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Purpose: A meta-analysis was conducted to assess the benefits and risks of aspirin for
the primary prevention of cardiovascular disease and all-cause mortality events in adults
with diabetes.

Methods: An extensive and systematic search was conducted in MEDLINE (via PubMed),
Cinahl (via Ebsco), Scopus, and Web of Sciences from 1988 to December 2020. A
detailed literature search was conducted using aspirin, cardiovascular disease (CVD),
diabetes, and efficacy to identify trials of patients with diabetes who received aspirin for
primary prevention of CVD. Demographic details with the primary outcome of events and
bleeding outcomes were analyzed. The Cochrane Collaboration’s risk of bias tool was
used to assess the methodological quality of the included studies. Random-effects meta-
analysis was used to calculate the pooled odds ratio for outcomes of cardiovascular
events, death, and adverse events.

Findings: A total of 8 studies were included with 32,024 patients with diabetes; 16,001
allocated to aspirin, and 16,023 allocated to the control group. There was no difference
between aspirin and control groups with respect to all-cause mortality, cardiovascular
mortality, or bleeding events. However, MACE was significantly lower in the aspirin group.

Implications: Although aspirin has no significant risk on primary endpoints of
cardiovascular events and bleeding outcomes in patients with diabetes compared to
control, major adverse cardiovascular events (MACE) were significantly lower in the aspirin
group. Further research on the use of aspirin alone or in combination with other antiplatelet
drugs is required in patients with diabetes to supplement currently available research.

Systematic Review Registration: identifier [XU#/IRB/2020/1005].
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HIGHLIGHTS

What is already known?
Cardiovascular disease (CVD) is one of the primary causes of

mortality in people with diabetes, accounting for >70% of deaths
in these people. Low-dose aspirin is a widely used agent for
preventing cardiovascular disease, and various guidelines also
recommend its use in subjects with diabetes. Several primary
prevention aspirin trials- prior to 2000 suggested a reduction in
myocardial infarction and stroke, although not mortality but at
the cost of increased bleeding events. However, the role of aspirin
in the primary prevention of CVD is still -debatable.

What is new?

• The present meta-analysis provides an insight into the current
use of aspirin in reducing the risk of cardiovascular events in
patients with diabetes.

• Furthermore, a new study horizon is needed to evaluate
further the risks associated with aspirin plus newer
antiplatelet drugs.
INTRODUCTION

Diabetes results in a two- to four-fold higher risk of
cardiovascular diseases (1). In addition, cardiovascular disease
(CVD) is the primary cause of death among persons with
diabetes, accounting for more than 70% of fatalities (2). As a
result, there has been a surge in interest in developing therapies
to lower cardiovascular risk in patients with diabetes in
recent decades.

Several anomalies in platelet function have been found
in -patients with diabetes (3), leading to an accelerated state of
atherosclerosis and inflammation, which increases vascular
problems.Therapies that block platelet activation and
aggregation, such as aspirin treatment, have been advocated as
critical therapeutic methods for lowering ischemic risk in
diabetics (4). Low-dose aspirin has been used to treat and
prevent cardiovascular disease for decades. In 2007, the
American Diabetes Association (ADA) and the American
Heart Association (AHA) jointly recommended that aspirin
therapy (75-162 mg/day) be used as a primary prevention
strategy for those with diabetes at increased cardiovascular
risk, including those who are over 40 years of age or have
additional risk factors (family history of CVD, hypertension,
smoking, dyslipidemia or albuminuria) (1, 3).

The efficacy of aspirin in the secondary prevention of CVD in
patients with diabetes has been well demonstrated (5). The
function of aspirin in the primary prevention of CVD in
persons with diabetes has been studied in several randomized
controlled trials (6–13). However, most of these studies were
underpowered in terms of the number of persons with diabetes,
reported data from subgroups, and reported inconsistent results.
Since the Antithrombotic Treatment Trialists’ Collaboration
published a meta-analysis of individual-level data from six
primary prevention trials in 2009, which reported a
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nonsignificant reduction in serious vascular events in people
with diabetes (14), several further meta-analyses have been
conducted on the topic, with no significant benefit for aspirin
in the primary prevention setting (13, 15–20).

