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ABSTRACT
Objective: To calculate the short-term risk–benefit
effect of occasional and regular use of low-dose
aspirin (≤100 mg/day) in primary prevention.
Study design: Two retrospective cohort studies.
Setting: Taiwan.
Participants: 63 788 and 24 910 patients of two
nationwide population-based studies were examined.
Methods: Two databases of 1 000 000 patients were
randomly sampled from data of Taiwan’s National
Health Insurance (NHI) for years 1997–2000 (NHI
2000) and 2005 (NHI 2005). In NHI 2000, 63 788
patients 30–95 years of age were found not to have
previously been prescribed aspirin before 1 January
2000, but to have first been prescribed low-dose
aspirin after that date. They were also found to be at
risk of first hospitalisation for any major vascular
diseases including haemorrhage (major gastrointestinal
haemorrhage or cerebral haemorrhage) and ischaemia
(acute myocardial infarction or ischaemic stroke) after
their first prescription. We also applied it to NHI 2005,
and the number of eligible patients was 24 910.
Patients prescribed low-dose aspirin for <20% of the
days of a 60-day follow-up period were considered to
be occasional users, and those prescribed low-dose
aspirin for ≥80% of the days were considered to be
regular users. Differences in rate of haemorrhage and
ischaemia between these users were used to calculate
their net clinical risk.
Primary outcome: Vascular diseases.
Results: In NHI 2000, the overall unadjusted rates of
haemorrhage and ischaemia were 0.09% and 0.21%,
respectively, for occasional users and 0.32% and
2.30%, respectively, for regular users. Adjusted net
clinical risk of low-dose aspirin use between the two
groups was 2.24% (95% CI 2.03% to 2.48%;
p<0.001). Similar results were also found in NHI 2005.
Conclusions: Short-term regular use of low-dose
aspirin might not be better than occasional use for
preventing major vascular diseases in primary
prevention. Prescribing regular low-dose aspirin for
primary prevention should be done with caution. Future
studies should explore the risk–benefit effect of long-
term low-dose aspirin use in primary prevention.

INTRODUCTION
Aspirin is an antiplatelet agent well recog-
nised for its application in the secondary pre-
vention of occlusive vascular events in the
heart and brain.1 2 However, there is some
concern about possible adverse haemor-
rhagic effects when it is used for primary pre-
vention.3–7 Previous meta-analyses of primary
prevention trials of aspirin use were incon-
clusive about the cost–benefit of aspirin in
primary prevention because the various
studies they reviewed used different inclusion
and exclusion criteria.1 3 8 Our previous
study used a case–crossover design in a repre-
sentative database of 1 000 000 patients
randomly sampled from Taiwan’s National
Health Insurance Research Database
(NHIRD) in 2000, which found that transi-
ent use of low-dose aspirin (≤300 mg/day)
increased the risk of developing a major
haemorrhage 1.33-fold (95% CI 1.13 to 1.55,
p<0.0001).9 However, in that study, we did
not address the issue of risk and benefit of
low-dose aspirin use on vascular diseases in
primary prevention.
In Taiwan, there is a consensus recommen-

dation that low-dose aspirin (75–162 mg/day)

Strengths and limitations of this study

▪ This study represents the first evidence-based
report quantifying the net clinical risk of using
low-dose aspirin for primary prevention of vas-
cular diseases.

▪ The robustness of the results was reconfirmed
by two Taiwan nationwide representative sam-
pling cohorts.

▪ Although aspirin can be purchased easily over
the counter, this bias was unlikely, because of a
national insurance system that covers the cost of
almost all drugs, including aspirin, in Taiwan.
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can be used for the secondary prevention of vascular dis-
eases, but the recommendation is not as strong for
primary prevention. In an effort to resolve the contro-
versy, we used Taiwan’s nationwide population-based
insurance claims dataset to collect data spanning more
than 10 years to calculate the short-term risk–benefit
effect of occasional and regular use of low-dose aspirin
(≤100 mg/day) as a means of primary prevention in the
general population of Taiwan. Our primary hypothesis
was to compare the short-term risk–benefit effect of
low-dose aspirin in primary prevention of vascular dis-
eases between occasional and regular users.

PATIENTS AND METHODS
Data sources
This study used a sampling cohort dataset obtained
from NHIRD, a large medical claims database regularly
managed and maintained by the National Health
Research Institutes (NHRI) for research purposes.
Detailed information on NHIRD has been given else-
where.9 The Taiwan single-payer National Health
Insurance (NHI) was promulgated by the Taiwan govern-
ment on 1 March 1995.10 11 As of 2007, 22.6 million of
Taiwan’s 23.0 million citizens were enrolled in Taiwan’s
NHI programme, making the NHIRD one of the largest
population-based insurance databases in the world.12

NHRI used a systematic sampling approach to ran-
domly select two representative databases of each
1 000 000 patients of all NHI enrolees in 1997–2000
(NHI 2000) and in 2005 (NHI 2005).13 The selected
patients were retrospectively and prospectively followed
from 1 January 1997 to 31 December 2009 in NHI 2000
and from 1 January 1997 to 31 December 2008 in NHI
2005. According to the demographic analyses from
NHRI, there were no significant differences in age, sex or
healthcare costs between the sampled groups and all
enrolees in NHI 2000 and in NHI 2005.12 These two data-
sets give researchers access to comprehensive demo-
graphic data, including gender, date of birth and income
level, as well as healthcare data, including date of admis-
sion or discharge, clinical diagnoses (up to five coexisting
diagnoses listed on one claims record), medical proce-
dures (up to five diagnostic or therapeutic procedures),
expenditures, detailed drug prescriptions and in-hospital
deaths. NHI lists diagnoses using the International
Classification of Diseases, Ninth revision, Clinical
Modification (ICD-9-CM).14 This study was approved by
the Institutional Review Board of Kaohsiung Medical
University Hospital. Since the dataset contains aggre-
gated secondary data and the patient identifiers are
scrambled to the public for research purposes to protect
confidentiality, the requirement for written or verbal
consent from patients for data linkage studies was waived.

