for CHD and recommended that they receive the same
targets for risk factor control as those for patients with
established CHD.73 This recommendation was also supported
by the AHA.74 However, although patients with CKD do have
an elevated risk of CVD compared with patients without
kidney disease, population-based studies do not consistently

demonstrate absolute risk levels as high as those for CHD
patients or at the level of 20% over 10 years.75–79

Therefore, the data are limited on inclusion of CKD as a
risk equivalent, despite the inclusion of patients with CKD in
several guideline statements. There are several outstanding
questions, moreover. These include the different thresholds of
estimated glomerular filtration rate used to define kidney
disease; the use of microalbuminuria, which is also associated
with increased vascular risk, to define kidney disease80; and
the fact that kidney function may fluctuate and exists along a
continuum, unlike event-defined CVD, which once present,
remains present. CKD directly causes and exacerbates hyper-
tension, an atherosclerotic risk factor. In addition, as with
DM, it is likely that not all kidney disease is the same in terms
of effect on risk for vascular events. Finally, the effectiveness
of some CHD-related preventive interventions among pa-
tients with CKD remains uncertain.

Rationale for Inclusion of Other Disease Categories as
Risk Equivalents
Although the evidence for inclusion of these different cate-
gories of disease supports the argument that they are CHD
risk equivalents, a few general points should be considered.
First, although 3 of these conditions (PAD, carotid disease,
and AAA) may be considered atherosclerotic, renal disease is
not necessarily atherosclerotic. CKD is considered a risk
equivalent on the basis of a high risk of CHD events
independent of its pathogenesis. Thus, the presence of ath-
erosclerosis is not necessarily required for the definition of a
risk equivalent. Second, the inclusion of these conditions is
not based uniformly on studies designed to answer the
question regarding associated CHD event rates but rather on
studies designed to address other questions. Third, the deter-
mination of event rates generally relied on overall absolute
event rates among a particular category of patient rather than
routine incorporation of Framingham risk scores into the
analyses. It thus remains unclear whether, for example, PAD,
carotid disease, and AAA are risk equivalents in all patients
independent of patients’ Framingham risk scores. Fourth, not
all studies in each disease category unequivocally demon-
strate an increase in absolute event rates �20% over a
10-year threshold. Several studies among patients with renal
disease, for example, suggest rates somewhat lower than
those for patients with primary CHD.

Grundy,81 in addressing the inclusion of DM among risk
equivalents, considers several reasons why conditions may be
considered risk equivalents other than simple consideration of
absolute event rates. Some of these reasons are primarily
pragmatic. First, even when there is variability in risk among
patients with a condition, based on concomitant risk factors,
there is an advantage to considering the entire class of
patients as risk equivalents. The simplicity of such an
approach will yield a net benefit beyond that of considering
each individual patient separately. Second, patients with
CKD or DM could have a higher case-fatality rate when they
experience cardiac events, which would justify more inten-
sive treatment. More data are needed to confirm this in all
situations, however. Similar criteria could reasonably be
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applied in determining whether stroke patients should be
considered risk equivalents.

Use and Limitations of Risk Prediction
Instruments and Absolute Risks
Risk prediction instruments have been used to identify people
at high risk who have not yet developed clear-cut clinical
manifestations but whose combination of nonmodifiable risk
markers (age and sex) and potentially modifiable risk factors
put them at increased risk. It is useful to be able to assess
absolute cardiovascular risk among the general population
without overt disease.

The Framingham Heart Study algorithm has been the
major example of this, although other risk prediction instru-
ments have been used.2,82–85 Multiyear estimates, typically 10
years, are determined on the basis of age, blood pressure,
cholesterol levels, smoking status, and DM. The advantages
of instruments such as the Framingham score are ready
availability, including the ability to calculate risk using an
online tool; familiarity; ability to provide quantitative abso-
lute risk over the decade; ability to include interactions for
age and sex in the model; and incorporation of graded
severity of risk factors, such as lipid levels. Potential disad-
vantages to using the Framingham algorithm include limits in
accounting for variability of risk factor levels across visits;
difficulty accounting for purely historical risk factors; ab-
sence of several more recently appreciated risk factors such as
alcohol consumption, obesity (body mass index or waist
circumference), family history, high-sensitivity C-reactive
protein, and physical activity; need for slightly more calcu-
lation or time to access the algorithm online; and limited
applicability to certain minority populations.86 The major
predictor from the Framingham risk score is age, which is not
a parameter that can be treated clinically. In addition, and
pertinent to the present scientific statement, the widely used
Framingham scoring system was developed to estimate risk
of coronary end points rather than cerebrovascular disease.
However, a separate stroke risk profile has been developed
using the Framingham risk models.85,87,88 There is some
evidence that the global CVD function and other risk estima-
tion algorithms incorporating other risk factors may provide
more informative data about overall cardiovascular health.9,89

Section Summary
Multiple different forms of CVD and related conditions,
including DM, CKD, and PAD, have been considered as
CHD risk equivalents according to existing statements. Risk
prediction instruments have also been used to determine
absolute risk levels. Regardless of the specific instrument
used, it is generally accepted that levels of short-term (�10
years) absolute risk can be determined by use of easily
accessible quantitative scores. In the NCEP guidelines and
many others, those with absolute risk levels calculated to be
above a certain threshold, typically �20% 10-year risk of
CHD, have then been considered to have risk equivalents.

Many reasons have been given for inclusion of these
different categories of disease, including data from large
prospective observational studies demonstrating actual abso-
lute risks, similarity of underlying pathology, severity of

outcomes among patients with the condition when they
experience a cardiovascular event, and the simplicity and
pragmatism of an inclusive approach. In this context, it is
notable that cerebrovascular disease has not been included
among the group of risk equivalents.

Importance of Stroke
Subtypes/Special Situations

Stroke Heterogeneity
As opposed to acute coronary syndrome, which is usually
attributable to large-vessel atherosclerosis, stroke has a far
more heterogeneous pathogenesis. Ischemic stroke, the prin-
cipal stroke type, results mainly from large-vessel atheroscle-
rosis, emboli originating from the heart, or cerebral small-
vessel occlusive disease (lacunar infarcts), presumed to result
from the occlusion of a single small perforating artery.90 An
abundant variety of other causes are well established, but
these are overall much less common. The large-vessel ath-
erosclerotic subtype is generally understood to refer to
ischemic stroke caused by atherosclerotic disease that affects
the major blood vessels supplying the brain, such as carotid,
vertebral, and basilar arteries, or the vessels of the circle of
Willis. Classification of ischemic stroke subtype is complex
and depends on the intensity and timing of diagnostic
investigations. Diagnostic uncertainty about the subtype and
misclassification are not uncommon.91–94 Additionally, even
after comprehensive evaluation, in a considerable proportion
of stroke patients the definite cause of stroke remains elusive
or �1 potential cause is found. Prevention of stroke some-
times requires specific treatment approaches such as antico-
agulation for atrial fibrillation or carotid revascularization for
carotid artery disease. Cerebrovascular disease and CAD,
however, often coexist.95,96 Both share risk factors, patho-
genic processes, and numerous preventive strategies.

Overall, long-term cardiovascular risk is high after ische-
mic stroke, although variation exists in risk of early stroke
recurrence according to subtype.97–104 Cardioembolic stroke
may be expected to have a higher likelihood of CHD events,
perhaps related to the underlying presence of cardiac disease.
The European Atrial Fibrillation Trial (EAFT) provides some
evidence on this point, although the study did not report
results for MI alone as an outcome.105 Median follow-up was
only 1.6 years, but investigators presented results for major
vascular events (including MI, among other outcomes), as
well as for stroke as an independent outcome. Risk factors for
major vascular events were derived from multivariate models
in which the following emerged as independent predictors:
ischemic heart disease, history of thromboembolism, duration
of atrial fibrillation, and elevated systolic blood pressure.
With these limitations, it is of interest that the major vascular
event rate among patients taking aspirin (n�401) �75 years
of age with no risk factors was 6.5% (95% confidence
interval [CI], 1.8% to 17%) annually, and among patients
taking warfarin (n�225), it was 2.6% (95% CI, 0.1% to 14%)
annually. The event rates increased further for those with at
least 1 other risk factor, with the lower bounds of the CIs
�2% annually (patients �75 years of age with 1–2 risk
factors, taking aspirin, 13.0% [95% CI, 9.2%–17%] annually;
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taking warfarin, 4.4% [95% CI, 2.1%–8.1%] annually). More
than 90% of patients had at least 1 other risk factor. Thus,
EAFT provides some evidence that the vast majority of
patients with atrial fibrillation and stroke will have major
vascular event rates of �2% annually.