Recent guidelines from the Fifth Joint Task Force of the
European Society of Cardiology and Other Societies on CVD
Prevention in Clinical Practice do not give explicit
recommendations for aspirin in patients with diabetes, which
is consistent with the ambiguous data (11). The American
Diabetes Association, the American Heart Association, and the
American College of Cardiology Foundation, on the other hand,
recommend the use of low-dose aspirin for the primary
prevention of CVD in individuals with diabetes, but only if the
risk of CVD and bleeding is minimal (16). These recommendations
were based on a pooled analysis of nine studies, which revealed a
moderate reduction in the risk of cardiovascular events using
aspirin (although without a precise assessment of the effect size).
The authors of the recommendationmention current investigations
that will bring - new information in this area, given the - debatable
effect of aspirin in primary CVD prevention in adults with diabetes.

The randomized experiment ASCEND (Study of
Cardiovascular Events in Diabetes) provides encouraging
results on the effects of low-dose aspirin for the prevention of
serious vascular events in adults with diabetes; however, the
results of this trial was not encouraging as an increased risk of
gastrointestinal and extracranial bleeding events were reported in
the aspirin group compared to placebo (6).

Rationale: We conducted an updated systematic meta-
analysis to address the benefits and hazards of aspirin for the
primary prevention of CVD, all-cause mortality events, and CV
events in persons with diabetes, given the significant clinical
interest in the subject and conflicting results.

Objective: To evaluate the effectiveness of aspirin compared to
control (placebo or no treatment) for prevention of CVD and all-
cause mortality events and adverse CV events in persons
with diabetes.
MATERIALS AND METHODS

We followed the PRISMA statement (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) normative
recommendations in this study with the registration number
XU#/IRB/2020/1005.

Data Sources and Strategy for Search
Two separate authors used MEDLINE (via PubMed), CINAHL
(via Ebsco), Scopus, and Web of Sciences, and the Cochrane
electronic databases to conduct a duplicate search for
randomized controlled trials published until December 2020
(date last searched). The computer-assisted searches included
words related to using the predefined search terms aspirin,
cardiovascular disease (CVD), diabetes, efficacy, OR
meta-analysis.

According to the selection criteria, two independent reviewers
assessed the titles and abstracts of all initially recognized papers.
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https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Ma et al. Aspirin, CVD, and Diabetes
Full texts were collected from papers that met all the criteria for
inclusion. Additional papers were found by searching the
reference lists of chosen research and relevant reviews on
the topic.
Selection and Qualifying Criteria
for Studies
Intervention studies with data on the use of aspirin for the
primary prevention of CVD in patients with diabetes and data on
several cardiovascular and all-cause mortality endpoints were
sought. Intervention studies that were randomized controlled,
open, or blinded trials were eligible if 1) aspirin was compared
with placebo or no treatment in patients with or without
diabetes, and without a history or clinical evidence of CVD; 2)
screened for the eligibility, the studies had to be controlled (placebo
or control group) but could be open-label or blinded; 3) patients
above 18 years of age either who have diabetes was included, or full
text was acquired for further evaluation if the citation was deemed
pertinent; 4) had at least a 12month follow-up period.

Non-randomized studies comparing aspirin to another
antiplatelet drug, studies including persons with known CVD,
and secondary publications of trials previously included in the
analysis were excluded.
Data Extraction
Two separate writers (HM and QG) extracted data, and in the
event of any inconsistencies, a consensus was obtained with the
help of a third and fourth author (HN and XL). In order to
collect the pertinent data, a pre-designed data extraction form
was employed. The data extracted from the selected trials
included appropriate study-level information, number of
diabetic participants, age group, intervention, control, and
follow-up time.

The outcomes included all-cause mortality, composite
outcomes of major adverse cardiovascular events (MACE)-
cardiovascular mortality, non-fatal myocardial infarction and
stroke, and bleeding events.
Frontiers in Endocrinology | www.frontiersin.org 3
Risk of Bias Evaluation
The Cochrane Collaboration’s risk of bias tool was used to assess
the methodological quality of the included studies (21). The tool
includes the following criteria: randomization, allocation
concealment, blinding, and completeness of follow-up. The risk
of bias for each item was graded as high, low, or unclear risk
based on the authors’ judgment.

