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Abstract
Purpose of Review People with diabetes are at a higher risk of atherosclerotic cardiovascular disease (ASCVD) compared with those
without diabetes. Though aspirin has been shown to have an overall net clinical benefit when used for secondary prevention ofASCVD
in people with andwithout diabetes, the evidence for primary prevention, especially in those with diabetes, remains inconsistent. In this
article, we review the latest studies examining the risks and benefits of aspirin use for primary prevention of ASCVD in adults with
diabetes, discuss key aspects in assessing the risk-benefit ratio of aspirin use for primary prevention of ASCVD, and summarize current
guidelines from professional societies on aspirin use for primary prevention in adults with diabetes.
Recent Findings In the general population, past studies have shown no difference in the beneficial effect of aspirin for primary
cardiovascular disease prevention by diabetes status. However, several randomized controlled studies andmeta-analyses in adults
with diabetes have shown lack of net clinical benefit of aspirin use for primary prevention of ASCVD. The recent ASCEND trial
documented cardiovascular benefit of aspirin for primary prevention in adults with diabetes but suggested that the increased risk
of bleeding may outweigh the cardiovascular benefit.
Summary The decision to initiate aspirin for primary prevention of ASCVD must be considered carefully on an individual basis to
balance the cardiovascular benefit and bleeding risk in all patients, especially thosewith diabetes. Amultifactorial approach that focuses
onmanagingASCVD risk factors such as hypertension, dyslipidemia, dysglycemia, and smoking is recommended in all patients.More
research is needed to identify subgroups of people with diabetes who are more likely to benefit from aspirin use for primary prevention
of ASCVD and develop better antithrombotic strategies that shift the risk-benefit balance toward an overall net clinical benefit.

Keywords Primary cardiovascular prevention . Diabetes . Aspirin . Atherosclerotic cardiovascular disease

Introduction

The risk of atherosclerotic cardiovascular disease
(ASCVD) is two- to fourfold higher in people with versus
without diabetes [1–3]. The increased risk of ASCVD in
people with diabetes has been attributed to several possi-
ble mechanisms including endothelial and macrophage
dysfunction, higher in vivo and/or in vitro platelet activa-
tion, increased platelet turnover, higher plasma fibrinogen,
and decreased fibrinolytic activity [4–12]. As the global
prevalence of diabetes is projected to rise, the burden of
ASCVD, a major cause of morbidity and mortality in
people with diabetes, is also predicted to increase [13,
14]. Hence, primary prevention of ASCVD is considered a
major goal of therapy when managing people with diabetes.
Aspirin has been shown to have an overall net clinical benefit
(i.e., cardiovascular benefit exceeds bleeding risk) when used
for secondary prevention of ASCVD in people with and
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without diabetes. However, the data remains controversial re-
garding the net clinical benefit of aspirin for primary prevention
in the general population, especially in those with diabetes.
Several randomized controlled studies and meta-analyses in
adults with diabetes have shown lack of net clinical benefit of
aspirin use for primary prevention of ASCVD [15–18].
However, in the general population, past studies have shown
no difference in the cardiovascular beneficial effect of aspirin
by diabetes status [19••]. This has led to questions about wheth-
er the ASCVD risk associated with diabetes only is high
enough to justify the use of low-dose aspirin considering the
bleeding risk. Others have suggested that people with diabetes
may respond less to aspirin for various reasons and, therefore,
the risk of bleeding may outweigh the benefit. As a result, there
have been inconsistent recommendations from different profes-
sional societies around the world regarding the appropriate use
of aspirin for primary prevention of ASCVD in adults with
diabetes. In this article, we provide a comprehensive review
of the latest studies evaluating the risk-benefit ratio of aspirin
use for primary prevention of ASCVD in people with diabetes
and how the results of these studies appear to differ from those
conducted in the general population. We also discuss clinical
factors to be considered by providers before prescribing aspirin
for primary prevention in people with diabetes and review the
recent guideline recommendations from various professional
societies.

Platelet Function and Response to Aspirin in People
with Diabetes

In general, people with diabetes have a hyperactive platelet
phenotype and a higher in vivo platelet activation compared
with those without diabetes [20••, 21, 22]. The enhanced
platelet aggregation with diabetes is thought to be due to
chronic hyperglycemia resulting in nonenzymatic glycation
of platelet glycoproteins and oxidative stress; deficient insulin
action or insulin resistance resulting in platelet dysfunction
and impaired response to prostaglandin I2 (PGI2); and other
abnormalities such as increased platelet turnover, endothelial
dysfunction, or combination of two or more of these mecha-
nisms [23]. Aspirin is one of the oldest antithrombotic agents
with a cardiovascular benefit that is believed to be due to its
ability to irreversibly inactivate the cyclooxygenase-1 (COX-
1) pathway and prevent the conversion of arachidonic acid to
thromboxane A2 (TXA2), a potent stimulator of platelet ag-
gregation. Due to the irreversible inactivation of COX-1 ac-
tivity, the antithrombotic effect of aspirin lasts for the entire
lifespan of the platelets (i.e., 7 to 10 days). Nonetheless, low-
dose aspirin has no measurable effect on the COX-2 pathway
and platelets may still be activated through pathways that are
independent of COX-1 in those taking low-dose aspirin.
Moreover, there are several factors that can reduce the effec-
tiveness of aspirin in preventing ASCVD and may potentially

provide explanations for why some patients are thought to not
respond, or benefit less, from aspirin compared with others in
reducing cardiovascular events. This phenomenon is some-
times referred to as “aspirin resistance” and will be discussed
separately at the end of this article.

