
Diabetes is one of the most common
metabolic disorders, and with our
aging, sedentary and increasingly

obese population, the number of aVected indi-
viduals will continue to rise. This will have
major implications for cardiological practice
since much of the excess morbidity and
mortality among diabetic patients is attribut-
able to accelerated atherogenesis. Young dia-
betics are at particular risk and, by the age of 50
years, 33% of those requiring insulin have died
from coronary heart disease. Indeed, 75% of all
deaths in patients with diabetes are from this
cause. Generally speaking, the management of
diabetic patients with heart disease is under-
pinned by the same evidence base as applies to
non-diabetic patients, and it is noteworthy that
15–20% of the patients in most of the
landmark clinical trials have been diabetic.
Recently, however, trials such as the UKPDS,
HOPE, and DIGAMI studies (see below) have
identified novel strategies for reducing cardio-
vascular risk in diabetes. These trials have
already had a major impact on cardiological
practice, emphasising the prime importance of
blood pressure control and converting enzyme
inhibition for reducing cardiovascular risk in
diabetes, and also the value of insulin treatment
for reducing mortality in diabetic myocardial
infarction. Additional trials, already in
progress, are expected to refine further the
cardiovascular management of patients with
diabetes in order to provide an eVective
challenge for a problem that shows no signs of
going away.

Diabetes and cardiovascular risk

Three large epidemiological studies have
shaped current understanding of the natural
history of diabetic heart disease. The Framing-
ham study showed that diabetes increased the
relative risk of coronary heart disease by 66%
in men and 203% in women followed up for 20
years, after controlling for the eVects of age,
smoking, blood pressure, and cholesterol.1 The
Whitehall study of male civil servants extended
these observations by showing that subclinical
glucose intolerance, in addition to frank
diabetes, also increased coronary risk.2 The
MRFIT trial, with its very large population of
middle aged men, was able to provide more
detailed information about the interaction
between diabetes and other risk factors in
determining coronary risk.3 This trial con-
firmed the heightened risk attributable to
diabetes, and also the independent eVects of

serum cholesterol, blood pressure, and smok-
ing in men with and without diabetes. MRFIT
showed that in men with diabetes, 12 year
cardiovascular mortality was much higher at
every level of these major risk factors consid-
ered singly and in combination, and that with
progressively more unfavourable risk factor
status the mortality rate rose much more
steeply than in men without diabetes (fig 1).

Angina and revascularisation in
diabetes

Angina may aVect up to 40% of adults with
diabetes, although its precise prevalence is hard
to deduce from the literature. Symptoms are
commonly atypical, perhaps because of abnor-
malities in the perception of angina caused by
autonomic neuropathy, and the physician
should retain a low threshold for non-invasive
investigation. A positive stress test associated
with atypical symptoms in the diabetic patient
indicates a high probability of underlying
coronary disease and the need for specific
antianginal treatment, often with additional
angiographic assessment. The disease is typi-
cally diVuse, aVecting both proximal and distal
coronary segments (angiographic observations
not always borne out by pathological studies),
and this has the potential to intensify ischae-
mia.
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Figure 1. MRFIT trial: age adjusted cardiovascular
disease death rates (per 10 000 person years) by
presence of number of risk factors in men with and
without diabetes. Reproduced from Stamler et al3
with permission of American Diabetes Association.

Angina in diabetes

x Appreciation of ischaemic pain blunted:
–silent ischaemia more common
–anginal perception threshold prolonged
–silent infarction more common

