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The burden of cardiovascular disease
(CVD) among patients with diabetes
is substantial. Individuals with diabe-

tes are at two- to fourfold increased risk of
cardiovascular events compared with age-
and sex-matched individuals without dia-
betes. In diabetic patients over the age of 65
years, 68% of deaths are from coronary
heart disease (CHD) and 16% are from
stroke (1). A number of mechanisms for the
increased cardiovascular risk with diabetes
have been proposed, including increased
tendency toward intracoronary thrombus
formation (2), increased platelet reactivity (3),
and worsened endothelial dysfunction (4).

The increased risk for cardiovascular
events and mortality in patients with dia-
betes has led to considerable interest in
identifying effective means for cardiovas-
cular risk reduction. Aspirin has been
shown to be effective in reducing cardio-
vascular morbidity and mortality in high-
risk patients with myocardial infarction
(MI) or stroke (secondary prevention)

(5). The Food and Drug Administration
has not approved aspirin for use in pri-
mary prevention, and its net benefit
among patients with no previous cardio-
vascular events is more controversial, for
both patients with and without a history
of diabetes (5). The U.S. Preventive Ser-
vices Task Force recently updated its rec-
ommendation about aspirin use for primary
prevention. The Task Force recommended
encouraging aspirin use in men age 45–79
years and women age 55–79 years and not
encouraging aspirin use in younger adults.
They did not differentiate their recommen-
dations based on the presence or absence of
diabetes (6,7).

In 2007, the American Diabetes Asso-
ciation (ADA) and the American Heart As-
sociation (AHA) jointly recommended that
aspirin therapy (75–162 mg/day) be used as
a primary prevention strategy in those with
diabetes at increased cardiovascular risk, in-
cluding those who are over 40 years of age
or who have additional risk factors (family

history of CVD, hypertension, smoking,
dyslipidemia, or albuminuria) (8). These
recommendations were derived from sev-
eral older trials that included relatively
small numbers of patients with diabetes. Re-
sults of two recent randomized controlled
trials of aspirin performed specifically in pa-
tients with diabetes raised questions about
the efficacy of aspirin for primary preven-
tion in diabetes (9,10).

Because of the scope of the problem of
CVD in patients with diabetes and the con-
flicting evidence about the efficacy of aspi-
rin for primary prevention in people with
diabetes, the ADA, AHA, and the American
College of Cardiology Foundation (ACCF)
convened a group of experts to review and
synthesize the available evidence and use
this information to create updated recom-
mendations. The group considered and or-
ganized this report around the following
questions:

1. What is the evidence regarding aspirin
to prevent initial cardiovascular events
in people with diabetes?

2. How can we reconcile the results of the
different primary prevention trials?

3. What are the risks of aspirin, and are
these similar or different for people with
diabetes compared to those without?

4. What do we know about the recom-
mended dosage or dosage range?

5. How can we integrate potential bene-
fits and risks of aspirin to determine
which patients with diabetes should
receive aspirin for the primary preven-
tion of cardiovascular events?

6. What are the needs for future research?

1. What is the evidence regarding
aspirin to prevent initial
cardiovascular events in people
with diabetes?
Several randomized trials have examined
the effect of aspirin for primary preven-
tion of cardiovascular events and have in-
cluded patients with diabetes (Table 1). In

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

From the 1Department of Medicine, University of North Carolina, Chapel Hill, North Carolina; the 2Depart-
ment of Neurology, Northwestern University, Chicago, Illinois; the 3Division of Endocrinology, Diabetes,
and Medical Genetics (Emeritus), Medical University of South Carolina, Charleston, South Carolina; the
4Department of Medicine, University of Vermont, Burlington, Vermont; the 5Section of Endocrinology,
Department of Medicine, Yale University School of Medicine, New Haven, Connecticut; the 6Division of
Cardiovascular Medicine, Department of Medicine, Texas Tech University, Paul Foster School of Medi-
cine, El Paso, Texas; 7Mount Sinai Heart, Mount Sinai School of Medicine, New York, New York; the
8College of Pharmacy, Oregon State University and Oregon Health and Science University, Portland,
Oregon; the 9Division of Cardiology, Department of Medicine, Emory University, Atlanta, Georgia; and
the 10American Diabetes Association, Alexandria, Virginia.

Corresponding author: M. Sue Kirkman, skirkman@diabetes.org. *Writing Group Chair.
Peer-reviewed by the American Diabetes Association, the American Heart Association, and the American

College of Cardiology Foundation November 2009 and revised January 2010; approved by all three
organizations March 2010.

DOI: 10.2337/dc10-0555
© 2010 by the American Diabetes Association, Inc.; the American Heart Association, Inc.; and the American

College of Cardiology Foundation. Readers may use this article as long as the work is properly cited, the
use is educational and not for profit, and the work is not altered. See http://creativecommons.org/licenses/
by-nc-nd/3.0/ for details.

