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AbstrACt
Objectives To evaluate the benefit and risk of low- dose 
acetylsalicylic acid (aspirin) in patients from remote 
Aboriginal communities in the Northern Territory, Australia.
Design Retrospective cohort study using primary care and 
hospital data routinely used for healthcare. Aspirin users 
and non- users were compared before and after controlling 
confounders by matching. Marginal structural models 
(MSM) were applied to ascertain the benefit and risk.
setting The benefit and harm of aspirin were investigated 
in patients aged ≥18 years from 54 remote Aboriginal 
communities.
Participants None had a previous cardiovascular event 
or major bleeds. Patients on anticoagulants or other 
antiplatelets were excluded.
Intervention Aspirin at a dose of 75–162 mg/day.
Outcome measures Endpoints were all- cause, 
cardiovascular mortality and incidences of cardiovascular 
events and major bleeds.
results 8167 predominantly Aboriginal adults were 
included and followed between July 2009 and June 2017 
(aspirin users n=1865, non- users n=6302, mean follow- 
up 4 years with hospitalisations 6.4 per person). Univariate 
analysis found material differences in demographics, 
prevalence of chronic diseases and outcome measures 
between aspirin users and non- users before matching. 
After matching, aspirin was significantly associated with 
reduced all- cause mortality (HR=0.45: 95% CI 0.34 to 
0.60; p<0.001), but not bleeding (HR=1.13: 95% CI 0.39 to 
3.26; p=0.820). After using MSMs to eliminate the effects 
of confounders, loss of follow- up and time dependency 
of treatment, aspirin was associated with reduced all- 
cause mortality (HR=0.60: 95% CI 0.47 to 0.76; p<0.001), 
independent of age (HR=1.06; p<0.001), presence of 
diabetes (HR=1.42; p<0.001), hypertension (HR=1.61; 
p<0.001) and alcohol abuse (HR=1.81; p<0.001). No 
association between aspirin and major bleeding was found 
(HR=1.14: 95% CI 0.48 to 2.73; p=0.765). Sensitivity 
analysis suggested these findings were unlikely to have 
been the result of unmeasured confounding.
Conclusion Aspirin was associated with reduced all- 
cause mortality. Bleeding risk was less compared with 
survival benefits. Aspirin should be considered for primary 

prevention in Aboriginal people with high cardiovascular 
risk.

IntrODuCtIOn
The Northern Territory (NT) is a large and 
sparsely populated area in the northern 
Australia, with a much greater proportion of 
Aboriginal people (28%) in the population 
than Australia as a whole (3%).1 The majority 
of Aboriginal people in the NT live in remote 
communities. Aboriginal patients are at high 
risks for diabetes, ischaemic heart disease 
(IHD) and stroke including ischaemic stroke 
(IS) with premature onset of these condi-
tions—two decades earlier than Australian 
average.2–4 It is well established that among 
people with diabetes, cardiovascular disease 
is the primary cause of death, occurring in 
people with diabetes or pre- diabetes.5 Given 

strengths and limitations of this study

 ► The strength of the study is the assessment of aspi-
rin as primary prevention in a real- world situation for 
mainly Aboriginal patients with high cardiovascular 
risk. There are no clear guidelines for this setting.

 ► The study uses routinely collected clinical data and 
advanced statistical methods to correct the effects 
of confounding factors and loss to follow- up.

 ► This process is easy to use and well suited for rou-
tine monitoring and balance checking between ben-
efit and risk related to a specific intervention.

 ► Although causality cannot be tested with this study 
design, the fact that low- dose aspirin was associat-
ed with reduced all- cause mortality without signifi-
cant increased risk of bleeding brings more light on 
the risk- benefit assessment of aspirin.

 ► Generalisability of our results is limited to the remote 
Aboriginal population. Reliability of the results was 
tested for unmeasured confounding.
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Table 1 Codes used for case and disease identification

Diagnosis PCIS (ICPC code) HM (ICD code)

Diabetes T89, T90 E10–E14

Stroke K90 I60–I62 (haemorrhagic); 
I63 (ischaemic); I64 
(unspecified)

Transient ischaemic 
attack

K89 G45.9

Ischaemic heart disease K75 I21

Other cardiovascular 
events

K77–K80, K91 I42–I52, I65–I69

Other major bleeding 
events

A10, D14–D16, 
R06, U06

R58, K92.1, K92.2, 
K62.5, R04, R31

HM, hospital morbidity; ICD, International Statistical Classification of Disease 
and Related Health Problems; ICPC, International Classification of Primary 
Care; PCIS, Primary Care Information System.

