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OBJECTIVE — We investigated in general practice the efficacy of antiplatelets and antioxi-
dants in primary prevention of cardiovascular events in people with type 2 diabetes.

RESEARCH DESIGN AND METHODS — The Primary Prevention Project (PPP) is a
randomized, open trial with a two-by-two factorial design aimed to investigate low-dose aspirin
(100 mg/day) and vitamin E (300 mg/day) in the prevention of cardiovascular events in patients
with one or more cardiovascular risk factors. The primary end point was a composite end point
of cardiovascular death, stroke, or myocardial infarction. A total of 1,031 people with diabetes in
the PPP, aged =50 years, without a previous cardiovascular event were enrolled by 316 general
practitioners and 14 diabetes outpatient clinics.

RESULTS — The PPP trial was prematurely stopped (after a median of 3.7 years) by the
independent data safety and monitoring board because of a consistent benefit of aspirin com-
pared with the control group in a population of 4,495 patients with one or more major cardio-
vascular risk factors. In diabetic patients, aspirin treatment was associated with a nonsignificant
reduction in the main end point (relative risk [RR] = 0.90, 95% CI 0.50-1.62) and in total
cardiovascular events (0.89, 0.62-1.26) and with a nonsignificant increase in cardiovascular
deaths (1.23, 0.69-2.19). In nondiabetic subjects, RRs for the main end point, total cardiovas-
cular events, and cardiovascular deaths were 0.59 (0.37-0.94), 0.69 (0.53-0.90), and 0.32
(0.14-0.72), respectively. No significant reduction in any of the end points considered could be
found with vitamin E in either diabetic or nondiabetic subjects.

CONCLUSIONS — Our data suggest a lower effect of primary prevention of cardiovascular
disease (CVD) with low-dose aspirin in diabetic patients as opposed to subjects with other
cardiovascular risk factors. If confirmed, these findings might indicate that the antiplatelet effects
of aspirin in diabetic patients are overwhelmed by aspirin-insensitive mechanisms of platelet
activation and thrombus formation, thus making the balance between benefits and harms of
aspirin treatment unfavorable. Further large-scale trials investigating the role of aspirin in the
primary prevention of CVD in diabetic patients are urgently needed.
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iabetic macroangiopathy is the

leading cause of mortality and mor-

bidity in people with diabetes (1).
In type 2 diabetic patients, mortality and
morbidity for cardiac and cerebrovascular
causes is two- to fourfold greater than in
the general population (2). The alter-
ations of hemostatic and thrombotic pa-
rameters are among the principal causes
for the cardiovascular risk increase in di-
abetic patients (3). It has also been sug-
gested that oxidative stress can contribute
to diabetic vascular complications (4),
and lower antioxidant defenses in diabe-
tes have been described (5).

The benefits of aspirin in the primary
prevention of cardiovascular disease
(CVD) in high-risk patients without pre-
existing CVD have been documented in
five randomized clinical trials involving
>50,000 individuals (6-10). A meta-
analysis of pooled data from these studies
showed that aspirin therapy reduced the
risk for coronary heart disease by 28%,
with no significant effects on total mortal-
ity and stroke (11). In addition, the Pri-
mary Prevention Project (PPP) (10) has
recently shown that low-dose aspirin sig-
nificantly reduced the risk of cardiovascu-
lar death by >40% in a population of
4,495 people with one or more cardiovas-
cular risk factors after a median follow-up
of 3.7 years.

Despite the high cardiovascular risk,
clear evidence of benefit of antiplatelet
therapy in diabetic people without previ-
ous CVD is still lacking. The main ran-
domized evidence currently available
comes from nine trials involving a total of
~5,000 patients, and the recent meta-
analysis of their results indicates a much
smaller proportional reduction in cardio-
vascular events than has been found in the
secondary prevention setting (only 7%
compared with 25%) (12). As for vitamin
E, several randomized trials have recently
failed to show a benefit deriving from its
use in preventing cardiovascular events in
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different high-risk groups, including dia-
betic patients (10,13-15).