x Abnormalities of pain perception related to
autonomic neuropathy

x Autonomic neuropathy in diabetes mellitus
predicts sudden death
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There is no evidence of reduced responsive-
ness to medical treatment in patients with
diabetes, which should be with nitrates and â
blockers in the first instance with the addition
of calcium channel blockers or potassium
channel openers in more resistant cases. How-
ever, diVuse disease makes revascularisation by
angioplasty or bypass surgery more diYcult
and more hazardous. Indeed, diabetes has long
been recognised as one of the major independ-
ent predictors of long term mortality after sur-
gery. The results of angioplasty also tend to be
less good in diabetic compared with non-
diabetic patients. Again, diVuse disease makes
for technically more diYcult angioplasty proce-
dures and, in addition, restenosis rates are con-
sistently higher. In the recent BARI trial of
angioplasty versus bypass surgery, subgroup
analysis showed that patients with diabetes
randomised to angioplasty had a significantly
worse five year survival than those randomised
to bypass surgery. The investigators concluded
that for most diabetics requiring revascularisa-
tion coronary bypass surgery was preferable to
angioplasty.4 Nevertheless, BARI antedated the
stenting era and recently a predefined sub-
group analysis from the EPISTENT trial
showed that angioplasty and stenting com-
bined with infusion of abciximab (a glycopro-
tein IIb/IIIa receptor inhibitor) improves the
long term outcome in diabetic patients sub-
stantially, with a six month incidence of ischae-
mic end points comparable to that achieved in
non-diabetic patients.5 The data suggest, there-
fore, that stenting and IIb/IIIa receptor block-
ade may have an important role in diabetic
angioplasty.

Acute myocardial infarction in
diabetes

Framingham data have shown that the risk of
acute myocardial infarction is 50% greater in
diabetic men and 150% greater in diabetic
women than in non-diabetic individuals.1

Indeed, acute myocardial infarction accounts
for 30% of all diabetic deaths. This propensity
to myocardial infarction presumably reflects

the increased prevalence of coronary artery
disease in diabetes, with associated hyper-
tension predisposing to plaque rupture.
Moreover, thrombotic responses to plaque
rupture are likely to be exaggerated in diabetes
because of haematological abnormalities, par-
ticularly increased platelet activation.

It has long been recognised that diabetics are
prone to “silent” myocardial infarction and this
presumably reflects impaired perception of
ischaemic cardiac pain caused by autonomic
neuropathy. Thus, in diabetes, acute myocar-
dial infarction is silent or presents with atypical
symptoms in 32–42% of cases compared with
6–15% of non-diabetic infarcts. This is disad-
vantageous because it has the potential to delay
access to emergency facilities early after coron-
ary events, increasing the risk of out-of-hospital
sudden death and morbid complications of
myocardial infarction, particularly cardiogenic
shock. Abnormalities of circadian and seasonal
rhythms of acute myocardial infarction, with
attenuation of the morning and winter peaks,
may also reflect autonomic dysfunction be-
cause these rhythms are largely driven by
parallel changes in sympathovagal activity. The
consequences of this to the patient with
diabetes are unclear.

All the major complications of myocardial
infarction occur more commonly in diabetes,
particularly heart failure which aVects nearly
50% of diabetics compared with under 30% of
non-diabetics (fig 2). This diVerence is not
accounted for by infarct size but may reflect the
more severe and diVuse disease in diabetes that
limits coronary reserve and intensifies ischae-
mia in non-infarcted segments by a watershed
eVect.6 Diabetes specific myocardial disease
may also have a role. Thus, contractile
dysfunction remote from the infarct zone is
commonly reported in diabetic myocardial inf-
arction.6 Since heart failure is one of the major
determinants of outcome, it is little surprise
that both hospital and long term mortality rates
are increased in patients with diabetes. In our
own coronary care unit, the 30 day and 12
month mortality rates (95% confidence inter-
vals) for patients with diabetes are 19.2%
(15.3% to 23.1%) and 26.6% (22.2% to
31.1%), compared with 12.7% (10.6% to
14.8%) and 19.1% (16.6% to 21.6%) for
patients without diabetes.

Patients with acute myocardial infarction who
have diabetes, or an admission blood glucose
concentration < 11.0 mmol/l, should receive
insulin and glucose infusion for at least 24 hours
based on the findings of the DIGAMI investiga-
tors who showed that this significantly improves
survival.7 Subcutaneous insulin treatment con-
tinued for at least three months in this study, a
regimen that many units find too unwieldy to
apply in practice, largely because of the unwill-
ingness of many patients with mild diabetes to
self inject. Certainly treatment during the acute
phase of infarction is likely to be particularly
beneficial, not only for improving left ventricular
function, but also for reducing infarct size and
lethal complications, since the shift to anaerobic
glucose metabolism that occurs in the myocar-
dium during acute ischaemia is an insulin

