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Keywords: Aims: To compare the effects of low-dose aspirin and clopidogrel on the risk of incident type 2 diabetes among
Type 2 diabetes patients with ASCVD.

Aspirin Methods: This target trial emulation study was performed using the IQVIA Medical Research Data UK primary

Atherosclerotic cardiovascular disease

R . care database, including adults with an incident first ASCVD event who initiated low-dose aspirin or clopidogrel
Target trial emulation

between 2004 and 2021. We applied an overlap weighting approach to balance treatment groups. The obser-
vational analogues of intention-to-treat and per-protocol effects were estimated using pooled logistic regression.
Resuits: A total of 111,292 ASCVD patients who initiated aspirin (n = 78,012) or clopidogrel (n = 33,280) were
included. In intention-to-treat analyses, aspirin and clopidogrel had similar risks of diabetes (Hazard ratio [HR]
1.02, 95 % Confidence interval [CI] 0.96 to 1.07), cardiovascular events (1.00, 0.95 to 1.05), and bleeding events
(1.02, 0.97 to 1.08). In per-protocol analyses, risks remained comparable for diabetes (1.06, 0.97 to 1.15),
cardiovascular events (0.96, 0.89 to 1.03), and bleeding events (1.01, 0.92 to 1.10).

Conclusions: Aspirin and clopidogrel have similar risks of incident diabetes, cardiovascular events, and bleeding
events among patients with ASCVD. The choice between these agents may thus be influenced more by factors like
cost, patient preference, or tolerance than by clinical outcomes alone.
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1. Introduction

Aspirin is one of the most widely used medications globally, known
primarily for its role in the secondary prevention of atherosclerotic
cardiovascular disease (ASCVD) [1]. While low-dose aspirin has also
been considered for primary prevention of CVD and colorectal cancer,
the benefits are modest and must be balanced against an elevated
bleeding risk [1]. Additionally, the anti-inflammatory properties of
aspirin have led to interest in its potential for diabetes prevention [2]. A
recent post-hoc analysis of the Aspirin in Reducing Events in the Elderly
(ASPREE) trial revealed a 15 % lower risk of incident type 2 diabetes
among older adults with no long term conditions, with daily low-dose
aspirin use over six years [3]. However, widespread aspirin use for
diabetes prevention should be cautioned due to the increased risk of
major bleeding, resulting in limited net benefit [3,4]. Previous studies,
such as the Physicians’ Health Study (PHS) and the Women’s Health
Study (WHS), have reported inconsistent findings on aspirin’s impact on
diabetes incidence [5,6]. Notably, a key limitation of the ASPREE, PHS,
and WHS trials is their exclusion of patients with baseline CVD. As a
result, the potential effects of aspirin on diabetes incidence in in-
dividuals with existing CVD, who may benefit most from its car-
diometabolic effects, remain unclear [4].

Aspirin and other antiplatelet agents, such as clopidogrel, are
fundamental in secondary prevention of cardiovascular events in pa-
tients who experience coronary artery disease (CAD), ischaemic stroke/
transient ischaemic attack (TIA), or peripheral arterial disease (PAD)
[7,8]. Long-term monotherapy with either aspirin or clopidogrel is
recommended in international guidelines for management of these
conditions [9-12]. However, controversies remain in the choice of
specific antiplatelet treatment strategies concerning to their compara-
tive cost and effectiveness, and safety profiles in different patient pop-
ulations [13-15]. Traditionally, aspirin and clopidogrel were compared
using endpoints of cardiovascular and bleeding events. The ASPREE trial
introduced a novel aspect in consideration of the risk of developing type
2 diabetes as a factor in determining the preferred antiplatelet treat-
ment. This suggests that the choice of antiplatelet therapy might also
need to consider potential metabolic effects, expanding the criteria
beyond just cardiovascular outcomes and bleeding risks.

Recognising the existing gaps in evidence, we conducted this study to
assess the effects of aspirin in comparison with clopidogrel on incident
type 2 diabetes, cardiovascular events, and bleeding events in patients
with ASCVD.

2. Material and methods
2.1. Study design

This cohort study applied a target trial framework to design and
emulate a pragmatic clinical trial, comparing the effects of low-dose
aspirin versus clopidogrel on the incidence of type 2 diabetes, cardio-
vascular events, and bleeding events in patients with ASCVD. The
specifications of the key components of the target trial protocol and its
emulation using observational data from the IQVIA Medical Research
Data (IMRD) UK primary care database are presented in Supplemen-
tary Table S1. IMRD includes data from The Health Improvement
Network (THIN), a Cegedim database, and comprises UK primary care
records for approximately 18 million individuals from over 800 general
practices, covering the period from 1987 to 2021. A previous study in
2011 demonstrated the validity of the database for pharmacoepide-
miologic studies and its generalisability to the UK population [16]. This
digital database provides comprehensive information, including socio-
demographic and anthropometric data, lifestyle factors, details from
general practitioner visits (such as disease diagnoses and drug pre-
scriptions), diagnoses from specialist referrals and hospital admissions,
and laboratory test results.

The study protocol was reviewed and approved by an independent
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Scientific Review Committee (reference number: 24SRC005). This study
used de-identified data provided by patients as part of their routine
primary care, and no informed consent was required for this study.