The Primary Prevention Project (PPP)
is a randomized, open-label trial with a
factorial design testing whether chronic
treatment with aspirin and vitamin E re-
duces the frequency of major cardiovas-
cular events in patients without previous
CVD and with one or more cardiovascular
risk factors (10). We present the results
relative to diabetic patients and compare
the results of diabetic patients with those
of nondiabetic patients who have other
cardiovascular risk factors.

RESEARCH DESIGN AND
METHODS — The PPP is a multi-
center, centrally randomized, open-label
clinical trial designed to test whether
chronic treatment with aspirin (one tablet
of 100-mg enteric-coated aspirin a day)
and vitamin E (one capsule of 300-mg
synthetic a-tocopherol a day) reduces the
frequency of major fatal and nonfatal car-
diovascular events in patients with one or
more major cardiovascular risk factors
with no clinically relevant safety implica-
tions (10).

After the study was planned, we de-
cided to specifically explore the effects of
antiplatelet and antioxidant therapy in
type 2 diabetic patients. For this purpose,
in parallel with the main trial, which was
conducted in general practice, we also in-
volved 14 diabetes clinics with the aim of
recruiting an additional sample of dia-
betic patients. After a median follow-up of
3.7 years, the main trial was prematurely
stopped on ethical grounds when newly
available evidence from other trials on the
benefit of aspirin in primary prevention
was strictly consistent with the results of
the second, planned interim analysis. For
this reason, even the enrollment of dia-
betic patients by diabetes clinics was
stopped. Details on study design and
main results of the trial have been re-
ported elsewhere (10).

Briefly, patients were randomly allo-
cated to receive aspirin or no aspirin and
vitamin E or no vitamin E, following a
two-by-two factorial design. Treatments
were centrally assigned on telephone ver-
ification of the correctness of inclusion
criteria with a separate computer-
generated randomization table produced
for each physician or center in random
permuted blocks of 12, allowing stratifi-
cation by physician or center. At the be-
ginning, and repeatedly during the trial,

all patients received advice on compliance
with background treatments and control
of cardiovascular risk.

Study population

Participants were diabetic patients (fast-
ing venous plasma glucose concentration
=7.8 mmol/l on at least two separate oc-
casions or treated with antidiabetic
drugs), aged =50 years, without history
of major cardiovascular events. Exclusion
criteria were severe pathology, treatment
with antiplatelet drugs (history of vascu-
lar events or disease), chronic use of anti-
inflammatory agents or anticoagulants,
chronic use of aspirin or vitamin E,
contra-indications to aspirin, disease with
predictable poor short-term prognosis,
and predictable psychological or logisti-
cal difficulties affecting compliance with
the trial requirements.

Follow-up

The trial procedures were planned to re-
spect the conditions of routine care in pa-
tients with diabetes. Visits to renew drug
supplies and to check tolerance and com-
pliance to the trial treatments were ar-
ranged every 4 months. Follow-up
clinical visits were scheduled yearly and
included reassessment of the presence
and level of cardiovascular risk factors
and recording of outcome events. A com-
pliance form was completed at 3 months
after randomization.

Efficacy end points

The primary study efficacy end point was
the reduction of the incidence of major
cardiovascular and cerebrovascular
events (cardiovascular deaths, nonfatal
myocardial infarction, and nonfatal
stroke). Predefined analyses included car-
diovascular deaths, total deaths, total car-
diovascular events (cardiovascular death,
nonfatal myocardial infarction, nonfatal
stroke, angina pectoris, transient isch-
emic attacks [TIAs], peripheral artery dis-
ease, and revascularization procedures).
Details for the definition of the different
end points are reported elsewhere (10).

Statistical analysis

The study was designed to recruit up to
4,000 participants with diabetes. With
the assumption of a constant event rate in
participants with diabetes of 4% per year,
this sample size would provide 90%
power (two-sided a = 0.05) to detect a
25% RR reduction in the rate of myocar-
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dial infarction, stroke, or cardiovascular
death during the planned mean follow-up
period of 5 years. The study was ended
prematurely on the recommendation of
the independent data safety and monitor-
ing board. Therefore, we report results for
a median follow-up period of 3.7 years.