Study subjects
For NHI 2000, we recruited patients aged 30–95 years in
2000 as potential study subjects (figure 1). We excluded

patients who had a previous claims record listing hospi-
talisation with a primary diagnosis of any major event
related to the study, including haemorrhage (major
gastrointestinal (GI) haemorrhage or cerebral haemor-
rhage) and ischaemia (acute myocardial infarction
(AMI) or ischaemic stroke), or the primary diagnosis of
cancer between 1 January 1997 and 31 December 1999
(see online supplementary table 1). Patients who died
or left the NHI programme for unknown reasons before
1 January 2000 were also excluded.
The exposure of interest was low-dose aspirin

(Anatomical Therapeutic Chemical code B01AC06),
defined as aspirin ≤100 mg/day. Thus, to conduct this
new-user design, we also excluded patients who had ever
been prescribed aspirin before 1 January 2000.15

Patients without any clinical records before 1 January
2000 as well as those who had not visited a hospital at
least once between 1 January 1999 and 31 December
1999 were also excluded. To minimise bias due to con-
founding by indication, we also excluded patients not
prescribed any aspirin during the prospective follow-up
period from 1 January 2000 to 31 December 2009.
The remaining relatively healthy patients were pro-

spectively traced until the first prescription of aspirin
≤100 mg/day. The date of the first aspirin prescription
≤100 mg/day was treated as the index date. Thus
patients who had an occurrence of any major event
related to this study (including haemorrhages such as GI
haemorrhage or cerebral haemorrhage and ischaemia
such as AMI or ischaemic stroke) who died, withdrew
from the NHI or were prescribed aspirin >100 mg/day
before the index date were all excluded. The remaining
patients were prospectively followed-up from the index
date to the first occurrence of any major event related to
this study, cancer, death, withdrawal from NHI, the date
of aspirin prescription >100 mg/day, the end of the
study period (31 December 2009) or the end of a 60-day
observation period, whichever came first, to examine
the short-term effect of low-dose aspirin use (figure 1).
Two statistical programmers independently performed
the above analytical steps to ensure the quality of the
dataset.
We applied the same inclusion and exclusion criteria

to NHI 2005 (see online supplementary figure 1). The
only two differences in NHI 2005 and NHI 2000 were:
(1) the end of the study period in NHI 2005 was 31
December 2008; (2) the subjects who were eligible for
the study in NHI 2005 who were also present in NHI
2000 were excluded.

Potential confounders
These two studies collected the same data on patient age,
gender, income, place of insurance registry (Northern,
Central, Southern or Eastern Taiwan) and urbanisation
level (rural area, satellite city or urban). Data on
comorbidities, including hypertension, diabetes, atrial
fibrillation (AF), congestive heart failure (CHF), periph-
eral artery disease (PAD), peptic ulcer, transient cerebral
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ischaemia (TIA) and ischaemic heart disease (IHD),
were also collected. They were defined in a patient if he
or she was diagnosed with any of these diseases on at least
two outpatient claims or on one inpatient claim a year
before the index date (see online supplementary
table 1). General health status was assessed by the
Charlson Comorbidity Index, which is the sum of the
weighted scores of 17 comorbid conditions and widely
used to control for confounding in epidemiological
studies (see online supplementary table 2).16

To control for confounding agents, we included in the
model, drugs that could potentially accelerate or reduce
bleeding or occlusive tendency. These drugs were
anticoagulants, antilipemic agents such as statin, non-
steroidal anti-inflammatory drugs, proton-pump inhibi-
tors, antidepressants such as tricyclic antidepressants,
selective serotonin reuptake inhibitors, monoamine
oxidase inhibitors or other antidepressants, and

corticosteroids, all of which were considered to have an
effect on vascular diseases in a previous study.17

Exposure to these drugs was defined as having a pre-
scription of one of them at least 1 day from the index
date to the occurrence of any event related to this study,
cancer, death, withdrawal from NHI, the start of aspirin
prescription >100 mg/day, the end of the study period
(31 December 2009 in NHI 2000 or 31 December 2008
in NHI 2005), or the end of a 60-day observation
period, whichever came first.