Lacunar infarcts in particular are known to carry better
short-term prognosis. In a systematic review, early mortality
and stroke recurrence rates were indeed lower after lacunar
versus nonlacunar infarction, whereas long-term vascular risk
appeared similar.101 Data on the long-term risk of subsequent
MI are limited. In the Stroke Prevention by Aggressive
Reduction in Cholesterol Levels (SPARCL) trial, the lacunar
infarct subgroup had absolute rates of recurrent stroke and
major cardiovascular events as high as the large-vessel
atherothrombotic subgroup.100 Other studies, however, sug-
gest lower risks of MI after lacunar infarcts,102,106–108 yet even
then, the subsequent risk of MI and vascular death approaches
2% annually of a coronary risk equivalent.109 Intracranial
stenosis appears to have a relatively high risk of recurrence.
In 1 trial, risk of stroke, MI, or vascular death was 23% at 2
years.104

Among young adults, ischemic stroke is rare and the causes
are more heterogeneous than among older patients, with a
high proportion of cryptogenic stroke.110–115 Even among
relatively young people, the incidence of ischemic stroke and
atherosclerotic burden rises sharply with increasing age.116 In
the Iowa registry, in which patients with ischemic stroke
between the ages of 15 and 44 years were followed up for a
mean of 6 years, the mortality rate from vascular causes was
1.7% per year, and the incidence of vascular death, nonfatal
MI, or recurrent stroke was 2.6% per year.110 In the Helsinki,
Finland, registry of consecutive patients 15 to 49 years of age
with first-ever ischemic stroke, the cumulative 5-year mor-
tality rate was 10.7%, with more than half of these deaths
attributable to vascular causes.111 Patients with large-artery
atherosclerosis and cardioembolism underlying the index
stroke were at substantially higher risk than those with index
strokes of other pathogenetic subtypes.

In a heterogeneous condition such as stroke, there are
evidently specific situations that may require particular clin-
ical discretion. Spontaneous cervical artery dissection is an
important cause of stroke in younger people. It is considered
a paradigm of nonatherosclerotic vasculopathy. There is no
apparent association between spontaneous cervical artery
dissection and major vascular risk factors, apart from hyper-
tension.117 After dissection of a cervical artery, recurrent
stroke risk is restricted mainly to the first weeks and the
vascular distribution of the affected artery.118 Beyond that,
the risk appears to be quite low for most patients, and
redissection is rare.117,119–124 Therefore, it seems prudent not
to regard a young patient with stroke caused by dissection as
having a risk equivalent. Patent foramen ovale, a remnant of
the fetal circulation, is particularly common and present in
one quarter of the general population. The risk of recurrence
for most young patients with patent foramen ovale and
unexplained stroke is usually low,125–128 and atherosclerotic
burden is much lower in these patients.128,129 In a systematic
review and meta-analysis of observational studies, the risk of
recurrent stroke among those with cryptogenic stroke or TIA

was similar in those with versus those without a patent
foramen ovale.130 In the individual stroke patient, it can be
challenging to determine whether a patent foramen ovale is
indeed the underlying cause of the stroke. Often, it may be an
innocent bystander.131

Intracerebral hemorrhage (ICH) accounts for 10% to 15%
of all strokes. Most cases occur in patients who have
hypertension, which is the major modifiable risk factor for the
occurrence of ICH. Prevalence of other vascular risk factors
and comorbidity in those patients is relatively high but not as
high as in patients with ischemic stroke.132 There are partic-
ular situations in which ICH may be secondary to other
specific causes, such as vascular malformations, coagulopa-
thies, or anticoagulation, for which patient-tailored clinical
discretion is advised. Recurrent stroke among survivors of
primary ICH occurs at a rate of �2% to 4% per year and is
as or more likely to be hemorrhagic than ischemic.133–138 In
the population-based South London Stroke Register, the
cumulative risk of stroke recurrence over 10 years was
24.5%, with no significant differences noted between ische-
mic stroke and primary ICH.139 Data on subsequent MI after
ICH are particularly scarce, however. In a study based on a
state hospital discharge database from South Carolina
(n�10 399), hospitalized patients with hemorrhagic stroke
were 22% less likely to have subsequent MI but 84% more
likely to have stroke, MI, or vascular death as patients with
ischemic stroke.140 In a hospital-based study from The Neth-
erlands, the annual rate of any subsequent vascular event after
a primary ICH was 5.9% per year.138 Consideration of the
stroke type is essential because some risk factors, notably
hypertension, pose increased risk for both ICH and ischemic
stroke, whereas others, such as high blood cholesterol, may
have differing effects. Likewise, some preventive therapies,
such as antihypertensive medications, are clearly effective in
preventing both ICH and ischemic stroke, whereas others,
such as antithrombotic medications or statins, may have
opposing effects.

There is some evidence from clinical trials, moreover, that
some preventive therapies are likely to be of broad benefit
across multiple different stroke subtypes. In a secondary
analysis of the SPARCL trial, for example, the benefits of
atorvastatin therapy, which might be hypothesized to have a
benefit limited to those with large-vessel atherosclerotic
disease, were seen among all ischemic stroke subtypes.
Although the point estimate of efficacy was greatest for those
with large-vessel disease, there was no evidence of statistical
heterogeneity in the benefits across different ischemic stroke
subtypes. For the primary outcome, for example, comparing
atorvastatin with placebo, for those with large-artery disease,
the hazard ratio (HR) was 0.70 (95% CI, 0.49 to 1.02); for
TIA, the HR was 0.81 (95% CI, 0.57 to 1.17); for small-
vessel disease, the HR was 0.85 (95% CI, 0.64 to 1.12); and
for those with stroke of unknown cause, the HR was 0.87
(95% CI, 0.61 to 1.24; for heterogeneity, P�0.421).100

Section Summary
Stroke is more heterogeneous than CHD, a situation that
argues to some extent against the simple generalization that
all stroke patients are at equal risk of future coronary events.
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Strokes include both ischemic and hemorrhagic types. Large-
vessel atherosclerotic stroke, which can affect not only the
extracranial carotid arteries but the intracranial vessels as
well, may be the most similar to CAD in terms of risk factors
and CHD risk. Patients with cardioembolic stroke also appear
to be at increased risk of CHD, but additional study is needed.
Other common ischemic stroke subtypes, notably lacunar
stroke, appear to convey a lower risk of CHD than others.
Similarly, younger patients and those with unusual causes of
stroke, such as dissection, other nonatherosclerotic arteriopa-
thies, and paradoxical embolism, may be at lower risk of
coronary events. More data are needed about subsequent risks
among patients with ischemic stroke caused by nonathero-
sclerotic arteriopathies (dissection, fibromuscular dysplasia,
vasculitis) and hypercoagulable states. Nonetheless, most
patients with ischemic stroke fall into higher-risk groups
(cardioembolic, atherosclerotic, older age) that have higher
CHD event rates, and there is some evidence that the
long-term event rates are elevated even among patients with
lacunar stroke and patients with hemorrhagic stroke. Evi-
dence from trials such as SPARCL, moreover, supports the
notion that treatments hypothesized to benefit primarily those
with large-vessel atherosclerotic stroke may provide similar
benefits to patients with large-artery, small-vessel disease,
and cryptogenic ischemic stroke subtypes.

Inclusion of Atherosclerotic Stroke Among the
Categories of Risk Equivalents

Rationale
The omission of ischemic stroke, in particular atherosclerotic
ischemic stroke, from the list of conditions and diseases that
are considered to pose an elevated absolute risk of CHD
outcomes is glaring. There are many reasons why atheroscle-
rotic stroke should be considered among disorders associated
with an increased risk of heart disease and other cardiovas-
cular outcomes. First, data from observational studies and
clinical trials demonstrate that patients with ischemic stroke
are at approximately the same high levels of risk as those
patients with other forms of established CVD. Second, the
types of data that have been used to justify the inclusion of
DM and these other conditions (AAA, renal failure) as being
at these high absolute risk levels are as limited as or even
more limited than the data for stroke. It is thus unreasonable
to expect a different level of evidence (ie, formal improve-
ment of risk classification) for incorporating stroke compared
with the rationale for inclusion of these other entities. Third,
inclusion of atherosclerotic stroke among the categories of
risk equivalents is consistent with our understanding of the
pathophysiology of atherosclerosis, which is recognized to be
a diffuse and multifocal disease. Fourth, there is a public
health benefit to inclusion of stroke among conditions with
high absolute risk, because it would lead to these patients
receiving the same intensive prevention therapies used to
prevent cardiovascular events among those with heart dis-
ease, DM, and other manifestations of atherosclerotic disease.
Such an approach would be simple and pragmatic and on a
population level would likely yield a net benefit greater than
considering each person separately.

Risk Stratification After Stroke
Risk stratification after ischemic stroke remains rather prim-
itive compared with the use of risk stratification after MI.141

No risk stratification systems have been generally recom-
mended for use after stroke in existing guidelines for second-
ary prevention.142

Preliminary attempts to create and validate appropriate
risk stratification schemes after ischemic stroke143–145 and
TIA146–149 have been undertaken. In a comparison of several
of these long-term risk prediction instruments involving a
cohort of 1897 patients with �6 months of follow-up from 10
German centers, each instrument performed equally well and
similarly.150 For the Stroke Prognostic Instrument II (SPI-II),
the annual risk of recurrent stroke was 3.2% for those in the
low-risk group, 5.5% for the medium-risk group, and 9.1%
for the high-risk group.144

There are several limitations to the existing data. First, the
different prediction instruments analyze risk according to
different outcomes. For example, the SPI-II originally con-
sidered death and recurrent stroke; the Essen Stroke Risk
Score considered risk of recurrent stroke alone. Some predic-
tive models include coronary events, but validated instru-
ments for prediction of risk of MI after stroke are not
available. There is an absence of consensus at present about
the most important outcome events to be included. Second,
each of the studies designed to analyze these risk scores used
a different duration of follow-up, ranging from 1 to 10 years.
Third, although the schemes may be able to stratify patients
into different risk groups, it is not clear how clinically
meaningful these groups are, particularly with regard to
absolute event rates. Two-year rates of stroke or death in
low-risk groups defined by the SPI-II ranged from 9% to
16%, and in the subsequent German analysis that considered
the risk of stroke alone as an outcome, annual risk was 3.2%
for those in the low-risk SPI-II group. The Essen Stroke Risk
Score risk of stroke approached 4% annually for those in the
low-risk group. Thus, the approximate risk of clinically
significant recurrent events is well above the 2% per year
threshold for risk equivalents, even in the lowest-risk groups,
and it may be that the vast majority of stroke patients are at
levels of risk high enough to justify the most intensive levels
of treatment. Fourth, these risk stratification schemes ignore
clinically important outcome events other than stroke or
death, including functional decline, disability, and dementia.