R e v i e w s / C o m m e n t a r i e s / A D A S t a t e m e n t s
A D A P O S I T I O N S T A T E M E N T

care.diabetesjournals.org DIABETES CARE, VOLUME 33, NUMBER 6, JUNE 2010 1395



T
ab

le
1

—
C

om
pa

ri
so

n
of

pr
im

ar
y

pr
ev

en
ti

on
tr

ia
ls

of
as

pi
ri

n
th

at
en

ro
ll

ed
pa

ti
en

ts
w

it
h

di
ab

et
es

(N
�

11
,7

87
)

St
ud

y/
ye

ar
(r

ef
.)

A
sp

ir
in

do
se

(s
tu

dy
de

si
gn

)
Fo

llo
w

-u
p

(y
ea

rs
)

N
um

be
r

en
ro

lle
d

w
it

h
di

ab
et

es
%

Fe
m

al
e

A
ge

(y
ea

rs
)

(m
in

im
um

/
m

ea
n)

C
H

D
en

dp
oi

nt
C

H
D

en
dp

oi
nt

ev
en

t
ra

te
(c

on
tr

ol
vs

.a
sp

ir
in

)

10
-y

ea
r

ex
tr

ap
ol

at
ed

C
H

D
ev

en
t

ra
te

s[i
]

R
R

(9
5%

C
I)

[i
i]

St
ro

ke
ev

en
ts

fo
r

as
pi

ri
n

vs
.c

on
tr

ol
:R

R
(9

5%
C

I)

PH
S

D
M

/1
98

9
(1

2)
32

5
m

g
ev

er
y

ot
he

r
da

y
(2

�
2

fa
ct

or
ia

l
de

si
gn

w
it

h
50

m
g

be
ta

ca
ro

te
ne

)

5.
0

53
3

0
�

40
/N

A
Fa

ta
l�

no
nf

at
al

M
I

10
.5

%
vs

.6
.2

%
[i

ii
]

(2
7/

25
8

vs
.1

7/
27

5)
21

%
vs

.
12

.4
%

0.
59

(0
.3

3–
1.

06
)

16
vs

.1
0:

1.
50

(0
.6

9–
3.

25
)

E
T

D
R

S/
19

92
(1

8)
65

0
m

g
da

ily
5.

0
3,

71
1

44
�

18
/N

A
Fa

ta
l�

no
nf

at
al

M
I

15
.3

%
vs

.1
3.

0%
(2

83
/1

,8
55

vs
.2

41
/1

,8
56

)
30

.6
%

vs
.

26
.0

%
0.

85
(0

.7
3–

1.
00

)
92

vs
.7

8:
1.

18
(0

.8
8–

1.
58

)
PP

P
D

M
/2

00
3[i

v
]

(1
6)

10
0

m
g

da
ily

(2
�

2
de

si
gn

w
it

h
30

m
g

vi
ta

m
in

E
)

3.
7

1,
03

1
52

�
50

/6
4

Fa
ta

l�
no

nf
at

al
M

I
2.

0%
vs

.1
.0

%
(1

0/
51

2
vs

.5
/5

19
)

5.
4%

vs
.

2.
7%

0.
49

(0
.1

7–
1.

43
)

10
vs

.1
1:

0.
90

(0
.3

8–
2.

09
)

W
H

S
D

M
/2

00
5

(1
7)

10
0

m
g

ev
er

y
ot

he
r

da
y

(2
�

2
fa

ct
or

ia
l

de
si

gn
w

it
h

60
0

IU
V

it
am

in
E

ev
er

y
ot

he
r

da
y)

10
.1

1,
02

7
10

0
�

45
/5

5
Fa

ta
l�

no
nf

at
al

M
I[v

]
5.

9%
vs

.7
.9

%
(2

9/
49

4
vs

.4
2/

53
3)

5.
9%

vs
.

7.
9%

1.
34

(0
.8

5–
2.

12
)

15
vs

.3
1:

0.
45

(0
.2

5–
0.

82
)

JP
A

D
/2

00
8

(1
0)

81
–1

00
m

g
da

ily
(o

pe
n

la
be

l
tr

ea
tm

en
t

as
si

gn
m

en
t,

bl
in

de
d

en
d-

po
in

t
as

se
ss

m
en

t)

4.
4

2,
53

9
46

�
30

/6
5

Fa
ta

l�
no

nf
at

al
M

I
1.

1%
vs

.1
.0

%
(1

4/
1,

27
7

vs
.1

2/
1,

26
2)

2.
5%

vs
.

2.
3%

0.
87

(0
.4

0–
1.

87
)

28
vs

.3
2:

0.
89

(0
.5

4–
1.

46
)

PO
PA

D
A

D
/2

00
8

(9
)

10
0

m
g

da
ily

(2
�

2
fa

ct
or

ia
l

de
si

gn
in

cl
ud

in
g

an
ti

-o
xi

da
nt

s)

6.
7

1,
27

6
56

�
40

/6
0

C
H

D
de

at
h

�
no

nf
at

al
M

I
12

.9
%

vs
.1

3.
9%

(8
2/

63
8

vs
.8

9/
63

8)
19

.3
%

vs
.