Revascularisation in diabetes

x DiVuse and distal disease makes
revascularisation technically more
demanding

x Reduced survival after coronary artery
bypass graft (CABG) and percutaneous
transluminal coronary angioplasty (PTCA)

x Increased restenosis rates after PTCA

x BARI data indicate that for most diabetics
CABG is preferable to PTCA

x Recent EPISTENT data point to an
important role for stenting and IIb/IIIa
receptor blockers in diabetic patients
undergoing PTCA
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dependent adjustment that may be deficient in
diabetes because of absolute or relative lack of
insulin.8

In other respects the treatment of myocardial
infarction in patients with diabetes should be
the same as in those without—responses to
thrombolytic treatment and the benefits of sec-
ondary prevention being similar in the two
groups. The TAMI investigators, for example,
reported that patency rates of the infarct
related artery 90 minutes after thrombolytic
treatment were almost identical in patients
with and without diabetes.6 Similarly, diabetes
does not appear to aVect the benefits of aspirin,
or â blockers and statins which provide protec-
tion against recurrent infarction and death
comparable to that seen in patients without
diabetes. Angiotensin converting enzyme
(ACE) inhibitors, in particular, have a special
role and should be given to all diabetic patients
with acute myocardial infarction, not only
because of the heightened risk of left ventricu-
lar failure, for which these drugs are of proven
benefit, but also because of the protection they
aVord against microvascular complications.

Sudden death in diabetes

Patients with diabetes are at increased risk of
sudden death, and this is not always attribut-
able to complications of plaque events. There is
considerable evidence that autonomic neuro-
pathy plays an important pathophysiological
role, through prolongation of QT interval and
selective reductions in vagal function (increas-
ing sympathetic activity), both of which may
increase susceptibility to lethal arrhythmias.9 10

In addition, altered perception of ischaemic
cardiac pain may deprive diabetic patients of
the signal to stop exercising, allowing ischae-
mia to intensify to the point that arrhythmias
are triggered.11 Alterations in pain perception
may also prevent the diabetic patient from
seeking medical attention in the event of acute

coronary syndromes or lead to inappropriate
triage decisions in the emergency room, such
that access to defibrillators is denied and
specific treatment delayed. This emphasises
the importance of retaining low diagnostic
thresholds for coronary heart disease in the
diabetic patient presenting with atypical symp-
toms. It also emphasises the importance of
strict glycaemic control in diabetes, although
whether this indeed protects against neuro-
pathy is unclear.

Heart failure in diabetes

Over 20 years ago, the Framingham investiga-
tors reported that the annual incidence of heart
failure in diabetic men and women was
substantially greater across all age groups than
in non-diabetic individuals, even after control-
ling for underlying coronary and rheumatic
heart disease. They concluded that diabetes
itself might predispose to heart failure inde-
pendently of concurrent coronary or rheumatic
heart disease. At about the same time postmor-
tem reports appeared on diabetics with heart
failure describing normal coronary arteries and
heart valves. Histology, however, may reveal a
range of abnormalities including myocyte
hypertrophy, interstitial fibrosis, increased pe-
riodic acid-SchiV (PAS) positive material, and
intramyocardial microangiopathy. These are
largely indistinguishable from changes found in
hypertensive left ventricular disease and em-
phasise the importance of eVective antihyper-
tensive treatment as reported in UKPDS (see
below). In further studies, analysis of systolic
time intervals provided evidence of both systo-
lic and diastolic left ventricular dysfunction in
diabetic individuals in whom there was no
clinical evidence of coronary artery disease.
Taken together these epidemiological, patho-
logical, and haemodynamic data provide the
evidence base for diabetes specific myocardial
disease, commonly called “diabetic cardio-
myopathy”. The pathogenesis is unclear, al-
though possible mechanisms include the syner-
gistic impact of hypertension plus chronic
derangement of myocardial metabolism, with
increased free fatty acid oxidation and de-
creased glucose utilisation.12

While the existence and clinical importance
of diabetic cardiomyopathy is fairly well estab-
lished, it must be emphasised that coronary
heart disease is considerably more important as
a cause of heart failure in the patient with
diabetes. Certainly some of the epidemiological
data summarised above may have been dis-
torted by coexisting but asymptomatic coronary
heart disease, and the pathological data do not
rule out the possibility of cardiomyopathy as a
coincidental diagnosis or as a response to
hypertension. In practical terms, however, the
distinction is largely unimportant, except inso-
far as it aVects revascularisation decisions, since
treatment strategies are unaVected and are the
same as for non-diabetic patients with heart
failure. Thus, control of provocative factors,
particularly arrhythmias and hypertension,

Figure 2. Complications of acute myocardial
infarction in diabetic and non-diabetic patients (n =
1929). CVA, cerebrovascular accident; 1° VF, primary
ventricular fibrillation; LVF, left ventricular failure.
*p < 0.05; **p < 0.01; ***p < 0.001. Unpublished data
from the Newham General Hospital coronary care
unit database.