Validation of outcome and exposure variables
The database we tapped has been widely used for clin-
ical epidemiological studies, and its disease diagnoses,
drug prescription and hospitalisation data have been
reported to be of high quality by many studies.10 18–21

For example, 97.9% of patients with coded ischaemic
stroke in NHIRD have been confirmed by radiological

Figure 1 Study flow chart in

National Health Insurance (NHI)

2000. *Any major event includes

haemorrhage (gastrointestinal

haemorrhage or haemorrhagic

stroke) or ischaemia (ischaemic

stroke or acute myocardial

infarction).
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examination and clinical presentation.10 In addition, the
accuracy of the record for aspirin prescribed was high in
both first post-discharge visits (positive predictive value
(PPV) 0.94) and during hospitalisation (PPV 0.88). For
covariates, one previous study demonstrated that the
claims dataset had a high diagnostic accuracy of diabetes
with a sensitivity of 93.2% and PPV of 92.3%.18 20

Net clinical risk
We first calculated the percentage daily use of low-dose
aspirin, defined by the number of prescription days of
low-dose aspirin divided by the number of observation
days, between the index date and the occurrence of any
study event, cancer, death, withdrawal from NHI, the
start of aspirin prescription >100 mg/day, the end of the
study period (31 December 2009 in NHI 2000 or 31
December 2008 in NHI 2005), or the end of a 60-day
observation period, whichever came first, in the three
groups of all eligible study subjects, patients with hae-
morrhages and patients with ischaemia. Then we classi-
fied the three patient groups separately by quintile
based on frequency of use of low-dose aspirin, expressed
as <20%, 20–39%, 40–59%, 60–79% or ≥80% (see
online supplementary table 3). Patients with frequencies
of use of <20% were defined as occasional users, and
those with frequencies of use of ≥80% as regular users.
The difference in rate of haemorrhage risk of low-dose

aspirin use was defined as haemorrhage rateuse of low-dose

aspirin ≥80% minus haemorrhage rateuse of low-dose aspirin <20%.
The difference in rate of ischaemia risk of low-dose aspirin
use was defined as ischaemia rateuse of low-dose aspirin <20%

minus ischaemia rateuse of low-dose aspirin ≥80%. Thus the net
clinical risk of low-dose aspirin use in this relatively healthy
population was calculated as the rate of haemorrhage risk
minus the rate of ischaemia risk as follows,

Netclinicalrisk¼½ðhaemorrhagerateuseof low�doseaspirin�80%Þ
�ðhaemorrhagerateuseof low�doseaspirin,20%Þ�
�½ðischaemiarateuseof low�doseaspirin,20%Þ
�ðischaemiarateuseof low�doseaspirin�80%Þ�:

Statistical analysis
Haemorrhage or ischaemia rates were calculated as the
number of events that occurred within the different
frequency-of-use groups (<20% and ≥80%) during a
60-day observation period in both NHI 2000 and NHI
2005. Logistic regression models were conducted to esti-
mate the net clinical risk after adjustment for potential
confounding covariates. A marginal prediction approach
was used to obtain the adjusted absolute haemorrhage
and ischaemia rates in the two frequency-of-use
groups.22 In other words, after calculating the predicted
rates generated from the logistic regression models, we
obtained the marginal adjusted means by first assuming
all observations were in patients who received <20% of

low-dose aspirin and then assuming all observations
were in patients who received ≥80% of low-dose aspirin.
To obtain the 95% CIs of adjusted rates and adjusted
net clinical risk between the two groups, we used a boot-
strap approach with 1000 and 5000 replications to
compute SEs. Because the results of 1000 and 5000 repli-
cations were similar, the results obtained from 1000
replications are presented.
Three statistical strategies were used to consider the

covariates in the logistic models: (1) one including all
the covariates listed in table 1; (2) one including the
clinical comorbidity conditions only (hypertension, dia-
betes, AF, CHF, PAD, peptic ulcer, TIA and IHD); (3)
one including the propensity score (calculated by pre-
dicting the probabilities of receiving low-dose aspirin

Table 1 Baseline characteristics by frequency of use of

low-dose aspirin in NHI 2000

Frequency of use of

low-dose aspirin

Characteristic <20% ≥80%

Number 12 050 26 096

Age (years)

<65 8763 (72.7) 17 209 (65.9)

≥65 3287 (27.3) 8887 (34.1)

Sex

Male 5658 (47.0) 13 700 (52.5)

Female 6392 (53.0) 12 396 (47.5)

Place of insurance registry

Northern 5305 (44.0) 12 958 (49.7)

Central 3254 (27.0) 5983 (22.9)

Southern 3166 (26.3) 6482 (24.8)

Eastern 325 (2.7) 673 (2.6)

Urbanisation

Rural area or satellite city 3504 (29.1) 6360 (24.4)

Metropolis 8546 (70.9) 19 736 (75.6)

Comorbidity

Hypertension 3900 (32.4) 15 052 (57.7)

Diabetes 1648 (13.7) 7137 (27.3)

Atrial fibrillation 77 (0.6) 491 (1.9)

Congestive heart failure 373 (3.1) 1458 (5.6)

Peripheral artery disease 117 (1.0) 279 (1.1)

Peptic ulcer 1619 (13.4) 3312 (12.7)

Transient cerebral

ischaemia

175 (1.5) 743 (2.8)

Ischaemic heart disease 507 (4.2) 1931 (7.4)

Charlson Comorbidity Index score

<3 10 730 (89.0) 21 592 (82.7)

≥3 1320 (11.0) 4504 (17.3)

Confounding medicine

Use of anticoagulants 395 (3.3) 622 (2.4)

Use of antilipemic agents 767 (6.4) 4270 (16.4)

Use of NSAIDs 5631 (46.7) 6494 (24.9)

Use of PPIs 318 (2.6) 250 (1.0)

Use of antidepressants 699 (5.8) 1042 (4.0)