Major Aspirin Primary Prevention Trials in the General
Population (People with and Without Diabetes)

There have been many primary prevention studies conducted
evaluating the effect of aspirin on cardiovascular disease out-
comes in the general population. The Antithrombotic
Trialists’ (ATT) Collaboration aggregated the first six of these
studies and published a meta-analysis in 2009 [19••]. These
studies included 95,000 people, nearly 4000 of whom had
diabetes. The dose of aspirin used varied in each trial included,
ranging from 75 mg daily to 500 mg daily (Table 1). Aspirin
was shown to decrease the risk of vascular events by 12% in
both the general population (RR 0.88, 95% CI 0.82–0.94) and
in those with diabetes (RR 0.88, 95% CI 0.67–1.15) with no
significant interaction by diabetes status (p = 0.9). In those
with diabetes, this result may not have been statistically sig-
nificant given the smaller sample size and lower incidence of
CVD events. From a safety perspective, aspirin increased the
frequency of major GI and extra-cranial bleeds in the general
population (0.10% vs 0.07% per year, p < 0.0001).
Importantly, the main risk factors for coronary disease were
also risk factors for bleeding. Additional trials were subse-
quently completed evaluating the effect of aspirin for primary
prevention in the general population, including the Aspirin for
Asymptomatic Atherosclerosis (AAA) and the Japanese
Primary Prevention Project (JPPP), both in which participants
received 100 mg aspirin daily. Neither study found a differ-
ence in mortality, MI, or stroke between participants receiving
aspirin and those receiving placebo [30, 31]. In 2018, the
Aspirin to Reduce Risk of Initial Vascular Events (ARRIVE)
trial was designed to determine if aspirin 100 mg daily was
beneficial to patients at moderate risk of CV disease (exclud-
ing those with diabetes), but there was no difference found in
the primary outcome between the aspirin group versus place-
bo group [33]. The Aspirin in Reducing Events in the Elderly
(ASPREE) trial evaluated aspirin 100mg daily comparedwith
placebo among healthy elderly participants (11% with diabe-
tes) and found that aspirin increased the risk of major bleeding
without improving disability-free survival or reducing major
CVevents (see Table 1) [34].

A recent meta-analysis combined 13 RCTs composed of a
mix of studies, ten involving general populations and three
involving people with diabetes specifically [35]. It found that
aspirin, dosed at 100 mg in most of the included studies,
reduced the incidence of the composite CV outcome (57.1
events per 10,000 participant-years with aspirin and 61.4
events per 10,000 participant-years with no aspirin) (hazard
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ratio (HR), 0.89 (95% confidence interval, 0.84–0.95); abso-
lute risk reduction, 0.38% (95% CI, 0.20–0.55%); number-
needed-to-treat, 265). However, aspirin increased the inci-
dence of major bleeding (23.1 per 10,000 participant-years
with aspirin versus 16.4 per 10,000 participant-years with no
aspirin) (HR, 1.43 (95% confidence interval, 1.30–1.56);
number-needed-to-harm, 210). In participants with diabetes
(19% of the trial population), aspirin reduced the composite
CVoutcome (HR, 0.89 (95% confidence interval, 0.80–1.00);
absolute risk reduction, 0.65% (95% CI, 0.1–1.16%), but in-
creased the rates of major bleeding (HR, 1.29 (95% confi-
dence interval, 1.11–1.51).

Major Aspirin Primary Prevention Trials in People
with Diabetes

There have been 4 primary prevention studies conducted
specifically evaluating the effect of aspirin on cardiovascular
disease outcomes in patients with diabetes. The Early
Treatment of Diabetic Retinopathy Study (ETDRS) looked
at the effect of aspirin versus placebo in patients with type 1
or type 2 diabetes and retinopathy [15]. About 49% of peo-
ple in this trial had a history of cardiovascular disease,
which included patients taking antihypertensive medication.
Less than 10% of patients had a previous MI or stroke.
Patients assigned to aspirin exhibited a lowered risk of non-
fatal or fatal MI (RR 0.85, 95% CI 0.73–1.00). In the
Japanese Primary Prevention of Atherosclerosis with
Aspirin for Diabetes (JPAD) trial, participants were assigned
to low-dose ASA versus placebo and followed for an aver-
age of 4.4 years [16]. There was no difference in the primary
outcome (a composite of fatal or nonfatal ischemic heart
disease, fatal or nonfatal stroke, or PAD) or mortality be-
tween those assigned to aspirin and those to placebo. The
JPAD2 study extended the follow-up to 10.3 years, and it
found an increased risk of GI bleeding in patients taking
aspirin and no decrease in CV events [17]. The Prevention
of Progression of Arterial Disease and Diabetes trials
(POPADAD) evaluated whether 100 mg aspirin and/or anti-
oxidants were better than placebo at preventing cardiovascu-
lar events in patients with diabetes and asymptomatic PAD
[18]. There was not a significant difference in the rate of
CHD or stroke death between the intervention and placebo
groups over a mean follow-up of 6 years. A 2010 position
statement jointly issued by the American Diabetes
Association, the American Heart Association, and the
American College of Cardiology performed a meta-
analysis by adding in the data from the 3 trials using aspirin
in patients with diabetes alone (ETDRS, JPAD, POPADAD)
to the data from the subgroup of patients with diabetes in the
ATT meta-analysis [36]. They discovered that aspirin did not
significantly reduce the number of CV events (RR 0.91,
95% CI 0.79–1.05). The investigators concluded that aspirin

probably reduced CV risk by a modest amount, but the true
effect size was difficult to determine given a lack of enough
events in the primary prevention trials and the reliance on
subgroup analyses from general population studies.