2.2. Eligibility criteria

Adults with incident first event of any one of the ASCVD conditions,
i.e. CAD (myocardial infarction, angina, and related cardiac surgeries),
stroke (excluding haemorrhagic stroke)/TIA, or PAD between 2004 and
2021 were eligible for the target trial. Patients would be excluded from
the study if they met any of the following criteria: prior use of any an-
tiplatelet within 365 days before the diagnosis of the index condition; a
history of any types of diabetes or use of antidiabetic medications for at
least two prescriptions; those who had never initiate either low-dose
aspirin and clopidogrel monotherapy; lack of a one-year up-to-stan-
dard record history in the THIN database prior to the first event of
ASCVD; or absence of follow-up time. Dual antiplatelet therapy (DAPT)
is generally recommended for certain high-risk cases, such as acute
coronary syndrome. Therefore, patients who received DAPT after the
index condition, preceding the initiation of aspirin or clopidogrel
monotherapy, were included. The end date of DAPT was defined as the
discontinuation of one of the antiplatelets (having a 90-day gap between
prescriptions of the same drug).

2.3. Treatment strategies

We compared two mutually exclusive treatment strategies of (1)
initiation and continuous use of low-dose aspirin (<100 mg) mono-
therapy versus (2) initiation and continuous use of 75 mg clopidogrel
monotherapy. Patients initiating aspirin or clopidogrel were assigned to
the treatment strategy that they are compatible with at the baseline.
Discontinuation was defined as the theoretical end date of a prescription
plus a 90-day grace period without a new prescription. Patients were not
considered as deviating from the assigned treatment strategies (i.e.,
switching between aspirin and clopidogrel or discontinuing aspirin or
clopidogrel) if they experience a bleeding event.

2.4. Study outcomes

The primary study outcome was type 2 diabetes, defined as having a
diagnostic code for type 2 diabetes, at least two prescriptions for an
antidiabetic drug, fasting blood glucose >7.0 mmol/L, or haemoglobin
Alc (HbAlc) level >6.5 % (>48 mmol/mol) [17]. The secondary study
outcomes included cardiovascular events (myocardial infarction or
stroke), and bleeding events (intracranial, gastrointestinal, and uro-
genital). They were identified by the read codes in the database
(Supplementary Table S2).

2.5. Follow-up

The follow-up started from initiation of aspirin or clopidogrel mon-
otherapy until the occurrence of outcome, death, or end of data collec-
tion in November 2021. In the per-protocol analysis, patients were
additionally censored upon initiation on or switching to other anti-
platelet treatment or discontinuing aspirin or clopidogrel. The follow-up
time was divided into monthly intervals, during which exposure status,
outcomes, censoring events, and time-varying covariates were updated.

2.6. Covariates

Study covariates measured at baseline were chosen based on clinical
expertise and evidence from previous randomized controlled trials.
These included demographic and health-related factors such age, sex,
calendar year (grouped into 2004 to 2009, 2010 to 2015, 2016 to 2021),
type of ASCVD, duration of ASCVD, DAPT preceding the aspirin or
clopidogrel monotherapy, number of GP visits in the past year, and
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influenza vaccination in the past year (as a proxy for health-seeking
behaviour). Socioeconomic status was represented by the Townsend
deprivation index. Body mass index (BMI) was categorised as under-
weight (<18.5 kg/m?), normal weight (18.5-24.9 kg/m?), overweight
(25-24.9 kg/mz), obese (>30 kg/mz), or unknown. Smoking status was
classified as current, former, never, or unknown. Prediabetic status was
indicated by baseline impaired fasting blood glucose (5.6-6.9 mmol/L)
or HbAlc of 5.7 % to 6.4 % [17]. Measurements of these variables
closest prior to the index date was taken as the baseline value. We also
included a range of comorbidities that were ever recorded, including
hypertension, dyslipidaemia, asthma, chronic obstructive pulmonary
disease (COPD), atrial fibrillation (AF), heart failure (HF), venous
thromboembolism (VTE), peptic ulcer, gastro-oesophageal acid reflux,
cancer, chronic kidney disease (CKD), depression, psychosis. Recent
medication use within the past 90 days was also documented, covering
statins, angiotensin-converting enzyme inhibitors (ACEIs), angiotensin
receptor blockers (ARBs), calcium channel blockers (CCBs), beta-
blockers, oral anticoagulants, proton pump inhibitors (PPIs), glucocor-
ticoids, antidepressants, antipsychotics, non-steroidal anti-inflamma-
tory drugs (NSAIDs). The covariates, except for age (due to collinearity
with time), sex and calendar year, were also collected and updated
during the follow-up at monthly intervals in the per-protocol analysis.

2.7. Statistical analysis

Baseline characteristics for the overall cohort and across treatment
were presented as means with standard deviations (SD) for continuous
variables and as counts with percentages for categorical variables. We
assessed differences in baseline variables between groups using the
standardized mean difference (SMD), with an SMD below 0.1 indicating
a good balance between groups.