Finally, because of heterogeneity among stroke patients,
risk prediction instruments designed for use after stroke
should be created and tested independently of instruments
used for primary prevention of stroke or after MI.85,151 One
limitation to this approach is the paucity of data on risk of
vascular events among patients with different stroke
subtypes.

Studies With Data on Absolute Event Rates of
MI/Sudden Death Among Stroke Patients

Observational Studies
Touzé et al97 performed a systematic review and meta-anal-
ysis of 39 studies focusing on the absolute risk of MI and
vascular death after stroke or TIA. Inclusion criteria included
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prospective cohort study or randomized controlled trial de-
sign, with publication date after 1979, reporting on long-term
follow-up of �100 patients, with follow-up of �1 year with
�5% loss to follow-up, written in English language publica-
tions, with outcome data for MI or vascular death. Exclusion
criteria included reporting hemorrhagic strokes only, having a
highly selected population (eg, single sex, young subjects, or
specific race), or patients with a “specific unusual cause of
stroke.” There were 25 randomized controlled trials, 8
population-based cohorts, and 6 single-center hospital-based
cohorts, including a total of 65 996 patients with a mean
follow-up of 3.5 years. Overall, meta-regression showed
annual risks of total MI of 2.2% (95% CI, 1.7%–2.7%; 22
studies); nonfatal MI, 0.9% (95% CI, 0.7%–1.2%; 16 stud-
ies); and fatal MI, 1.1% (95% CI, 0.8%–1.5%; 19 studies).

In the population-based Northern Manhattan Study (NO-
MAS),109 a cohort of patients with first ischemic stroke who
were �40 years of age was prospectively followed up
annually for recurrent stroke, MI, and cause-specific mortal-
ity. The 5-year risk of MI or vascular death was 17.4% (95%
CI, 14.2%–20.6%). In the lowest-risk group, those �70 years
of age without CHD, 5-year risk of MI or vascular death was
9.7%. Five-year risk of MI, recurrent stroke, or vascular death
was 29.0% (95% CI, 25.2%–32.7%). The results of other
studies are summarized in Table 4.152–155

Clinical Trials
Clinical trials (Table 5) provide information about cardiovas-
cular event rates in patients with ischemic stroke. Some trials
include a placebo group providing baseline risk information.
In others, all patients received one or another preventive

treatment, giving event rates in patients undergoing standard
stroke prevention therapies. Because patients are selected for
participation, however, there is always concern for a healthy
volunteer bias that can lead to an underestimation of risks in
the general population. Moreover, the trials enrolled different
populations of patients. Some trials, such as the Perindopril
Protection Against Recurrent Stroke Study (PROGRESS),
enrolled patients with most stroke subtypes, including
hemorrhage but excluding subarachnoid hemorrhage.
Other trials, such as SPARCL, excluded patients with
atrial fibrillation and other cardiac sources of embolism,
patients with subarachnoid hemorrhage, and patients with
ICH without an investigator-identified specific indication
of higher atherosclerotic risk. For this analysis, the studies
were divided into (1) risk factor reduction strategies, (2)
antithrombotic therapies, and (3) carotid revascularization
trials. Only trials with TIA or stroke as the inclusion events
were considered.

Risk Factor Reduction Trials
PROGRESS randomly assigned 6105 people with a history of
TIA or stroke within the previous 5 years to either a flexible
regimen of perindopril with or without indapamide or pla-
cebo156 in addition to standard blood pressure treatment.
After a mean follow-up of 3.9 years, active therapy was
associated with a statistically significant reduction in MI,
which occurred in 1.9% of those on active therapy and 3.1%
of those receiving placebo. SPARCL enrolled patients with
TIA or stroke within 1 to 6 months, LDL-C of 100 to 190
mg/dL, and no known coronary disease.157 Patients were
randomly assigned to either atorvastatin 80 mg/d or placebo.

Table 4. Selected Observational Studies That Report Risk of MI or Cardiac Death After Stroke

Study (Year) Design Participants n Follow-Up Period

Cardiac Risk Cardiac Plus Stroke Risk

Total Risk Annual Risk Total Risk Annual Risk

Heyman et al152

(1984)
Observational Consecutively

hospitalized
patients with TIA

390 Up to 8 y (164 were
followed up for at

least 5 y)

5-y Rate of MI and
sudden death: 20.1%

4.02% 5-y Rate of MI, sudden
death, and stroke:

43.7%

8.74%

Dexter et al153

(1987)
Observational With cerebral

infarction and no
previous MI

951 10 y 10-y Risk of MI or
sudden unexpected

death: 16.6%

1.7%* NR NR

Viitanen et al154

(1988)
Observational Consecutively

hospitalized
stroke patients

423 3.5–7 y 5-y Risk of MI: 19% 3.8% 5-y Risk of MI and
stroke: 56%

11.2%

Vickrey et al155

(2002)
Observational With ischemic

stroke,
administrative

databases,
age �40 y

1631 In commercial
database (mean

age, 62 y); 1518 in
Medicare

database (mean
age, 80 y)

1.2–1.3 y In commercial database:
Rate of MI at 3 y,

3.03%; in Medicare
database: Rate of MI at

3 y, 5.05%

In commercial database:
1.0%*; in Medicare

database: 1.7%*

In commercial database:
Rate of stroke at 3 y,

8.88%; calculated rate
of MI plus stroke,

11.91%. In Medicare
database: Rate of stroke

at 3 y, 12.17%;
calculated rate of MI
plus stroke, 17.22%

In commercial database:
Rate of stroke, 3.0%*;
calculated rate of MI
plus stroke, 4.0%.* In

Medicare database: Rate
of stroke, 4.1%*;

calculated rate of MI
plus stroke, 5.7%*

Touzé et al97

(2005)
Meta-analysis With stroke or

TIA; from 25
RCTs, 8

population-based
cohorts, 6

hospital-based
cohorts

65 996 Mean 3.5 y NR Total MI: 2.2%; nonfatal
MI: 0.9%; fatal MI:
1.1%; nonstroke

vascular death: 2.1%

NR NR

NOMAS109

(2007)
Observational Incident ischemic

stroke; age �40
y

655 Median 4 y 5-y Risk of MI or
vascular death: 17.4%

3.5%* 5-y Risk of MI, recurrent
stroke, or vascular

death: 29.0%

5.8%*

MI indicates myocardial infarction; TIA, transient ischemic attack; NR, not reported; RCT, randomized controlled trial; and NOMAS, Northern Manhattan
Study.

*Calculated by dividing total risk by follow-up period.
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Median follow-up was 4.9 years. Nonfatal MI occurred in
1.8% of patients receiving atorvastatin and 3.5% of those
receiving placebo (P�0.001). Major coronary events (death
attributed to cardiac causes, nonfatal MI, or resuscitation after
cardiac arrest) were seen in 3.4% of the atorvastatin group
and 5.1% of the placebo group (P�0.003). Both of these
trials randomized a variety of stroke subtypes, including some

ICH cases that may need to be considered when assessing
outcome risks.

Antithrombotic Therapy Trials
Secondary stroke prevention trials of antithrombotic agents
provide a rich source of outcome information about risk of
vascular events, mostly among ischemic stroke patients

Table 5. Clinical Trials With Data on Absolute Event Rates of MI, Sudden Death, and Stroke Among Stroke Patients

Study (Year) Participants n
Follow-Up

Period

Cardiac Risk

Combined Cardiac and Stroke Risk

Total Risk
Approximate
Annual Risk Total Risk Annual Risk

Risk factor
reduction trials

PROGRESS156

(2001)
History of TIA or

stroke within
previous 5 y

3054 (Placebo
group)

Mean 3.9 y NR NR Nonfatal stroke, nonfatal
MI, or vascular death:

20%

5.1%*

SPARCL157 (2006) With ischemic or
hemorrhagic
stroke or TIA

within 1–6 mo;
LDL-C, 100–190
mg/dL, no known
coronary disease;

age �18 y

2365 (Placebo
group)

Median 4.9 y Risk of major
coronary event:

5.1%

1.0%* Risk of major coronary
event plus stroke:

17.2%

3.5%*

Trials of
antithrombotic
therapy

Canadian
American
Ticlopidine
Study158 (1989)

Within 1 wk and
4 mo of stroke

528 (Placebo
group)

Mean 2 y Risk of MI: 2.3% Risk of MI: 1.2%* NR Risk of stroke,
MI, or vascular
death: 15.3%

Ticlopidine
Aspirin Stroke
Study159 (1989)