20
.7

%
1.

09
(0

.8
2–

1.
44

)
37

vs
.5

0:
0.

74
(0

.4
9–

1.
12

)

T
PT

D
M

/1
99

8
(d

at
a

fr
om

A
T

T
)

(5
)

75
m

g
da

ily
6.

7
68

0
�

45
/5

8
M

C
E

15
.4

%
vs

.1
3.

8%
(6

/3
9

vs
.4

/2
9)

23
.0

%
vs

.
20

.6
%

0.
90

(0
.2

8–
2.

89
)

1
vs

.2
:

0.
67

(0
.0

6–
7.

06
)

BM
D

/1
98

8
(d

at
a

fr
om

A
T

T
)

(5
)

50
0

m
g

da
ily

5.
6

10
1

0
�

50
/N

A
M

C
E

18
.8

%
vs

.1
8.

8%
(6

/3
2

vs
.1

3/
69

)
33

.4
8%

vs
.

33
.6

%
1.

00
(0

.4
2–

2.
40

)
3

vs
.1

:
1.

39
(0

.1
5–

12
.8

6)
H

O
T

D
M

/1
99

8
(d

at
a

fr
om

A
T

T
)

(5
)

75
m

g
da

ily
(c

o-
ra

nd
om

iz
ed

to
on

e
of

th
re

e
di

as
to

lic
BP

go
al

s)

3.
8

1,
50

1
47

�
50

/6
2

M
C

E
3.

6%
vs

.2
.8

%
(2

7/
74

9
vs

.2
1/

75
2)

9.
5%

vs
.

7.
3%

0.
77

(0
.4

4–
1.

36
)

22
vs

.2
4:

0.
91

(0
.5

2–
1.

61
)

D
M

,d
ia

be
te

s
m

el
lit

us
;M

C
E

,m
aj

or
co

ro
na

ry
ev

en
t(

C
H

D
de

at
h

�
no

nf
at

al
M

I�
su

dd
en

de
at

h)
;N

A
,n

ot
av

ai
la

bl
e.

i 10
-y

ea
r

ex
tr

ap
ol

at
ed

C
H

D
ev

en
tr

at
e

ca
lc

ul
at

ed
by

(1
0

�
st

ud
y

du
ra

ti
on

)�
ev

en
tr

at
e.

ii
C

al
cu

la
te

d
ba

se
d

on
ev

en
tc

ou
nt

s.
ii

i V
al

ue
s

sl
ig

ht
ly

di
ff

er
en

tf
ro

m
or

ig
in

al
PH

S
re

po
rt

ba
se

d
on

up
da

te
d

IC
D

-9
co

di
ng

in
fo

rm
at

io
n

ob
ta

in
ed

by
th

e
A

T
T

tr
ia

lis
ts

.iv
D

at
a

us
ed

fr
om

20
03

PP
P

di
ab

et
ic

su
bs

tu
dy

(1
6)

;n
um

be
r

w
it

h
di

ab
et

es
is

di
sc

re
pa

nt
fr

om
or

ig
in

al
PP

P
pu

bl
ic

at
io

n
(1

5)
du

e
to

co
nt

in
ue

d
en

ro
llm

en
ta

nd
fo

llo
w

-u
p

of
di

ab
et

ic
pa

ti
en

ts
be

yo
nd

th
e

or
ig

in
al

st
ud

y
pe

ri
od

.v
E

ve
nt

ra
te

s
sl

ig
ht

ly
di

ff
er

en
tt

ha
n

or
ig

in
al

20
05

re
po

rt
du

e
to

11
ex

tr
a

M
I/

C
H

D
de

at
hs

(6
in

as
pi

ri
n

gr
ou

p
an

d
5

in
pl

ac
eb

o)
re

po
rt

ed
to

th
e

A
T

T
st

ud
y

gr
ou

p
vs

.o
ri

gi
na

lp
ub

lic
at

io
n.

ADA Position Statement

1396 DIABETES CARE, VOLUME 33, NUMBER 6, JUNE 2010 care.diabetesjournals.org



this section, we examine those findings
with respect to the ability of aspirin to
prevent cardiovascular events, which typ-
ically include ischemic or CHD events
(MI, sometimes unstable angina), stroke,
and vascular death (usually sudden car-
diac death or death from stroke).

Six trials—British Medical Doctors
(BMD) (11), Physicians’ Health Study
(PHS) (12), Thrombosis Prevention Trial
(TPT) (13), Hypertension Optimal Treat-
ment (HOT) (14), Primary Prevention
Project (PPP) (15,16), and Women’s
Health Study (WHS) (17)—were popula-
tion-based and did not focus specifically
on patients with diabetes. The percentage
of patients with diabetes in these studies
ranged from 1–2% in TPT, BMD, and PHS
to 22% in PPP. Two recent trials, the Jap-
anese Primary Prevention of Atheroscle-
rosis with Aspirin for Diabetes (JPAD) (9)
and the Prevention of Progression of Ar-
terial Disease and Diabetes (POPADAD)
(10), and one older trial, the Early Treat-
ment of Diabetic Retinopathy Study
(ETDRS) (18), enrolled only patients with
diabetes. The available trials (except
ETDRS) included mainly or exclusively
patients with type 2 diabetes. ETDRS en-
rolled patients with both type 1 and type
2 diabetes (31% type 1, 31% type 2, and
38% unclassified).