Education in Heart

465

www.heartjnl.com

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heart.85.4.463 on 1 A

pril 2001. D
ow

nloaded from
 

http://heart.bmj.com/


remains essential and conventional treatment
should be applied for correcting fluid retention,
increasing exercise capacity, and improving
prognosis. Diuretics may adversely influence
metabolic control in diabetes but are manda-
tory for treatment of peripheral oedema and
pulmonary congestion. The eYcacy of ACE
inhibition is undiminished in diabetes, judging
by subgroup analyses of the SOLVD prevention
and treatment trials, but the heightened risk of
renal artery stenosis demands caution when
initiating treatment. â Blockers are also recom-
mended, although this is based on generalisa-
tion from randomised trials rather than specific
data for patients with diabetes.

Risk factor modification for protecting
against coronary heart disease in
diabetes

Based on their data, the MRFIT investigators
recommended “vigorous sustained interven-
tion in people with diabetes to control blood
pressure, lower serum cholesterol, and abolish
cigarette smoking”. These recommendations
remain central to the cardiovascular manage-
ment of diabetes, and their value for primary
and secondary prevention has been confirmed
in randomised trials. Disappointingly, however,
there is not yet clear evidence that the
recommendation for more vigorous risk factor
modification in diabetes leads to extra protec-
tion against coronary heart disease beyond that
achieved in non-diabetic individuals, although
important protection against microvascular
complications (retinopathy, renal disease) does
occur. Nevertheless, as our practice evolves
from single to multifactorial risk assessment, in
which an individual’s absolute coronary risk
can be readily assessed from simple colour
coded charts, the clinical impact of risk factor
modification can be expected to increase,
particularly with the recent availability of
charts for use in men and women with
diabetes.

Blood pressure
Hypertension commonly occurs in type 2
diabetes, and contributes importantly to the
heightened risk of cardiovascular, renal, and
retinal disease. By the age of 50 years more
than 40% of patients with type 2 diabetes are
hypertensive, the proportion rising to 60% by
the age of 75 years. Subgroup analyses of large
trials have suggested that the benefits of
treating hypertension apply equally to diabetic
and non-diabetic patients, a suggestion em-
phatically confirmed in the hypertensive cohort
of UKPDS.13 Comparison of patients allocated
either to tight blood pressure control (< 150/
85 mm Hg) using captopril or atenolol, or to
less tight control showed that tight control for
8.4 years was associated with significant reduc-
tion in the risk of death related to diabetes, and
with reductions in all microvascular endpoints.
Predictably, reductions in the risk of heart fail-
ure and stroke also occurred, but the 21%
reduction in the risk of myocardial infarction
was not significant (fig 3). The HOT study also
reported reductions in myocardial infarction in
patients treated to a target diastolic blood pres-
sure of < 80 mm Hg compared to targets of <
85 or < 90 mm Hg, but again the changes
were not significant. Based largely on these
recent trial data, a target blood pressure of
< 130 mm Hg systolic and < 80 mm Hg di-
astolic is now recommended for diabetic
patients. Lower targets might be appropriate
for diabetic patients with microalbuminuria, in
whom considerable data support the use of
ACE inhibitors for protecting against deterio-
ration of renal function, a beneficial eVect that
occurs independently of blood pressure reduc-
tion. However, UKPDS reported that captopril
or atenolol were similarly eVective in reducing
the incidence of diabetic complications, and
concluded that for most patients blood pres-
sure reduction itself is more important than the
agent used.14

Lipid modification with fibrates and statins
Hypertriglyceridaemia with reductions in high
density lipoprotein (HDL) cholesterol are the

Evidence for diabetic cardiomyopathy

x Pathological evidence
–in 1972, postmortem findings in
diabetics with congestive cardiac failure
(CCF) include: myocyte atrophy,
interstitial fibrosis, increased PAS
positive material, and intramyocardial
microangiopathy