Within 3 mo of
TIA or minor
large- and

small-vessel
ischemic stroke

1540 (Aspirin
group)

3 y Risk of fatal MI:
0.9%

Risk of fatal MI:
0.3%*

Risk of fatal MI, stroke,
and sudden death:

17.4%

Risk of fatal MI,
stroke, and

sudden death:
5.8%*

ESPS-2160 (1996) Within 3 mo of
stroke or TIA

1649 (Placebo
group)

2 y Risk of MI: 3.3% Risk of MI: 1.7%* NR NR

CAPRIE161 (1996) Ischemic stroke
subgroup: at least
1 wk and �6 mo

since stroke
onset

3198 (Aspirin
group)

Mean 1.9 y NR Rate of MI per
patient-year: 0.9%

NR Rate of stroke,
MI, or vascular

death: 7.7%

WARSS162 (2001) Within 30 d of
ischemic stroke

2206 2 y NR NR Risk of stroke or death:
18% in warfarin group,
16% in aspirin group

Risk of stroke or
death: 9% in

warfarin group,
8% in aspirin

group*

Black Stroke
Prevention
Study163 (2003)

Black men and
women within
7–90 d of a

noncardioembolic
stroke

907 (Aspirin
group)

2 y Risk of MI: 0.9% Risk of MI: 0.5%* Risk of stroke, MI, and
all-cause death: 13.8%

Risk of stroke,
MI, and all-cause

death: 6.9%*

MATCH164 (2004) History of stroke
or TIA and at

least 1 additional
vascular risk

factor

7599 18 mo Risk of MI: 2% Risk of MI: 1.3%* Risk of stroke, MI, or
vascular death: 12%

Risk of stroke,
MI, or vascular

death: 8%*

WASID104 (2005) Within 90 d of
TIA or stroke and
with 50%–99%

intracranial
stenosis

569 Mean 1.8 y Risk of MI: 17% in
warfarin group,

20.4% in aspirin
group

Risk of MI: 9.4% in
warfarin group,

11.3% in aspirin
group

Risk of stroke, MI, or
vascular death: 24.6%

in warfarin group,
23.6% in aspirin group

Risk of stroke,
MI, or vascular
death: 13.7% in
warfarin group,

13.1% in aspirin
group

ESPRIT165 (2006) Within 6 mo of
TIA or stroke

1376 (Aspirin
group)

Mean 3.5 y NR NR Risk of stroke, MI, and
vascular death: 14%

Risk of stroke,
MI, and vascular

death: 4%*

MI indicates myocardial infarction; PROGRESS, Perindopril Protection Against Recurrent Stroke Study; TIA, transient ischemic attack; NR, not reported; SPARCL,
Stroke Prevention by Aggressive Reduction in Cholesterol Levels; LDL-C, low-density lipoprotein cholesterol; ESPS-2, European Stroke Prevention Study 2; CAPRIE,
Clopidogrel vs Aspirin in Patients at Risk of Ischaemic Events; WARSS, Warfarin-Aspirin Recurrent Stroke Study; MATCH, Management of Atherothrombosis with
Clopidogrel in High-Risk Patients; WASID, Warfarin and Aspirin for Symptomatic Intracranial Arterial Disease; and ESPRIT, European/Australasian Stroke Prevention
in Reversible Ischaemia Trial.

*Calculated by dividing total risk by follow-up period.
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(Table 5).158–161,163–165 Although warfarin has only shown
benefit over aspirin for atrial fibrillation, trials comparing
these antithrombotic therapies provide additional data about
vascular event rates (Table 5).162 In the Warfarin and Aspirin
for Symptomatic Intracranial Arterial Disease (WASID)
study, 569 patients with 50% to 99% intracranial stenosis and
either TIA or stroke within 90 days were randomly assigned
to adjusted-dose warfarin (international normalized ratio 2–3)
or 1300 mg of aspirin daily.104 Rates of MI were 4.2% with
warfarin and 2.5% with aspirin.

Carotid Intervention Trials
Another source for cardiovascular outcomes in stroke patients
is trials comparing carotid stenting with endarterectomy.
However, only 2 trials reported longer-term rates of MI in
addition to stroke and death. The Endarterectomy versus
stenting in patients with Symptomatic Severe Stenosis (EVA
3S) study randomized 527 patients with TIA or nondisabling
stroke within 120 days and �60% carotid stenosis to either
carotid endarterectomy (CEA) or stenting (CAS).166 In the 30
days after the procedure, MI was observed in 0.4% of the
CAS group and 0.8% of the CEA group; the mortality rate
was 0.8% in the CAS group and 1.2% in the CEA group. In
the Carotid Revascularization Endarterectomy versus Stent-
ing Trial (CREST), 1321 patients with TIA or nondisabling
stroke within 180 days were randomly assigned to either CAS
or CEA.167 MI occurred in 1.0% of those undergoing CAS
and 2.3% of patients with CEA. The overall rates for stroke,
MI, and death were 6.7% for the CAS group and 5.4% for the
CEA group. These lower event rates could represent more
intensive therapy in this clinical trial population.46

Summary and Limitations of Observational and
Clinical Trial Data
Observational studies provide evidence that stroke patients,
as a group, have absolute risks of MI and combined end
points including MI and vascular death that are equal to or
greater than the 2% annual threshold that defines high-risk
groups. Definitions of vascular death and methods of ascer-
tainment vary among individual studies, however. There is
also evidence that risks among stroke patients differ (as
discussed above), as they do among patients with DM and
kidney disease.

Most clinical trials among patients presenting with stroke
and TIA also provide evidence that the rates of MI and
vascular death after stroke are elevated. There are limitations
to the available data from stroke trials, however. First, there
is little definitive evidence that rates of hard CHD end points
alone (MI and sudden cardiac death) reach 2% annually,
mostly because of a lack of reported data. Second, only a few
trials monitored patients for as long as 4 years, and in most
trials, mean follow-up was �2 years. Some studies provide
evidence that vascular event rates change over time during 10
years, moreover, and therefore extrapolation of event rates
should be considered speculative. Recent analyses provide
evidence that recurrent vascular event rates in clinical trials
have been declining over the past 50 years.46 Additional
follow-up is planned for the CREST trial and may provide
more long-term outcome information in the future. Third,

trials used different definitions of outcomes and assessed
different outcomes. Few assessed all hard coronary end
points. Fourth, most did not allow a breakdown of stroke
subtypes by category. Finally, patients with a prior history of
MI/CHD were not excluded from most of the studies dis-
cussed above. In fact, only SPARCL included patients with-
out a history of CHD, and in that trial, the absolute risk of MI
was �2% per year.

Other Arguments for Including Atherosclerotic
Stroke as a Risk Equivalent
Evidence of annual absolute event rates of �2% is only one
reason for a condition to be considered a risk equivalent. As
discussed above, there is heterogeneity in the absolute risk
data for other disorders that have been included among risk
equivalents, such as DM and CKD. For others, like AAA,
data are very limited. Formal improvement of risk classifica-
tion by inclusion of these conditions has generally not been
demonstrated. Because they are nonetheless considered
among risk equivalents in many guidelines, as noted above, it
is worth considering what additional arguments similarly
justify the inclusion of atherosclerotic stroke or other stroke
subtypes.

First, inclusion of atherosclerotic stroke among the catego-
ries of risk equivalents is consistent with our understanding of
the pathophysiology of atherosclerosis, which is recognized
to be a diffuse and multifocal disease. Second, there may also
be a public health benefit to inclusion of stroke among
conditions with high absolute risk, because it would lead to
these patients receiving the same intensive prevention thera-
pies used to prevent cardiovascular events among those with
heart disease, DM, and other manifestations of atherosclerotic
disease. Many patients enter the healthcare system with a first
event of stroke rather than MI, and they are therefore better
served by being included among patients with high-risk
conditions. On a population level, moreover, there are prag-
matic reasons to approach all cardiovascular patients in a
uniform, simpler way. Third, and consistent with this prag-
matic approach, many international guidelines include ath-
erosclerotic stroke and stroke in general among high-risk
conditions. Finally, if, as discussed in the next section, stroke
is included in the outcome cluster for determination of
absolute risks, then it appears reasonable to also include it
among the conditions at high risk, especially because stroke
patients are generally at even higher risk of recurrent stroke
than of MI.

Magnitude of Effect of Including Stroke as a
High-Risk Condition or Risk Equivalent
Although some stroke patients are already classified as
having coronary risk equivalents because of comorbid con-
ditions such as CAD or DM, many stroke patients do not have
these risk factors and will, if included in high-risk groups,
incrementally contribute to estimates of those at risk of CVD.

It is possible to estimate the effect of inclusion of stroke as
a risk equivalent on the number of people in the United States
considered as having risk equivalents. The prevalence of
CHD in the United States among those �20 years of age is
�17.6 million (8% of the US population),168 and the preva-
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lence of diagnosed DM is �17.9 million (8% of the US
population).169 Between 16% and 58% of people with DM,
depending on the population and study design, have CAD.170–172

Assuming that approximately one third of people with DM
already have coronary disease (n�6.0 million), the approxi-
mate number of those already considered to have risk
equivalents would be 29.5 million. The prevalence of stroke
in the United States is 6.4 million.168 Of those with stroke,
�30% have coexisting CHD173 and another 10% have DM;
therefore, �3 800 000 people with stroke (60% of the total
number of stroke patients) would be added to those consid-
ered to have risk equivalents. The addition of stroke would
thus lead to an increase of �13% in the US population
classified as having coronary risk equivalents and in need of
more intensive preventive treatments.