We estimated the observational analogues of the intention-to-treat
effect and per protocol effect. Overlap weighting was applied to ac-
count for differences in baseline characteristics between patients in the
real-world setting who used low-dose aspirin or clopidogrel. To
construct the weights, we used logistic regression to estimate the
probability of assignment to each treatment group based on all pre-
defined covariates. The overlap weight for each participant was then
calculated as the probability of receiving the opposite treatment, where
patients using aspirin were weighted by the probability of receiving
clopidogrel and vice versa, with possible values ranging from 0 to 1,
without stabilization or trimming. Therefore, all patients were down-
weighted by applying the overlap weights. This approach has demon-
strated superior performance compared to inverse probability weighting
for causal inference [18].

In the intention-to-treat analysis, we addressed baseline confounding
by applying overlap weights, achieving exact balance on the mean of all
measured covariates. For the per-protocol analysis, we also censored
patients upon non-adherence to the assigned treatment strategy, defined
as either discontinuation or switching of aspirin or clopidogrel. To
address the potential selection bias introduced by artificial censoring
due to treatment deviation, we estimated a time-varying non-stabilised
inverse probability of censoring weight (IPCW) for treatment deviation.
To calculate IPCWs for being uncensored, we used logistic regression
models that incorporated baseline covariates and monthly time-varying
covariates. The denominator was estimated using a time-dependent
intercept (in linear and quadratic terms), baseline characteristics, and
time-varying covariates [19]. The IPCW models were fitted separately
for each treatment arm and extreme IPCWs were truncated at the 99th
percentiles to minimise the undue influence of extreme weights. The
final weight was calculated as a product between the baseline overlap
weight and non-stabilised IPCW for treatment deviation.

Weighted pooled logistic regression models were used as the
outcome model, which is a discrete-time hazard model that approxi-
mates Cox regression models for estimating hazard ratios (HRs) when
outcomes are rare within each monthly time interval [20]. The outcome
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models included a treatment indicator and time since baseline (in both
linear and quadratic terms), and was weighed by overlap weight. The
robust sandwich variance estimator was used to estimate the 95 %
confidence intervals (CIs) for the HRs. In addition, we estimated the
absolute risks of each study outcome using the pooled logistic regression
models. The model additionally included the product terms between
treatment and follow-up time. The model estimated the discrete-time
hazards at each time interval, and the 8-year absolute risks and risk
differences (RDs) were calculated based on the cumulative discrete-time
hazards [21]. Non-parametric bootstrapping with 200 full samples was
used to generate percentile-based 95 % ClIs for the absolute risks and risk
differences.

2.8. Subgroup analysis

Primary and secondary outcomes were analyzed separately for each
type of cardiovascular disease (CAD, stroke/TIA, and PAD). We also
conducted pre-specified subgroup analyses, stratifying by age (65 years
and older), sex, obesity, and prediabetes status. The weights were
recalculated within each patient subgroup.

2.9. Sensitivity analysis

We conducted several sensitivity analyses on the primary outcome of
type 2 diabetes. Firstly, to address potential misclassification bias due to
the use of multiple diagnostic criteria, we performed a sensitivity
analysis defining diabetes solely by diagnostic records. Secondly, we
excluded patients with a history of DAPT before the initiation of aspirin
or clopidogrel monotherapy. Thirdly, we repeated the per-protocol
analysis, truncating the inverse probability of censoring weights
(IPCW) at the 99.5th percentile to manage extreme values and improve
robustness.

Findings were considered statistically significant when the 95 % CIs
for HRs did not cross 1. Missing data were analyzed as a separate data
class. All statistical analyses were conducted using SAS version 9.4.

3. Results

A total of 111,292 patients met the eligibility criteria in this trial
emulation, with 78,012 initiating low-dose aspirin and 33,280 initiating
clopidogrel. The process of patient selection and exclusion is illustrated
in Fig. 1. Aspirin users had more CAD and PAD but fewer stroke/TIA as
the index condition, longer time since the diagnosis, longer duration of
DAPT, initiated treatment earlier during the study period, were more
tobacco smokers, had fewer dyslipidaemia, more HF, used more ACEIs
and beta-blockers but fewer CCBs (Table 1). The median age for aspirin
users was 66.5 years (IQR 57.8 to 75.8), compared to 68.3 years (IQR
58.1 to 77.8) for clopidogrel users, with 40.0 % of aspirin users and 45.5
% of clopidogrel users being female. After applying baseline overlap
weight, all characteristics were exact balanced on the mean of every
covariate between the two groups, with SMD of 0. Full baseline char-
acteristics before weighting are detailed in Table 1, which also includes
characteristics after weighting, where the effective sample size in each
group was 16,892, representing the pseudo-population created through
overlap weighting. Separate baseline characteristics for patients with
CAD, stroke/TIA, and PAD are provided in Supplementary
Tables S3-S5.