Three trials (BMD, PHS, and TPT) did
not include any women, and one (WHS)
focused solely on women. The proportion
of women in the remaining five trials var-
ied from 44 to 56%. The dose of aspirin
varied from 100 mg every other day to
650 mg daily. The nine trials ranged from
3.7 to 10.1 years in mean duration, with
most extending to 4–6 years. Each of the
trials excluded potential participants at
increased risk of gastrointestinal bleeding
based on a history of peptic ulcer disease.
Therefore, the findings of this meta-
analysis, which are based on these trials,
cannot be readily extended to patients
with a history of gastrointestinal bleeding.

Only two of the nine trials reported
on use of statins or other lipid-lowering
therapy. In JPAD, statin use was 26%,
while in PPP lipid-lowering therapy use
was 13%. Three trials (BMD, PHS, and
ETDRS) were conducted prior to the
availability of statins, and TPT and HOT
were conducted well before the wide-
spread use of statins for primary preven-
tion. Rates of usage in the more recent
POPADAD or WHS trials were not
reported.

The PHS trial enrolled 533 men with
diabetes and found a 41% relative risk

(RR) reduction (RR 0.59, 95% CI 0.33–
1.06) in fatal and nonfatal MI over 5 years
for those assigned to 325 mg aspirin every
other day compared with those assigned
to placebo (12). The HOT trial examined
the effect of 75 mg of aspirin daily versus
placebo in 18,000 patients ages 50–80
years, of whom 1,501 had diabetes.
Among those with diabetes, the RR reduc-
tion for CHD events was 23% (RR 0.77,
95% CI 0.44–1.36) (14). The PPP trial
enrolled 1,031 patients with diabetes and
found a nonsignificant reduction in the
combined MI end point (fatal plus nonfa-
tal MI) with 100 mg of aspirin daily com-
pared with placebo (RR 0.50, 95% CI
0.17–1.46) (15).

The BMD and TPT studies enrolled
relatively few patients with diabetes and
did not identify important reductions in
CVD risk for those with diabetes, but in
each case confidence intervals were quite
wide (11,13). The WHS trial, the only
trial that focused exclusively on women
and used the lowest dose of aspirin (100
mg every other day), did not find a reduc-
tion in risk for CHD with aspirin overall
or for the subset with diabetes (N �
1,027; RR 1.34, 95% CI 0.85–2.12). They
did, however, identify a reduction in
stroke with aspirin for women with dia-
betes (RR 0.45, 95% CI 0.25–0.82) (17).

Three trials focused on the effect of
aspirin exclusively among patients with
diabetes. The ETDRS trial examined the
effect of 650 mg of aspirin daily versus
placebo among 3,711 patients with type 1
or type 2 diabetes between ages 18 and 70
years who had some degree of retinopa-
thy. Approximately one-half of partici-
pants reported some history of CVD,
although it should be noted that the def-
inition of CVD included the use of anti-
hypertensive medication. Fewer than
10% had had a previous MI or stroke, and
9% had claudication. Intervention pa-
tients experienced a decreased risk of
nonfatal or fatal MI (RR 0.85, 95% CI
0.73–1.00). In contrast, stroke occurred
more frequently with aspirin, although
the difference was not statistically signifi-
cant (RR 1.18, 99% CI 0.88–1.58). Men
appeared to derive more benefit from as-
pirin than women for prevention of MI
(RR for men 0.74, 99% CI 0.54–1.00; RR
for women 0.91, 99% CI 0.65–1.28), but
this difference was not statistically signif-
icant and could represent a chance find-
ing (18).

The POPADAD trial studied whether
aspirin and/or antioxidant therapy was
more effective than placebo in reducing

the incidence of cardiovascular events in
patients with diabetes and asymptomatic
peripheral arterial disease. This random-
ized, multicenter, double-blind, placebo-
controlled trial involved 1,276 adults
over age 40 years with either type 1 or
type 2 diabetes. All subjects had an ankle
brachial pressure index less than 0.99 but
no symptomatic CVD. They were ran-
domized in a 2�2 factorial design to as-
pirin 100 mg daily, an antioxidant
supplement daily, both, or neither. Two
composite primary end points were 1)
death from CHD or stroke, nonfatal MI or
stroke, or amputation above the ankle for
critical limb ischemia; and 2) death from
CHD or stroke. Study medication discon-
tinuation rates were high: 14% at 1 year
and 50% at 5 years. Overall, 116 of 638
(18.2%) primary events occurred in pa-
tients assigned to aspirin therapy versus
117 of 638 (18.3%) in those on placebo
(HR 0.98, 95% CI 0.76 –1.26). There
were 43 CHD or stroke deaths in the as-
pirin group and 35 in the placebo group
(6.7% vs. 5.5%; HR 1.23, 95% CI 0.79–
1.93). The rates of a wide variety of sec-
ondary end points and adverse events also
did not differ between groups. Outcomes
were also similar with or without the an-
tioxidants; there was no interaction be-
tween the two active therapies (10).