There is little in the way of published data to confirm these
estimates of the proportion of people with only a stroke
among those with CAD, DM, or stroke. Unpublished data
from the REasons for Geographic And Racial Differences in
Stroke (REGARDS) study174 provide some prevalence rates
for stroke alone (Figure). Among 27 438 participants in the
REGARDS study for whom data are available on prevalent
stroke, CAD, and DM, 10 387 (38%) have �1 of these
conditions. The Figure shows by age strata the proportion of
people who are positive because of either DM or CAD but are
stroke free, the percentage of people who are positive and
have had a stroke but would have been identified already by
CAD or DM, and finally the percentage of people who have
stroke only and hence would be newly identified. In all age
strata, �20% of risk equivalent-positive patients have a
stroke. Of those who have had a stroke, approximately half
already have a risk equivalent because of coexisting CAD or
DM. Thus, regardless of the age strata, these data confirm that
inclusion of stroke as a risk equivalent would result in an
expansion of �10% in the number of patients considered as
having risk equivalents. Although these are not national
estimates of prevalent stroke, these data are based on a
national sample, and weighting can be used to generate
national estimates.

Declaring this new 10% of stroke-only people as risk
equivalents may require a higher vigilance for the manage-

ment of some, but not all, of the risk factors in these people.
Stroke treatment currently encompasses many of the tradi-
tional Framingham CVD risk factors, including management
of hypertension, DM, left ventricular hypertrophy, atrial
fibrillation, and efforts for smoking cessation.2,85,87,175 Re-
cently, the SPARCL study has indicated use of statins for
secondary stroke prevention.176 Thus, the addition of stroke
as a CVD risk equivalent may have only a moderate impact
on treatment usage, because secondary stroke prevention
should already imply management of many of the same
comorbid conditions.

TIAs were not included in these calculations, and the
number would further increase by adding 200 000 to 500 000
TIAs annually.177 It should be recognized, however, that
according to current definitions, it is likely that many TIAs
can actually be reclassified as strokes.177 Nonetheless, TIAs
as a category of cerebrovascular disease are not included in
the risk equivalent consideration because the evidence from
studies is less conclusive. Additional future studies of TIAs
may identify their appropriate inclusion in categories of
atherosclerotic stroke.

Section Summary
Few studies have examined risk of cardiac disease after
stroke, and well-validated risk prediction instruments for use
after stroke are not yet readily available or used. In particular,
there is a paucity of data on outcomes after specific stroke
subtypes. Those studies that have been conducted, however,
suggest that the risk of CHD events is high in most stroke
patients. Observational and clinical trial data provide evi-
dence that patients with ischemic stroke are at elevated levels
of risk similar to those of patients with other forms of
established CVD. A review of the data used to justify
inclusion of DM, CKD, and other conditions among those at
high absolute risk levels demonstrates that the data for these
conditions are limited and conflicting. Justification for inclu-
sion of these conditions is based not only on statistical
evidence of formal improvement of risk classification but on
other arguments as well, such as increased mortality associ-
ated with cardiac events in those conditions, a common
pathophysiological mechanism, simplicity, and pragmatism.

Figure. Percentage of risk equivalent–
positive participants within each age
strata who are stroke free (NS), have a
stroke but are otherwise identified (S-OI),
or have stroke only and are newly identi-
fied (S-NI). CAD indicates coronary artery
disease.
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Inclusion of atherosclerotic stroke among the categories of risk
equivalents therefore is consistent with our understanding of the
pathophysiology of atherosclerosis, which is recognized to be a
diffuse and multifocal disease. Moreover, there is a public health
benefit to inclusion of stroke among conditions with high
absolute risk, because it would lead to these patients receiving
the same intensive prevention therapies used to prevent cardio-
vascular events among those with heart disease, DM, and other
manifestations of atherosclerotic disease.

Inclusion of stroke as a high-risk condition could have a
substantial impact on risk estimation used in the planning of
prevention programs. There could be an increase of 10% in
the number of people considered to be risk equivalents and
therefore eligible for more intensive preventive interventions.

Inclusion of Stroke in the Vascular
Outcome Cluster

Rationale
The second critical issue addressed by the present scientific
statement is the inclusion of stroke among the outcome
cluster in cardiovascular risk prediction instruments. The
limited focus on cardiac disease alone in estimating absolute
risk of outcome events is problematic for several reasons.
First, stroke is an important health outcome in terms of
morbidity, disability, mortality, and social and economic
costs. Failure to include it as an outcome therefore ignores a
major preventable cardiovascular outcome. Second, it is
conceptually inappropriate to omit stroke, because many of
the same risk factors and mechanisms that cause heart disease
also cause stroke. Third, excluding stroke perpetuates dispar-
ities because it fails to capture an outcome (stroke) that is
even more important for minorities than for nonminority
populations. Fourth, stroke is often included as an outcome in
clinical trials as a major cardiovascular end point. Fifth, as
will also be discussed in the following section, primary
prevention guidelines from Europe and elsewhere endorse the
inclusion of stroke as an outcome of equal importance,
putting the US guidelines out of touch with international
efforts.

Importance of Stroke as an Outcome
Stroke is a major public health issue and will become an
increasingly global problem over time as chronic diseases
continue to emerge in middle- to lower-income nations.178

Reducing mortality from stroke (both ischemic and hemor-
rhagic) and cardiac diseases is an essential part of the AHA
2020 Impact Goal and is being addressed in the United
Nations approach to noncommunicable diseases. Most risk
factors for stroke overlap with risk factors for CHD, and thus
successful interventions aimed at preventing either will often
lead to reductions in both.179,180 Both CHD and stroke are
associated with huge burdens and costs.181

Stroke Incidence
There are �800 000 new or recurrent strokes annually in the
United States. Most of these (�600 000) are first strokes, and
the remainder (�200 000) are recurrent strokes. Of these,
�87% are ischemic, 10% are primary hemorrhages, and 3%
are subarachnoid hemorrhages. Incidence increases rapidly

with age, doubling for each decade after age 55. Among
adults 35 to 44 years of age, incidence of stroke is 30 to 120
per 100 000 people per year, and for those 65 to 74 years of
age, incidence is 670 to 970 per 100 000 per year.

Stroke Mortality
Stroke is the second-leading cause of death in the world but
has dropped to fourth in the United States, behind CHD,
cancer, and chronic respiratory disease. The World Health
Organization suggests 5.5 million deaths of stroke in 2002
(�1 every 6 seconds).182 These deaths were more likely to be
in women (�3 million versus 2.5 million). The 3 nations with
the greatest numbers of stroke deaths were China, India, and
the Russian Federation. More than 85% of all strokes occur in
low- and middle-income countries.183

There were 134 148 stroke deaths (�1 every 4 minutes) in
2008.168 US stroke death numbers were higher in women than
in men, and stroke death rates were also higher in blacks than
whites; other minority groups did not clearly have higher
rates. Data from 2002 reveal a younger average age at death
because of stroke in virtually all minority races and those of
Hispanic ethnicity. Median survival after first stroke is
strongly age dependent and is �6 to 7 years for people 60 to
69 years of age, 5 to 6 years for people 70 to 79 years of age,
and 2 to 3 years for people �80 years of age.

Effect of Stroke on Disability
An estimated 15 million strokes occur each year worldwide.
Among the survivors, 5 million are left permanently disabled.
The burden of stroke and other chronic diseases can be
measured and compared, with some limitations, using dis-
ability adjusted life years (DALY), a measure that allows
simultaneous consideration of both mortality and disability.
DALYs allow the weighting of years of life by a factor that
represents the level of disability that occurs with that condi-
tion. By using DALYs to estimate the burden of stroke, it is
projected that global DALY loss caused by stroke will grow
from 38 million in 1990 to 61 million in 2020; the corre-
sponding numbers for CHD are 47 million in 1990 to 82
million in 2020. The relative stroke burden may thus be
estimated at �74% of CHD in 2020.182

In the United States, stroke is the largest single cause of
long-term disability in adults.168 Among ischemic stroke
survivors at 6 months, 43% had moderate to severe residual
neurological deficits. These deficits were more prevalent in
women, but only because of their greater age at the time of
stroke.184

Relative Importance of Stroke Versus Heart Disease in
Different Populations
On a global scale, cardiac disease and stroke are among the
leading 3 and 4 causes of disease burden in men and women,
respectively. In men, stroke is responsible for 5.0% of all
DALYs lost versus 6.8% for CHD; in women, the burden is
nearly identical, with stroke responsible for 5.2% of all
DALYs lost versus 5.3% for CHD.182

In the United States, mortality rates are relatively increased
in blacks versus whites for both stroke and CHD. Also
consistent between conditions, point estimates for mortality
for both stroke and CHD were lower among whites than
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among American Indian and Alaskan Native and Asian and
Pacific Islander races and people of Hispanic ethnicity. A
unique ethnic difference in stroke patients relates to the
relative frequency of ICH and subarachnoid hemorrhage. ICH
mortality is increased in the Asian or Pacific Islander races
versus whites (in contrast to overall stroke), and subarachnoid
hemorrhage is increased in all racial minorities and Hispanics
compared with whites.168