–depletion of myocardial catecholamines

x Epidemiological evidence
–increased risk of CCF in diabetes, not
all explained by coronary heart disease

–diabetics with coronary artery disease
more likely to be hospitalised with CCF
than non-diabetics (SOLVD)

x Haemodynamic evidence
–non-invasive evidence of systolic and
diastolic dysfunction

Figure 3. UKPDS 38 trial: relative risk reduction with tight blood pressure
control.13

Education in Heart

466

www.heartjnl.com

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heart.85.4.463 on 1 A

pril 2001. D
ow

nloaded from
 

http://heart.bmj.com/


typical abnormalities detected on routine labo-
ratory testing in type 2 diabetes. This provides
a logic for fibrate treatment in addition to exer-
cise and weight reduction. The Helsinki study
suggested a trend towards reduced coronary
events in diabetic patients treated with gemfi-
brozil for five years, but data from other fibrate
studies have generally been inconclusive. This
contrasts with subgroup analyses of the major
statin trials which have shown convincingly
that hypercholesterolaemic diabetic patients
gain similar relative benefit as non-diabetic
patients in the secondary prevention of coron-
ary artery disease, and greater absolute benefit
because of their higher event rate. Thus, vigor-
ous treatment of all diabetics with known
atherosclerotic disease to achieve a total
cholesterol of < 5.0 mmol/l (low density lipo-
protein (LDL) cholesterol < 3.0 mmol/l) is
recommended, together with correction of
hypertriglyceridaemia using additional fibrate
treatment, as necessary, In diabetic patients
without overt atherosclerotic disease, an abso-
lute risk > 30% of developing coronary heart
disease over the next 10 years, as deduced from
colour coded risk prediction charts, is suY-
ciently high to justify drug treatment.

Smoking
Observational data suggest that the risk of
myocardial infarction is reduced by up to 50%
within one year of quitting smoking, with
favourable eVects on mortality maintained for
up to 10 years. Since the cardiac risk
attributable to smoking is magnified consider-
ably in diabetes, as indeed is the risk attribut-
able to all other risk factors, the benefits of
quitting are likely to be as great, if not greater,
in diabetic then non-diabetic patients.

Glycaemic control for protecting
against coronary heart disease in
diabetes

Strict glycaemic control has long been recom-
mended in diabetes, based on epidemiological
surveys that have reported more favourable
clinical outcomes for groups with lower plasma
glucose and glycosylated haemoglobin concen-
trations. However, whether these more favour-
able outcomes reflected less severe underlying
disease rather than the benefits of glycaemic
control remained unresolved until publication
of UKPDS in which 3867 newly diagnosed
patients with type 2 diabetes were randomly
assigned to an intensive (sulfonylurea or
insulin) or conventional treatment policy.15

After follow up for 10 years, glycosylated
haemoglobin concentrations in the two groups
were 7.0% and 7.9%, respectively, a diVerence
of only 11%. Nevertheless, this trial confirmed
the close relation between glycaemia and the
risk of microvascular and macrovascular com-
plications, including coronary heart disease,
and also dispelled concerns about the potential
adverse cardiovascular eVects of sulfonylureas.
Importantly, in the group randomised to
intense glycaemic control, significant protec-

tion against microvascular complications oc-
curred although macrovascular complications
were not similarly aVected, the 16% reduction
in the risk of myocardial infarction being of
only borderline significance. In short, there-
fore, UKPDS has confirmed the importance of
strict glycaemic control (glycosylated haemo-
globin 7% or lower) for protection against
microvascular complications of diabetes. It is
tempting to speculate that more substantial
protection against macrovascular end points
might have occurred had there been greater
diVerences in glycaemic control (as reflected by
glycosylated haemoglobin) between the inten-
sive and conventional treatment groups.