Use of corticosteroids 1279 (10.6) 1295 (5.0)

Values are number (%).
NHI, National Health Insurance; NSAID, non-steroidal
anti-inflammatory drug; PPI, proton pump inhibitor.
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≥80%) only. Because the findings of these three strat-
egies were similar in the overall analysis in NHI 2000,
the subsequent analyses in both NHI 2000 and NHI
2005 are presented by adjusting for all the covariates
listed in table 1 for NHI 2000 and online supplementary
table 4 for NHI 2005. The stratified analyses were
adjusted for all the covariates except the variable cate-
gorised. In addition, the interactive effects of adjusted
net clinical risk between comorbidities and frequency of
use of low-dose aspirin (<20% vs ≥80%) were examined
and 1000 replications by bootstrap to generate 95% CIs.
For the sensitivity analyses, adjusted net clinical risk

was calculated by computing [(haemorrhage rateuse of

low-dose aspirin ≥90%)−(haemorrhage rate use of low-dose

aspirin <10%)]−[(ischaemia rateuse of low-dose aspirin <10%)
−(ischaemia rateuse of low-dose aspirin ≥90%)] in a 60-day
follow-up. We also computed the adjusted net clinical
risk for two other follow-up periods: 120 and 180 days.
In addition, we recalculated the net clinical risk by
excluding any major events occurring within 3 or 5 days
after receiving the first prescription of low-dose aspirin
(latent period) in a 60-day follow-up. All statistical opera-
tions were performed using SAS V.9.2 and Stata S.E.
V.11.2 statistical software; two-sided p<0.05 was consid-
ered significant.

RESULTS
A total of 63 788 patients in NHI 2000 and 24 910
patients in NHI 2005 receiving their first prescription of
low-dose aspirin (≤100 mg/day) met the inclusion cri-
teria (figure 1; online supplementary figure 1).
Compared with occasional users, regular users had a
higher percentage of comorbidities (hypertension, dia-
betes, AF, CHF, TIA and IHD) in both NHI 2000 and
NHI 2005 (table 1; online supplementary tables 3 and
4). Haemorrhage (GI haemorrhage or haemorrhagic
stroke) occurred in 137 patients (0.21%) and ischaemia
(ischaemic stroke or AMI) in 714 patients (1.12%)
during the 60-day follow-up in NHI 2000, whereas haem-
orrhage occurred in 41 patients (0.16%) and ischaemia
in 256 patients (1.03%) during the 60-day follow-up in
NHI 2005 (figure 1; online supplementary figure 1 and
table 3).
The overall unadjusted haemorrhage and ischaemia

rates were 0.09% and 0.21% in occasional users of
low-dose aspirin and 0.32% and 2.30% in regular users
in the 60-day follow-up period of NHI 2000 (table 2;
online supplementary table 5), whereas the overall
unadjusted haemorrhage and ischaemia rates were
0.05% and 0.20% in occasional users of low-dose aspirin
and 0.25% and 2.15% in regular users in the 60-day
follow-up period of NHI 2005 (online supplementary
table 6). The overall crude rate difference was 0.23% for
haemorrhage (haemorrhage rateuse of low-dose aspirin ≥80%
−haemorrhage rateuse of low-dose aspirin <20%) and −2.09%
for ischaemia (ischaemia rateuse of low-dose aspirin <20%

−ischaemia rateuse of low-dose aspirin ≥80%) in NHI 2000

and 0.20% for haemorrhage and −1.95% for ischaemia
in NHI 2005 (table 2; online supplementary table 6). In
NHI 2000, the adjusted rate differences did not change
much after adjustment for different covariates or pro-
pensity scores (online supplementary table 5).
The adjusted net clinical risk of low-dose aspirin use

between the two frequency-of-use groups (≥80% vs
<20%) in the 60-day follow-up period was calculated to
be 2.24% (95% CI 2.03% to 2.48%; p<0.001) in NHI
2000 and 2.08% (95% CI 1.70% to 2.46%; p<0.001) in
NHI 2005 (table 2; online supplementary table 6). The
adjusted rate differences were also similar when data
were recomputed for (haemorrhage rateuse of low-dose

aspirin ≥90%−haemorrhage rateuse of low-dose aspirin <10%)
and (ischaemia rateuse of low-dose aspirin <10%−ischaemia
rateuse of low-dose aspirin ≥90%) in both NHI 2000 and NHI
2005 (online supplementary table 7). These results also
remained significant in almost all the subgroup analyses,
even in the groups with histories of hypertension and
diabetes in NHI 2000 (table 2). In contrast, the signifi-
cantly interactive effects of adjusted net clinical risk
between comorbidities, including hypertension, dia-
betes, peptic ulcer and Charlson Comorbidity Index,
and frequency of use of low-dose aspirin (<20% vs
≥80%) were not present (data not shown).
Even after the follow-up periods were extended to 120

and 180 days, adjusted net clinical risk of regular
low-dose aspirin use remained significant in all patients,
and having or not having a history of hypertension or
diabetes had no effect on the results in both NHI 2000
and NHI 2005 (table 3; online supplementary table 6).
In addition, even when a latent period of 3 or 5 days was
considered, adjusted net clinical risks were improved by
0.43% and 0.30% in NHI 2000 and by 0.23% and 0.11%
in NHI 2005; they remained significant during the a
60-day follow-up (p<0.001 and <0.01, respectively) in
NHI 2000, although they were not significant in NHI
2005 (figure 2; online supplementary table 8).