Estimated direct and indirect costs for stroke in the United
States for 2010 were $73.7 billion versus $177.1 billion for
CHD.168 Over the period from 2005 to 2050 in the United
States, total costs for ischemic stroke alone are estimated to
be $1.5 trillion, $379 billion, and $313 billion for white,
black, and Hispanic populations, respectively. The per capita
cost is highest in blacks, then Hispanics, then whites, with
loss of earnings being the greatest cost for all groups.181,185

Studies With Data on Absolute Event Rates for
MI/Sudden Death Versus MI/Sudden Death/Stroke

Observational Studies
Dhamoon and Elkind10 reviewed studies with data available
on absolute risks of both hard cardiac end points (MI and
sudden death) and the combination of hard cardiac end points
and stroke. The Framingham Heart Study general cardiovas-
cular risk profile scoring system,9 developed among those 30
to 74 years of age and free of heart disease or stroke, was used
to compare risk of composite outcomes with risk of individ-
ual end points.9 Among women in the fifth decile of risk,
mean 10-year risk of global CVD was �4%, with a risk of
hard CHD of �2.4%; risk of stroke, 0.95%; and combined
risk of CHD or stroke, �3.4%. Among men in the fifth decile
of risk, the mean 10-year risk of CVD was �12%, corre-
sponding to a risk of CHD of �7.3%; risk of stroke, �2.9%;
and combined risk of CHD or stroke, �10.2%. Among 9
population-based studies in Italy composed of 12 045 men
and 5108 women 35 to 74 years of age with follow-up from
5 to 15 years, outcomes included mortality, causes of death,
and nonfatal cardiovascular events.186 Three categories of
outcomes were considered: major coronary events (sudden
coronary death, nonsudden coronary death, definite nonfatal
MI, fatal MI, definite fatal chronic ischemic heart disease,
surgery of coronary arteries), major cerebrovascular events
(definite fatal and nonfatal hemorrhagic and thrombotic
stroke, surgery of carotid arteries), and major cardiovascular
events (major coronary and cerebrovascular events as defined
above, plus major peripheral artery events, including fatal and
nonfatal aortic aneurysms, fatal lower limb artery disease,
surgery of aorta or lower limb arteries). The 10-year risk of
first major coronary events was �6% in men and �3% in
women 60 years of age, whereas the 10-year risk of first
major cardiovascular events was �11% in men and �4% in
women. In the Reduction of Atherothrombosis for Continued
Health (REACH) study, participants were enrolled with either
(1) a history of CHD, cerebrovascular disease, or PAD or (2)
at least 3 atherothrombotic risk factors.187 Participants were
derived from multiple international outpatient sites and fol-
lowed up at 1 year for cardiovascular outcomes. Among the
11 766 participants without a history of CVD but with
multiple risk factors, the 1-year event rate of cardiovascular

death and nonfatal MI was 1.5% and the rate of stroke was
0.8%. The 1-year event rate of the combined outcome of
cardiovascular death, MI, or stroke was 2.15%.

Among 2613 community participants in the Northern Man-
hattan Study without preexisting heart disease or stroke (53%
Hispanic, 25% non-Hispanic black, and 20% non-Hispanic
white), 867 were classified as being at intermediate risk based on
an estimated 10% to 20% predicted 10-year Framingham risk
score.188 The observed 10-year risk of MI or CHD death in this
group was 14.20%, which increased to 21.98% (absolute risk
difference, 7.78; 95% CI, 5.86–9.75) when stroke was added to
the outcome cluster. Thus, in a multiethnic urban population, the
addition of stroke to the risk stratification outcome cluster
resulted in a 55% increase in total estimated risk and crossing of
the high-risk threshold (�20% over 10 years).

The absolute number and proportion of patients who
may be classified as risk equivalents is likely to differ
across racial/ethnic groups because the relative proportion
of cardiac and stroke events may differ among these
groups. In the Northern Manhattan Study cited above, for
example, the absolute risk difference for the inclusion of
stroke in the outcome cluster among blacks was significantly
larger than among whites (P�0.01).188 Thus, the effect of
adding stroke as a risk equivalent is likely to have a greater
impact in minority populations.

Despite the heterogeneity among these study populations
and designs, inclusion of stroke among the outcome cluster
leads to a notable increase in global cardiovascular risk.
Although this is not unexpected (because more outcomes are
being considered), it is notable that the absolute event rate in
several studies crosses the 20% over 10 years (or 2% annual)
absolute risk threshold of a risk equivalent when stroke is
included. It is worth noting that actual risks may change over
time and that the 2% annual risk remains an approximation.

Clinical Trials
Clinical trial data are limited by selection bias and short-term
follow-up but can provide stratified risk of strictly defined
outcome events. In Table 6, risk or event rate data are
presented in 3 groups: cardiac, stroke related, and combined.
Because outcome definitions and follow-up times vary
among studies, the outcome definition used in each study is
specified, along with the time period. Approximate annual-
ized risks were calculated by dividing total risk by the
follow-up period for the individual studies.39,49,189–197 It is
worth noting that stroke is a significant outcome after
coronary artery bypass grafting as well.198

Several clinical trials among patients with and without CVD
therefore provide evidence that the annual absolute risks of
cardiovascular events are substantially increased when cerebro-
vascular events are included among the relevant clinical out-
come event cluster. Though many trials and studies did not
distinguish stroke subtype, it is important to consider atheroscle-
rotic stroke in particular as a relevant outcome.

Section Summary
Stroke is an important cardiovascular health outcome in terms
of morbidity, disability, mortality, and social and economic
costs. Many of the same risk factors and mechanisms that cause

Lackland et al Stroke in CV Risk Prediction Instruments 2015

 by guest on November 2, 2014http://stroke.ahajournals.org/Downloaded from 

http://stroke.ahajournals.org/


Table 6. Clinical Trials That Report Both Cardiac and Cerebrovascular Event Rates in Stroke-Free Populations

Study (Year) Participants n
Follow-Up

Period

Cardiac Risk Stroke Risk Combined Risk

Total Risk
Annual

Risk,* % Total Risk
Annual

Risk,* % Total Risk
Annual

Risk,* %

HOPE49 (2000) Age �55 y, with CAD,
stroke, PVD, or DM

and 1 other
cardiovascular risk
factor; 11% had

history of stroke or TIA
in placebo group

4652 (Placebo
group)

Mean 5 y Rate of MI:
8.1%

1.6 Rate of stroke:
4.9%

1.0 Rate of cardiovascular
death, MI, and stroke:

17.8%

3.6

LIFE189 (2002) With hypertension and
LVH on ECG; age
55–80 y; 8% had

history of
cerebrovascular

disease

9193 Mean 4.8 y Rate of MI: 4% 0.8 Rate of stroke:
6%

1.3 Rate of cardiovascular
mortality, stroke, or

MI: 12%

2.5

PROSPER190

(2002)
Age 70–82 y with

vascular disease or
smoking, DM, or

hypertension; 11.0%
had previous stroke or

TIA

2913 (Placebo
group)

Mean 3.2 y Risk of nonfatal
MI or CHD

death: 12.2%

3.8 Risk of nonfatal
or fatal stroke:

4.5%

1.4 Risk of CHD death,
nonfatal MI, or fatal or

nonfatal stroke:
16.2%

5.1

EUROPA191

(2003)
Age �18 y with CHD;

3.3% had previous
stroke

6108 (Placebo
group)

Mean 4.2 y Rate of MI and
cardiovascular
death: 9.8%

2.3 Rate of stroke:
1.7%

0.4 Rate of cardiovascular
death, MI, and stroke:

12.6%

3.0

CHARISMA192

(2006)
Age �45 y, with CVD

or multiple risk
factors; 24.3% had
history of stroke,

11.9% had history of
TIA

7801 (Placebo �

aspirin group)
Median 2.3 y Rate of nonfatal

MI and
cardiovascular
death: 4.9%

2.1 Rate of nonfatal
stroke: 2.4%

1.0 Risk of nonfatal MI,
nonfatal stroke, or

cardiovascular death:
7.3%

3.2

PROactive193,194

(2007)
Age 35–75 y with
DM2; 18.8% had
previous stroke

2633 (Placebo
group)

Mean 2.9 y Rate of nonfatal
MI and cardiac

death: 9.3%

3.2 Rate of stroke:
4.1%

1.4 Rate of cardiovascular
death, MI, and stroke:

14.8%

5.1

ACCORD39

(2008)
With DM2, HbA1C

�7.5%, age 40–79 y
with CVD or 55–79 y
with cardiovascular

risk factors

5123 (Standard
therapy group)

Mean 3.5 y Rate of nonfatal
MI plus

cardiovascular
death: 6.4%

1.8 Rate of nonfatal
plus fatal

stroke: 1.4%

0.4 Risk of nonfatal MI,
nonfatal stroke, or

cardiovascular death:
7.2%

2.1

ADVANCE195

(2008)
Age �55 y, with

DM2, major
macrovascular or

microvascular disease,
or �1 other

cardiovascular risk
factor; 9.1% had
history of stroke

5569 (Standard
therapy group)

Median 5 y Rate of nonfatal
MI plus

cardiovascular
death: 8.0%

1.6 Rate of all
cerebrovascular
events: 5.9%

1.2 Rate of nonfatal MI,
nonfatal stroke, and
cardiovascular death:

10.6%

2.1

ONTARGET196

(2008)
With CHD, PVD,
cerebrovascular

disease, or DM with
end-organ damage;