Quantitative Data Synthesis
The outcomes were treated as dichotomous data, and the odds
ratio (OR) and 95% confidence interval (95% CI) were used to
estimate the pooled results from the studies. Meta-analysis was
performed using Review Manager (RevMan Version 5.
Copenhagen: The Nordic Cochrane Center, The Cochrane
Collaboration. 2020). Meta-analyses were done using a
random-effects model (Mantel-Haenszel method), and
heterogeneity between the included studies was evaluated using
the I2 statistic with small heterogeneity for I2 values up to 25%,
moderate heterogeneity for I2 values between 25% and 50%, and
high heterogeneity for I2 values > 50% (22). The random-effects
model was chosen to account for differences in characteristics
between the studies, particularly participants’ age, type of control
(placebo or no treatment), and region of trial.
RESULTS

Literature Search Results
Table 1 summarizes the characteristics of the studies included in
the meta-analysis, which shows differences in demographic
characteristics (age, gender, CVD risk factors), follow-up time
ranging from 3.6-10.1 years, aspirin dose and comparators
between the different trials

Table 2 summarizes the outcomes for all-cause mortality,
cardiovascular mortality, MACE, and bleeding events in the
studies included for meta-analysis where significant differences
between the aspirin and control group for a particular outcome
have been indicated. Percentage of patients in each group
TABLE 1 | Characteristics of included studies.

Study name No. of diabetic
participants

Demographic characteristics Intervention Control Follow-up
(years)

ASCEND 2018 (6) 15,480 Diabetic men and women, > 40 years, diabetes mellitus with no
known CV condition

Aspirin (100 mg/day) Placebo 7.5

ASPREE 2018 (7) 2,057 Men and women, > 70 years, No coronary heart disease,
cerebrovascular disease and atrial fibrillation

Aspirin (100 mg/day) Placebo 4.7

ETDRS 1992 (8) 3,711 Men and women with type 1 and type 2 diabetes, 18-70 years Aspirin (650 mg/day) Placebo 5
JPAD 2008 (9) 2,539 Men and women with type 2 diabetes, 30-85 years Aspirin (81-100 mg/day) No aspirin 4.37
JPPP 2014 (10) 4,903 Men and women, with diabetes mellitus and dyslipidaemia, 60-85

years, no atherosclerotic disease
Aspirin (100 mg/day) No aspirin 5.02

POPADAD 2008 (11) 1,276 Men and women with type 1 or type 2 diabetes mellitus, > 40
years, asymptomatic peripheral disease

Aspirin + antioxidant
Aspirin+placebo (100 mg/
day)

Placebo 6.7

PPP 2003 (12) 1,031 Men and women with diabetes mellitus and hypertension,
hypercholesterolemia > 50 years

Aspirin (100 mg/day) Vitamin E
(300 mg/day)

3.6

WHS 2005 (13) 1,027 Women > 45 years, no history of coronary heart diseases,
cerebrovascular disease or cancer

Aspirin (100 mg on
alternate days)

Placebo 10.1
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developing an outcome does not seem to be significantly different
for most trials

The present meta-analysis comprised 32,024 -patients with
diabetes; 16,001 allocated to aspirin and 16,023 allocated to the
control group.

Risk of Bias Assessment
According to the Cochrane Collaboration’s risk of bias tool, all
included experiments had a low chance of bias (Figure 1).

Meta-Analysis Results
Figure 2 is the forest plot of the odds ratio of all-cause mortality
in patients with diabetes in the aspirin or control group using the
random-effects model. Compared with the control group, aspirin
did not significantly reduce the risk of all-cause mortality (OR
0.95, 0.88-1.03, P=0.24, I2 = 0%). Similarly, aspirin did not
decrease the risk of cardiovascular mortality (OR 0.94, 0.76-
1.16, P=0.55, I2 = 42%) or increase the risk of bleeding events
(OR 1.42, 0.87-2.34, P=0.16, I2 = 74%) compared to the control
group (Figures 3 and 4). In contrast, the risk of MACE was
significantly decreased upon aspirin administration compared to
control (OR 0.89, 0.82-0.96, P=0.003, I2 = 0%) (Figure 5). The I2

values indicative of heterogeneity varied from low to high for the
different outcomes.
DISCUSSION

Aspirin, an antithrombotic agent, is postulated to decrease the
risk of cardiovascular death and events in patients with prior
cardiovascular disease and is a mainstay for secondary
prevention (23–26). However, the role of aspirin in the
primary prevention of cardiovascular events is debatable.
Myocardial infarction and ischemic stroke are the leading
TABLE 2 | Outcomes of all-cause mortality, cardiovascular mortality, composite outcome of major adverse cardiovascular events (MACE) and bleeding events in the
included studies.

