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Key messages

Among elderly individuals with type 2 diabetes, no  •
statistically signifi cant association was observed between 
aspirin use and MI risk in primary prevention.
Current users of aspirin had about a 2-fold greater risk  •
of gastro-intestinal bleeding compared to non-users.
Individual assessment of cardiovascular risk and  •
bleeding risk is essential before introducing aspirin 
therapy among elderly individuals with type 2 diabetes.

  Introduction.  The benefi t of aspirin in primary prevention of 
myocardial infarction and the associated gastro-intestinal 
bleeding risks have not been well established in the elderly 
population with diabetes.    
  Methods.  Using Quebec administrative databases, we 
conducted two nested case-control analyses within a cohort 
of individuals aged  �    66 years newly treated with an oral 
antidiabetes drug between 1998 and 2003. The 28,067 
individuals had no cardiovascular disease recorded in the 
database in the year prior cohort entry. They had not used 
prescribed aspirin, antiplatelet, or anticoagulant drugs, and 
were not hospitalized for gastro-intestinal bleeding in the 
year prior cohort entry. The odds of myocardial infarction 
and gastro-intestinal bleedings were compared between 
individuals who were current, past, or non-users of aspirin.    
  Results.  There were 1101 (3.9%) cases of myocardial infarction. 
Compared to non-users, neither aspirin users (OR 0.89; 95% CI 
0.71 – 1.13) nor aspirin past users (0.81; 0.62 – 1.06) showed a 
statistically signifi cant lower risk of myocardial infarction. There 
were 373 (1.3%) cases of gastro-intestinal bleeding. Current users 
of aspirin had about a 2-fold greater risk of gastro-intestinal 
bleeding compared to non-users (2.19; 1.53 – 3.13).    
  Conclusions.  Our results suggest that individual assessment 
of bleeding risk and cardiovascular risk is mandatory among 
elderly people with diabetes before introducing aspirin therapy.   

 Key words:   Aspirin ,   diabetes mellitus  ,   hemorrhage  ,  myocardial 
infarction 

  Introduction 
 Although clinical guidelines (1,2) recommend aspirin for cardio-
vascular prevention among individuals with type 2 diabetes, there 
is little evidence that this therapy confers benefi ts with regard 
to cardiovascular events or mortality in this population (3,4). 
Recent meta-analyses have also questioned the benefi ts of aspirin 
in primary prevention of cardiovascular disease (CVD) (5 – 8). 

Th e question then arises whether aspirin should be used sys-
tematically to reduce cardiovascular risk in people with type 2 
diabetes. 

 Th is question is even more pertinent for elderly individuals, 
as they are the age-group most aff ected by diabetes and CVD 
(9,10). Th ere is little information about aspirin protective eff ect in 
this age-group, since most of the benefi ts of aspirin in high-risk 
populations derive from studies focusing on the middle-aged 
(11). It has also been established that the gastro-intestinal (GI) 
bleeding risk associated with aspirin therapy increases with age, 
especially among individuals aged    �    70 years (12). Th erefore, the 
risk/benefi t ratio of aspirin therapy among elderly individuals 
with type 2 diabetes is not known. 

 Th e objective of this study was to evaluate the eff ect of 
aspirin on myocardial infarction (MI) and GI bleeding among 
elderly individuals who start an oral antidiabetes drug treatment 
and have no previous history of CVD.   

 Patients and methods  

 Overview 
 We built a population-based cohort that was analyzed using a 
nested case-control approach. Th e cohort consisted of older indi-
viduals treated with oral antidiabetes drugs that did not present 
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clinical CVD. Using administrative databases, we explored the 
association between two distinct outcomes (MI and GI bleeding) 
and exposure to aspirin. Th is study was approved by the institu-
tional ethics review board of the  Centre hospitalier affi  li é  univer-
sitaire de Qu é bec .   