Findings from the recent trial, A Study of Cardiovascular
Events in Diabetes (ASCEND), were published in 2018. This
trial randomized 15,480 patients with diabetes (62.5% men,
96%White, mean age 63 years) to either 100 mg aspirin daily
or placebo and then followed them for an average of 7.4 years
[32••]. The primary efficacy outcome was the first serious
vascular event, which was a composite of MI, stroke or TIA,
or death from any vascular cause. The primary safety outcome
was the first major bleeding event (composite of intracranial
hemorrhage, sight-threatening bleeding event in the eye, GI
bleeding, or other serious bleeding). 8.5% of those assigned to
aspirin had a serious vascular event versus 9.6% of those
assigned to placebo (rate ratio 0.88, 95% CI 0.79–0.97) for a
NNTof 91. However, 4.1% of participants assigned to aspirin
had amajor bleeding event versus only 3.2% of those assigned
to placebo (rate ratio 1.29, 95% CI 1.09–1.52), for a number-
needed-to-harm of 112. GI bleeds accounted for 42.5% of the
major bleeding events; notably, only 25% of patients were on
PPI’s by trial’s end. Eighty percent of patients in the trial had a
hemoglobin A1c < 8.0%, 75% were on a statin, and < 10%
were current smokers.

The overall body of literature suggests that, on a population
level, the cardiovascular benefits of aspirin for primary pre-
vention may be outweighed by the increased bleeding risk
from taking aspirin in people with diabetes though the net
clinical benefit at the individual level may differ.

Aspirin Resistance

The lack of consistent overall net clinical benefit of aspirin in
preventing ASCVD in adults with diabetes has raised con-
cerns about “aspirin resistance,” a phenomenon that has been
largely debated in literature. In this section, we discuss impor-
tant points related to the platelet response to aspirin in people
with and without diabetes and how the inconsistent findings
from previous studies can be interpreted. First, it is essential to
distinguish between “clinical aspirin resistance” and “physio-
logical aspirin resistance/high on-treatment platelet reactivity”
when discussing aspirin resistance. Although these terms refer
to different phenomena, they are often used interchangeably
and this may explain some of the mixed conclusions from
observational studies on aspirin resistance.

Clinical Aspirin Resistance This refers to the ineffectiveness of
aspirin in reducing ASCVD events in people who are pre-
scribed daily aspirin. This is a non-specific definition of aspi-
rin resistance but a common one used in literature. Reduced
oral bioavailability of aspirin (e.g., enteric-coated aspirin), pa-
tient lack of adherence to therapy, or concomitant use of non-
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steroidal anti-inflammatory drugs are some of several factors
that can lead to “clinical aspirin resistance” and contribute to
what many believe is an overestimation of the prevalence of
aspirin resistance in literature. Obesity has also been linked to
a reduced effectiveness of low-dose aspirin in preventing
ASCVD; and a weight-based dose of aspirin has been sug-
gested as a more optimal approach to provide net clinical
benefit of aspirin in preventing ASCVD [37]. In addition,
sex differences in the effects of aspirin in primary prevention
of ASCVD events have been previously suggested in the
Antithrombotic Trialists’ Collaboration; but at the platelet lev-
el, both men and women appear to have a comparable re-
sponse to low-dose aspirin [19••, 38].

Physiological Aspirin Resistance (High on-Treatment Platelet
Reactivity) This refers to the inability of aspirin to fully in-
hibit the COX-1 activity and platelet aggregation. In contrast
to clinical aspirin resistance, this is a more specific definition
and considered a more rare phenomenon. We have recently
shown that people with diabetes who had no history of
ASCVD have a similar in vitro platelet response to aspirin
therapy compared with those without diabetes, refuting the
notion of physiological aspirin resistance in diabetes [20••].
Those with diabetes have a higher in vivo platelet activation
before and after aspirin therapy compared with those without
diabetes suggesting that the greater platelet activation in
people with diabetes may be due to factors that are extrinsic
to the platelets (e.g., endothelial dysfunction). A systematic
review of 31 studies showed a higher prevalence of high on-
treatment platelet reactivity in people with versus without
diabetes; however, the conclusion from this study should
be interpreted with caution due to the considerable differ-
ences among measures to assess platelet function used
across those studies and heterogeneity in clinical character-
istics of the participants in those studies (including differ-
ences in risk of ASCVD) [39].

Taken together, it appears that the intrinsic (in vitro) platelet
response to low-dose aspirin is likely not different in people
with versus without diabetes; and any differences observed
clinically in the net benefit of aspirin for primary prevention
of ASCVD by diabetes status are more likely to be due to
“clinical aspirin resistance” or “physiological aspirin resis-
tance” that is due to factors extrinsic to the platelets.

Clinical Considerations

Diabetes has long been categorized as a CVD risk factor and at
times a CVD equivalent, though the exact increase in risk has
been difficult to quantify and likely varies by the presence of
other ASCVD risk factors [40]. Thus, instead of considering
diabetes in isolation as a high-risk category, many society
guidelines endorse the use of a risk calculator and also con-
sider other variables contributing to CVD. Over 100 risk

calculators are present in the literature, with more than 40
specific to those with diabetes [41]. Arguably, the most pop-
ular recent calculator is the ACC/AHA ASCVD risk calcula-
tor, which is based on the pooled cohort equations (PCE) and
includes the presence of diabetes as a risk factor, though no
metric of diabetes control or duration is included [42]. The
PCE may overestimate or underestimate the ASCVD risk de-
pending on the population studied and, further, validation in
people with diabetes has not yet been specifically studied [43].
The Framingham and Systematic Coronary Risk Evaluation
(SCORE) risk calculators are also popular, but may underes-
timate risk in those with diabetes, as their initial cohorts
contained relatively small populations with diabetes [44].
The most specific risk engine for people with diabetes is likely
the United Kingdom Prospective Diabetes Study (UKPDS)
engine, which considers HbA1c and duration of diabetes in
its risk calculation [45]. In the real world, this has been shown
effective in ranking cardiovascular risk among those with di-
abetes but may overestimate the actual risk [46].