Other strategies for protecting against
coronary heart disease in diabetes

Antiplatelet treatment
An overview of randomised trials has shown
that the benefits of antiplatelet treatment for
secondary prevention of coronary heart disease
are similar for groups with and without
diabetes. Thus patients with diabetic coronary
heart disease should all receive a daily aspirin.
Though not strictly evidence based, aspirin is
now recommended for diabetic adults without
clinical manifestations of atheromatous disease
(primary prevention) since platelet dysfunction
is common and the prevalence of subclinical
disease high. Evidence for non-aspirin platelet
inhibitors in diabetic subgroups is often
unavailable, but it is reasonable to assume that
the potential benefits of glycoprotein IIb/IIIa
receptor antagonists in non-ST elevation cor-
onary syndromes apply equally to patients with
diabetes. At present the proven benefit of these
drugs is largely restricted to the catheter labo-
ratory where they have a vital role in high risk
angioplasty, particularly as an adjunct to
coronary stenting,5 reducing the rate of adverse
events in patients with diabetes to a level com-
parable to that of patients without diabetes (see
above).

ACE inhibition
ACE inhibition protects against the develop-
ment of atherosclerotic plaque in experimental
animals fed lipid rich diets. Potential for similar
benefit in humans was reported by the TREND
investigators who showed that treatment with
quinapril improved coronary endothelial func-
tion in patients with coronary disease.16 This
potential has now been confirmed by the
HOPE study in which significant reductions in
the risk of the combined primary outcome
(death, myocardial infarction, and stroke)
occurred in high risk patients randomised to
treatment with ramipril.17 Among these high
risk patients were 3577 with diabetes who had a
previous cardiac event or at least one other
cardiovascular risk factor, but not heart failure
or proteinuria. Within this diabetic subgroup,
randomisation to ramipril reduced the risk of
the combined primary outcome by 25%, with
an additional reduction in the risk of overt
nephropathy.18 These important findings are
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now having a major impact on the management
of diabetes, providing indications for ACE inhi-
bition with ramipril in any diabetic patient with
multiple risk factors, established vascular dis-
ease, or microalbuminuria.

Screening for coronary heart disease
in diabetes

The prevalence of subclinical coronary artery
disease in the general population is high, but is
almost certainly higher in the diabetic popula-
tion because of accelerated atherosclerosis.
Thus, people with diabetes have a long term
rate of myocardial infarction and cardiovas-
cular death comparable to that of non-diabetic
patients with a documented history of myocar-
dial infarction. Subclinical disease is com-
monly non-obstructive because of outward
remodelling of the coronary artery. However,
obstructive disease may also be clinically silent,
particularly in diabetes when autonomic neu-
ropathy may interfere with the perception of
cardiac pain such that symptoms take longer to
develop after the onset of myocardial ischaemia
(prolonged anginal perceptual threshold) or do
not occur at all (silent ischaemia).

The relatively high prevalence of subclinical
coronary artery disease associated with diabetes
has led to debate about the value of screening
programmes using non-invasive tests. As a uni-
versal principal, this can scarcely be justified,
the sensitivity of stress testing (electrocardio-
graphic or perfusion imaging) for detecting
subclinical disease being low with only a 5–10%
incidence of obstructive lesions (> 50% luminal
narrowing at angiography) among asympto-
matic diabetic cohorts. Moreover, the mere
demonstration of obstructive coronary disease
does not usually aVect ongoing management
with strict glycaemic control and risk factor
modification. Certainly, there is no evidence to
support angioplasty in asymptomatic cases,
while the potential prognostic benefits of
surgery in the minority with three vessel or left

main disease needs to be balanced against the
heightened procedural risk and less favourable
longer term outcome in patients with diabetes.
Nevertheless, in certain subgroups, screening
for coronary artery disease is recommended
because it can lead to treatment strategies that
favourably aVect prognosis. These include
diabetic patients needing renal transplantation
or major non-cardiac vascular surgery in whom
coronary revascularisation may reduce the pro-
cedural risk.
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Angiotensin-converting enzyme inhibition with quinapril
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improves endothelial function in diseased coronary
arteries.

17. Yusuf S, Sleight P, Pogue J, et al, for The Heart
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• A landmark study confirming the benefits of ACE inhibition

for protecting against ischaemic events in high risk
patients.

18. Heart Outcomes Prevention Evaluation (HOPE)
Study Investigators. Effects of ramipril on cardiovascular
and microvascular outcomes in people with diabetes
mellitus: result of HOPE study and MICRO-HOPE substudy.
Lancet 2000;355:253–9.
• A crucial substudy of HOPE showing the benefits of ACE
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