3.1. Risks of type 2 diabetes

In the intention-to-treat analysis, over a median follow-up of 4.3
(IQR 1.8 to 7.9) years for aspirin users, and 3.1 (IQR 1.3 to 5.9) years for
clopidogrel users, 7,016 aspirin users and 2,237 clopidogrel users were
diagnosed with incident type 2 diabetes. The intention-to-treat cumu-
lative incidence under each treatment arm is presented in Fig. 2A. The 8-
year cumulative incidence of type 2 diabetes was 13.3 % (95 % CI 12.9
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303,537 patients with
cardiovascular disease
between 2004 and 2021
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Exclude:
» Aged under 18 years at the diagnosis

111,292 patients eligible
for the analysis

of index condition (231);

»  Without one year up-to-standard record
history (70,947);

» With prior use of antiplatelet within one
year before the index condition
(73,877);

»  Without initiation of low-dose aspirin or
clopidogrel monotherapy after the index
condition (26,270);

» With history of any types of diabetes or
use of antidiabetic medications
(20,497);

+  Without follow-up time (423).

78,012 patients initiated
low-dose aspirin

|

33,280 patients initiated
low-dose clopidogrel

Fig. 1. Selection of patients from THIN for emulation of the target trial.

% to 13.7 %) with aspirin treatment versus 13.4 % (95 % CI 12.8 % to
14.0 %) with clopidogrel treatment. Compared to clopidogrel treatment,
aspirin treatment was not associated with a significantly different risk of
type 2 diabetes in the intention-to-treat analysis, with a HR of 1.02 (95
% CI 0.96 to 1.07) (Table 2).

In the per-protocol analysis, over a median follow-up of 1.5 (IQR 0.4
to 4.2) years for aspirin users and 1.3 (IQR 0.4 to 3.4) years for clopi-
dogrel users, 4,368 aspirin users and 1,415 clopidogrel users were
diagnosed with incident type 2 diabetes. The per-protocol cumulative
incidence in each treatment arm is presented in Fig. 2B. The 8-year
cumulative incidence of type 2 diabetes was 13.0 % (95 % CI 12.4 %
to 13.6 %) on aspirin treatment versus 12.5 % (95 % CI 11.2 % to 13.5
%) on clopidogrel treatment. Compared to clopidogrel treatment,
aspirin treatment was not associated with a significantly different risk of
type 2 diabetes in the per-protocol analysis, with a HR of 1.06 (95 % CI
0.97 to 1.15) (Table 2).

When the analysis was done separately for each type of CVD, aspirin
and clopidogrel had similar risk of incident type 2 diabetes in all CVD
subtypes and all analyses (Table 2, Fig. 3). In patients with CAD, the HR
for incident type 2 diabetes is 1.01 (95 % CI 0.94 to 1.10) with intention-
to-treat analysis and 1.02 (95 % CI 0.88 to 1.20) with per-protocol
analysis; in patients with stroke/TIA, the HR is 1.03 (95 % CI 0.94 to
1.14) with intention-to-treat analysis and 1.01 (95 % CI 0.88 to 1.15)
with per-protocol analysis; in patients with PAD, the HR is 1.08 (95 % CI
0.92 to 1.29) with intention-to-treat analysis and 1.23 (95 % CI 0.96 to
1.60) with per-protocol analysis.

3.2. Risks of cardiovascular and bleeding events

Aspirin and clopidogrel were associated with comparable risks of
cardiovascular events across all analyses. In the intention-to-treat
analysis, the HR was 1.00 (95 % CI 0.95 to 1.05), and in the per-
protocol analysis, the HR was 0.96 (95 % CI 0.89 to 1.03). When the
analyses were conducted separately for patients with CAD, stroke/TIA,

and PAD, similar results were obtained (Supplementary Table S6,
Supplementary Fig. S1).

Aspirin and clopidogrel were associated with similar risks of
bleeding events in all analyses. The HR in the intention-to-treat analysis
was 1.02 (95 % CI 0.97 to 1.08), and in the per-protocol analysis, the HR
was 1.01 (95 % CI 0.92 to 1.10). Consistent results were also observed in
subgroup analyses for patients with CAD, stroke/TIA, and PAD
(Supplementary Table S7, Supplementary Fig. S2).

3.3. Subgroup analysis

Subgroup analyses by age (65 years or older), sex, obesity, and
prediabetes status on type 2 diabetes, cardiovascular events, and
bleeding events are presented in Supplementary Table S8-S10. Aspirin
and clopidogrel were associated with similar risks of type 2 diabetes,
cardiovascular events, and bleeding events across all subgroups with
either intention-to-treat or per-protocol analysis.

3.4. Sensitivity analysis

Results from the sensitivity analyses are in Supplementary
Table S11. All results are consistent with the results from primary
analysis.

4. Discussion

In this observational emulation of a pragmatic clinical trial using the
IMRD database in the UK, aspirin monotherapy was associated with
comparable risks of incident type 2 diabetes, cardiovascular events, and
bleeding events when compared with clopidogrel monotherapy in pa-
tients with ASCVD. These similar risks profiles were consistent among
patients with CAD, stroke/TIA, or PAD, regardless of adherence to
treatment strategies or other patient characteristics.