DISCUSSION
In the two nationwide representative sampling cohorts,
the risk of short-term regular use (almost daily use) of
low-dose aspirin cancelled out its possible contribution
to preventing major vascular diseases, compared with
occasional users. In fact, the risks in regular users out-
weighed the benefits, compared with occasional users.
To the best of our knowledge, this study represents the
first evidence-based report quantifying the net clinical
risk of using low-dose aspirin in the primary prevention
of vascular diseases. The robustness of these results was
reconfirmed by two cohorts (NHI 2000 and NHI 2005)
as well as by different subgroup and sensitivity analyses
and by analysing the data using different follow-up time
windows up to a 180-day period (∼6 months) (table 3).
Using the most conservative net clinical risk from the
analysis of a latent period of 5 days in a 60-day follow-up
(0.30% in NHI 2000 and 0.11% in NHI 2005), we
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Table 2 Rate differences and net clinical risk of major event by frequency of use of low-dose aspirin in a 60-day follow-up

period of NHI 2000†

Haemorrhage (n=94) Ischaemia (n=624)

Use of low-dose

aspirin Rate difference‡

Use of low-dose

aspirin Rate difference‡

Characteristic <20% ≥80%
Crude

(%)

Adjusted

(%)¶ <20% ≥80%

Crude

(%)

Adjusted

(%)¶

Adjusted net clinical

risk (%)§¶ (95% CI)

n (%) n (%)

All patients 11 (0.09) 83 (0.32) 0.23 0.24*** 25 (0.21) 599 (2.30) −2.09 −2.00*** 2.24*** (2.03 to 2.48)

Age (years)

< 65 5 (0.06) 40 (0.23) 0.17 0.19*** 8 (0.09) 322 (1.87) −1.78 −1.70*** 1.89*** (1.67 to 2.12)

≥65 6 (0.18) 43 (0.48) 0.30 0.37*** 17 (0.52) 277 (3.12) −2.60 −2.56*** 2.93*** (2.42 to 3.43)

Sex

Male 7 (0.12) 51 (0.37) 0.25 0.29*** 13 (0.23) 366 (2.67) −2.44 −2.43*** 2.72*** (2.34 to 3.07)

Female 4 (0.06) 32 (0.26) 0.20 0.24** 12 (0.19) 233 (1.88) −1.69 −1.57*** 1.81*** (1.49 to 2.13)

Place of insurance registry

Northern 3 (0.06) 41 (0.32) 0.26 0.32*** 11 (0.21) 325 (2.51) −2.30 −2.26*** 2.58*** (2.25 to 2.91)

Central 3 (0.09) 18 (0.30) 0.21 0.21* 4 (0.12) 101 (1.69) −1.57 −1.44*** 1.65*** (1.22 to 2.09)

Southern 5 (0.16) 24 (0.37) 0.21 0.21 10 (0.32) 156 (2.41) −2.09 −1.99*** 2.20*** (1.68 to 2.73)

Eastern 0 0 0.00 – 0 (0.00) 17 (2.53) −2.53 – –

Urbanisation

Rural area or

satellite city

4 (0.11) 27 (0.42) 0.31 0.43** 5 (0.14) 159 (2.50) −2.36 −2.23*** 2.66*** (2.18 to 3.14)

Metropolis 7 (0.08) 56 (0.28) 0.20 0.20*** 20 (0.23) 440 (2.23) −2.00 −1.92*** 2.12*** (1.87 to 2.38)

Hypertension

No 7 (0.09) 35 (0.32) 0.23 0.28** 10 (0.12) 281 (2.54) −2.42 −2.28*** 2.56*** (2.22 to 2.909)

Yes 4 (0.10) 48 (0.32) 0.22 0.27*** 15 (0.38) 318 (2.11) −1.73 −1.65*** 1.91*** (1.56 to 2.26)

Diabetes

No 6 (0.06) 53 (0.28) 0.22 0.24*** 22 (0.21) 449 (2.37) −2.16 −2.06*** 2.30*** (2.04 to 2.57)

Yes 5 (0.30) 30 (0.42) 0.12 0.27 3 (0.18) 150 (2.10) −1.92 −1.89*** 2.15*** (1.64 to 2.67)

Atrial fibrillation

No 11 (0.09) 82 (0.32) 0.23 0.24*** 25 (0.21) 588 (2.30) −2.09 −2.00*** 2.24*** (2.00 to 2.48)

Yes 0 1 (0.20) 0.20 – 0 (0.00) 11 (2.24) −2.24 – –

Congestive heart failure

No 10 (0.09) 78 (0.32) 0.23 0.25*** 24 (0.21) 573 (2.33) −2.12 −2.03*** 2.28*** (2.06 to 2.50)

Yes 1 (0.27) 5 (0.34) 0.07 – 1 (0.27) 26 (1.78) −1.51 – –

Peripheral artery disease

No 11 (0.09) 83 (0.32) 0.23 0.24*** 25 (0.21) 592 (2.29) −2.08 −2.00*** 2.25*** (2.02 to 2.48)

Yes 0 0 0.00 – 0 7 (2.51) −2.51 – –

Peptic ulcer

No 10 (0.10) 70 (0.31) 0.21 0.23*** 20 (0.19) 539 (2.37) −2.18 −2.10*** 2.32*** (2.08 to 2.57)