the high prevalence of diabetes (predominantly type 2 
diabetes) and other cardiovascular risk factors (such as 
hypertension and smoking) from a young age among 
remote Aboriginal population,6 7 the local guidelines 
for remote health practitioners recommend low- dose 
acetylsalicylic acid (aspirin) for primary and secondary 
prevention of occlusive cardiovascular events.8 However, 
some studies have reported that aspirin can potentially 
increase the risk of haemorrhagic stroke (HS) and major 
bleeds,9–12 especially for patients older than 70 years.13–15 
Thus, benefits from aspirin have not been reliably demon-
strated for primary prevention and, in this setting, it 
remains unclear whether the benefits can fully negate the 
potential risks.16 17 International and Australian guide-
lines recommend aspirin to be considered in patients 
with diabetes aged ≥50 years at increased cardiovascular 
risk and not at increased risk of bleeding.18 19 The new 
US guidelines recommend aspirin use for the primary 
prevention in 40–70 year- olds at high cardiovascular risk 
but not at increased bleeding risk.20 However, the popula-
tion in remote areas of NT is distinct, and there is a need 
to investigate whether routine use of aspirin for primary 
prevention is beneficial or harmful in this much younger 
patient population with high cardiovascular risk.

MethODs
A retrospective cohort study was designed to evaluate 
the risks and benefits of aspirin as primary prevention in 
patients with high cardiovascular risk. We analysed two 
NT Department of Health administrative data universes: 
Primary Care Information System (PCIS) and hospital 
morbidity (HM). The data sets record information on 
clinical diagnosis and management in 54 remote clinics 
and all five public hospitals managed by the Department 
of Health. Quality of demographic data was assessed 
as complete and reliable (eg, Aboriginal status was 
99.98% complete with 98% accuracy) by independent 
audit.21 The PCIS data collection included information 
on demographics, medications and clinical problems. 
Demographic information included age, sex, usual place 
of residence and Aboriginal status. All diagnoses in the 
problem data set were coded using the International Clas-
sification of Primary Care version 2 (ICPC). The medica-
tion chart included the drug name, dose, start and end 
date. HM data were used to assess the effects of aspirin. 
HM data included admission date, separation date, diag-
noses, separation mode and demographic information. 
All diagnoses in HM data were coded using the Inter-
national Statistical Classification of Disease and Related 
Health Problems version 10 (ICD). Table 1 lists ICPC and 
ICD by conditions. Prevalence data on diabetes, renal 
failure, cancer, chronic obstructive pulmonary disease 
(COPD), hypertension, lipid disorder, overweight and 
alcohol abuse were also analysed. Both PCIS and HM data 
sets contained death information.

Patients who were aged 18 years and over on 1 July 2017 
(date of birth before 1 July 1999, see figure 1) and had a 

prescription recorded in PCIS from 1 July 2009 to 30 June 
2017 were included. Patients were excluded if they (1) 
had previous cardiovascular disease including IHD, coro-
nary angioplasty or coronary artery bypass grafting; or 
(2) had previous intracerebral haemorrhage, subarach-
noid haemorrhage, gastrointestinal bleed, haematem-
esis, melaena or other known bleeding diathesis such as 
thrombocytopenia; or (3) were on anticoagulant or other 
antiplatelet agents.

By using the medication chart, we identified three 
groups: (1) patients with no recorded exposure to aspirin, 
(2) patients who were prescribed aspirin at a dose of 
75–162 mg/day anytime during the study period, and (3) 
patients with occasional use of aspirin for fever or pain 
relief. If patients were categorised into multiple groups, 
group 2 took the priority, followed by group 3 and then 
group 1. There are no pharmacies in remote Aboriginal 
communities in the NT and aspirin is administered in 
hospital or remote clinic. Group 2 was considered aspirin 
users, and groups 1 and 3 were merged as non- aspirin 
users. Medication start date was defined as the date of 
first aspirin prescription for aspirin users. The date of first 
prescription of any other medication recorded in medi-
cation chart was considered the medication start date for 
non- aspirin users. Interactions between different medica-
tions were not considered in this study.