The effect of aspirin on incident diabetes has been previously
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Table 1
Baseline characteristics between patients initiated low-dose aspirin or low-dose clopidogrel monotherapy, before and after overlap weight.
Unweighted Weighted
Aspirin N = 78,012 Clopidogrel N = 33,280 SMD Aspirin N = 16,892 Clopidogrel N = 16,892* SMD

Age, years (SD) 66.6 (12.6) 67.7 (13.4) -8.4 67.3 (6.1) 67.3 (9.4) 0
Female sex (%) 31,185 (40.0) 15,151 (45.5) -11.2 7,366 (43.6) 7,366 (43.6) 0
Index ASCVD type (%) 86.3 0
CAD 43,979 (56.4) 7,991 (24) 6,544 (38.7) 6,544 (38.7)
Stroke/TIA 22,277 (28.6) 22,646 (68) 8,342 (49.4) 8,342 (49.4)
PAD 11,756 (15.1) 2,643 (7.9) 2,005 (11.9) 2,005 (11.9)
Duration of ASCVD, days (SD) 250.5 (461.5) 151.9 (446.5) 21.7 207.8 (233.4) 207.8 (357.4) 0
DAPT (%) 25,901 (33.2) 5,552 (16.7) 4,066 (24.1) 4,066 (24.1) 0
Calendar year (%) 66.2 0
2004 to 2009 35,105 (45.0) 5,534 (16.6) 4,834 (28.6) 4,834 (28.6)
2010 to 2015 28,623 (36.7) 16,258 (48.9) 7,913 (46.8) 7,913 (46.8)
2016 to 2021 14,284 (18.3) 11,488 (34.5) 4,144 (24.5) 4,144 (24.5)
Prediabetes (%) 8,191 (10.5) 3,856 (11.6) -3.5 1,893 (11.2) 1,893 (11.2) 0
Townsend deprivation index (%) 3.1 0
1 (least deprived) 15,207 (19.5) 6,327 (19) 3,305 (19.6) 3,305 (19.6)
2 15,205 (19.5) 6,492 (19.5) 3,323 (19.7) 3,323 (19.7)
3 14,443 (18.5) 6,091 (18.3) 3,083 (18.3) 3,083 (18.3)
4 13,261 (17.0) 5,593 (16.8) 2,861 (16.9) 2,861 (16.9)
5 (most deprived) 10,041 (12.9) 4,232 (12.7) 2,130 (12.6) 2,130 (12.6)
Unknown 9,855 (12.6) 4,545 (13.7) 2,189 (13.0) 2,189 (13.0)
Smoking status (%) 10.0 0
Current 19,057 (24.4) 8,098 (24.3) 4,140 (24.5) 4,140 (24.5)
Former 27,623 (35.4) 10,718 (32.2) 5,660 (33.5) 5,660 (33.5)
Never 30,209 (38.7) 14,187 (42.6) 6,909 (40.9) 6,909 (40.9)
Unknown 1,123 (1.4) 277 (0.8) 182 (1.1) 182 (1.1)
BMI (%) 6.8 0
Underweight 1,727 (2.2) 882 (2.7) 442 (2.6) 442 (2.6)
Normal weight 23,065 (29.6) 10,401 (31.3) 5,221 (30.9) 5,221 (30.9)
Overweight 28,089 (36.0) 11,775 (35.4) 5,982 (35.4) 5,982 (35.4)
Obese 16,591 (21.3) 7136 (21.4) 3,555 (21.0) 3,555 (21.0)
Unknown 8,540 (10.9) 3086 (9.3) 1,691 (10.0) 1,691 (10.0)
Healthcare utilisation
Influenza vaccination (%) 44,370 (56.9) 17,459 (52.5) 8.9 9,130 (54.0) 9,130 (54.0) 0
No. of GP consultations (SD) 13 (10.9) 13.6 (11.0) -5.1 13.7 (5.2) 13.7 (8) 0
Comorbidities (%)
Hypertension 63,509 (81.4) 27,501 (82.6) -3.2 13,890 (82.2) 13,890 (82.2) 0
Dyslipidaemia 40,166 (51.5) 19,308 (58) -13.1 9,346 (55.3) 9,346 (55.3) 0
Asthma 8,931 (11.4) 4,381 (13.2) -5.2 2,148 (12.7) 2,148 (12.7) 0
COPD 5,928 (7.6) 2,873 (8.6) -3.8 1,445 (8.6) 1,445 (8.6) 0
AF 4,027 (5.2) 1,878 (5.6) -2.1 1,094 (6.5) 1,094 (6.5) 0
HF 4,729 (6.1) 1,179 (3.5) 11.8 801 (4.7) 801 (4.7) 0
VTE 1,734 (2.2) 972 (2.9) —4.4 467 (2.8) 467 (2.8) 0
Peptic ulcer 4,139 (5.3) 2,393 (7.2) -7.8 1,179 (7.0) 1,179 (7.0) 0
GORD 8,303 (10.6) 4,192 (12.6) -6.1 2,053 (12.2) 2,053 (12.2) 0
CKD 7,581 (9.7) 4,170 (12.5) -9 1,965 (11.6) 1,965 (11.6) 0
Cancer 6,711 (8.6) 3,424 (10.3) —-5.8 1,638 (9.7) 1,638 (9.7) 0
Depression 16,419 (21) 7,610 (22.9) —4.4 3,758 (22.2) 3,758 (22.2) 0
Psychosis 558 (0.7) 246 (0.7) -0.3 125 (0.7) 125 (0.7) 0
Recent medications (%)
Statins 59,621 (76.4) 26,648 (80.1) -8.8 13,062 (77.3) 13,062 (77.3) 0
ACEIs 33,666 (43.2) 11,235 (33.8) 19.4 6,405 (37.9) 6,405 (37.9) 0
ARB 7,066 (9.1) 2,944 (8.8) 0.7 1,543 (9.1) 1,543 (9.1) 0
CCBs 15,228 (19.5) 8,331 (25.0) -13.3 3,801 (22.5) 3,801 (22.5) 0
Beta-blockers 37,157 (47.6) 8,692 (26.1) 45.7 6,025 (35.7) 6,025 (35.7) 0
Oral anticoagulants 2,666 (3.4) 1,644 (4.9) -7.6 908 (5.4) 908 (5.4) 0
PPIs 27,952 (35.8) 13,318 (40.0) —8.6 6,690 (39.6) 6,690 (39.6) 0
Glucocorticoids 15,067 (19.3) 6,929 (20.8) -3.8 3,519 (20.8) 3,519 (20.8) 0
Antidepressants 12,020 (15.4) 6,215 (18.7) -8.7 2,952 (17.5) 2,952 (17.5) 0
Antipsychotics 1,337 (1.7) 633 (1.9) -1.4 315 (1.9) 315 (1.9) 0
NSAIDs 7,169 (9.2) 2,530 (7.6) 5.7 1,359 (8.0) 1,359 (8.0) 0