20.9% had history of
stroke or TIA in

combination therapy
group

8502 (Combination
therapy)

Median 4.7 y Rate of fatal
and nonfatal MI

and
cardiovascular
death: 12.5%

2.7 Rate of fatal
and nonfatal
stroke: 4.4%

0.9 Risk of death of
cardiovascular causes,
MI, or stroke: 14.1%

3.0

POPADAD197

(2008)
Age �40 y with DM
and asymptomatic

PVD

318 (Placebo plus
placebo group)

Median 6.7 y Rate of nonfatal
MI and CHD
death: 13%

1.9% Rate of nonfatal
and fatal

stroke: 9%

1.3% Rate of nonfatal MI,
CHD death, and

nonfatal and fatal
stroke: 22%

3.3

HOPE indicates Heart Outcomes Prevention Evaluation Study; CAD, coronary artery disease; PVD, peripheral vascular disease; DM, diabetes mellitus; TIA, transient
ischemic attack; MI, myocardial infarction; LIFE, Losartan Intervention For End point reduction in hypertension study; LVH, left ventricular hypertrophy; PROSPER,
Pravastatin in Elderly individuals at risk of vascular disease; CHD, coronary heart disease; EUROPA, European Trial on Reduction in Cardiac Events With Perindopril
in Stable Coronary Artery Disease; CHARISMA, Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization Management and Avoidance; CVD, cardiovascular
disease; PROactive, PROspective pioglitAzone Clinical Trial In macroVascular Events; DM2, type 2 diabetes mellitus; ACCORD, Action to Control Cardiovascular Risk
in Diabetes trial; HbA1c, hemoglobin A1c; ADVANCE, Action in Diabetes and Vascular Disease: Preterax and Diamicron MR Controlled Evaluation; ONTARGET, Ongoing
Telmisartan Alone and in Combination with Ramipril Global End point Trial; and POPADAD, Prevention of Progression of Arterial Disease and Diabetes.

*Calculated by dividing total risk by follow-up period.
Reprinted from Dhamoon and Elkind10 with permission. © 2010, American Heart Association, Inc.
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heart disease also cause stroke, and many treatments (antihyper-
tensive treatments, statins) that reduce risk of heart disease also
reduce risk of stroke. Inclusion of stroke as an outcome could
lead to an increase in the absolute risks of vascular events of 5%
to 10%. In some minority populations, the contribution of stroke
to the total burden of CVD may be larger. Inclusion of stroke as
an outcome measure in risk prediction instruments may there-
fore better capture the overall risk of CVD in these populations
than when it is left out. For these reasons, primary prevention
guidelines from Europe and elsewhere endorse the inclusion of
stroke as an outcome in absolute risk prediction, as discussed in
the following section.

Inclusion of Stroke in International Guidelines
That Address CVD Risk Prediction

Inclusion of Stroke Among High-Risk Conditions
in Estimating Absolute Risk
Table 72,9,24,83,84,87,199–210 and the online-only Data Supple-
ment Table6,23,24,199,206,209,211–232 provide a summary of the

inclusion of various vascular diseases and end points in
international CVD guideline statements. Some guidelines
identified symptomatic carotid disease as a CHD equiva-
lent214,221 or stroke as a high CVD risk equivalent,24,220,222

although the underlying evidence is not described in the
publications. Among guidelines for secondary prevention in
patients who had an ischemic stroke or a TIA that were
published in the United States,142,233–235 Canada,236,237 Eu-
rope,238–240 New Zealand,225 and Australia,209 none specifi-
cally address the question of whether stroke/TIA should be
considered as a CHD equivalent. Most report, however, that
measures that aim at preventing recurrent cerebrovascular
events also decrease the risk of all vascular outcomes. For
instance, the AHA/American Stroke Association guidelines
for prevention of stroke in patients with ischemic stroke or
TIA are focused on prevention of recurrent cerebrovascular
events but also state that many of the grades for the
recommendations were chosen to reflect the existing evi-
dence on reduction of all vascular outcomes after stroke,
including stroke, MI, and vascular death.142

Table 7. List of Scores for Assessment of Vascular Risk Used in International Guidelines

Score Original Population

Vascular Events Included as Discrete End Points

CHD Stroke
Other Vascular Events

(as Part of Composite End Point)

Fatal Nonfatal Fatal Nonfatal Fatal* Nonfatal

Framingham CHD score2 United States � �

Framingham stroke
score87

United States � �

Framingham CVD (global)
risk score199

United States � � � � � Silent and unrecognized MI, angina
pectoris, coronary insufficiency, TIA,

heart failure, PAD

Framingham general
cardiovascular risk
profile9

United States � � � � � Angina, TIA, PAD, heart failure

SCORE charts200 Europe � � �

JBS-2 charts24 United Kingdom, derived
from Framingham

equations

� � � � � New angina, TIA

ASSIGN score201 United Kingdom
(Scotland)

� � � � � Coronary interventions

WHO/ISH202,203 Derived from
Framingham equations

� � � � �

Modified Sheffield
table204

United Kingdom � � � � � PAD, angina, heart failure

New Zealand prediction
guide205,206

New Zealand � � � � � PAD, angina, TIA, heart failure

UKPDS risk engine207,208 United Kingdom � � � �

Australian CVD risk
charts209

Australia � � � � � Renovascular disease

PROCAM83 Germany � �

QRISK score84 United Kingdom � � � � TIA, CHD

DECODE210 Europe � � �

CHD indicates coronary heart disease; CVD, cardiovascular disease; MI, myocardial infarction; TIA, transient ischemic attack; PAD, peripheral artery disease; SCORE,
Systematic Coronary Risk Evaluation; JBS-2, Joint British Societies; ASSIGN, Assessing cardiovascular risk using SIGN guidelines to ASSIGN preventive treatment;
WHO/ISH, World Health Organization/International Society for Hypertension; UKPDS, UK Prospective Diabetes Study; PROCAM, Prospective Cardiovascular Münster
Study; and DECODE, Diabetes Epidemiology: Collaborative Analysis of Diagnostic Criteria in Europe.

*Refers to any death that can be related to a vascular disease.

Lackland et al Stroke in CV Risk Prediction Instruments 2017

 by guest on November 2, 2014http://stroke.ahajournals.org/Downloaded from 

http://stroke.ahajournals.org/


Inclusion of Stroke Among Outcomes in
Estimating Absolute Risk
Depending on the specific guideline statement, target popu-
lation, specialists who establish guidelines, and methods used
to estimate CVD risk, vascular outcome events refer either to
CHD, stroke, both, or even all vascular events, including also
heart failure, aortic aneurysm, and PAD. Some also include
TIA and new angina. Although many recent guidelines for
primary prevention tend to take stroke into account for
estimation of global vascular risk, none provide an estimate
of the extent to which inclusion of stroke as an outcome
contributes to global CVD risk.

Moreover, no guideline considers heterogeneity of stroke
(ie, hemorrhagic versus ischemic and/or ischemic stroke
subtypes). Yet some risk factors, such as high blood choles-
terol, may have a different impact on hemorrhagic and
ischemic stroke. There are also problems in estimating risk
for some people of nonwhite origins who have a higher risk
of stroke but a lower risk of ischemic heart disease. Some
methods for vascular risk assessment used in guidelines
consider fatal events only. JNC 7 points out that for every
20 mm Hg increase in systolic blood pressure or 10 mm Hg
increase in diastolic blood pressure, there is a doubling of
mortality caused by both ischemic heart disease and stroke
and that antihypertensive therapies reduce the risk of stroke to
a greater extent than that of CHD.218

When referring to estimation of CVD risk, many investi-
gators recommend use of the Framingham CHD risk score.
Interestingly, the 2009 Canadian Cardiovascular Society
guidelines for the diagnosis and treatment of dyslipidemia
now recommend the use of the most recent Framingham risk
scores for total CVD,9,217 whereas the previous versions
recommended the Framingham CHD risk score.241,242 Some
guidelines provide a more or less comprehensive list of risk
scores that can be used to identify high-risk patients but do
not always recommend which one should be used in clinical
practice, leaving that for the clinician to decide. As expected,
North American guidelines tend to recommend the Framing-
ham CHD risk score, whereas European guidelines recom-
mend the Systematic Coronary Risk Evaluation (SCORE)
charts, which consider fatal events only for total CVD risk.
There are also some discrepancies between guidelines in a
single country or within a single national institute, depending
on which specialists were involved and the topic. Such
variations in methods used to identify high-risk patients likely
result in variable proportions of patients eligible for
intervention.

Section Summary
There is heterogeneity among published guidelines with
regard to inclusion of cerebrovascular disease among condi-
tions at high absolute risk or risk equivalents, although

atherosclerotic diseases are often included. Most that do
exclude nonatherosclerotic stroke do not explicitly provide
any rationale for its exclusion. Guidelines from different
countries and different organizations representing different
specialists also differ in whether they include only fatal or
both fatal and nonfatal events in risk estimation and in their
use of different risk prediction instruments. Some more recent
guidelines have begun to emphasize the importance of esti-
mating global vascular risk, however, including cerebrovas-
cular disease. Future efforts to harmonize the outcomes
considered in these risk prediction instruments may be
worthwhile, both to better estimate the burden of CVD
internationally and across regions and to provide optimal
clinical care.