Outcomes were measured by (1) all- cause death and 
survival time; (2) cardiovascular- specific death; (3) inci-
dences of IHD, IS, transient ischaemic attack (TIA) and 
other cardiovascular disease; and (4) incidences of HS, 
and other major bleeds (defined in table 1) such as gastro-
intestinal haemorrhage, haematemesis and melaena to 
analyse the risks. The incidence was defined by a new 
diagnosis, if it happened 6 months after the medication 
start date and was proven there were no same conditions 
(mapped ICD and ICPC codes in table 1) previously by 
searching HM and PCIS data. Deaths were identified by 
PCIS and HM. Patient records were linked and traced until 
the occurrence of a condition or death or both, or iden-
tified as a disease- free encounter. Cardiovascular- specific 
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Figure 1 Illustrative flow chart of data linkage and assembly of patient cohort. CV, cardiovascular; DOB, date of birth; HM, 
hospital morbidity; PCIS, primary care information system; Sep, separation.

deaths were identified by a circulatory chapter ICD code 
as the principal diagnosis at hospital discharge (death). 
All stroke cases were validated manually in terms of stroke 
type by reviewing the medical records. Among a total of 
22 undetermined cases, 4 cases were reclassified as HS, 
and 11 IS and 7 remained undetermined. The undeter-
mined strokes were analysed as a separate stroke cate-
gory. Follow- up time was calculated as the number of days 
between the medication start date and the separation 
date of the subsequent or recurrent admission. Follow- up 
time was right censored at: the latest of either presenta-
tion date of the last clinic visit or the separation date of 
the last admission for patients discharged alive; or for 
the patients without any visit or hospitalisation identifi-
able prior to medication start date. The survival time was 
measured as the length of the follow- up time. The right 
censoring means the actual survival time may be longer 
than the follow- up time.

PCIS demographics, medication chart and problem 
data were linked with HM by the unique hospital registra-
tion number. The flow chart in figure 1 illustrates the data 

linkage, grouping and calibration process. Prescription- 
level MedChart data from PCIS were used as the base for 
this study. Existing and new diagnoses and health outcome 
measures were sourced from both PCIS and HM (all sepa-
rations data collected since 1 July 1990). Many- to- one 
patient- level deterministic linkage was done to connect 
prescriptions with prevalent and incident diseases and 
health outcomes. Inclusion and exclusion criteria were 
implemented at the patient level. The full study protocol 
is provided as online supplementary material. Patient- 
level data were analysed univariately using frequency, 
proportion, mean with 95% CI and median with IQR as 
appropriate. The Kaplan- Meier survival method was used 
to compare incidences (disease- free survival), all- cause 
and cardiovascular- specific deaths between aspirin and 
non- aspirin group by diabetes status adjusted for loss to 
follow- up without controlling other confounders. Loss 
to follow- up and right censoring were analysed using 
survival and assumed missing at random (rather than 
assuming to be a confounder). To reduce the effect of 
confounding by indication, we controlled confounders by 

https://dx.doi.org/10.1136/bmjopen-2019-030034
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1:1 propensity score matching (PSM) and then coarsened 
exact matching (CEM),22 23 based on 11 variables (age, 
sex, Aboriginal status, and diagnosis of diabetes, renal 
disease, cancer, COPD, hypertension, hyperlipidaemia, 
overweight and alcohol disorder). CEM provided a more 
rigorous approach to controlling confounders, which 
requires identical matching for multiple discrete vari-
ables and coarsened continuous variables.23

For multivariate analysis, patient- month data were 
created to better analyse the impacts of loss to follow- up 
and time- dependent confounder. A marginal structural 
model (MSM) was used to assess treatment effects.24 The 
MSM discretises patient data to take into account time- 
varying interventions such as start and end date of aspirin 
and time- dependent confounders such as age. The coun-
terfactual outcomes under different interventions were 
quantified using a multivariate proportional hazards 
model for all- cause and disease- free survival.25 All statis-
tical analyses were performed using Stata/SE statistical 
software (StataCorp, Texas, USA). Statistical significance 
was determined at the alpha=0.05 level. Sensitivity anal-
ysis was undertaken using Mantel- Haenszel bounds to test 
the influence of unmeasured confounders.26 Bootstrap 
with 2000 replicates was applied to test the robustness of 
MSMs. As part of the sensitivity analysis, Aboriginal people- 
specific analysis (data not shown) was also performed 
which did not show substantially different results, without 
Aboriginal status as an independent variable.