SMD, standardised mean difference; SD, standard deviation; ASCVD, atherosclerotic cardiovascular disease; CAD, coronary artery disease; TIA, transient ischaemic
attach; PAD, peripheral arterial disease; DAPT, dual antiplatelet therapy; BMI, body mass index; GP, general practice; COPD, chronic obstructive pulmonary disease;
AF, atrial fibrillation; HF, heart failure; VTE, venous thromboembolism; GORD, gastroesophageal reflux disease; CKD, chronic kidney disease; ACEI, angiotensin-
converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CCB, calcium channel blocker; PPI, proton pump inhibitor; NSAID, non-steroidal anti-inflam-

matory drug.

* The number reflects the effective sample size from overlap weighting, representing weighted contributions rather than actual patient counts.

investigated in three studies using data from randomised controlled
trials (RCTs), yielding inconsistent results [3,5,6]. A recent post-hoc
analysis of the ASPREE trial found that, among healthy older adults,
daily administration of 100 mg aspirin was associated with a 15 %

reduction in the risk of incident type 2 diabetes and a modest reduction
in fasting plasma glucose concentrations compared to placebo [3]. In
contrast, analyses from the PHS and WHS did not find that randomised
aspirin treatment reduced the risk of incident type 2 diabetes among
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Fig. 2. Cumulative incidence of type 2 diabetes with aspirin or clopidogrel treatment among patients with ASCVD. (A) intention-to-treat analysis; (B) per-

protocol analysis.

Table 2

8-year absolute risks, risk differences, and hazard ratios for type 2 diabetes comparing patients receiving low-dose aspirin versus low-dose clopidogrel monotherapy,
overall and by ASCVD types.

Population and Treatment Patients Events Median follow-up Crude HR (95 Adjusted HR Adjusted 8-year Adjusted 8-year risk
causal contrast (n) (n) (IQR) (years) % CI)* (95 % CI)* absolute risk (%) difference (%)
Overall
Intention-to-treat
Aspirin 78,012 7,016 4.3(1.8t07.9) 1.13 (1.08 to 1.02 (0.96 to 13.3(12.9 to 13.7) —0.1 (—0.9t0 0.5)
1.19) 1.07)
Clopidogrel 33,280 2,237 3.1(1.3t05.9) Reference Reference 13.4 (12.8 to 14.0) Reference
Per-protocol
Aspirin 78,012 4,368 1.5 (0.4 to 4.2) 1.16 (1.09 to 1.06 (0.97 to 13.0 (12.4 to 13.6) 0.6 (—0.6 to 1.8)
1.23) 1.15)
Clopidogrel 33,280 1,415 1.3 (0.4 to 3.4) Reference Reference 12.5(11.2 to 13.5) Reference
CAD
Intention-to-treat
Aspirin 43,979 4,192 41 (1.7 t07.7) 1.00 (0.93 to 1.01 (0.94 to 15.6 (14.5 to 16.9) 0.0 (-1.4t01.2)
1.08) 1.10)
Clopidogrel 7,991 750 4.0 (1.5t0 7.5) Reference Reference 15.7 (15.1 to 16.3) Reference
Per-protocol
Aspirin 43,979 2,723 1.7 (0.5 to 4.4) 1.02 (0.90 to 1.02 (0.88 to 14.7 (13.6 to 15.5) 0.4 (—2.3t0 2.6)
1.16) 1.20)
Clopidogrel 7,991 265 0.5(0.2t0 1.3) Reference Reference 14.3 (12.3 t0 16.8) Reference
Stroke/TIA
Intention-to-treat
Aspirin 22,277 1,741 4.8(1.9t07.9) 1.06 (0.98 to 1.03 (0.94 to 11.6 (11.0 to 12.3) 0.3 (—0.6 to 1.5)
1.13) 1.14)
Clopidogrel 22,646 1,311 3.0 (1.3 to 5.4) Reference Reference 11.3 (10.4 to 12.0) Reference
Per-protocol
Aspirin 22,277 1,012 1.3 (0.4 to 4.0) 1.02 (0.93 to 1.01 (0.88 to 10.9 (9.8 to 11.9) —0.4(-2.0to 1.1)
1.11) 1.15)
Clopidogrel 22,646 1,036 1.7 (0.6 to 3.8) Reference Reference 11.3 (10.3 to 12.6) Reference
PAD
Intention-to-treat
Aspirin 11,756 1,083 4.5(2.0t07.7) 1.11 (0.95 to 1.08 (0.92 to 14.3 (13.1 to 15.2) 2.0 (0.3 t0 3.9)
1.30) 1.29)
Clopidogrel 2,643 176 2.9 (1.3t0 5.7) Reference Reference 12.3 (10.4 to 14.2) Reference
Per-protocol
Aspirin 11,756 633 1.2 (0.4 to 3.6) 1.23 (1.01 to 1.23 (0.96 to 13.7 (12.1 to 15.3) 3.0 (0.2 to 5.6)
1.50) 1.60)
Clopidogrel 2,643 114 1.4 (0.4 to 3.4) Reference Reference 10.7 (8.4 to 13.1) Reference

