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OBJECTIVE — We sought to compare mortality reduction associated with secondary pre-
vention in patients with and without diabetes after acute coronary syndrome (ACS).

RESEARCH DESIGN AND METHODS — We conducted a cohort study involving
2,499 patients with ACS recruited from 11 U.K. hospitals. Multivariable analysis comparing
all-cause mortality risk reduction associated with pharmacologic agents in patients with and
without diabetes.

RESULTS — Aspirin was not associated with significant mortality benefit in diabetes sufferers
(95% CI 0.50–1.08); nondiabetic patients derived a 48% mortality reduction (P � 0.001). The
interaction between diabetes and aspirin use was statistically significant (P � 0.037), indicating
that patients with diabetes experience less effective mortality reduction from aspirin use.

CONCLUSIONS — Aspirin, but not other secondary prevention agents, is associated with
less effective mortality reduction in patients with diabetes and unstable coronary artery disease.
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The last decade has witnessed a sig-
nificant improvement in use of
evidence-based therapies and

mortality after acute coronary syn-
dromes (ACSs) (1). Outcomes for pa-
tients with diabetes may not have
improved, despite similar improve-
ments in the adoption of these strategies
(2); the reasons for this are unclear. A
recent meta-analysis suggested that an-
tiplatelet agents confer less benefit to
diabetic patients with stable vascular
disease (3). We assessed whether this
relationship remained in patients with
unstable coronary artery disease.

RESEARCH DESIGN AND
METHODS — Retrospective analysis
of the EMMACE-2 (Evaluation of Meth-
ods and Management of Acute Coronary
Events-2) study was performed (4) exam-
ining outcomes in 2,499 unselected pa-
tients with ACS admitted to 11 U.K.
hospitals between April and October
2003; all gave informed consent to partic-
ipate, with ethics committee approval.
ACS was diagnosed using established
guidelines (5). The U.K. Office of Na-
tional Statistics provided mortality data
(mean 2 years).

Data in multivariable analyses in-

clude age, sex, heart failure, cardiovascu-
lar disease, chronic renal impairment, ST
elevation, biomarker elevation (�0.06
�g/l Troponin I; Beckman Coulter), or
creatinine kinase twice the upper refer-
ence range in the context of clinical myo-
cardial infarction and provision of
reperfusion, revascularization, aspirin,
ACE inhibitors, statins, �-blockers, and
clopidogrel. Doses were converted to
equivalent doses based on the percentage
of the maximal dose of other agents
within these classes. Chronic renal im-
pairment refers to estimated glomerular
filtration rate �30 ml/min per 1.73 m2.
Cardiovascular disease is a composite of
coronary, cerebral, or peripheral vascular
disease. Reperfusion refers to primary an-
gioplasty or thrombolysis and revascular-
ization to in-hospital or planned
percutaneous coronary intervention or
coronary artery bypass grafting. Second-
ary prevention agent utilization was as-
sessed at discharge from hospital.
Individuals with diabetes were identified
using past history documented in the
medical records or provision of diabetes-
related dietary or pharmacologic inter-
vention during hospitalization.

Statistical analyses were performed
using SPSS (version 13.0; SPSS, Chicago,
IL). Groups were compared using t tests
for continuous data and Pearson’s �2 for
categorical data. Statistical significance
was defined as �0.05. Multivariable anal-
ysis using Cox proportional hazards anal-
ysis estimated hazard ratios (HRs) of
clinical variables listed above in relation
to all-cause mortality for cohorts with and
without diabetes. Covariates were se-
lected a priori and included in analysis
without stepwise removal. Further multi-
variable analysis involving the entire
study cohort included interaction terms
between diabetes and drug classes to as-
sess differences in mortality risk reduc-
tion related to diabetes status. Missing
data resulted in omission of 63 patients.

RESULTS — Seventeen percent of pa-
tients were diabetic; mean age was 71.5
years and, 58.5% were male, both similar
to patients without diabetes. At 2 years,
162 (38.7%) and 543 (26.9%) deaths oc-
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curred in patients with and without dia-
betes, respectively. Patients with diabetes
experienced rates of heart failure and
chronic renal impairment around twice
those of nondiabetic patients (10.2 and
7.9%, respectively). Non–ST segment el-
evation ACS was more common in dia-
betic patients (80.8 vs. 71.7%). Aspirin,
statin, and clopidogrel use was similar,
whereas patients with diabetes were more
likely to receive ACE inhibitors and re-
ceived �-blockers less often. The mean �
SD doses of agents (milligrams) received
by patients with and without diabetes, re-
spectively, were 108.9 � 8.9 and 117.8 �
4.0 for aspirin (P � 0.07), 31.6 � 2.4 and
29.6 � 0.8 for the simvastatin equivalent
(P � 0.126), 5.4 � 0.4 and 4.9 � 0.2 for
the ramipril equivalent (P � 0.017), and
4.5 � 0.3 and 4.4 � 0.2 for the bisoprolol
equivalent (P � 0.81). Clopidogrel was
always prescribed at 75 mg daily.