Analyses were done according to the
intention-to-treat principle. Treatment
efficacy was expressed as RR estimates
(given by the percentage of events in the
treated group divided by the percentage
of events in the control group) with 95%
Cls. Kaplan-Meier survival curves were
estimated for the main end point, and
comparisons were made using the log-
rank test. To take into account the slight
imbalance in the number of cardiovas-
cular risk factors and the proportion of
subjects with hypertension and hyper-
cholesterolemia between the groups
treated and not treated with aspirin, treat-
ment effect was also estimated by multi-
variate Cox analysis and expressed as
hazard ratios (HRs) with 95% ClIs, with
number of cardiovascular risk factors,
presence of hypertension, and presence of
hypercholesterolemia forced in the model
as covariates.

Patient characteristics according to
the presence of diabetes were compared
using the x” test for categorical variables
and the Mann-Whitney U test for contin-
uous variables. The Breslow-Day x* test
for heterogeneity was used to compare the
effect of aspirin in patients with and with-
out diabetes.

RESULTS — Between 1994 and 1998,
4,784 patients were recruited, of whom
1,031 had diabetes. Among the latter, 744
(72.2%) were enrolled by 316 general
practitioners and 287 (27.8%) by 14 dia-
betes outpatient clinics. Baseline patient
characteristics according to the presence
of diabetes are reported in Table 1.

Of the 1,031 diabetic patients en-
rolled, 519 were randomly assigned to re-
ceive 100 mg aspirin per day and 509
assigned to receive 300 mg vitamin E per
day. Table 2 shows baseline characteris-
tics of the population by treatment group.
Patient characteristics were well balanced
across the groups, with the only exception
of a higher percentage of subjects with
hypertension and hypercholesterolemia
in the aspirin group compared with the
no aspirin group.

Most patients with hypertension were
given drug treatment, and 40% of the pa-
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Table 1—Baseline patient characteristics according to the presence of diabetes

Diabetes No diabetes p*
n 1,031 3,753
Age (years) 64275 64477 0.7
Sex
Male 497 (48.2) 1,557 (41.5) <0.001
Female 534 (51.8) 2,196 (58.5)
CV risk factors for inclusion
Old age 4906 (48.1) 1,870 (49.8) 0.3
Hypertension 643 (62.4) 2,580 (68.8) <0.001
Family history 84 (8.2) 406 (10.8) 0.01
Obesity 340 (33.0) 790 (21.1) <0.001
Hypercholesterolemia 308 (29.9) 1,498 (39.9) <0.001
CV risk factors (n)
One 109 (10.6) 1,344 (35.8) <0.001
Two 309 (30.0) 1,560 (41.6)
Three or more 613 (59.5) 849 (22.6)
Smoking
Ex 257 (25.2) 895 (24.0) 0.9
Current 168 (16.5) 555 (14.9)
CV drugs
Antihypertensive drugs 624 (60.5) 2,523 (67.2) <0.001
Lipid lowering 131 (12.7) 595 (15.9) 0.01
BMI (kg/m?) 29.0 £5.0 273+ 45 <0.001
Systolic blood pressure (mmHg) 148.7 = 17.1 144.6 = 16.0 <0.001
Diastolic blood pressure (mmHg) 84.9 =900 855+ 84 0.03
Total cholesterol (mg/dl) 224.6 = 44.0 237.8 =447 <0.001
HDL cholesterol (mg/dl) 408 £ 16.2 53.8 £ 17.0 <0.001
Triglycerides (mg/dl) 175.1 £ 105.9 149.7 = 80.4 <0.001

for continuous ones.

tients with hypercholesterolemia received
lipid-lowering drugs. Antidiabetic and
lipid-lowering drugs were well balanced
across the groups at baseline (Table 2),
whereas the percentage of patients treated
with antihypertensive drugs was higher in
the aspirin group than in the no aspirin
group. No differences between arms were
found at the end of the study in terms of
use of ACE inhibitors, other antihyper-
tensive agents, and statins. HbA,, lipids,
and blood pressure levels were also com-
parable in the two arms throughout the
study period (data not shown). At the end
of study, 54 diabetic patients (11.9%) as-
signed to the control group were taking
aspirin, whereas 135 (28.2%) assigned to
aspirin had discontinued the treatment.
The median duration of the follow-up was
3.7 years (interquartile range 3.1-4.3) for
nondiabetic patients and 3.6 years (2.7—
4.2) for diabetic patients.