In JPAD, investigators examined the
efficacy of low-dose aspirin for primary
prevention of cardiovascular events in a
randomized, open-label trial conducted
in 2,539 Japanese patients with type 2 di-
abetes but no history of CVD. Patients
were assigned to either aspirin (81–100
mg daily) or no aspirin and were followed
for an average of 4.4 years. The primary
end point was a composite of fatal or non-
fatal ischemic heart disease, fatal or non-
fatal stroke, and peripheral arterial
disease. A total of 154 events occurred: 68
(5.4%) in the aspirin group and 86 (6.7%)
in the nonaspirin group (HR 0.80, 95% CI
0.58 –1.10). The combined secondary
end point of coronary and cerebrovascu-
lar mortality occurred in 1 patient
(stroke) in the aspirin group and 10 pa-
tients (five fatal MIs and five fatal strokes)
in the nonaspirin group (HR 0.10, 95% CI
0.01–0.79). Other secondary end points
did not differ importantly between
groups. Overall, mortality occurred in 34
patients in the aspirin group and 38 pa-
tients in the nonaspirin group (HR 0.90,
95% CI 0.57–1.14). According to pre-
specified subgroup analyses, however, in
subjects over 65 years of age (n � 1,363),
the incidence of the primary end point
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was lower with aspirin (HR 0.68, 95% CI
0.46–0.99) (9).

In summary, the currently available
evidence on aspirin for CVD prevention
includes three trials conducted specifi-
cally in patients with diabetes and six
other trials in which patients with diabe-
tes constitute subgroups within broader tri-
als of aspirin prophylaxis. No single trial
provides definitive results. As such, we
sought, in question 2, to use meta-analysis
to try to reconcile the available data.

2. How can we reconcile the results
of the different trials?
In order to synthesize and reconcile the re-
sults of the available trials, we examined ex-
isting meta-analyses of aspirin prevention
trials (including those that focused on all
patients and those that examined only pa-
tients with diabetes) and performed new
meta-analyses with updated data.

The Anti-thrombotic Trialists’ (ATT)
collaborators recently published an indi-
vidual patient-level meta-analysis of the
six large trials of aspirin for primary pre-
vention in the general population (5).
These trials collectively enrolled over
95,000 participants, including almost
4,000 with diabetes. Overall, the meta-
analysis found that aspirin reduced the
risk of vascular events by 12% (RR 0.88,
95% CI 0.82–0.94). The largest reduc-
tion was for nonfatal MI (RR 0.77, 95% CI
0.67–0.89). Aspirin had little effect on
CHD death (RR 0.95, 95% CI 0.78–1.15)
or total stroke (RR 0.95, 95% CI 0.85–
1.06). The net effect on total stroke re-
flected a relative reduction in risk of
ischemic stroke (�14%) and a relative in-
creased risk of hemorrhagic stroke
(�32%).

There was some evidence of a differ-
ence in aspirin effect by sex. Aspirin re-
duced CHD events in men (RR 0.77,
95% CI 0.67– 0.89) but not in women
(RR 0.95, 95% CI 0.77–1.17). Con-
versely, aspirin had no effect on stroke
in men (RR 1.01, 95% CI 0.74 –1.39)
but reduced stroke in women (RR 0.77,
95% CI 0.59 – 0.99). These potential
differences in effect by sex were of bor-
derline statistical significance, were af-
fected strongly by the results of one trial
(WHS), and cannot be considered de-
finitive. Notably, sex differences in as-
pirin’s effects have not been observed in
studies of secondary prevention (5).
The ATT collaborators did not identify
other clear sources of heterogeneity of
effect, although there was some sugges-

tion that current smokers derived less
benefit from aspirin than nonsmokers.

In the six trials examined by the ATT,
the effect of aspirin on major vascular
events was similar for patients with and
without diabetes: RR 0.88, 95% CI 0.67–
1.15, and RR 0.87, 95% CI 0.79–0.96,
respectively. The CI was wider for those
with diabetes because of the smaller num-
ber of participants with diabetes and their
smaller total numbers of CVD events.