Regarding current guidelines on aspirin for primary preven-
tion in those with diabetes, a 2015 AHA/ADA joint scientific
statement suggested that low-dose aspirin (75–162 mg) is rea-
sonable for those with a 10-year CVD risk of at least 10% and
without an increased risk of bleeding, and also reasonable for
those with a risk of 5–10%, though they note weaker data for
the latter [47]. However, in light of new data, the 2019 ACC/
AHA guidelines changed that recommendation to
recommending low-dose aspirin only in those “40 to 70 years
of age who are at higher ASCVD risk but not at increased
bleeding risk, removing the specific risk calculator score con-
sideration as they recognized that the calculator tended to over-
estimate the actual rates of ASCVD [48]. This update recom-
mends against aspirin in adults > 70 and in those aged 40–70 at
higher bleeding risk, regardless of ASCVD risk. The 2019
ADA Standards of Medical Care in Diabetes suggests consid-
ering the use of aspirin for primary prevention in adults aged ≥
50 years with diabetes at high CVD risk with low bleeding risk;
but generally not in adults older than 70 years as the risk of
bleeding appears to be greater than the cardiovascular benefit in
this age group [49]. Many other societies have tempered their
aspirin recommendations as well (see Table 2).

Regarding the risk of overall bleeding, those with dia-
betes may be at higher risk than those without, though
aspirin does not appear to independently exacerbate that
risk. A 2012 Italian cohort study of over 300,000 people
found that of the approximately 56,000 people with diabe-
tes, those on ASA therapy were not at higher risk of hem-
orrhagic events compared with those who were not.
However, irrespective of aspirin use, diabetes was indepen-
dently associated with an increased risk of major bleeding
episodes (IRR, 1.36; 95% CI, 1.28–1.44) [53]. Increased
risk of bleeding in those with diabetes using other forms of
anticoagulation (AC) is mixed, with some finding diabetes
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an independent risk factor for major and non-major bleed-
ing and others seeing no increased risk [54, 55].

To date, no bleeding risk calculators specifically for those
with diabetes exist. The major bleeding risk calculators (HAS-
BLED; HEMORR(2)HAGES, ATRIA) for patients being
considered for starting AC do not include diabetes as a risk
factor [56–58].

Summary and Future Direction

Though people with diabetes have an increased risk of ASCVD
compared with those without diabetes, several randomized con-
trolled trials and meta-analyses have questioned the overall net
clinical benefit of aspirin use for primary prevention of ASCVD
in most people with diabetes. The optimal antithrombotic regi-
men for primary prevention of ASCVD in people with diabetes
remains to be established. In clinical practice, balancing the car-
diovascular benefit of low-dose aspirin for primary prevention
and bleeding risk must be considered in all patients, especially
those with diabetes. The persistent higher in vivo platelet activa-
tion in people with diabetes after aspirin therapy has raised inter-
est in identifying more effective antithrombotic regimens for pri-
mary prevention in this population. Increasing the dose of aspirin
to > 150 mg daily or frequency to twice-daily low-dose aspirin
has been suggested; however, future studies are needed to assess
the long-term CVD outcomes for such strategies [59–61]. Future
research is also needed to examine the risk-benefit ratio of aspirin
use for primary prevention in adults with diabeteswhen low-dose
aspirin is used concurrently with proton-pump inhibitors (to low-
er the risk of GI bleeding) and statin or antioxidant therapy (to
lower the ASCVD risk) and in those with multiple ASCVD risk
factors [62]. Such strategies may shift the risk-benefit balance of
aspirin use toward an overall net clinical benefit. For the mean-
time, it is recommended that the decision to start aspirin for
primary prevention of ASCVD in adults with diabetes be con-
sidered carefully on an individual basis. In addition, a multifac-
torial approach that focuses on promoting a healthy lifestyle,
smoking cessation, and managing other ASCVD risk factors
such as hypertension, dyslipidemia, and dysglycemia is recom-
mended in people with diabetes.
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Table 2 Summary of guideline recommendations on the use of aspirin
for primary prevention of ASCVD in people with diabetes

Society Populations
recommended for

Populations
recommended
against

American Diabetes
Association [49]

If at increased CV risk,
after discussion of
benefits versus
increased risk of
bleeding

- < 50 years with no
other major
ASCVD risk
factors

- > 70 years old:
carefully consider
and may generally
not be
recommended

American College of
Cardiology/Americ-
an Heart
Association [48]*

40–70-year-olds who
are at higher ASCVD
risk but not at
increased bleeding
risk

-Age > 70
- Aged 40–70 at

higher bleeding
risk, regardless of
ASCVD risk

USPSTF [50]* A) 50–59-year-olds with
≥ 10% 10–year CVD
risk are not at
increased risk for
bleeding, have a life
expectancy of at least
10 years, and are
willing to take
low-dose aspirin daily
for at least 10 years

B) 60–69-year-olds with
≥ 10% 10-year CVD
risk—individualize
decision based on
patient risk of
bleeding, life
expectancy, and
willingness to take
low-dose aspirin daily
for at least 10 years.

-Insufficient
evidence to make
recommendations
in those ≥ 70 or
< 50 years old

European Society of
Cardiology and
others [51]*¶

In patients with DM at
high/very high risk,
aspirin may be
considered in primary
prevention.