Kaplan-Meier curves for the main
combined end point according to the
presence of diabetes are reported in Fig. 1,

Data are means = SD or n (%). CV, cardiovascular. *x* for categorical variables, and Mann-Whitney U test

showing a clear benefit of aspirin only in
nondiabetic patients. The use of vitamin E
was not associated with a better outcome
in both groups. The efficacy profiles for
aspirin and vitamin E in patients with and
without diabetes are summarized in
Fig. 2.

No significant reduction in any of the
end points considered could be found
with aspirin in diabetic patients, whereas
in nondiabetic individuals, a significant
reduction in the main combined end
point, total cardiovascular events, cardio-
vascular deaths, and peripheral artery dis-
ease was documented. The x* test for
heterogeneity comparing the results in
patients with and without diabetes
reached the statistical significance for car-
diovascular deaths (P = 0.03).

As for vitamin E, no significant reduc-
tion in any of the end points considered
could be found among diabetic patients,
whereas a marginal reduction in the risk
of peripheral artery disease was docu-

mented in nondiabetic individuals (Fig.
2).

Multivariate analyses confirmed a
nonsignificant reduction in the hazards of
the main cardiovascular end point for pa-
tients treated with aspirin (HR = 0.90,
95% CI 0.49-1.67) and a nonsignificant
increase in those treated with vitamin E
(1.21, 0.65-2.23).

Safety

The rate of noncardiovascular deaths was
similar in the treatment groups (Table 2).
An excess of nonfatal events was reported
for aspirin due to bleeding complications
(1.9 vs. 0.2%; P = 0.007). Overall, 10
episodes of bleeding were reported in the
aspirin group (8 gastrointestinal) and 1
(gastrointestinal) in the control group. No
intracranial hemorrhages were docu-
mented. The 38 new cancer diagnoses
were evenly distributed in the treatment
groups (20 cases in the aspirin group and
18 in the control group).

CONCLUSIONS — Diabetes is asso-
ciated with a substantial increase in the
risk of CVD, and the use of low-dose
aspirin is thus recommended by existing
guidelines (16,17). Despite the general
consensus, the evidence supporting the
use of aspirin for the prevention of CVD in
diabetic patients is surprisingly scant. A
recent meta-analysis failed to show a clear
benefit of antiplatelet therapy in diabetic
patients, with a nonsignificant 7% pro-
portional reduction in serious vascular
events (12). Within the meta-analysis, re-
sults relative to aspirin mainly derived
from the Early Treatment of Diabetic Ret-
inopathy Study (ETDRS), the only trial
specifically conducted in diabetic patients
(18). Even in this trial, there was a non-
significant 9% reduction in serious vascu-
lar events. Our data are highly consistent
with the existing evidence, showing a
nonsignificant 10% reduction in the risk
of the same end point, as compared with a
41% reduction in nondiabetic subjects.
The positive effects of aspirin docu-
mented in the whole PPP population were
even more evident when diabetic patients
were excluded from the analysis, reaching
the statistical significance for the main
combined end point (RR reduction of
41%; P = 0.026) and peripheral artery
disease (RR reduction of 62%:; P =
0.038). Furthermore, the RR reduction
for cardiovascular deaths rose to 69% and
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Table 2—Baseline patient characteristics according to treatment group

Sacco and Associates

Aspirin Control Vitamin E Control

n 519 512 509 522
Age (years) 643 £7.6 642+ 74 643+ 75 64175
Sex

Male 246 (47.4) 251 (49.0) 253 (49.7) 244 (46.7)

Female 273 (52.6) 261 (51.0) 256 (50.3) 278 (53.3)
CV risk factors for inclusion

Old age 252 (48.6) 244 (47.7) 248 (48.7) 248 (47.5)

Hypertension 343 (66.7)* 300 (59.4) 312 (62.0) 331 (64.2)