We performed a new meta-analysis
that added data from three trials per-
formed specifically in patients with diabe-
tes (JPAD, POPADAD, and ETDRS)
(9,10,18) to the data from the subgroups
of patients with diabetes from the six trials
included in the ATT meta-analysis (Fig.
1). Using a random-effects model, we
found that aspirin was associated with a
9% decrease in risk of CHD events (non-
fatal and fatal MI) that was not statistically

Figure 1—Meta-analysis of trials examining the effects of aspirin on risk of CVD events in
patients with diabetes. A: Effect of aspirin on CHD events. Tests for heterogeneity: �2 � 8.71, P �
0.367, I2 � 8.2%. B: Effect of aspirin on risk of stroke in patients with diabetes. Tests for hetero-
geneity: �2 � 11.0, P � 0.20, I2 � 27.2%. BMD, British Medical Doctors; CI, confidence interval;
ETDRS, Early Treatment of Diabetic Retinopathy Study; HOT, Hypertension Optimal Treatment;
JPAD, Japanese Primary Prevention of Atherosclerosis with Aspirin for Diabetes; PHS, Physicians’
Health Study; POPADAD, Prevention of Progression of Arterial Disease and Diabetes; PPP, Pri-
mary Prevention Project; TPT, Thrombosis Prevention Trial; and WHS, Women’s Health Study.
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significant (RR 0.91, 95% CI 0.79–1.05).
We did not identify important heteroge-
neity (�2 � 8.71, P � 0.367, I2 � 8.2%),
but a large portion of the summary esti-
mate depended on the ETDRS trial. Ex-
cluding this trial, the estimate of effect for
CHD events was smaller.

For stroke, our random-effects meta-
analysis of the nine trials found a reduc-
tion in the risk of stroke of 10% (RR 0.90,
95% CI 0.71–1.13) that was not statisti-
cally significant. There was some hetero-
geneity (�2 � 11.0, P � 0.20, I2 �
27.2%). The results of these diabetes-
specific analyses are consistent with the
findings of the ATT meta-analysis and
suggest that aspirin likely produces a
modest reduction in CVD risk, but limi-
tations in the amount of available data
preclude a precise estimate of effect. We
also do not have access to sufficient pa-
tient-level data in patients with diabetes
to consider whether the effect of aspirin
on CHD events and stroke differs by sex,
the dose of aspirin used, or other clinical
factors.

Other recent meta-analyses have exam-
ined the effect of aspirin on CVD events in
patients with diabetes. DeBerardis and col-
leagues (19) included six of the nine trials
included in our analysis (they did not in-
clude HOT, BMD, or TPT due to lack of
data on patients with diabetes in the orig-
inal publications) and found estimates of
effect with aspirin similar to those of our
analysis: for MI, RR 0.86 (95% CI 0.61–
1.21) with moderate heterogeneity (I2 �
62.2%), mainly due to inclusion of WHS
and PHS. For stroke, they included five
trials (excluding PHS) and calculated a
summary RR of 0.83 (95% CI 0.60–1.14)
and also noted moderate heterogeneity
(I2 � 52.5%), mainly due to inclusion of
WHS. They also identified potentially im-
portant effect modification by sex: aspirin
reduced MI for men (RR 0.57, 95% CI
0.34–0.94) but not for women (RR 1.08,
95% CI 0.71–1.65).

Zhang and colleagues (20) included
seven trials in their meta-analysis (they
did not include BMD or TPT) and also
found similar results (for MI, RR 0.85,
95% CI 0.65–1.11; for stroke, RR 0.83,
95% CI 0.63–1.10). They performed
meta-regression and identified important
differences in outcomes by sex. They
found no evidence of publication bias
based on funnel plots using Begg and
Egger tests. Calvin and colleagues (21) in-
cluded seven trials from our meta-
analysis of patients with diabetes (they
did not include TPT or BMD) and for MI

found RR 0.86 (95% CI 0.67–1.11) using
the seven trials. For ischemic stroke, they
found RR 0.62 (95% CI 0.31–1.24) using
only the results of WHS and JPAD for
their analysis.

The trials pooled in all of the meta-
analyses varied widely in the CHD event
rates in the control group. If the RR reduc-
tion (the metric being pooled) is con-
sistent across patients of differing under-
lying absolute risk, as suggested by
secondary prevention trials and the indi-
vidual patient-level meta-analysis (5),
then such analyses seem to be reasonable.
Taken together, the other meta-analyses
reinforce our main findings: aspirin ap-
pears to produce a modest-sized reduc-
tion in MI and stroke in patients with
diabetes, but current evidence is not con-
clusive because there have been too few
events in the available trials to precisely
estimate its effects and because our find-
ings rely on analyses of subgroups within
larger trials, which have more potential
for bias. The currently available data also
reinforce that the possible differences in
outcomes for men and women require
further study.

3. What are the potential harms of
aspirin, and are these similar or
different for people with diabetes
compared to those without?
The major adverse effects of aspirin ther-
apy include intracranial bleeding (hemor-
rhagic stroke) and extracranial bleeding,
principally gastrointestinal. Based on data
from primary and secondary prevention
trials conducted in mixed populations of
patients with and without diabetes, low-
dose aspirin appears to be associated with
an absolute risk of hemorrhagic stroke of
�1 in 10,000 people annually (22). Anal-
yses that examined the primary preven-
tion trials separately have reached similar
results (5,23). These hemorrhagic strokes
are incorporated in the estimate of the ef-
fect of aspirin on all strokes considered
above in question 2.