Patient and public involvement
Patients and/or members of the public were not directly 
and personally involved with design, data provision, anal-
ysis and publication of the study.

results
A total of 8167 patients were included (figure 1), the 
majority were Aboriginal peoples (71.1%) and females 
(51.4%) with a median age of 42 years (IQR 32–51). 
The aspirin group was 10 years older with 15.3 more 
hospitalisations per patient than the non- aspirin group 
(table 2). Table 2 compares the baseline characteristics 
between aspirin users and non- users. Out of the 1865 
aspirin users, 1360 had diabetes (72.9%), 5.2 times the 
non- users proportion (p<0.001). The aspirin group 
had longer follow- up (6.1 years vs 3.3 years), less loss to 
follow- up (0.4% vs 26.0%) and more deaths compared 
with the non- users (10.2% vs 4.9%). The aspirin group 
had higher rates of chronic disease (such as renal disease 
and cancer). The unadjusted HR between aspirin and 
non- aspirin users was 4.13 for HS (p=0.004), but 0.72 for 
bleeding (p=0.014), which was inconsistent and indica-
tive of selection bias and loss to follow- up. Figure 2 shows 
Kaplan- Meier survival curves comparing aspirin users and 
non- users for all- cause (figure 2A,B) and cardiovascular- 
specific (figure 2C,D) death by diabetes status (as a proxy 
for cardiovascular risk), corrected for loss to follow- up. 
The survival curves indicate that aspirin was more likely to 

be associated with reduced all- cause mortality (HR=0.66: 
95% CI 0.55 to 0.80; p<0.001, see table 2) but complicated 
by the follow- up time and presence of diabetes. Further 
stratification by diabetes status shows the preventive effect 
of reduced all- cause mortality was more pronounced in 
patients with diabetes.

PSM selected 1012 pairs of aspirin and non- aspirin 
users with similar characteristics (table 2). There was 
no statistically significant difference in the 11 potential 
confounders between matched aspirin users and non- 
users (all p>0.15). Aspirin was associated with reduced 
all- cause death (HR=0.45: 95% CI 0.34 to 0.60; p<0.001) 
and likely a lower level of complications (6.75 vs 6.85) 
and Charlson index (1.33 vs 1.35) in aspirin users, after 
accounting for potential confounders by PSM. There 
was no statistically significant increase in risks of major 
bleeding (HR=1.02, p=0.940) or HS (HR=1.23, p=0.823) 
for the aspirin group.

CEM found 295 pairs of aspirin and non- aspirin users 
with identical characteristics and coarsened age catego-
ries (table 2). Aspirin was found to be associated with a 
lower level of all- cause death (HR=0.33: 95% CI 0.16 to 
0.70; p=0.003). There was no clear and consistent pattern 
in terms of changes in specific cause of death category 
between three methods (table 2). The protective associa-
tion of aspirin with IHD (HR=0.84: 95% CI 0.12 to 5.99; 
p=0.865) and cardiovascular death (HR=0.44: 95% CI 
0.04 to 4.86; p=0.503) was non- significant. There was not 
enough cases to allow estimation of HR for HS, IS and 
TIA in the CEM selected pairs. No elevated risk in major 
bleeding was detected (HR=1.13, p=0.820) for the aspirin 
group.

The multivariate MSMs using patient- month data indi-
cate that aspirin was protective against all- cause death 
(HR=0.60: 95% CI 0.48 to 0.75; p<0.001) after taking into 
account both loss to follow- up and time dependency of 
the variables. This lower level of all- cause death appeared 
not to be associated with lower cardiovascular deaths. 
This association was also independent of age (HR=1.06: 
95% CI 1.05 to 1.06; p<0.001) and other cardiovascular 
risks such as diabetes (HR=1.42: 95% CI 1.17 to 1.71; 
p<0.001), hypertension (HR=1.61: 95% CI 1.31 to 1.98; 
p<0.001) and alcohol abuse (HR=1.81: 95% CI 1.49 to 
2.19; p<0.001). No association between aspirin and major 
bleeding was found (HR=1.14: 95% CI 0.48 to 2.73; 
p=0.765). Associations between aspirin use and cardiovas-
cular death, incidences of IHD, IS as well as HS were not 
detected by MSMs. Sensitivity analysis indicated that the 
chance of overestimation (slightly greater than underes-
timation) of the preventative effect was small (p<0.001, 
data not shown). The HR estimation was deemed robust 
(table 3) and unlikely influenced by hidden bias.