Study name All-cause mortality (n/N) Cardiovascular mortality (n/N) MACE (n/N) Bleeding events (n/N)

ASCEND 2018 (6) Aspirin: 748/7740 (9.66%)
Placebo: 792/7740

(10.23%)

Aspirin: 210/7740 (2.71%)
Placebo: 226/7740 (2.92%)

Aspirin: 658/7740 (8.50%)
Placebo: 743/7740 (9.60%)

Aspirin: 314/7740 (4.06%)
Placebo: 245/7740 (3.17%)

ASPREE 2018 (7) Aspirin: 87/1027 (8.47%)
Placebo: 68/1030

(6.60%)

– Aspirin: 54/1027 (5.26%)
Placebo: 55/1030 (5.34%)

–

ETDRS 1992 (8) Aspirin: 340/1856 (18.32%)
Placebo: 366/1855 (19.73%)

Aspirin: 244/1856 (13.15%)
Placebo: 275/1855 (14.82%)

Aspirin: 350/1856 (18.86%)
Placebo: 379/1855 (20.43%)

–

JPAD 2008 (9) Aspirin: 34/1262 (2.69%)
Placebo: 38/1277 (2.98%)

Aspirin: 1/1262 * (0.08%)
Placebo: 10/1277* (0.78%)

Aspirin: 68/1262 (5.39%)
Placebo: 86/1277 (6.73%)

Aspirin: 34/1262 * (2.69%)
Placebo: 12/1277* (0.94%)

JPPP 2014 (10) – – Aspirin: 86/2445 (3.52%)
Placebo: 98/2458 (3.99%)

–

POPADAD 2008 (11) Aspirin: 94/638 (14.73%)
Placebo: 101/638 (15.83%)

Aspirin: 43/638 (6.74%)
Placebo: 35/638 (5.49%)

Aspirin: 105/638 (16.46%)
Placebo: 108/638 (16.93%)

Aspirin: 28/638 (4.39%)
Placebo: 31/638 (4.86%)

PPP 2003 (12) Aspirin: 25/519 (4.82%)
Placebo: 20/512 (3.90%)

Aspirin: 10/519 (1.93%)
Placebo: 8/512 (1.56%)

Aspirin: 20/519 (3.85%)
Placebo: 22/512 (4.30%)

–

WHS 2005 (13) – – Aspirin: 58/514 (11.28%)
Placebo: 62/513 (12.09%)

–

Frontiers in Endocrinology |
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n/N represents no. of events or outcomes in the group divided by the total no. of participants in each trial group
*represents a significant difference between the two groups for the particular outcome.
FIGURE 1 | Risk of bias summary for studies included in the meta-analysis.
Volume 12 | Article 741374

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Ma et al. Aspirin, CVD, and Diabetes
causes of morbidity and mortality in patients with type 2 diabetes
due to target organ damage, atherosclerosis, increased platelet
turnover and reactivity, and higher thrombin generation (27–
29). Therefore, it is expected that aspirin treatment would be
beneficial in this diabetic population. Furthermore, ESC 2019
Frontiers in Endocrinology | www.frontiersin.org 5
guidelines have recommended the use of aspirin (75-100 mg/
day) for the primary prevention of cardiovascular diseases in
patients with diabetes mellitus at high risk in the absence of clear
contraindications (30). Despite this, aspirin is limited based on
an increased risk of bleeding, making it necessary to understand
FIGURE 2 | Forest plot for the outcome of all-cause mortality using a random-effects model. Odds ratios and 95% confidence intervals are shown. Control: placebo
or no treatment.
FIGURE 3 | Forest plot for the outcome of cardiovascular mortality using a random-effects model. Odds ratios and 95% confidence intervals are shown. Control:
placebo or no treatment.
FIGURE 4 | Forest plot for the outcome of bleeding events using a random-effects model. Odds ratios and 95% confidence intervals are shown. Control: placebo or
no treatment.
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the risk-benefit profile when using aspirin for primary
prevention of cardiovascular events.

The current meta-analysis showed that aspirin did not
decrease the risk of all-cause mortality, cardiovascular
mortality and did not increase the risk of adverse events such
as bleeding in diabetics without prior cardiovascular diseases,
according to previous meta-analyses (31–33). The absence of a
significant reduction in all-cause mortality and cardiovascular
mortality in the diabetic population can be attributed to aspirin
resistance. People with diabetes have altered platelet function,
abnormalities in endothelial and vascular smooth muscle
function, increased production of pro-inflammatory markers
and clotting factors, and hyperglycemia which can all affect the
functional benefits of aspirin.