For extracranial (mainly gastrointes-
tinal) bleeding, aspirin use is associated
with a 54% increase in risk based on
meta-analysis of the six primary preven-
tion trials (RR 1.54, 95% CI 1.30–1.82).
The absolute increase in risk was on the
order of 3 in 10,000 per year in mainly
middle-aged adults enrolled in the aspirin
primary prevention trials. The ATT col-
laboration authors found that several risk
factors for CVD also increased the risk for
extracranial bleeding from aspirin, sug-
gesting that those at higher CVD risk are

also at higher risk for aspirin-related ad-
verse effects. Those with diabetes taking
aspirin experienced a 55% increased risk
(RR 1.55, 95% CI 1.13–2.14) compared
with those without diabetes (5). Since the
primary prevention trials used by the ATT
collaboration and by this meta-analysis
excluded patients with a history of peptic
ulcer disease, the risk calculations for
bleeding cannot be extended to that
population.

Notably, the absolute excess risk of
gastrointestinal bleeding with aspirin is
likely higher among free-living older
adults, with rates of 1–10 per 1,000 an-
nually reported in a large cohort study
(24). While evidence supports that use of
proton-pump inhibitors (PPIs) can de-
crease the risk of recurrent aspirin-related
gastrointestinal bleeding (25), it is not
clear whether routine use of a PPI is cost-
effective or should be recommended for
primary prevention of gastrointestinal
bleeding.

4. What do we know about the
recommended dosage or dosage
range?
The optimal dosage of aspirin for preven-
tion of cardiovascular events is not clearly
established from the outcomes literature.
The average daily dose used in the pri-
mary prevention trials involving partici-
pants with diabetes ranged from 50 to
650 mg daily (Table 1). Indirect evidence
from the ATT collaboration suggests that
the risk reductions achieved with low
doses (75–162 mg/day) are as large as
those obtained with higher doses (500–
1,500 mg/day) and larger than those in
the few trials that have used doses below
75 mg/day (26). The failure of higher
doses to produce greater reductions in
thrombotic events may in part be due to
the fact that the inhibitory effects of aspi-
rin on the platelet are permanent. Thus,
even low doses will achieve a full effect
after several days of dosing. Additionally,
the effects of aspirin begin in the portal
circulation and are thereby presystemic.
This removes the variability of hepatic
metabolism, which accounts for much of
the pharmacodynamic variability with
other agents such as clopidogrel (27,28).

Although platelets from patients with
diabetes have altered function, it is un-
clear what, if any, impact that finding has
on the required dose of aspirin for cardio-
protective outcomes in the diabetic pa-
tient (29). Many alternate pathways exist
for platelet activation and aggregation
(adenosine diphosphate, thrombin, epi-
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nephrine, von Willebrand factor) that are
independent of thromboxane A2 and thus
not sensitive to the effects of aspirin (30).
Therefore, while aspirin resistance ap-
pears higher in the diabetic patients when
measured by a variety of ex vivo and in
vitro methods (platelet aggregometry,
measurement of thromboxane B2), these
observations alone are insufficient to em-
pirically recommend higher doses of as-
pirin be used in the diabetic patient at this
time (31–33).

5. How can we integrate potential
benefits and harms of aspirin to
determine which patients with
diabetes should or should not
receive aspirin for the primary
prevention of CV events?
Based on the currently available evidence,
aspirin appears to have a modest effect on
cardiovascular events (RR reduction of
�10%), with the absolute decrease in
events depending on the underlying CVD
risk (those with higher baseline risk
should have greater absolute benefit). The
main adverse effects appear to be an in-
creased risk of gastrointestinal bleeding.
The excess risk may be as high as 1–5 per
1,000 per year in real-world settings. In
adults with CVD risk greater than 1% per
year, the number of CVD events pre-
vented will be similar to or greater than
the number of bleeding events induced,
although the events considered (MI,
stroke, and gastrointestinal bleeding) do
not have equal effects on long-term health
(34). We have developed recommenda-
tions based on these data.

The effect of aspirin for primary pre-
vention of CVD events in adults with di-
abetes is currently unclear. Trials to date
have reached mixed results, but overall
suggest that aspirin modestly reduces risk
of cardiovascular events. More research is
needed to better define the specific effects
of aspirin in diabetes, including any sex-
specific differences. For now, we recom-
mend the following:

● Low-dose (75–162 mg/day) aspirin use
for prevention is reasonable for adults
with diabetes 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 NSAIDS or war-
farin). Those adults with diabetes at in-

creased CVD risk include most men
over age 50 years and women over age
60 years who have one or more of the
following additional major risk factors:
smoking, hypertension, dyslipidemia,
family history of premature CVD, and
albuminuria. (ACCF/AHA Class IIa,
Level of Evidence B) (ADA Level of Ev-
idence C)

● Aspirin should not be recommended
for CVD prevention for adults with di-
abetes at low CVD risk (men under age
50 years and women under 60 years
with no major additional CVD risk fac-
tors; 10-year CVD risk under 5%) as the
potential adverse effects from bleeding
offset the potential benefits. (ACCF/
AHA Class III, Level of Evidence C)
(ADA Level of Evidence C)