DIsCussIOn
This observational cohort study provides empirical 
evidence that aspirin use for primary prevention in 
patients with high cardiovascular risk living in remote 



5Zhao Y, et al. BMJ Open 2020;10:e030034. doi:10.1136/bmjopen-2019-030034

Open access

Ta
b

le
 2

 
P

at
ie

nt
 c

ha
ra

ct
er

is
tic

s 
an

d
 o

ut
co

m
es

 b
y 

d
iff

er
en

t 
m

at
ch

in
g 

m
et

ho
d

s,
 a

sp
iri

n 
ve

rs
us

 n
on

- a
sp

iri
n 

us
er

s

A
d

ul
t 

p
at

ie
nt

s 
w

it
ho

ut
 C

V
D

 a
nd

 b
le

ed
in

g
 

hi
st

o
ry

P
ro

p
en

si
ty

 s
co

re
 m

at
ch

in
g

C
o

ar
se

ne
d

 e
xa

ct
 m

at
ch

in
g

To
ta

l
A

sp
ir

in
N

o
n-

 as
p

ir
in

P
 v

al
ue

To
ta

l
A

sp
ir

in
N

o
n-

 as
p

ir
in

P
 v

al
ue

To
ta

l
A

sp
ir

in
N

o
n-

 as
p

ir
in

P
 v

al
ue

P
at

ie
nt

s*
81

67
18

65
63

02
20

24
10

12
10

12
59

0
29

5
29

5

M
ed

ia
n 

ag
e 

(IQ
R

) (
ye

ar
s)

42
 (3

2–
51

)
49

 (4
2–

58
)

39
 (3

0–
48

)
<

0.
00

1
47

 (4
0–

57
)

47
 (4

1–
56

)
48

 (4
0–

58
)

0.
17

5
44

 (4
0–

52
)

44
 (3

9–
52

)
44

 (4
0–

52
)

1.
00

0

M
al

e 
(%

)
48

.6
45

.6
49

.5
0.

00
3

43
.2

42
.8

43
.7

0.
68

7
48

.8
48

.8
48

.8
1.

00
0

A
b

or
ig

in
al

 p
eo

p
le

 (%
)

71
.1

92
.2

64
.9

<
0.

00
1

89
.9

90
.3

89
.4

0.
50

8
87

.1
87

.1
87

.1
1.

00
0

D
ia

b
et

es
27

.5
72

.9
14

.1
<

0.
00

1
57

.8
57

.2
58

.4
0.

58
9

44
.4

44
.4

44
.4

1.
00

0

R
en

al
 (%

)
16

.6
38

.0
10

.3
<

0.
00

1
26

.5
27

.0
26

.1
0.

65
1

14
.3

14
.3

14
.3

1.
00

0

C
an

ce
r 

(%
)

8.
9

11
.7

8.
1

<
0.

00
1

12
.5

12
.5

12
.6

0.
94

6
1.

4
1.

4
1.

4
1.

00
0

C
O

P
D

 (%
)

26
.9

40
.2

23
.0

<
0.

00
1

39
.2

39
.7

38
.7

0.
64

9
29

.4
29

.4
29

.4
1.

00
0

H
yp

er
te

ns
io

n 
(%

)
32

.6
68

.2
22

.1
<

0.
00

1
53

.6
52

.6
54

.6
0.

35
0

65
.5

47
.4

47
.4

1.
00

0

Li
p

id
 d

is
or

d
er

 (%
)

33
.5

66
.7

23
.6

<
0.

00
1

54
.0

52
.7

55
.3

0.
22

9
0.

0
51

.2
51

.2
1.

00
0

O
ve

rw
ei

gh
t 

(%
)

8.
6

16
.9

6.
1

<
0.

00
1

13
.0

12
.7

13
.3

0.
64

4
0.

0
4.

1
4.

1
1.

00
0

A
lc

oh
ol

 a
b

us
e 

(%
)

22
.3

30
.3

19
.9

<
0.

00
1

30
.7

29
.3

32
.1

0.
16

2
0.

0
22

.2
22

.2
1.

00
0

H
os

p
ita

lis
at

io
n 

ra
te

6.
4

18
.2

2.
9

0.
26

3
10

.3
13

.3
7.

3
0.

00
1

5.
1

6.
1

4.
0

0.
00

2

Fo
llo

w
- u

p
 (y

ea
rs

)
4.

0
6.

1
3.

3
0.

24
3

5.
2

5.
8

4.
7

<
0.

00
1

5.
0

5.
4

4.
6

<
0.

00
1

Lo
ss

 t
o 

fo
llo

w
- u

p
, %

 (1
 y

ea
r)

20
.2

0.
4

26
.0

<
0.