Family history 49 (9.7) 35(7.1) 38 (7.7) 46 (9.1)

Obesity 175 (34.2) 165 (33.1) 164 (32.7) 176 (34.5)

Hypercholesterolemia 179 35.71)t 129 (26.3) 146 (30.1) 162 (32.0)
CV risk factors (n)

One 53 (10.2) 56 (10.9) 58 (11.4) 51 (9.8)

Two 133 (25.6) 176 (34.4) 158 (31.0) 151 (28.9)

Three or more 333 (64.2)F 280 (54.7) 293 (57.6) 320(61.3)
Smoking

Ex 132 (25.6) 125 (24.8) 122 (24.1) 135 (26.3)

Current 83 (16.1) 85 (16.8) 86 (17.0) 82 (16.0)
CV drugs

Antihypertensive drugs 335 (64.6)t 289 (56.5) 208 (58.6) 326 (62.5)

Lipid lowering 68 (13.3) 63 (12.6) 65 (13.0) 66 (12.9)
Diabetes treatment

Diet alone 141 (27.2) 137 (26.8) 133 (26.1) 145 (27.8)

Sulphonyloureas 133 (25.6) 135 (26.4) 147 (28.9) 121 (23.2)

Metformin 18 (3.5) 17 (3.3) 14 (2.8) 21 (4.0)

Sulphonyloureas + metformin 169 (32.6) 166 (32.4) 162 (31.8) 173 (33.1)

Insulin + OHA 47 (9.1) 48 (9.4) 44 (8.6) 51 (9.8)

Other 11 2.1 9(1.8) 9(1.8) 11 (2.1)
BMI (kg/mz) 200+£52 29.1 =47 292 £53 289 46
Systolic blood pressure (mmHg) 148.8 = 17.0 148.6 = 17.1 149.0 £ 16.7 1484 = 17.4
Diastolic blood pressure (mmHg) 849 *901 84.8 =89 85.1 = 8.7 84.6 9.2
Total cholesterol (mg/dl) 226.0 = 46.2 2222 415 223.0 = 42.1 226.1 =458
HDL cholesterol (mg/dl) 49.5 = 16.8 50.2 = 15.5 498 = 16.5 499+ 158
Triglycerides (mg/dl) 1774 = 111.2 172.8 £ 100.5 176.9 £ 110.9 173.3 £ 100.8
HbA, . (%) 76%20 7621 76*22 7.6 20

Data are means = SD or n (%). CV, cardiovascular; OHA, oral hypoglycemic agents. *P < 0.05; TP < 0.01.

that for total cardiovascular events to
29%.

Due to the low statistical power, our
data cannot be considered conclusive.
Nevertheless, they are coherent with the
existing literature in suggesting the hy-
pothesis that low-dose aspirin might be
less effective in diabetic patients as com-
pared with the general population. Sev-
eral mechanisms have been suggested
that can act in combination and be re-
sponsible for these findings. First of all,
diabetes might represent a particular case
of aspirin resistance. In fact, in diabetic
patients, platelets could be activated
through different mechanisms that can
lead to thrombosis despite aspirin ther-
apy. The involvement of aspirin-

insensitive Cox-2, an inducible enzyme
mainly expressed in monocyte-macro-
phages under inflammatory stimuli, as an
additional source of TxA2 is one of these
possible mechanisms (19). Interestingly,
circulating levels of different endothelial-
derived adhesive molecules, which indi-
cate the inflammatory phenotype of
endothelial cells, are increased in diabetes
(20,21). The upregulated inflammatory
response present in diabetic patients
could therefore be responsible for aspirin
resistance. It has also been suggested that
hyperglycemia can lead to the generation
of arelevant quantity of thromboxane and
endoperoxides bypassing the cyclooxy-
genase step (22), thus contributing to as-
pirin resistance.