The studies included in the current meta-analysis were
heterogeneous with respect to patient population, especially in
terms of age and CV risk factors. POPADAD was a trial that
randomized patients with type I or type II diabetes and ankle-
brachial pressure index of < 0.99 (an indicator of peripheral artery
disease) but no symptomatic CVD. In this trial, no differences were
found between aspirin and placebo group in terms of mortality or
MACE. In contrast, in the JPAD trial that included patients with
diabetes with no history of atherosclerotic disease, aspirin was found
to cause a significant decrease in CV mortality. However, this
beneficial effect was associated with a significantly higher bleeding
risk associated with aspirin use. The PPP and PPP trials enrolled
patients with CV risk factors (hypercholesterolemia, hypertension,
and dyslipidemia). In these two trials, no difference was found
between mortality and MACE outcomes between aspirin and
control groups. These findings suggest a difference in effect of
aspirin based on baseline CVD risk. Gelbenegger et al.
demonstrated a gender difference in aspirin effects in their meta-
analysis (32). A significant reduction in MACE was observed in
males following aspirin administration compared to females.

However, aspirin was found to significant reduction in
MACE; the risk of MACE was 12% higher in the control
group than in the aspirin group. This beneficial effect resulted
Frontiers in Endocrinology | www.frontiersin.org 6
from a pooled analysis of 8 studies with higher events rates and
sufficient power to detect a significant reduction in MACE. In
addition, there was no heterogeneity (I2 = 0%) between the
studies for the outcome of MACE, suggesting consistent
definitions for MACE were used between studies and indicates
the reliability of the pooled estimates and a clear beneficial effect
of aspirin in accordance with ADA and AHA guidelines
Furthermore, the risk of bias in the included studies is low
ensuring reliability in the meta-analysis results (34–36).

When considering the point estimate for the odds ratio of
bleeding events, the odds of bleeding were 42% higher in the
aspirin group than control, although the overall result was not
statistically significant. A limited number of studies have
reported bleeding outcomes (n=3 studies), making it difficult to
conclude the risks and benefits associated with aspirin use. A
higher risk of gastrointestinal bleeding has been demonstrated in
people with low-dose and long-term aspirin treatment, elderly
patients, and those with lower cardiovascular risk (34-36).
However, the current studies were not sufficiently powered to
detect these differences, resulting in imprecise estimates.
Furthermore, the definition of bleeding is inconsistent between
the limited studies. Some studies have reported a composite of
major bleeding events such as intracranial hemorrhage and
gastrointestinal bleeding (ASCEND and JPAD trials), whereas
only gastrointestinal bleeding (POPADAD trial) has been
reported in one study, and this could have led to the high
heterogeneity (I2 = 74%) in the meta-analysis of the bleeding
outcomes. High heterogeneity values for cardiovascular
mortality outcomes can be potentially associated with the
inclusion of older studies (ETDRS 1992 and PPP 2003) in
which medical care, treatment protocols, and early diagnostic
services were considerably different. Differences in follow-up
time between the studies, control group (placebo or no
aspirin), and age of the participants can also contribute
to heterogeneity.

Overall, this work provides a current and comprehensive
meta-analysis to assess the benefits and risks associated with
FIGURE 5 | Forest plot for the outcome of composite of major adverse cardiovascular events (MACE) using a random-effects model. Odds ratios and 95%
confidence intervals are shown. Control: placebo or no treatment.
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aspirin use for primary prevention of cardiovascular events in
diabetic participants. However, this work is limited by the
number of published studies available and the inability to
perform subgroup analyses and obtain reliable estimates for
pooled effects. Furthermore, heterogeneous definitions for
endpoints, particularly bleeding events, and lack of availability
of this data from the clinical studies can lead to biased estimates
and selective reporting bias, which is seen in the risk of bias
analysis. In addition, the inclusion of older studies published
more than 20 years ago may skew the pooled results based on
changing treatment guidelines. Therefore, it is crucial to interpret
the results cautiously and conduct more studies in which the
event rate is higher to obtain precise estimates of pooled effects,
particularly for events such as bleeding.
CONCLUSION

Although aspirin use was not found to be associated with a
decrease in all-cause and CV mortality in patients with diabetes,
a clear beneficial effect was seen of aspirin in decreasing the
Frontiers in Endocrinology | www.frontiersin.org 7
incidence of MACE. Furthermore, the risk of bleeding was not
increased following aspirin use, suggesting a beneficial effect of
aspirin in the primary prevention of cardiovascular events in
patients with diabetes. The results of this meta-analysis are
promising as they include diverse patient group in terms of age
and risk factors.
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