-In patients with DM
at low/moderate
CV risk, aspirin
for primary
prevention is not
recommended

Canadian
Cardiovascular
Society [52]*

In special circumstances
in men and women
without evidence of
manifest vascular
disease in whom
vascular risk is
considered high and
bleeding risk is low

-Men and women
without evidence
of manifest
vascular disease

*Not specific to those with diabetes
¶ESC, European Society of Cardiology;EASD, European Association for
the Study of Diabetes; EAS, European Atherosclerosis Society; EHN,
European Heart Network; ESH, European Society of Hypertension;
ESO, European Stroke Organization; IDF Europe, International
Diabetes Federation European Region; FIMS, International Federation
of Sport Medicine; ISBM, International Society of Behavioural
Medicine; WONCA Europe

Curr Diab Rep          (2019) 19:107 Page 7 of 10   107 



References

Papers of particular interest, published recently, have been
highlighted as:
•• Of major importance

1. Kannel WB, McGee DL. Diabetes and cardiovascular disease. The
Framingham study. JAMA. 1979;241(19):2035–8.

2. Sobel BE. Effects of glycemic control and other determinants on
vascular disease in type 2 diabetes. Am J Med. 2002;113(Suppl
6A):22S.

3. Kalyani RR, Lazo M, Ouyang P, et al. Sex differences in diabetes
and risk of incident coronary artery disease in healthy young and
middle-aged adults. Diabetes Care. 2014;37(3):830–8. https://doi.
org/10.2337/dc13-1755.

4. Winocour PD. Platelet abnormalities in diabetes mellitus. Diabetes.
1992;41(Suppl 2):26–31. https://doi.org/10.2337/diab.41.2.s26.

5. Davi G, Catalano I, AvernaM, et al. Thromboxane biosynthesis and
platelet function in type II diabetes mellitus. N Engl J Med.
1 99 0 ; 3 2 2 ( 2 5 ) : 1 7 69–74 . h t t p s : / / d o i . o r g / 1 0 . 1 0 5 6 /
NEJM199006213222503.

6. Di Carli MF, Janisse J, Grunberger G, Ager J. Role of chronic
hyperglycemia in the pathogenesis of coronary microvascular dys-
function in diabetes. J Am Coll Cardiol. 2003;41(8):1387–93.

7. Makimattila S, Virkamaki A, Groop PH, et al. Chronic hyperglyce-
mia impairs endothelial function and insulin sensitivity via different
mechanisms in insulin-dependent diabetes mellitus. Circulation.
1996;94(6):1276–82.

8. Calverley DC, Hacker MR, Loda KA, Brass E, Buchanan TA,
Tsao-Wei DD, et al. Increased platelet Fc receptor expression as a
potential contributing cause of platelet hypersensitivity to collagen
in diabetes mellitus. Br J Haematol. 2003;121(1):139–42.

9. Ostermann H, van de Loo J. Factors of the hemostatic system in
diabetic patients. A survey of controlled studies. Haemostasis.
1986;16(6):386–416. https://doi.org/10.1159/000215317.

10. Saito I, Folsom AR, Brancati FL, Duncan BB, Chambless LE,
McGovern PG. Nontraditional risk factors for coronary heart dis-
ease incidence among persons with diabetes: the Atherosclerosis
Risk in Communities (ARIC) Study. Ann Intern Med.
2000;133(2):81–91.

11. Gray RP, Patterson DL, Yudkin JS. Plasminogen activator inhibitor
activity in diabetic and nondiabetic survivors of myocardial infarc-
tion. Arterioscler Thromb. 1993;13(3):415–20.

12. McGill JB, Schneider DJ, Arfken CL, Lucore CL, Sobel BE.
Factors responsible for impaired fibrinolysis in obese subjects and
NIDDM patients. Diabetes. 1994;43(1):104–9. https://doi.org/10.
2337/diab.43.1.104.

13. Cho NH, Shaw JE, Karuranga S, HuangY, da Rocha Fernandes JD,
Ohlrogge AW, et al. IDF diabetes atlas: global estimates of diabetes
prevalence for 2017 and projections for 2045. Diabetes Res Clin
Pract. 2018;138:271–81.

14. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of
diabetes: estimates for the year 2000 and projections for 2030.
Diabetes Care. 2004;27(5):1047–53. https://doi.org/10.2337/
diacare.27.5.1047.

15. Aspirin effects on mortality and morbidity in patients with diabetes
mellitus. Early Treatment Diabetic Retinopathy Study report 14.
ETDRS Investigators. JAMA. 1992;268(10):1292–300.

16. Ogawa H, Nakayama M, Morimoto T, et al. Low-dose aspirin for
primary prevention of atherosclerotic events in patients with type 2
diabetes: a randomized controlled trial. JAMA. 2008;300(18):
2134–41. https://doi.org/10.1001/jama.2008.623.

17. Saito Y, Okada S, Ogawa H, et al. Low-dose aspirin for primary
prevention of cardiovascular events in patients with type 2 diabetes

mellitus: 10-year follow-up of a randomized controlled trial.
Circulation. 2017;135(7):659–70. https://doi.org/10.1161/
CIRCULATIONAHA.116.025760.

18. Belch J, MacCuish A, Campbell I, et al. The prevention of progres-
sion of arterial disease and diabetes (POPADAD) trial: factorial
randomised placebo controlled trial of aspirin and antioxidants in
patients with diabetes and asymptomatic peripheral arterial disease.
BMJ. 2008;337:a1840. https://doi.org/10.1136/bmj.a1840.

19.•• Antithrombotic Trialists’ (ATT) Collaboration, Baigent C,
Blackwell L, et al. Aspirin in the primary and secondary prevention
of vascular disease: collaborative meta-analysis of individual par-
ticipant data from randomised trials. Lancet. 2009;373(9678):
1849–60. https://doi.org/10.1016/S0140-6736(09)60503-1.
Findings from this study showed that aspirin decreased the
risk of vascular events by 12% in both the general population
and in those with diabetes with no significant interaction by
diabetes status.