Diabetes is also often associated with
other cardiovascular risk factors, such as
hypertension and hypercholesterolemia. It
has been recently suggested (23) that aspi-
rin may be less effective in subjects with sys-
tolic blood pressure values >145 mmHg.
In the PPP trial, 54.5% of diabetic patients
had baseline values >145 mmHg. As for
hypercholesterolemia, it has been shown
(24) to be associated with reduced respon-
siveness of platelets to aspirin. A lower effect
of aspirin in the presence of elevated values
of total cholesterol was also described in the
Physicians’ Health Study (7) and the
Thrombosis Prevention Trial (23). Dyslipi-
demia, present in >30% of the patients in
our study, could thus contribute in deter-
mining the results.
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Figure 1—Kaplan-Meier survival curves for main end point (cardiovascular death, nonfatal myocardial infarction, and nonfatal stroke) according
to aspirin and diabetes status (A) and to vitamin E and diabetes status (B).

Another explanation for the lower-
than-expected effect of aspirin can be rep-
resented by the low dose used. In fact, in
diabetic patients, platelets have an in-
creased turnover, and higher doses of as-
pirin may be necessary to achieve the
same levels of thromboxane inhibition as
in nondiabetic subjects (25). Neverthe-
less, it should be noted that the results of
the ETDRS were very similar to ours, de-
spite an aspirin dose of 650 mg/day (18).

Finally, recent studies have suggested

that the benefits of aspirin and ACE inhib-
itors may be attenuated when both agents
are used together (26), but a recent meta-
analysis (27) showed no such interaction.
In our study, we did not find any differ-
ential effect of aspirin in patients treated
or not with ACE inhibitors.

Results relative to vitamin E are
highly consistent with those of the main
trial as well as with the existing literature,
showing a substantial lack of effect of an-
tioxidant vitamin supplementation in

preventing major cardiovascular events in
patients at risk. In particular, the recent
results of the Heart Protection Study, in-
volving ~6,000 individuals with diabetes
(13), showed that vitamin supplementa-
tion did not produce any significant re-
duction in the 5-year incidence of major
cardiovascular events in patients with and
without prior coronary heart disease.
Similarly, in the Microalbuminuria Car-
diovascular Renal Outcomes (MICRO)-
Heart Outcomes Prevention Evaluation
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Figure 2— Efficacy profile of aspirin and vitamin E in subjects with (n = 1,031; in black) and without (n = 3,753; in gray) diabetes.
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(HOPE) study the daily administration of
400 IU vitamin E for an average of 4.5
years to 3,654 people with diabetes had
no effect on cardiovascular outcomes or
nephropathy (14). On this ground, the
recommendation of antioxidant vitamin
supplementation in diabetic patients is
hardly justified.

Finally, some of the potential limita-
tions of our study need to be discussed.
First, the study is underpowered due to its
premature stop, as well as to a rate of
events (1% per year) significantly lower
than that hypothesized (4% per year).
Therefore, the efficacy of aspirin in the
primary prevention of CVD in patients
with diabetes cannot be ruled out.

Second, the study was open label. The
choice not to use a blinded design is re-
lated to the pragmatic nature of the trial,
which was mainly conducted in general
practice; in other words, we wanted to
test the efficacy and safety of preventive
strategies while respecting the conditions
of routine care in patients with cardiovas-
cular risk factors. The open design did not
lead to overtreatment in one group at the
expense of the other. In fact, study arms
did not differ for the entire study period in
terms of antihypertensive and lipid-
lowering treatments, and the two groups
showed superimposable values in terms
of HbA,, lipid profile, and blood pres-
sure levels. Furthermore, only a few pa-
tients in the control group were treated
with aspirin, thus confirming that the
open design did not affect the interpreta-
tion of the results.

In conclusion, our data seem to show
a lower effect of primary prevention of
CVD with low-dose aspirin in diabetic pa-
tients as opposed to subjects with other
cardiovascular risk factors. If confirmed,
these findings may suggest that in diabetic
patients the antiplatelet effects of aspirin
are overwhelmed by aspirin-insensitive
mechanisms of platelet activation and
thrombus formation, thus making the
balance between benefits and harms of as-
pirin treatment unfavorable. Further
large-scale trials investigating the role of
aspirin in the primary prevention of CVD
in diabetic patients are urgently needed,
together with studies aimed at identifying
the mechanisms by which diabetic pa-
tients may fail aspirin therapy.
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