 Source of data 
 Th e  R é gie     de l’assurance maladie du Qu é bec  (RAMQ) databases 
supplied information on demographics (age, sex, region of 
residence), physician services (date and diagnosis), prescrip-
tion drugs dispensed (drug identifi cation, dispensing date, and 
number of days ’  supply) and death. Th us, for each prescription 
of aspirin, the number of dispensed doses and number of days ’  
supply were known. Th e Quebec registry of hospitalizations 
( Maintenance et exploitation des donn é es     pour l ’  é tude de la cli-
ent è le hospitali è re  (Med- É cho)) supplied hospitalization data 
(dates, primary diagnosis, and up to 15 secondary diagnoses). 
By using a unique encrypted health number, we were able to link 
the RAMQ databases and Med- É cho at the individual level. Th e 
RAMQ health insurance plan covers all permanent residents 
of the province of Quebec, Canada, for both medical services 
and hospitalizations. Its public drug plan covers almost all non-
institutionalized individuals aged    �    65 years. Th e drug plan 
database is known to be accurate for prescription claims (13).   

 Study individuals 
 We fi rst selected individuals aged 66 years and older, treated with 
oral antidiabetes drugs between 1 January 1998 and 31 December 
2003. Th e cohort entry date was defi ned as the date of the fi rst pre-
scription for an oral antidiabetes drug. We excluded individuals 
who had received an oral antidiabetes drug, insulin, prescribed 
aspirin, or any other antithrombotic drug (clopidogrel, ticlopi-
dine, dipyridamole/aspirin, nicoumalone, warfarin) in the year 
before cohort entry. In addition, we excluded those who had a GI 
bleeding episode or a history of CVD during that same period. 
We defi ned CVD as the presence of at least one of the following 
ICD-9 codes: 411 – 414 (ischemic heart disease), 420 – 438 (other 
heart diseases and cerobrovascular diseases), and 440 (athero-
sclerosis), in the year before cohort entry. We also considered 
anyone with a prescription claim for a nitrate to have CVD. GI 
bleeding events comprised primary diagnosis of ulceration, 
perforation, or bleeding in the upper gastro-intestinal tract 
(531.x – 534.x, 535.01, 535.31, 578.0, 578.1, 578.9, 537.83) and 
primary diagnosis of gross rectal bleeding, lower gastro-intestinal 
perforation, ulceration, or diverticulitis with hemorrhage 
(562.02, 562.03, 562.12, 562.13, 569.3, 569.41, 569.82, 569.83, 
569.85). For each outcome, we followed up eligible individu-
als until they: 1) experienced an event, 2) had termination of 
health coverage (death or emigration), 3) had a prescription of 
an antithrombotic drug other than aspirin, or 4) until the date 31 
December 2004, whichever came fi rst.   

 Case and control defi nitions 
 To determine the association between aspirin use and MI, we 
performed a case-control study. Cases were individuals who had 
an MI during the follow-up period, the index date being the 
date of the MI. MI was identifi ed using the hospital discharge 
diagnosis of acute MI (ICD-9 code 410, all diagnostic fi elds). 
Th is diagnostic code has been shown to be valid for elderly 
individuals in the Med- É cho database (14). To improve predic-
tive value, we considered the diagnosis of MI as valid only if the 
related hospital stay was 3 days or more, unless the individual 
was transferred to or from another hospital, had a percutaneous 
coronary intervention performed, or died (15). 

 We randomly selected fi ve controls for each case using inci-
dence density sampling. We matched cases and controls for age 
at entry into the cohort, year of entry, and sex. Th e index date for 
controls was the date when the matched case had the MI. 

 For our assessment of the association between aspirin use 
and GI bleeding, we also used a case-control study. GI bleeding 
was defi ned as previously described (see  ‘ Study individuals ’ ). We 
used incidence density sampling to select randomly fi ve controls 
for each case. Cases and controls were matched for age, year of 
cohort entry, and sex. Th e index date for a control was the date 
when the matched case underwent a GI bleeding event associated 
with hospitalization.   

 Assessment of aspirin use 
 Aspirin usage was classifi ed in three categories: 1) current, 
2) past, or 3) non-use. Individuals were deemed current users if 
their index date (date of the case ’ s outcome) was included in the 
interval between the date of the last aspirin claim and the end date 
of its days ’  supply, to which we added a grace period of 10 days. 
Since the residual eff ect of aspirin lasts around 10 days (12), the 
10-day grace period allows for the recognition of aspirin eff ect 
even if the person has actually stopped the therapy. (Results were 
not sensitive to the variation in the duration of the grace period 
(results not shown).) Other individuals who used aspirin in the 
observation period were considered past users, whereas those 
who did not were deemed non-users. 