20.•• Al-Sofiani ME, Yanek LR, Faraday N, et al. Diabetes and platelet
response to low-dose aspirin. J Clin Endocrinol Metab.
2018;103(12):4599–608. https://doi.org/10.1210/jc.2018-01254.
A comprehensive examination of the in vivo and in vitro
platelet activation and response to aspirin by diabetes status
was performed in this study.

21. Vinik AI, Erbas T, Park TS, Nolan R, Pittenger GL. Platelet dys-
function in type 2 diabetes. Diabetes Care. 2001;24(8):1476–85.
https://doi.org/10.2337/diacare.24.8.1476.

22. Ferroni P, Basili S, Falco A, Davi G. Platelet activation in type 2
diabetes mellitus. J Thromb Haemost. 2004;2(8):1282–91. https://
doi.org/10.1111/j.1538-7836.2004.00836.x.

23. Ferreiro JL, Angiolillo DJ. Diabetes and antiplatelet therapy in
acute coronary syndrome. Circulation. 2011;123(7):798–813.
https://doi.org/10.1161/CIRCULATIONAHA.109.913376.

24. Peto R, Gray R, Collins R, et al. Randomised trial of prophylactic
daily aspirin in British male doctors. Br Med J (Clin Res Ed).
1988;296(6618):313–6. https://doi.org/10.1136/bmj.296.6618.313.

25. Steering Committee of the Physicians' Health Study Research
Group. Final report on the aspirin component of the ongoing
Physicians’ Health Study. N Engl J Med. 1989;321(3):129–35.
https://doi.org/10.1056/NEJM198907203210301.

26. Thrombosis prevention trial: randomised trial of low-intensity oral
anticoagulation with warfarin and low-dose aspirin in the primary
prevention of ischaemic heart disease in men at increased risk. The
Medical Research Council’s General Practice Research
Framework. Lancet. 1998;351(9098):233–241

27. Hansson L, Zanchetti A, Carruthers SG, et al. Effects of intensive
blood-pressure lowering and low-dose aspirin in patients with hy-
pertension: principal results of the hypertension optimal treatment
(HOT) randomised trial . HOT Study Group. Lancet .
1998;351(9118):1755–62.

28. de Gaetano G. Collaborative Group of the Primary Prevention
Project. Low-dose aspirin and vitamin E in people at cardiovascular
risk: a randomised trial in general practice. Collaborative Group of
the Primary Prevention Project. Lancet. 2001;357(9250):89–95.

29. Ridker PM, Cook NR, Lee IM, Gordon D, Gaziano JM, Manson
JAE, et al. A randomized trial of low-dose aspirin in the primary
prevention of cardiovascular disease in women. N Engl J Med.
2005;352(13):1293–304.

30. Fowkes FG, Price JF, Stewart MC, et al. Aspirin for prevention of
cardiovascular events in a general population screened for a low
ankle brachial index: a randomized controlled trial. JAMA.
2010;303(9):841–8. https://doi.org/10.1001/jama.2010.221.

31. Ikeda Y, Shimada K, Teramoto T, et al. Low-dose aspirin for pri-
mary prevention of cardiovascular events in Japanese patients 60
years or older with atherosclerotic risk factors: a randomized clini-
cal trial. JAMA. 2014;312(23):2510–20. https://doi.org/10.1001/
jama.2014.15690.

  107 Page 8 of 10 Curr Diab Rep          (2019) 19:107 

https://doi.org/10.2337/dc13-1755
https://doi.org/10.2337/dc13-1755
https://doi.org/10.2337/diab.41.2.s26
https://doi.org/10.1056/NEJM199006213222503
https://doi.org/10.1056/NEJM199006213222503
https://doi.org/10.1159/000215317
https://doi.org/10.2337/diab.43.1.104
https://doi.org/10.2337/diab.43.1.104
https://doi.org/10.2337/diacare.27.5.1047
https://doi.org/10.2337/diacare.27.5.1047
https://doi.org/10.1001/jama.2008.623
https://doi.org/10.1161/CIRCULATIONAHA.116.025760
https://doi.org/10.1161/CIRCULATIONAHA.116.025760
https://doi.org/10.1136/bmj.a1840
https://doi.org/10.1016/S0140-6736(09)60503-1
https://doi.org/10.1210/jc.2018-01254
https://doi.org/10.2337/diacare.24.8.1476
https://doi.org/10.1111/j.1538-7836.2004.00836.x
https://doi.org/10.1111/j.1538-7836.2004.00836.x
https://doi.org/10.1161/CIRCULATIONAHA.109.913376
https://doi.org/10.1136/bmj.296.6618.313
https://doi.org/10.1056/NEJM198907203210301
https://doi.org/10.1001/jama.2010.221
https://doi.org/10.1001/jama.2014.15690
https://doi.org/10.1001/jama.2014.15690


32.•• ASCEND Study Collaborative Group, Bowman L, Mafham M,
et al. Effects of aspirin for primary prevention in persons with
diabetes mellitus. N Engl J Med. 2018;379(16):1529–39. https://
doi.org/10.1056/NEJMoa1804988. A recent trial that showed
cardiovascular benefit of aspirin for primary prevention in
people with diabetes but also suggested that the increased risk
of bleeding may outweigh the cardiovascular benefit.

33. Gaziano JM, Brotons C, Coppolecchia R, Cricelli C, Darius H,
Gorelick PB, et al. Use of aspirin to reduce risk of initial vascular
events in patients at moderate risk of cardiovascular disease
(ARRIVE): a randomised, double-blind, placebo-controlled trial.
Lancet. 2018;392(10152):1036–46.