IQR, interquartile range; HR, hazard ratio; CI, confidence interval; CAD, coronary artery disease; TIA, transient ischaemic attach; PAD, peripheral arterial disease.

" Adjusted HRs are estimated using weighted pooled logistic regression models, while crude HRs are derived from unweighted models.

healthy men or women [5,6]. Although the observational analysis of 20-
year follow-up data from the PHS suggested a 14 % reduction in the
relative risk of diabetes, this result is likely influenced by confounding
and selection bias [5]. The current study is the first in investigating the
effect of aspirin on the risk of diabetes in patients with pre-existing CVD.

Direct comparisons between our findings and those from ASPREE, WHS,
or PHS are difficult due to differences in target populations and treat-
ment regimens involving varied aspirin use. Nevertheless, existing evi-
dence suggests that any potential benefits of aspirin on incident diabetes
may be highly population specific. Further research is needed to clarify
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Fig. 3. Cumulative incidence of type 2 diabetes with aspirin or clopidogrel treatment. (A) intention-to-treat analysis among patients with CAD; (B) per-protocol
analysis among patients with CAD; (C) intention-to-treat analysis among patients with stroke/TIA; (D) per-protocol analysis among patients with stroke/TIA; (E)
intention-to-treat analysis among patients with PAD; (F) per-protocol analysis among patients with PAD.

the mechanisms by which aspirin may influence diabetes onset, puta-
tively related to its anti-inflammatory properties [3], and to identify
specific populations that might benefit from aspirin for diabetes
prevention.

A unique aspect of the current study is its focus on patients with
ASCVD for whom aspirin is used for secondary prevention, potentially

making our findings more applicable to current clinical practice in
managing ASCVD with low-dose aspirin. In contrast, previous studies
have largely examined healthy populations, where low-dose aspirin is
not recommended for primary CVD prevention due to heightened
bleeding risks [22,23]. Findings from the ASPREE trial support this
caution, showing that any potential reduction in diabetes risk with
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aspirin use is outweighed by an increased risk of major bleeding, thus
reinforcing the absence of support for routine aspirin use in primary
prevention [3,4]. Given the well-established role of aspirin as the
standard-of-care for patients with CVD [24], coupled with overlapping
risk factors for diabetes and CVD, individuals using aspirin for secondary
CVD prevention are more likely to benefit from its potential car-
diometabolic properties. Our findings, which show comparable risks of
type 2 diabetes, recurrent cardiovascular events, and bleeding events
between aspirin and clopidogrel, offer valuable insights for the reap-
praisal of guidelines on antiplatelet selection after ASCVD, as recently
suggested in the literature [25,26]. Overall, this study supports the view
that aspirin and clopidogrel monotherapy can serve as alternatives for
managing ASCVD.

Our study also highlights two critical, unresolved questions. First,
our analysis does not assess the net effect of aspirin on diabetes onset in
the target population. Instead, it focuses solely on comparing the rela-
tive risks of aspirin versus clopidogrel, leaving the effect of clopidogrel
alone on diabetes onset remaining largely unknown. While aspirin’s
proposed role in diabetes prevention is tied to its anti-inflammatory
properties, evidence suggests that clopidogrel may also have anti-
inflammatory effects [27,28]. Thus, it is possible that both aspirin and
clopidogrel could similarly reduce diabetes risk. Therefore, our current
approach cannot determine the net effect of either aspirin or clopidogrel
on diabetes onset. Second, our analysis excludes patients with pre-
existing diabetes, although aspirin’s potential cardiometabolic benefits
may be especially relevant to this group. Patients with diabetes face
have a two- to threefold higher risk of vascular events than those
without diabetes [29], and prior trials on aspirin for secondary pre-
vention have included 15 to 43 % of patients with diabetes at baseline
[30]. Future research are needed to explore the effect of aspirin on the
progression of diabetes and associated risks among patients with pre-
existing diabetes.