 We also assessed duration of exposure to aspirin using the 
number of 30-day periods of use. As there is no information avail-
able on the in-hospital use of drugs, we assumed that, if aspirin 
was taken before hospitalization, it was also taken during the 
hospital stay.   

 Potentially confounding variables 
 For all analyses, age, sex, and calendar year were accounted for 
by the study design. Other potential confounders included: in-
dividual-, drug-, and health service-related characteristics. Th e 
following individual-related characteristics were added in each 
model: 1) residency area (rural/urban), 2) socio-economic sta-
tus (no/partial/maximum guaranteed income supplement) at 
cohort entry, and 3) a marker of co-morbidity (the number of 
diff erent drugs dispensed (16) in the observation period). We 
considered drug-related characteristics including type of oral 
antidiabetes drug regimen dispensed at cohort entry. Insulin 
use was defi ned as the presence of a prescription claim for insu-
lin in the observation period. Finally, the health service-related 
characteristics considered were the number of medical visits 
and hospitalizations (yes/no) during the observation period. 

 In the case-control analyses on MI, we also took into account the 
proportion of days before the index date during which individuals 
used at least one 1) ACE inhibitor or ARB, 2) statin, 3) antihyper-
tensive drug other than ACE inhibitor/ARB, and 4) lipid-lowering 
drug other than statin. Because individuals might have developed 
CVD during follow-up and because some types of CVD could 
be associated with diff erent MI risk, we adjusted for the occur-
rence and type of CVD (ischemic heart diseases (411 – 414); other 
forms of heart diseases (420 – 429); hemorrhagic cerebrovascular 
diseases (430 – 432); and ischemic and ill-defi ned cerebrovascular 
diseases (433 – 438)) experienced during the observation period. 

 In the case-control analyses on GI bleeding, current/past/
non-use of and duration of exposure to: 1) acetaminophen, 2) oral 
corticosteroids, 3) cytoprotective drugs, 4) COX-1 (traditional) 
non-steroidal anti-infl ammatory drugs (NSAIDs), and 5) COX-2 
(non-traditional) NSAIDs during the observation period were 
included in the analyses.   
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 Statistical analysis 
 Frequency distributions were used to describe matching charac-
teristics of cases and controls. Th e respective risks of MI and of 
GI bleeding associated with the use of aspirin were estimated 
using multivariate conditional logistic regressions. We assessed 
multicollinearity using the procedure described by Belsley et   al. 
(17). Analyses were carried out with SAS, version 9.2.    

 Results 
 In total 28,067 individuals were included in the cohort 
(Figure 1). Th ere were 1101 cases of MI during the observation 
period for an incidence rate of 11.03 per year per 1000 persons 
(95% CI 10.38 – 11.58). Characteristics of cases and controls 
are presented in Table I. Th e risk of MI for users of aspirin 
(0.89; 0.71 – 1.13) and past users of aspirin (0.81; 0.62 – 1.06) was 
not statistically diff erent than the risk for non-users (Table II). 
Moreover, increased duration of exposure to aspirin was not 
associated with a change in MI risk. All types of CVD, except 
hemorrhagic cerebrovascular disease, were associated with a sta-
tistically signifi cant increase in MI risk. Other characteristics that 
were associated with increased MI risk included the use of 
sulfonylurea (compared to metformin) and a high number of 
medications used. 

 Th ere were 373 cases of GI bleeding for an incidence rate of 
3.71 per 1000 persons per year (95% CI 3.33 – 4.08). Characteris-
tics of cases and controls are presented in Table I. Current use of 
aspirin, when compared to non-use, was associated with a higher 
risk of GI bleeding (2.19; 1.53 – 3.13). Th e risk for past use, when 

compared to non-use, was increased by 47%, although it was not 
statistically signifi cant (1.47; 0.91 – 2.38) (Table III). Other char-
acteristics associated with an increased bleeding risk included: 
low income, having a high number of physician encounters, 
current use of acetaminophen, current use of COX-1 NSAIDs, 
and current use of cytoprotective agents. However, a longer 
duration of cytoprotective agents was associated with a decreased 
bleeding risk.   