Yes 1 (0.06) 13 (0.39) 0.33 0.53* 5 (0.31) 60 (1.81) −1.50 −1.37*** 1.90*** (11.9 to 2.61)

Transient cerebral ischaemia

No 11 (0.09) 82 (0.32) 0.23 0.24*** 25 (0.21) 589 (2.32) −2.11 −2.02*** 2.26*** (2.03 to 2.50)

Yes 0 1 (0.13) 0.13 – 0 10 (1.35) −1.35 – –

Ischaemic heart disease

No 11 (0.10) 75 (0.31) 0.21 0.24*** 23 (0.20) 578 (2.39) −2.19 −2.10*** 2.34*** (2.11 to 2.57)

Yes 0 8 (0.41) 0.41 – 2 (0.39) 21 (1.09) −0.70 – –

Charlson Comorbidity Index score

<3 8 (0.07) 64 (0.30) 0.23 0.25*** 22 (0.21) 496 (2.30) −2.09 −2.03*** 2.28*** (2.04 to 2.53)

≥3 3 (0.23) 19 (0.42) 0.19 0.29 3 (0.23) 103 (2.29) −2.06 −1.91*** 2.20*** (1.50 to 2.91)

Use of anticoagulants

No 11 (0.09) 81 (0.32) 0.23 0.24*** 24 (0.21) 545 (2.14) −1.93 −1.82*** 2.06*** (1.84 to 2.28)

Yes 0 2 (0.32) 0.32 – 1 (0.25) 54 (8.68) −8.43 – –

Use of antilipemic agents

No 11 (0.10) 74 (0.34) 0.24 0.26*** 21 (0.19) 576 (2.64) −2.45 −2.29*** 2.54*** (2.30 to 2.79)

Yes 0 9 (0.21) 0.21 – 4 (0.52) 23 (0.54) −0.02 – –

Use of NSAIDs

No 4 (0.06) 57 (0.29) 0.23 0.23*** 13 (0.20) 537 (2.74) −2.54 −2.61*** 2.84*** (2.57 to 3.11)

Yes 7 (0.12) 26 (0.40) 0.28 0.37** 12 (0.21) 62 (0.96) −0.75 −0.74*** 1.07*** (0.67 to 1.47)

Use of PPIs

No 10 (0.09) 78 (0.30) 0.21 0.22*** 25 (0.21) 594 (2.30) −2.09 −2.01*** 2.23*** (2.00 to 2.46)

Yes 1 (0.31) 5 (2.00) 1.69 – 0 5 (2.00) −2.00 – –

Use of antidepressants

No 11 (0.10) 82 (0.33) 0.23 0.25*** 23 (0.20) 592 (2.36) −2.16 −2.09*** 2.34*** (2.11 to 2.57)

Yes 0 1 (0.10) 0.10 – 2 (0.29) 7 (0.67) −0.38 – –

Continued
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estimated that approximately 630–4401 adults of
Taiwan’s ∼23 000 000 people will have major vascular
events if the occasional low-dose aspirin users are
advised to increase their use (0.003×63 788 study sub-
jects per 1 000 000 people×23 and 0.0011×24 910 study
subjects per 1 000 000 people×23) over a short period of
time. One thing to be noted is, when we place a weight-
ing factor of 1.5–2.0 for major bleeding versus ischae-
mia, the estimated net clinical risk of low-dose aspirin
use in primary prevention will increase.22

We should recognise that the mechanisms between
the first occurrence of occlusive vascular diseases and
recurrence may be different, and the benefit of aspirin
use in the secondary prevention of vascular diseases may
not be applied to its use in primary prevention.23 24

Usually, the vascular event is triggered by the rupture of
the fibrous cap of an atheromatous lesion, resulting in
thrombus formation. Thus, stopping the process of
thrombosis may reduce the speed of full vascular occlu-
sion.25 Because aspirin is a non-selective cyclo-oxygenase
inhibitor, its use in prevention can be both beneficial
and harmful.23 Although aspirin can block platelets
from producing thromboxane and thus inhibit the
aggregation of platelets, it can also reduce the synthesis
of prostaglandins in the vascular wall, resulting in con-
striction of the vessel wall and enhancement of platelet
adhesion to the vessel wall in healthy people. Thus,
aspirin sceptics do not support the regular use of
low-dose aspirin in primary prevention.23 26 Our large
population-based study adds great weight to their misgiv-
ings regarding its application as a primary means of pre-
venting vascular diseases.
In 2009, the Antithrombotic Trialists’ (ATT)

Collaboration study comprehensively performed a
meta-analysis of six primary prevention trials and 16 sec-
ondary prevention trials.1 That study concluded that
routine use of aspirin as a primary prevention in people
without previous diseases may be of questionable net

benefit in the reduction of occlusive episodes because it
increases the risk of major bleeding. However, the
recent advocacy of low-dose aspirin use for primary pre-
vention is mainly for its cancer-protective effect.8 27 28