34. McNeil JJ, Nelson MR, Woods RL, et al. Effect of aspirin on all-
cause mortality in the healthy elderly. N Engl J Med. 2018;379(16):
1519–28. https://doi.org/10.1056/NEJMoa1803955.

35. Zheng SL, Roddick AJ. Association of aspirin use for primary
prevention with cardiovascular events and bleeding events: a sys-
tematic review and meta-analysis. JAMA. 2019;321(3):277–87.
https://doi.org/10.1001/jama.2018.20578.

36. Pignone M, Alberts MJ, Colwell JA, et al. Aspirin for primary
prevention of cardiovascular events in people with diabetes: a po-
sition statement of the American Diabetes Association, a scientific
statement of the American Heart Association, and an expert con-
sensus document of the American College of Cardiology
Foundation. Circulation. 2010;121(24):2694–701. https://doi.org/
10.1161/CIR.0b013e3181e3b133.

37. Rothwell PM, Cook NR, Gaziano JM, Price JF, Belch JFF,
Roncaglioni MC, et al. Effects of aspirin on risks of vascular events
and cancer according to bodyweight and dose: analysis of individual
patient data from randomised trials. Lancet. 2018;392(10145):387–99.

38. Becker DM, Segal J, Vaidya D, et al. Sex differences in platelet
reactivity and response to low-dose aspirin therapy. JAMA.
2006;295(12):1420–7.

39. Simpson SH, Abdelmoneim AS, Omran D, Featherstone TR.
Prevalence of high on-treatment platelet reactivity in diabetic pa-
tients treated with aspirin. Am J Med. 2014;127(1):95.e9. https://
doi.org/10.1016/j.amjmed.2013.09.019.

40. Bertoluci MC, Rocha VZ. Cardiovascular risk assessment in pa-
tients with diabetes. Diabetol Metab Syndr. 2017;9:1. eCollection
2017. https://doi.org/10.1186/s13098-017-0225-1.

41. Allan GM, Nouri F, Korownyk C, Kolber MR, Vandermeer B,
McCormack J. Agreement among cardiovascular disease risk cal-
culators. Circulation. 2013;127(19):1948–56. https://doi.org/10.
1161/CIRCULATIONAHA.112.000412.

42. Goff DC, Lloyd-Jones DM, Bennett G, et al. 2013 ACC/AHA
guideline on the assessment of cardiovascular risk: a report of the
American College of Cardiology/American Heart Association Task
Force on Practice Guidelines. Circulation. 2014;129(25 Suppl 2):
49. https://doi.org/10.1161/01.cir.0000437741.48606.98.

43. Rana JS, Tabada GH, Solomon MD, Lo JC, Jaffe MG, Sung SH,
et al. Accuracy of the atherosclerotic cardiovascular risk equation in
a large contemporary, Multiethnic Population. J Am Coll Cardiol.
2016;67(18):2118–30.

44. Coleman RL, Stevens RJ, Retnakaran R, Holman RR.
Framingham, SCORE, and DECODE risk equations do not pro-
vide reliable cardiovascular risk estimates in type 2 diabetes.
Diabetes Care. 2007;30(5):1292–3.

45. Stevens RJ, Kothari V, Adler AI, Stratton IM. United Kingdom
Prospective Diabetes Study (UKPDS) Group. The UKPDS risk
engine: a model for the risk of coronary heart disease in type II
diabetes (UKPDS 56). Clin Sci (Lond). 2001;101(6):671–9.

46. Simmons RK, ColemanRL, Price HC, et al. Performance of the UK
Prospective Diabetes Study Risk Engine and the Framingham risk
equations in estimating cardiovascular disease in the EPIC- Norfolk
cohort. Diabetes Care. 2009;32(4):708–13. https://doi.org/10.2337/
dc08-1918.

47. Fox CS, Golden SH, Anderson C, et al. Update on prevention of
cardiovascular disease in adults with type 2 diabetes mellitus in
light of recent evidence: a scientific statement from the American
Heart Association and the American Diabetes Association.
Circulation. 2015;132(8):691–718. https://doi.org/10.1161/CIR.
0000000000000230.

48. Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA
Guideline on the Primary Prevention of Cardiovascular Disease.
Circulation. 2019:CIR0000000000000678. https://doi.org/10.
1161/CIR.0000000000000678.

49. American Diabetes Association. 10. Cardiovascular Disease and
Risk Management: Standards of Medical Care in Diabetes-2019.
Diabetes Care. 2019;42(Suppl 1):S123. https://doi.org/10.2337/
dc19-S010.

50. Bibbins-Domingo K, U S Preventive Services Task Force.
Aspirin use for the primary prevention of cardiovascular dis-
ease and colorectal cancer: U.S. Preventive Services Task
Force Recommendation Statement. Ann Intern Med.
2016;164(12):836–45. https://doi.org/10.7326/M16-0577.

51. Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello A,
Delgado V RW, et al. ESC Scientific Document Group.
ESC Guidelines on diabetes, pre-diabetes, and cardiovascular
diseases developed in collaboration with the EASD. Eur
Heart J. 2019;31. pii: ehz486. https://doi.org/10.1093/
eurheartj/ehz486.

52. Bell AD, Roussin A, Cartier R, et al. The use of antiplatelet therapy
in the outpatient setting: Canadian Cardiovascular Society guide-
lines. Can J Cardiol. 2011;27(Suppl A):1. https://doi.org/10.1016/j.
cjca.2010.12.015.

53. De Berardis G, Lucisano G, D'Ettorre A, et al. Association of
aspirin use with major bleeding in patients with and without
diabetes. JAMA. 2012;307(21):2286–94. https://doi.org/10.
1001/jama.2012.5034.