 Discussion 
 In this study, the use of aspirin was not associated with a statisti-
cally signifi cant reduced risk of MI, while GI bleeding risk was 
increased. Our results are in contrast with the benefi t observed 
among the non-diabetic, middle-aged population, where as-
pirin usage has been associated with a reduction in the risk of 
MI in primary prevention (0.18% versus 0.23% per year) 
(18). However, in subgroup analyses of two randomized trials 
(19,20), no statistically signifi cant benefi ts were found for 
individuals with type 2 diabetes treated with aspirin in pri-
mary prevention. Moreover, in two recent clinical trials (21,22), 
benefi ts with aspirin therapy were not observed for individu-
als with diabetes in primary prevention of CVD. However, an 
elevated dropout rate in the POPADAD trial (21) may have 
contributed to the inability to observe statistically signifi -
cant benefi ts. In the JPAD trial (22), a very low event rate has 
decreased the statistical power of the study, which could explain 
the absence of statistically signifi cant benefi ts. Interestingly, 
the subgroup of elderly participants receiving aspirin in the 

141 153
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and 31 december 2003 and had no oral antidiabetes drug in 

the 1-year period before cohort entry
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  Figure 1.     Selection of study subjects.  
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JPAD study did benefi t from the therapy (hazard ratio 0.68; 
0.46 – 0.99) (22). However, recent meta-analyses could not dem-
onstrate the benefi ts of aspirin (5 – 8,18). According to the latest 
Antithrombotic Trialists ’  Collaboration meta-analysis, there was 
no statistically signifi cant reduction in the risk of MI, stroke, or 
death from a vascular cause, in primary prevention for individu-
als with diabetes (RR 0.88; 95% CI 0.67 – 1.15) (18). Nevertheless, 
the authors considered the results consistent with the benefi t 

  Table III. Adjusted odds ratios (AOR) of gastro-intestinal (GI) bleeding.  
AOR a 95% CI  P 

Aspirin
Non-use 1.00  – 
Current use 2.19 1.53 – 3.13  �    0.0001
Past use 1.47 0.91 – 2.38 0.12
Duration of use (by 30-day periods of 

exposure)
0.98 0.97 – 1.00 0.09

Potentially confounding variables  a 
Income

High (no premium subsidy) 1.00  – 
Intermediate (partial premium subsidy) 0.83 0.64 – 1.08 0.17
Low (premium subsidy) 0.55 0.32 – 0.92 0.02

Number of medications during follow-up
First tertile (1 – 8 drugs) 1.00  – 
Second tertile (9 – 14 drugs) 1.12 0.80 – 1.58 0.51
Th ird tertile ( �    15 drugs) 1.10 0.69 – 1.74 0.69

Number of physician encounters during 
 follow-up
First tertile (0 – 15 encounters) 1.00  – 
Second tertile (16 – 48 encounters) 2.31 1.54 – 3.49  �    0.0001
Th ird tertile ( �    49 encounters) 3.86 2.26 – 6.60  �    0.0001

Acetaminophen
Non-use 1.00  – 
Current use 1.79 1.11 – 2.90 0.02
Past use 1.17 0.85 – 1.61 0.33
Duration of use (by 30-day periods of 

exposure)
1.00 0.97 – 1.03 0.98

Oral corticosteroids
Non-use 1.00  – 
Current use 0.88 0.42 – 1.86 0.74
Past use 1.32 0.83 – 2.12 0.24
Duration of use (by 30-day periods of 

exposure)
1.02 0.98 – 1.07 0.36

Cytoprotective agents
Non-use 1.00  – 
Current use 1.72 1.15 – 2.58 0.01
Past use 1.25 0.87 – 1.82 0.24
Duration of use (by 30-day periods of 

exposure)
0.98 0.96 – 1.00 0.03

Cox-1 NSAIDs
Non-use 1.00  – 
Current use 2.10 1.11 – 3.94 0.02
Past use 0.71 0.48 – 1.07 0.10
Duration of use (by 30-day periods of 

exposure)
1.00 0.95 – 1.04 0.79

Cox-2 NSAIDs
Non-use 1.00  – 
Current use 1.39 0.86 – 2.25 0.18
Past use 0.80 0.56 – 1.14 0.22
Duration of use (by 30-day periods of 

exposure)
0.98 0.95 – 1.01 0.10

  a Age, sex, and year of entry in the cohort were accounted for by the study 
design (matching). Other variables included as covariates in the multivariate 
models were: region of residence, initial antidiabetes used, insulin use during 
follow-up, and hospitalization during follow-up (results not shown).   