Rothwell and colleagues performed a meta-analysis of 51
randomised controlled trials, which also included six
clinical trial studies of daily aspirin use for primary pre-
vention, about the time course of risks and benefits of
aspirin use.8 This study found that major extracranial
bleeding significantly increased 1.95-fold (95% CI 1.47
to 2.59) during the first 3 years of aspirin use, although
major vascular events decreased 0.82-fold (95% CI 0.72
to 0.90). They also reported that it took 3 years until
aspirin’s protection against cancer was evident (aspirin
group vs control, OR=0.70, 95% CI 0.67 to 0.98). On the
basis of that study, subjects may need to avoid the risk of
major bleeding complications during the first 3 years of
aspirin use in order to enjoy the benefit of cancer pre-
vention. The main limitation of this study was that it
excluded some other large primary prevention clinical
trials, such as the Women’s Health Study and Physicians’
Health Study, which studied alternate-day aspirin
use and did not show any beneficial effect of aspirin
use.29–31 Thus, in the subsequent meta-analysis study,
Sutcliffe et al31 included the Women’s Health Study and
Physicians’ Health Study in their updated meta-analysis
for clinical trials and suggested that aspirin risks may
outweigh benefits in healthy adults for primary preven-
tion, further supporting our findings.
The antiplatelet effect of aspirin is wide across different

ethnic groups, ranging from 0.4% to 35%.32–34 A high
response to aspirin might suggest a good prognosis for
antiplatelet treatment in patients, but it might also repre-
sent a greater risk of bleeding events in the same
patients.3 32 Using the existing published data on the
rates of coronary heart disease, haemorrhagic stroke and
major GI bleeding in the Japanese population, Morimoto
et al3 found that the benefit of aspirin use only

Table 2 Continued

Haemorrhage (n=94) Ischaemia (n=624)

Use of low-dose

aspirin Rate difference‡

Use of low-dose

aspirin Rate difference‡

Characteristic <20% ≥80%
Crude

(%)

Adjusted

(%)¶ <20% ≥80%

Crude

(%)

Adjusted

(%)¶

Adjusted net clinical

risk (%)§¶ (95% CI)

Use of corticosteroids

No 11 (0.10) 80 (0.32) 0.22 0.25*** 23 (0.21) 591 (2.38) −2.17 −2.12*** 2.37*** (2.14 to 2.60)

Yes 0 3 (0.23) 0.23 – 2 (0.16) 8 (0.62) −0.46 – –

– indicates insufficient observations to compute bootstrap SEs.
*p<0.05; **p<0.01; ***p<0.001.
†Major event includes haemorrhage (gastrointestinal haemorrhage or haemorrhagic stroke) or ischaemia (ischaemic stroke or acute
myocardial infarction).
‡Difference in rate of haemorrhage was calculated as (haemorrhage rateuse of low-dose aspirin ≥80%)−(haemorrhage rateuse of low-dose aspirin <20%);
difference in rate of ischaemia was calculated as (ischaemia rateuse of low-dose aspirin <20%)−(ischaemia rateuse of low-dose aspirin ≥80%).
§Net clinical risk=[(haemorrhage rateuse of low-dose aspirin ≥80%)−(haemorrhage rateuse of low-dose aspirin <20%)]−[(ischaemia rateuse of low-dose aspirin

<20%)−(ischaemia rateuse of low-dose aspirin ≥80%)].
¶Adjusting all variables listed in table 1. For subgroup analyses, all variables, except the variable classified, listed in table 1 were adjusted.
Bootstrapping analysis was conducted with 1000 time replications to compute differences in predicted adjusted rates and bootstrap SEs.
NHI, National Health Insurance; NSAID, non-steroidal anti-inflammatory drug; PPI, proton pump inhibitor.
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Table 3 Sensitivity analysis of frequency of use of low-dose aspirin in total or categorised by diabetes or hypertension in the 120- and 180-day follow-up period of NHI

2000†

Characteristic

A 120-day period

Haemorrhage (n=121) Ischaemia (n=669)

Adjusted net clinical

risk (%)§¶ (95% CI)

Use of low-dose

aspirin Rate difference‡

Use of low-dose

aspirin Rate difference‡

<20% ≥80% Crude (%) Adjusted (%)¶ <20% ≥80% Crude (%) Adjusted (%)¶

n (%) n (%)

All patients 24 (0.13) 97 (0.45) 0.32 0.35*** 52 (0.28) 617 (2.85) −2.57 −2.23*** 2.58*** (2.32 to 2.85)

Diabetes

No 17 (0.11) 61 (0.39) 0.28 0.32*** 44 (0.28) 458 (2.93) −2.65 −2.28*** 2.60*** (2.30 to 2.91)

Yes 7 (0.26) 36 (0.60) 0.34 0.53*** 8 (0.30) 159 (2.63) −2.33 −2.11*** 2.64*** (2.07 to 3.21)

Hypertension

No 14 (0.12) 41 (0.46) 0.34 0.39*** 21 (0.17) 287 (3.19) −3.02 −2.53*** 2.92*** (2.50 to 3.34)

Yes 10 (0.16) 56 (0.44) 0.28 0.34*** 31 (0.49) 330 (2.61) −2.12 −1.83*** 2.17*** (1.78 to 2.56)

Characteristic

A 180-day period

Haemorrhage (n=145) Ischaemia (n=716)

Adjusted net clinical

risk (%)§ ¶ (95% CI)

Use of low-dose

aspirin Rate difference‡

Use of low-dose

aspirin Rate difference‡

<20% ≥80% Crude (%) Adjusted (%)¶ <20% ≥80% Crude (%) Adjusted (%)¶

n (%) n (%)

All patients 42 (0.15) 103 (0.50) 0.33 0.38*** 93 (0.34) 623 (3.00) −2.6 −2.21*** 2.50*** (2.24 to 2.76)