The comparative effectiveness of aspirin versus clopidogrel mono-
therapy following CVD has been investigated in previously RCTs [30],
providing useful benchmarks for our findings. The CAPRIE trial was the
first to examine the relative efficacy of clopidogrel (75 mg once daily)
compared with aspirin (325 mg once daily) for reducing cardiovascular
events in patients with a recent ischemic stroke, MI, or PAD [31]. Our
results align well with those of the CAPRIE trial, showing comparable
cardiovascular event risks between aspirin and clopidogrel in patients
with MI or stroke. In PAD patients, the CAPRIE trial found a 23.8 % (95
% CI, 8.9 % to 36.2 %) relative risk reduction with clopidogrel, closely
matching the point estimate from our intention-to-treat analysis for
aspirin versus clopidogrel (HR = 1.18, 95 % CI 0.98 to 1.43), though our
results did not reach statistical significance probably due to lower sta-
tistical power with lower sample size in the PAD subgroup. Similarly, the
CAPRIE trial reported comparable bleeding rates between aspirin and
clopidogrel, regardless of severity, which aligns with our conclusions.
Other RCTs, such as CADET, STOPDAPT-2, and STOPDAPT-3 trials,
have also compared aspirin and clopidogrel monotherapy following MI,
both with and without surgical interventions or DAPT. Consistent with
our findings, these trials showed no significant differences in effective-
ness and safety between the two medications [32-34]. However, our
results differ from those of the HOST-EXAM trial, which demonstrated
clopidogrel to be superior to aspirin, with fewer cardiovascular events
and major bleeding [35]. These differences may be attributed to varia-
tions in study populations (such as ethnicity, prevalence of CYP2C19
polymorphism, and use of percutaneous coronary intervention and
DAPT) and differences in outcomes definitions, such as the inclusion of
ACS as an endpoint in HOST-EXAM trial.

4.1. Strengths and limitations
This study is the first to examine aspirin use and the risk of incident

diabetes, specifically in patients with ASCVD. Confirming the potential
cardiometabolic benefits of aspirin in this population is particularly
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relevant to the current practice of using aspirin for CVD management.
Aspirin and clopidogrel are commonly prescribed as alternative thera-
pies for secondary prevention of CVD events, providing an ideal context
to compare their effectiveness. In addition to diabetes incidence, we
analysed cardiovascular and bleeding events as endpoints, allowing us
to benchmark our findings against existing RCTs. Our study included a
comprehensive set of potential confounders related to antiplatelet
therapy and cardiometabolic outcomes. By using a target trial emulation
framework with an active-comparator design, we aimed to minimise
bias and improve the reliability of our results. We also assessed absolute
and relative risks, offering observational analogues of intention-to-treat
and per-protocol effects to enhance the clarity and interpretability of our
findings. To address potential time-varying selection bias due to treat-
ment deviations in the per-protocol analysis, we updated relevant var-
iables in monthly intervals allowing us to capture changes in metabolic
and clinical risk factors that may introduce time-varying confounding.
This approach further strengthens our ability to draw meaningful con-
clusions about the long-term effectiveness and safety of aspirin and
clopidogrel in this high-risk population.

However, this study has several limitations. First, our emulation of
treatment assignment and adherence relied solely on prescription re-
cords, without information on whether prescriptions were redeemed or
consumed. This limitation could result in exposure misclassification,
potentially biasing our findings toward the null. Second, while our focus
was on the relative risk of aspirin compared to clopidogrel, the specific
impact of clopidogrel on the risk of incident diabetes remains largely
unknown. Although we were unable to emulate a placebo-controlled
trial to assess the absolute benefit of aspirin, our findings still offer
valuable insights into antiplatelet choices for patients with ASCVD,
likely more applicable in practice than comparisons with no antiplatelet
therapy. Third, diabetes diagnoses were identified through diagnostic
codes, antidiabetic medication records, blood glucose, and HbAlc
levels; some cases may have been misclassified or missed. Fourth, we
could not categorise bleeding events according to Bleeding Academic
Research Consortium (BARC) criteria, which are used in prior RCTs as
an endpoint. Lastly, as an observational study, we cannot fully eliminate
the impact of residual confounding. Despite using an active comparator
and overlap weights to closely approximate randomisation, residual
confounding may be more prominent in analysing cardiovascular and
bleeding events, as risk factors for these outcomes could influence the
choice of antiplatelet therapy in clinical settings. Certain unmeasured
factors, such as dietary intake, physical activity, and family history of
diabetes, were not available in the database. These factors may influence
diabetes incidence. However, given that our study compared two active
treatment groups, we expect that their distribution was likely similar
between groups, minimising the potential impact of residual con-
founding. Future prospective studies incorporating lifestyle or genetic
information, or randomised controlled trials would be valuable to
further validate our findings.

In conclusion, this study comparing aspirin and clopidogrel mono-
therapy in patients with atherosclerotic CVD found similar risks for
incident type 2 diabetes, cardiovascular events, and bleeding outcomes
between the two treatments. While both drugs are widely used as anti-
platelet agents, our findings suggest that their impacts on car-
diometabolic profiles are comparable. This information may support
clinicians in selecting antiplatelet therapy based on patient preference,
cost, and individual risk factors rather than significant differences in
cardiometabolic outcomes.
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