  Table I. Distribution of matching variables of cases and controls.  
Outcome: MI Outcome: GI bleeding

Cases
   n    �     1101

Controls
   n    �     5477

Cases
   n    �     373

Controls
   n    �     1853

Characteristics  n  (%)  n  (%)  n  (%)  n  (%)
Sex

Female 543 (49) 2698 (49) 170 (46) 844 (46)
Male 558 (51) 2779 (51) 203 (54) 1009 (54)

Age (years) a 
66 – 70 383 (35) 1915 (35) 139 (37) 694 (37)
71 – 75 306 (28) 1530 (28) 93 (25) 465 (25)
76 – 80 246 (22) 1230 (22) 93 (25) 465 (25)
81 – 85 115 (10) 575 (10) 29 (8) 145 (8)
86 – 90 46 (4) 216 (4) 17 (5) 79 (4)
 �    91 5 (0.5) 11 (0.2) 2 (0.5) 5 (0.3)

Year of cohort entry
1998 356 (32) 1780 (33) 103 (28) 512 (28)
1999 248 (23) 1228 (22) 94 (25) 467 (25)
2000 207 (19) 1033 (19) 70 (18) 346 (19)
2001 147 (13) 721 (13) 61 (16) 303 (16)
2002 89 (8) 445 (8) 31 (8) 155 (8)
2003 54 (5) 270 (5) 14 (4) 70 (4)

     a Matching was based on the individual ’ s exact age. Grouping in Table I was 
performed for presentation purposes only.   

observed in people without diabetes (0.87; 0.79 – 0.96) (18). Yet, 
there remains no robust evidence that aspirin confers benefi ts for 
individuals with diabetes in primary prevention. Our results add 
to the controversial issue of possible aspirin resistance among 
individuals with diabetes (11,23), which could in part explain 
why aspirin does not prove benefi cial in primary prevention 
of cardiovascular events in this population. Th e mechanisms 
of possible aspirin resistance are not well understood. Rocca 
et   al. have studied whether an accelerated renewal of platelet 
cyclo-oxygenase (COX) activity may explain the lower response 
to aspirin antiplatelet eff ect in individuals with diabetes (23). 
Th ey did not observe diff erences between individuals with dia-
betes and those without diabetes, although there was important 
interindividual variability. According to these authors, in addi-
tion to body mass index, the rate of recovery of COX activity is 

  Table II. Adjusted odds ratios (AOR) of myocardial infarction (MI).  
AOR a 95% CI  P 

Aspirin
Non-use 1.00  – 
Current use 0.89 0.71 – 1.13 0.63
Past use 0.81 0.62 – 1.06 0.22
Duration of use (by 30-day 

periods of exposure)
0.99 0.98 – 1.01 0.19

Potentially confounding variables a 
Cardiovascular disease during the 

observation period
Ischemic heart disease 2.64 2.18 – 3.20  �    0.0001
Other forms of heart disease 1.50 1.24 – 1.81  �    0.0001
Hemorrhagic cerebrovascular 

disease
1.21 0.46 – 3.20 0.69

Ischemic cerebrovascular disease 1.36 1.06 – 1.74 0.02
Initial antidiabetes drug regimen

Sulfonylurea 1.00  – 
Metformin 0.82 0.71 – 0.94 0.006
Th iazolidinedione  �    0.001  �    0.001 –  �    999.99 0.97
Other 0.71 0.40 – 1.26 0.24
Combination of at least 2 

diff erent drugs
0.82 0.58 – 1.15 0.19

Number of medications during 
 follow-up
First tertile (1 – 8 drugs) 1.00  – 
Second tertile (9 – 15 drugs) 1.32 1.09 – 1.59 0.002
Th ird tertile ( �    16 drugs) 1.48 1.17 – 1.88 0.0005

     a Age, sex, and year of entry in the cohort entry were accounted for by 
study design (matching). Other variables included as covariates in the 
multivariate models were: region of residence, income, insulin use during 
follow-up, ACE inhibitors use, other antihypertensive drug use, statin use, 
other cholesterol-lowering drug use, number of physician encounters during 
follow-up, hospitalization during follow-up, obesity, and renal diseases. Th e 
association between those variables and MI was not statistically signifi cant 
(results not shown).   
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likely to be infl uenced by determinants that diff er according to 
whether or not individuals suff er from diabetes. 