Diabetes

No 33 (0.14) 62 (0.41) 0.27 0.31*** 73 (0.31) 462 (3.09) −2.78 −2.19*** 2.50*** (2.20 to 2.81)

Yes 9 (0.21) 41 (0.71) 0.50 0.68*** 20 (0.46) 161 (2.78) −2.32 −1.92*** 2.60*** (2.01 to 3.19)

Hypertension

No 24 (0.14) 43 (0.50) 0.36 0.43*** 34 (0.20) 289 (3.38) −3.18 −2.45*** 2.88*** (2.46 to 3.30)

Yes 18 (0.17) 60 (0.49) 0.32 0.37*** 59 (0.56) 334 (2.74) −2.18 −1.74*** 2.11*** (1.75 to 2.47)

†Major event includes haemorrhage (gastrointestinal haemorrhage or haemorrhagic stroke) or ischaemia (ischaemic stroke or acute myocardial infarction).
‡Difference in rate of haemorrhage was calculated as (haemorrhage rateuse of low-dose aspirin ≥80%)−(haemorrhage rateuse of low-dose aspirin <20%); difference in rate of ischaemia was calculated as
(ischaemia rateuse of low-dose aspirin <20%)−(ischaemia rateuse of low-dose aspirin ≥80%).
§Net clinical risk=[(haemorrhage rateuse of low-dose aspirin ≥80%)−(haemorrhage rate use of low-dose aspirin <20%)]−[(ischaemia rateuse of low-dose aspirin <20%)−(ischaemia rateuse of low-dose aspirin ≥80%)].
¶Adjusting all variables listed in table 1. For subgroup analyses, all variables, except the variable classified, listed in table 1 was adjusted. Bootstrapping analysis with 1000 time replications was
conducted to compute differences in predicted adjusted rates and bootstrap SEs.
*p<0.05; **p<0.01; ***p<0.001.
NHI, National Health Insurance.
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outweighed the risk in subjects above the age of 40 years
who had both diabetes and hypertension. Consistent with
our previous case–crossover study,9 the present study also
found an increased risk of aspirin-associated bleeding in
subjects with and without hypertension or diabetes, and
found risk to be even higher in people aged ≥65 years.
These findings raise concern regarding the use of
low-dose aspirin for the primary prevention of major vas-
cular diseases in the Taiwanese population of people with
hypertension or diabetes.
Surprisingly, we did not find any beneficial effect of

regular use of low-dose aspirin on the prevention of such
ischaemia events as AMI and ischaemic stroke when used
as primary prevention in both NHI 2000 and NHI 2005.
Several other large prevention studies have in fact sug-
gested that low-dose aspirin can increase the risk of devel-
oping carotid atheroma and angina and reported that it
did not reduce the severity of diabetic retinopathy.23 35 36

Cleland has recently criticised several earlier large clinical
trials of substantial reporting bias toward the beneficial
effect of aspirin in primary prevention and argued that
aspirin may change the presentation of myocardial infarc-
tion rather than prevent it.23 29 He further postulated that
the epidemic of vascular diseases in the general popula-
tion was first triggered by smoking and then accelerated by
aspirin use, and is currently prevented by the introduction
of other new effective drugs such as statins for hyperlipid-
aemia and ACE inhibitors for hypertension.23

In this study, aspirin exposure was based on prescrip-
tion information only, and thus we cannot know
whether the study patients actually adhered to the pre-
scribed dosage schedule. This bias may have caused

random misclassification of exposure and underestima-
tion of our findings. In addition, aspirin can be pur-
chased easily over the counter, although, in Taiwan, such
purchases are reduced by a national insurance system
that covers the cost of almost all drugs including aspirin
and allows patients to easily visit almost any physician
they want. This bias might affect analyses of differences
in both haemorrhage and ischaemia rates. However, we
found the occasional users to be less likely to develop
haemorrhage than regular users in this study, similar to
previous findings.2 17 Thus, this bias is probably minor.
Another limitation is that we did not take into account
several important lifestyle risk factors for haemorrhage
or ischaemia such as obesity, cigarette smoking and
alcohol drinking because these data were not available
in the database we used.13 However, this effect would
probably affect both haemorrhage and ischaemic rates
and was probably equalised in this risk–benefit analysis.
Another limitation is unmeasured covariates, which
might correlate with the exposure of interest and affect
the outcome of interest in this study. Still another limita-
tion is that the present study examined the risk–benefit
effect of short-term use of low-dose aspirin rather than
long-term use (eg, several years follow-up). Thus, the
beneficial effect of cancer prevention by long-term use
of low-dose aspirin cannot be further confirmed.8 27 28 31

Finally, we studied a population largely consisting of
people of Han Chinese descent, so our results cannot
necessarily be extrapolated to non-Asians.
This study concludes from two cohorts of medical claims

that short-term regular use of low-dose aspirin might not
be any better than occasional use for primary prevention

Figure 2 Sensitivity analysis for different criteria in both National Health Insurance (NHI) 2000 and NHI 2005.
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of major vascular diseases. Our findings suggest that pre-
scription of regular low-dose aspirin to healthy patients
who do not have a previous history of occlusive cardiovas-
cular or cerebrovascular disease should be undertaken
with caution in general clinical settings. Further studies
are required to examine the long-term risk–benefit effect
of low-dose aspirin in primary prevention.
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