54. Zhang Z, Zhai Z, Yang Y, et al. Diabetes mellitus is associ-
ated with increased bleeding in pulmonary embolism receiv-
ing conventional anticoagulant therapy: findings from a “re-
al-world” study. J Thromb Thrombolysis. 2017;43(4):540–9.
https://doi.org/10.1007/s11239-017-1473-5.

55. Overvad TF, Skjoth F, Lip GY, et al. Duration of diabetes
mellitus and risk of thromboembolism and bleeding in atri-
al fibrillation: nationwide cohort study. Stroke. 2015;46(8):
2168–74. https: / /doi .org/10.1161/STROKEAHA.115.
009371.

56. Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJ, Lip GY. A
novel user-friendly score (HAS-BLED) to assess 1-year risk of
major bleeding in patients with atrial fibrillation: the Euro Heart
Survey. Chest. 2010;138(5):1093–100. https://doi.org/10.1378/
chest.10-0134.

57. Gage BF, Yan Y, Milligan PE, Waterman AD, Culverhouse
R, Rich MW, et al. Clinical classification schemes for
predicting hemorrhage: results from the National Registry
of Atrial Fibrillation (NRAF). Am Heart J. 2006;151(3):
713–9.

58. Fang MC, Go AS, Chang Y, et al. A new risk scheme to
predict warfarin-associated hemorrhage: The ATRIA
(Anticoagulation and Risk Factors in Atrial Fibrillation)

Curr Diab Rep          (2019) 19:107 Page 9 of 10   107 

https://doi.org/10.1056/NEJMoa1804988
https://doi.org/10.1056/NEJMoa1804988
https://doi.org/10.1056/NEJMoa1803955
https://doi.org/10.1001/jama.2018.20578
https://doi.org/10.1161/CIR.0b013e3181e3b133
https://doi.org/10.1161/CIR.0b013e3181e3b133
https://doi.org/10.1016/j.amjmed.2013.09.019
https://doi.org/10.1016/j.amjmed.2013.09.019
https://doi.org/10.1186/s13098-017-0225-1
https://doi.org/10.1161/CIRCULATIONAHA.112.000412
https://doi.org/10.1161/CIRCULATIONAHA.112.000412
https://doi.org/10.1161/01.cir.0000437741.48606.98
https://doi.org/10.2337/dc08-1918
https://doi.org/10.2337/dc08-1918
https://doi.org/10.1161/CIR.0000000000000230
https://doi.org/10.1161/CIR.0000000000000230
https://doi.org/10.1161/CIR.0000000000000678
https://doi.org/10.1161/CIR.0000000000000678
https://doi.org/10.2337/dc19-S010
https://doi.org/10.2337/dc19-S010
https://doi.org/10.7326/M16-0577
https://doi.org/10.1093/eurheartj/ehz486
https://doi.org/10.1093/eurheartj/ehz486
https://doi.org/10.1016/j.cjca.2010.12.015
https://doi.org/10.1016/j.cjca.2010.12.015
https://doi.org/10.1001/jama.2012.5034
https://doi.org/10.1001/jama.2012.5034
https://doi.org/10.1007/s11239-017-1473-5
https://doi.org/10.1161/STROKEAHA.115.009371
https://doi.org/10.1161/STROKEAHA.115.009371
https://doi.org/10.1378/chest.10-0134
https://doi.org/10.1378/chest.10-0134


study. J Am Coll Cardiol. 2011;58(4):395–401. https://doi.
org/10.1016/j.jacc.2011.03.031.

59. Gurbel PA, BlidenKP, DiChiara J, Newcomer J,WengW, Neerchal
NK, et al. Evaluation of dose-related effects of aspirin on platelet
function: results from the aspirin-induced platelet effect (ASPECT)
study. Circulation. 2007;115(25):3156–64.

60. Capodanno D, Patel A, Dharmashankar K, et al. Pharmacodynamic
effects of different aspirin dosing regimens in type 2 diabetes
mellitus patients with coronary artery disease. Circ Cardiovasc
In t e r v. 2011 ;4 (2 ) : 180–7 . h t t p s : / / do i . o rg / 10 . 1161 /
CIRCINTERVENTIONS.110.960187.

61. Bethel MA, Harrison P, Sourij H, et al. Randomized controlled trial
comparing impact on platelet reactivity of twice-daily with once-

daily aspirin in people with Type 2 diabetes. Diabet Med.
2016;33(2):224–30. https://doi.org/10.1111/dme.12828.

62. Brandle M, DavidsonMB, Schriger DL, Lorber B, HermanWH. Cost
effectiveness of statin therapy for the primary prevention of major
coronary events in individuals with type 2 diabetes. Diabetes Care.
2003;26(6):1796–801. https://doi.org/10.2337/diacare.26.6.1796.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

  107 Page 10 of 10 Curr Diab Rep          (2019) 19:107 

https://doi.org/10.1016/j.jacc.2011.03.031
https://doi.org/10.1016/j.jacc.2011.03.031
https://doi.org/10.1161/CIRCINTERVENTIONS.110.960187
https://doi.org/10.1161/CIRCINTERVENTIONS.110.960187
https://doi.org/10.1111/dme.12828
https://doi.org/10.2337/diacare.26.6.1796

	Aspirin for Primary Prevention of Cardiovascular Disease in Diabetes: a Review of the Evidence
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Platelet Function and Response to Aspirin in People with Diabetes
	Major Aspirin Primary Prevention Trials in the General Population (People with and Without Diabetes)
	Major Aspirin Primary Prevention Trials in People with Diabetes
	Aspirin Resistance
	Clinical Considerations
	Summary and Future Direction

	References
	Papers of particular interest, published recently, have been highlighted as: •• Of major importance