● Low-dose (75–162 mg/day) aspirin use
for prevention might be considered for
those with diabetes at intermediate
CVD risk (younger patients with one or
more risk factors, or older patients with
no risk factors, or patients with 10-year
CVD risk of 5–10%) until further re-
search is available. (ACCF/AHA Class
IIb, Level of Evidence C) (ADA Level of
Evidence E)

Cardiovascular risk assessment. These
recommendations depend on the accu-
rate assessment of cardiovascular risk as
part of the decision-making process about
aspirin use. All patients with diabetes do
not have high cardiovascular risk, despite
the assumptions of some previous guide-
lines (35). We have provided treatment
guidance based on either a combination
of age, sex, and other risk factors or on an
estimate of absolute cardiovascular risk.
An important consideration is that pa-
tients may acquire additional risk factors
over time, which would necessitate a re-
assessment of their overall risk profile.
The absolute risk-based recommenda-
tions require the use of a risk prediction
tool. Tools that can be used in patients
with diabetes are available from several
sources, for example:

UKPDS Risk Engine: http://www.dtu.
ox.ac.uk/riskengine/index.php

ARIC CHD Risk Calculator: http://
www.aricnews.net/riskcalc/html/RC1.
html

American Diabetes Association Risk As-
sessment Tool, Diabetes PHD: http://
www.diabetes.org/phd

Concurrent therapies. Whether pa-
tients have sufficient CVD risk to warrant

aspirin use under these assumptions will
also depend on the use of other effective
techniques for CVD risk reduction, in-
cluding statins, blood pressure control,
and smoking cessation (36,37). Each of
these therapies also lowers the risk of
CVD events and should be considered
when deciding about aspirin use. If these
other effective treatments are adopted
first, then fewer patients with diabetes
will remain at sufficient risk to warrant
aspirin use, in light of its potential adverse
effects. For example, a patient at 20% 10-
year risk based on elevated blood pressure
and suboptimal lipid levels would have
his risk reduced from 20 to 13% by taking
a statin and from 13 to 10% based on
effective blood pressure control, which
makes the decision about whether to take
aspirin more complex. Although the risk
reduction with these additional therapies
does not occur immediately, their effects
can be assumed to occur with rapidity
sufficient to incorporate them in the ini-
tial decision-making process.

6. What are the needs for future
research?
Two ongoing studies will provide addi-
tional information on the role of low-dose
aspirin for the prevention of cardiovascu-
lar events specifically in patients with
diabetes. Aspirin and Simvastatin Combi-
nation for Cardiovascular Events Preven-
tion Trial in Diabetes (ACCEPT-D) is an
open-label Italian primary prevention
trial comparing aspirin 100 mg daily to no
aspirin among adults over age 50 years
with diabetes who are also taking simva-
statin (38). The planned enrollment is
5,170, and the investigators will examine
several prespecified subgroups to detect
differences in effect of aspirin, including
men versus women and older versus
younger age, as well as baseline lipid lev-
els and use of statins. A second trial, A
Study of Cardiovascular Events in Diabe-
tes (ASCEND), is being conducted in the
U.K. and will also examine the effects of
100 mg aspirin daily versus placebo
among men and women over age 40 years
who have either type 1 or type 2 diabetes
but no previous vascular events (39). It
uses a double-blind placebo-controlled
and 2 � 2 factorial design that will also
examine the effects of 	-3 fatty acid sup-
plements. The planned enrollment is
10,000, which was designed to provide
adequate power to detect a 20% reduc-
tion in major vascular events including
both MI and stroke.

Although these trials will provide im-
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portant additional information, it is pos-
sible that they will not definitively
determine whether aspirin is effective for
prevention of CHD events in people with
diabetes. This may be especially true for
important subgroups such as patients on
statins, women, and patients with type 1
diabetes. Although ASCEND is powered
for a 20% RR reduction, an RR reduction
of 10% among patients with an underly-
ing incidence of 10% in the control group
would require over 36,000 participants if
90% power is desired and 26,000 for 80%
power. To achieve this event rate among
moderate-risk patients with diabetes (an-
nual event rates of 1–2%), a trial would
need to be 5–10 years in duration. Thus,
while the ongoing trials may not provide
definitive answers, their combined enroll-
ment of over 15,000 patients will add im-
portant new information on the role of
aspirin for primary prevention in patients
with diabetes.

In addition, development of reliable
surrogate testing for platelet reactivity and
response to antiplatelet therapies would
be helpful in the management of patients
for whom concerns have been raised
about aspirin resistance, such as those
with diabetes (27,28). Such testing could
also allow more precise determination of
the dose-response relationship for aspirin
in patients both with and without diabe-
tes and better inform the design of large
outcomes studies. However, while some
encouraging epidemiologic and retro-
spective data exists for current methods
of surrogate platelet testing for aspirin,
these data lack sufficient rigor to inform
clinical decision making, particularly
in the setting of primary prevention
(32,33,40).
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