 With regard to the risk of GI bleeding, we observed that cur-
rent use of aspirin was associated with twice the risk of non-use. 
Studies on this topic consistently report aspirin therapy as being 
associated with an approximately 2-fold increased risk of major 
extracranial bleeding among patients at high cardiovascular risk 
(11,24). Nonetheless, a recent observational study reported that 
aspirin increased bleeding risk, but not in patients with diabetes 
(25). Our result may be explained by the inclusion of an older 
population, who may experience a greater bleeding risk. Interest-
ingly, in our study, we did not observe an increased GI bleeding 
risk with longer aspirin use. Depletion of susceptible individuals 
may explain the association: only those who tolerated aspirin 
used it for longer periods of time (26). We also observed an in-
creased risk of GI bleeding among acetaminophen and COX-1 
NSAIDs users, which are known risk factors for GI bleeding 
(27). However, individuals currently using cytoprotective agents 
might have been at higher GI bleeding risk, thereby causing a 
spurious association between the cytoprotective agents and GI 
bleeding (indication bias). 

 One strength of our study is the use of a large population-
based cohort, which enables the evaluation of actual medication 
use. Our cohort seems to compare to other cohorts that have 
been used to evaluate the impacts of medication use on health. 
For example, Simpson et   al. have noted that the use of sulfony-
lurea is associated with a greater risk of death caused by an acute 
ischemic event while the use of metformin was not (28). Th is 
fi nding is concordant with the increased risk of MI associated 
with the use of sulfonylurea that we have observed in our cohort. 
We therefore believe the results may be reproducible in other ju-
risdictions with similar clinical practices. Despite this strength, 
our study has some limitations. Even though we matched cases 
and controls for a variety of factors and incorporated several 
potential confounders in the analyses, there may be residual 
confounding unaccounted for. Administrative databases do 
not capture clinical and lifestyle data, such as smoking status, 
weight, physical activity, serum cholesterol, blood pressure, and 
level of glycemic control. Since we did not perform sex-specifi c 
analysis, it remains a possibility that results may vary according 
to sex. Also, since the data only permitted one-year anterior his-
tory evaluation, some individuals may have had CVD prior to 
their inclusion in the cohort. However, we did adjust for ongo-
ing CVD other than MI during follow-up, which reduces the 
potential confounding eff ect of CVD. Next, we did not assess the 
dose-response relationship. Although there is no evidence that 
low doses (50 – 100 mg/d) of aspirin are less effi  cient than high 
doses (650 – 1500 mg/d) regarding cardioprotective purposes, it 
has been well established that side eff ects, notably bleeding, are 
dose-dependent (11). Lastly, since aspirin is also available with-
out prescription, we may have misclassifi ed exposure. However, 
misclassifi cation is likely to be minimal. Indeed in a recent sur-
vey conducted on a sample of elderly patients in Quebec, only 
2.3% of them used over-the-counter aspirin as a cardioprotec-
tive agent (29). Since aspirin is reimbursed under the Quebec 
drug insurance plan, there is a fi nancial incentive for elderly 
patients to fi ll their aspirin prescription rather than to buy it 
over the counter. 

 Diabetes-related cardiovascular diseases impose a huge 
burden on health care. Given the increasing number of elderly 
suff ering from diabetes, eff ective cardioprotective agents may 
help reduce this burden. Nonetheless, when considering its ben-
efi ts and side eff ects, our results suggest that aspirin may not 
have a favorable benefi t/risk profi le in primary prevention in 

elderly individuals with type 2 diabetes. Because all potential 
confounding variables could not be included in the analyses, 
there remains a possibility that aspirin could prove benefi cial 
for MI primary prevention among elderly with type 2 diabetes. 
However, potential benefi ts are likely to be small. Th erefore, it 
may be wise to give priority to other preventive strategies to re-
duce the MI risk, especially among elderly individuals who have 
higher bleeding risks. Th e cardioprotective role of aspirin needs 
to be better examined among the elderly population with type 
2 diabetes. Data from large-scale intervention trials currently 
in progress should help position aspirin therapy in primary 
prevention of CVD among individuals with type 2 diabetes. 
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