Recommendations and Conclusions

1. Large-vessel atherosclerotic ischemic stroke should
be considered as a CHD risk equivalent similar to
other atherosclerotic conditions in risk prediction
instruments and guidelines that use CHD risk equiv-
alents (Class I; Level of Evidence B).

2. Ischemic stroke can reasonably be considered a
relevant outcome along with CHD outcomes in CVD
risk prediction instruments used in primary and
secondary prevention, including trials of general
preventive strategies not focused on particular blood
vessels (Class IIa; Level of Evidence B).

3. Ischemic stroke subtypes other than large-vessel
atherosclerosis, including small-vessel disease, may
be considered CHD risk equivalents, although fur-
ther research is needed (Class IIb; Level of Evidence
B). The heterogeneity of stroke compared with CHD
and the lack of detailed data about cardiovascular
outcomes among patients with all ischemic stroke
subtypes considered individually make it difficult to
generalize about all stroke subtypes. Patients with
specific less common causes of ischemic stroke, such
as dissection and patent foramen ovale, may be
excluded from the category of risk equivalents pend-
ing further data. Such patients are expected to be the
minority of patients, however.

4. Hemorrhagic strokes and strokes of undetermined
subtypes may be included among outcomes in gen-
eral CVD risk prediction instruments used in pri-
mary and secondary prevention (Class IIb; Level of
Evidence B).

5. Ischemic stroke can reasonably be considered a
relevant outcome in clinical 10-year cardiovascular
risk prediction instruments for patients (Class IIa;
Level of Evidence B).

6. Further clinical epidemiological studies are needed
to increase the level of evidence to improve precision
of the absolute risk estimates for different stroke
subtypes in risk prediction instruments.
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Supplementary Table 1. Methods Used in International Guidelines to Assess Vascular Risk 

Guidelines (Reference) Publication 
Date 

Country Official Organizations, Learned Societies, Authors Proposed Score for Risk 
Stratification* 

I. Global Vascular Prevention and Primary Prevention   

AHA Guidelines for Primary Prevention of 
Cardiovascular Disease and Stroke: 2002 update. 
Consensus Panel Guide to Comprehensive Risk 
Reduction for Adult Patients Without Coronary or 
Other Atherosclerotic Vascular Diseases6 

2002 United States AHA Framingham CHD score 

     

JBS 2: Joint British Societies' guidelines on 
prevention of cardiovascular disease in clinical 
practice24 

2005 United 
Kingdom 

British Cardiac Society, British Hypertension Society, 
Diabetes UK, HEART UK, Primary Care 
Cardiovascular Society, Stroke Association 

JBS-2 charts 

     

European guidelines on cardiovascular disease 
prevention in clinical practice: executive summary211 

2007 Europe Fourth Joint Task Force of the European Society of 
Cardiology and Other Societies on Cardiovascular 
Disease Prevention in Clinical Practice (constituted by 
representatives of 9 societies and by invited experts) 

SCORE 

     

Risk Estimation and the Prevention of 
Cardiovascular Disease. A National Clinical 
Guideline212 

2007 United 
Kingdom 

Scottish Intercollegiate Guidelines Network ASSIGN 

(JBS-2 charts) 

(Framingham equation, 
global risk)215 

     

Guideline for Management of Modifiable Risk 
Factors in Adults at High Risk for Cardiovascular 
Events213 

2009 Canada TOP program Framingham CHD score 

     

Aspirin for the Prevention of Cardiovascular 
Disease23 

2009 United States US Preventive Task Force Framingham equations 
(CHD, stroke) 

     



Guidelines for the Assessment of Absolute 
Cardiovascular Disease Risk209 

2009 Australia National Vascular Disease Prevention Alliance Framingham equations 

     

New Zealand Guidelines Handbook.  
Cardiovascular risk assessment and diabetes 
screening 

Cardiovascular risk factor management206 

2009 New Zealand Ministry of Health New Zealand 
cardiovascular risk charts 

     

II. High Blood Cholesterol   

Executive Summary of the Third Report of the 
National Cholesterol Education Program (NCEP) 
Expert Panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol in Adults 
(Adult Treatment Panel III)214 

2001 United States Expert Panel on Detection, Evaluation, and Treatment of 
High Blood Cholesterol 

Framingham CHD score 

     

Position Statement on Lipid Management215 2005 Australia,  
New Zealand 

National Heart Foundation of Australia and the Cardiac 
Society of Australia and New Zealand 

New Zealand 
cardiovascular risk charts  

Framingham equation 
(global risk)215 

     

Clinical guideline and evidence review for lipid 
Modification: Cardiovascular risk assessment and 
the primary and secondary prevention of 
cardiovascular disease216 

2008 United 
Kingdom 

National Collaborating Centre for 
Primary Care and Royal College of General 
Practitioners  

Framingham equation 
(global risk)215 

     

Canadian Cardiovascular Society/Canadian 
guidelines for the diagnosis and treatment of 
dyslipidemia and prevention of cardiovascular 
disease in the adult2009 recommendations217 

2009 Canada Canadian Cardiovascular Society Framingham equation 
(global risk)9 

 

 

    



III. High Blood Pressure   

Seventh Report of the Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment of 
High Blood Pressure (JNC 7)218 

2003 United States National High Blood Pressure Education Program 
Coordinating Committee 

Framingham CHD score 

     

Hypertension: Management in Adults in Primary 
Care: Pharmacological Update219 

2006 UK National Collaborating Centre for Chronic Conditions 
(British Hypertension Society and Royal College of 
Physicians) 

JBS-2 charts  

Framingham equations 
(CHD, stroke) 

     

Guidelines for the management of arterial 
hypertension220 

2007 Europe European Society of Hypertension and European 
Society of Cardiology 

Framingham CHD score 

SCORE 

WHO/ISH  

     

Treatment of Hypertension in the Prevention and 
Management of Ischemic Heart Disease221 

2007 United States AHA Council for High Blood Pressure Research and the 
Councils on Clinical Cardiology and Epidemiology and 
Prevention 

Framingham CHD score 

 

     

Guide to management of hypertension 2008222 2008 Australia National Heart Foundation of Australia (National Blood 
Pressure and Vascular Disease Advisory Committee). 

Australian CVD risk charts 

     

Canadian Hypertension Education Program 
recommendations 2010 and the 2008 Canadian 
Hypertension Education Program Recommendations 
for the Management of Hypertension,223,224 part 1 

 

2008-2010 Canada The Canadian Education Program Framingham CHD score 

Cardiovascular life 
expectancy model 

UKPDS risk engine 

SCORE (Canada) 

     

IV. Diabetes Mellitus   

Management of Type 2 Diabetes225 2003 New Zealand Ministry of Health, New Zealand Guidelines Group New Zealand 
cardiovascular risk charts  



Framingham equations 
(global risk,215 CHD, 
stroke) 

     

National Evidence Based Guidelines for the 
Management of Type 2 Diabetes Mellitus226 

2005 Australia Australian Centre for Diabetes Strategies, Prince of 
Wales Hospital, Sydney for the Diabetes Australia 
Guideline Development Consortium 

No indication on CVD risk 
assessment 

     

Primary Prevention of Cardiovascular Diseases in 
People With Diabetes Mellitus227 

2007 United States ADA and AHA Framingham CHD score 

UKPDS risk engine 

     

Guidelines on diabetes: pre-diabetes, and 
cardiovascular diseases: executive summary228 

2007 Europe The Task Force on Diabetes and Cardiovascular 
Diseases of the European Society of Cardiology and the 
European Association for the Study of Diabetes  

Framingham CHD score 

SCORE 

DECODE score 

     

Primary Prevention of Cardiovascular Disease and 
Type 2 Diabetes in Patients at Metabolic Risk229 

2008 International Endocrine Society Framingham CHD score 

PROCAM 

SCORE 

     

Type 2 Diabetes: National Guidelines for 
Management in Primary and Secondary Care 
(update)230 

2008 United 
Kingdom 

National Collaborating Centre for Chronic Conditions 
(Royal College of Physicians, National Health Service, 
National Institute for Health and Clinical Excellence) 

Framingham CHD score 

UKPDS risk engine  

PROCAM 

SCORE 

DECODE score 

     

Canadian Diabetes Association 2008 Clinical 
Practice Guidelines for the Prevention and 
Management of Diabetes in Canada231 

2008 Canada Canadian Diabetes Association Clinical Practice 
Guidelines Expert Committee. 

UKPDS risk engine 

SCORE 



     

Standards of Medical Care in Diabetes 2010232 2010 United States ADA No indication on which 
method should be used 

     

ADA indicates American Diabetes Association; AHA, American Heart Association; ASSIGN, Assessing cardiovascular risk using SIGN guidelines to ASSIGN 
preventive treatment; CHD, coronary heart disease; CVD, cardiovascular disease; DECODE, Diabetes Epidemiology: Collaborative Analysis of Diagnostic 
Criteria in Europe; JBS 2, Joint British Societies; PROCAM, Prospective Cardiovascular Münster Study; SCORE, Systematic Coronary Risk Evaluation; TOP, 
Toward Optimized Practice; UKPDS, UK Prospective Diabetes Study; and WHO/ISH, World Health Organization/International Society of Hypertension. 
*See Table 3 in the text. 
 