HRs associated with the use of pharma-
cologic agents, after accounting for the clin-
ical variables described in RESEARCH DESIGN

AND METHODS, are outlined in Fig. 1. Clopi-
dogrel was associated with nonsignificant
mortality reduction in patients with and
without diabetes (HR 0.86 [95% CI 0.6–
1.23] and 0.92 [ 0.74–1.14], respectively).
The interaction between diabetes status and
pharmacologic agent use was statistically
significant only for aspirin, suggesting that
patients with diabetes derive less survival
benefit from this agent but comparable ben-
efits from statins, ACE inhibitors, �-block-
ers, and clopidogrel.

CONCLUSIONS — Despite similar
dosing regimens, our study suggests aspi-
rin offers less effective mortality reduction
post-ACS to patients with diabetes, which
contrasts with clopidogrel, statins,
�-blockers, and ACE inhibitors. Our ob-
servations support the need for more ef-
fective antiplatelet strategies to improve
outcomes in patients with diabetes and
unstable coronary disease. Observational
research is criticized for not accounting
for bias and unknown confounding fac-
tors, though clinical trial data are often
poorly representative of real-life practice.
However, our work compliments the An-
ti-Thrombotic Trialists’ meta-analysis of
antiplatelet therapy in stable cardiovascu-
lar disease (3) by providing similar find-
ings in unstable coronary artery disease.
The distinction between stable and unsta-
ble vascular diseases is significant though;
as such, our observations are important.
Further corroborating evidence comes
from studies showing enhanced platelet
activity in patients with diabetes treated
with aspirin (6–8). The other secondary
preventative agents in our study were as-
sociated with similar magnitudes of risk
reduction in patients with and without di-
abetes. Supporting data again exists sug-
gesting comparable benefits for statins,
ACE inhibitors, and clopidogrel in pri-
mary and secondary prevention (9–12).

The mechanisms underlying our ob-
servations are unclear. One could specu-
late that aspirin dosing, antiplatelet agent
combinations, compliance, or diabetes-

specific factors (e.g., hyperglycaemia)
may be relevant (13). Further investiga-
tion is required to elucidate the impact of
diabetes on platelet biology and assess
novel therapeutic strategies. In particular,
though, further clinical trials of aspirin in
patients with diabetes are needed to im-
prove the poor outcomes they continue to
experience after ACS.

Acknowledgments— R.M.C., A.R., and A.A.
are supported by fellowships from the British
Heart foundation. The EMMACE Study was
funded with educational grants from Astra
Zeneca and Beckman Coulter. All authors de-
clare their independence from the study
funders.

References
1. Fox KA, Steg PG, Eagle KA, Goodman SG,

Anderson FA Jr, Granger CB, Flather MD,
Budaj A, Quill A, Gore JM; GRACE Inves-
tigators: Decline in rates of death and
heart failure in acute coronary syn-
dromes, 1999–2006. JAMA 297:1892–
1900, 2007

2. Cubbon RM, Wheatcroft SB, Grant PJ,
Gale CP, Barth JH, Sapsford RJ, Ajjan R,
Kearney MT, Hall AS; Evaluation of Meth-
ods and Management of Acute Coronary
Events Investigators: Temporal trends in
mortality of patients with diabetes melli-
tus suffering acute myocardial infarction:
a comparison of over 3000 patients be-
tween 1995 and 2003. Eur Heart J
28:540–545, 2007

3. Antithrombotic Trialists’ Collaboration:

Figure 1—HRs (95% CI) associated with secondary prevention agents in groups with and without diabetes.

Cardiovascular secondary prevention in diabetes

364 DIABETES CARE, VOLUME 31, NUMBER 2, FEBRUARY 2008

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/31/2/363/598435/zdc00208000363.pdf by guest on 10 April 2024



Collaborative meta-analysis of random-
ised trials of antiplatelet therapy for pre-
vention of death, myocardial infarction,
and stroke in high risk patients. BMJ 324:
71–86, 2002

4. Das R, Kilcullen N, Morrell C, Robinson
MB, Barth JH, Hall AS; EMMACE-2 (eval-
uation of methods and management of
acute coronary events) Investigators: The
British Cardiac Society Working Group
definition of myocardial infarction: impli-
cations for practice. Heart 92:21–26,
2006

5. Fox KAA, Birkhead J, Wilcox R, Knight C,
Barth J; British Cardiac Society Working
Group: British Cardiac Society Working
Group on the definition of myocardial in-
farction. Heart 90:603–609, 2004

6. Evangelista V, Totani L, Rotondo S,
Lorenzet R, Tognoni G, De Berardis G,
Nicolucci A: Prevention of cardiovascular
disease in type-2 diabetes: how to im-

prove the clinical efficacy of aspirin.
Thromb Haemost 93:8–16, 2005

7. Fateh-Moghadam S, Plöckinger U, Ca-
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