00
1

4.
5

0.
4

8.
5

<
0.

00
1

5.
9

0.
0

11
.8

<
0.

00
1

C
om

p
lic

at
io

ns
6.

58
7.

29
6.

29
<

0.
00

1
6.

80
6.

75
6.

85
0.

65
3

6.
02

5.
98

6.
05

0.
77

4

C
ha

rls
on

 in
d

ex
0.

98
1.

98
0.

56
<

0.
00

1
1.

34
1.

33
1.

35
0.

80
3

0.
52

0.
51

0.
53

0.
85

5

C
ar

d
io

va
sc

ul
ar

 d
ea

th
 (%

)
0.

5
1.

4
0.

3
<

0.
00

1
0.

9
1.

2
0.

6
0.

15
6

0.
4

0.
4

0.
4

0.
97

7

C
an

ce
r 

d
ea

th
 (%

)
1.

2
2.

1
1.

0
0.

00
1

2.
6

2.
3

3.
0

0.
33

0
0.

0
0.

0
0.

0
1.

00
0

R
es

p
ira

to
ry

 d
ea

th
 (%

)
1.

0
1.

7
0.

8
0.

00
4

1.
9

1.
6

2.
2

0.
32

6
1.

2
0.

0
2.

4
0.

00
7

E
nd

oc
rin

e 
d

ea
th

 (%
)

0.
3

0.
9

0.
2

0.
00

2
0.

4
0.

2
0.

6
0.

15
6

0.
8

0.
7

1.
0

0.
65

3

G
en

ito
ur

in
ar

y 
d

ea
th

 (%
)

0.
4

0.
8

0.
3

0.
02

6
0.

7
0.

2
1.

2
0.

00
7

0.
0

0.
0

0.
0

1.
00

0

A
ll-

 ca
us

e 
d

ea
th

 (%
)

6.
1

10
.2

4.
9

<
0.

00
1

10
.6

7.
7

13
.5

<
0.

00
1

5.
9

3.
0

8.
7

0.
00

6

P
ro

p
o

rt
io

na
l h

az
ar

d
s 

m
o

d
el

H
R

P
 v

al
ue

95
%

 C
I: 

LL
U

L
H

R
P

 v
al

ue
95

%
 C

I: 
LL

U
L

H
R

P
 v

al
ue

95
%

 C
I: 

LL
U

L

A
ll-

 ca
us

e 
d

ea
th

0.
66

<
0.

00
1

0.
55

0.
80

0.
45

<
0.

00
1

0.
34

0.
60

0.
33

0.
00

3
0.

16
0.

70

C
ar

d
io

va
sc

ul
ar

 d
ea

th
1.

69
0.

09
9

0.
91

3.
16

1.
57

0.
37

0
0.

59
4.

18
0.

44
0.

50
3

0.
04

4.
86

Is
ch

ae
m

ic
 s

tr
ok

e
–

–
–

–
–

–
–

–
–

–
–

–

H
ae

m
or

rh
ag

ic
 s

tr
ok

e
4.

13
0.

00
4

1.
56

10
.9

5
1.

23
0.

82
3

0.
20

7.
36

–
–

–
–

U
nd

et
er

m
in

ed
 s

tr
ok

e
6.

53
0.

08
7

0.
76

55
.8

7
1.

49
0.

74
5

0.
13

16
.5

4
–

–
–

–

TI
A

0.
49

0.
29

8
0.

13
1.

87
3.

59
0.

24
4

0.
42

30
.7

9
–

–
–

–

Is
ch

ae
m

ic
 h

ea
rt

 d
is

ea
se

1.
37

0.
26

8
0.

78
2.

41
2.

14
0.

08
6

0.
90

5.
09

0.
84

0.
86

5
0.

12
5.

99

C
on

tin
ue

d



6 Zhao Y, et al. BMJ Open 2020;10:e030034. doi:10.1136/bmjopen-2019-030034

Open access 

P
ro

p
o

rt
io

na
l h

az
ar

d
s 

m
o

d
el

H
R

P
 v

al
ue

95
%

 C
I: 

LL
U

L
H

R
P

 v
al

ue
95

%
 C

I: 
LL

U
L

H
R

P
 v

al
ue

95
%

 C
I: 

LL
U

L

O
th

er
 c

ar
d

io
va

sc
ul

ar
 d

is
ea

se
0.

72
0.

01
6

0.
55

0.
94

1.
22

0.
28

1
0.

85
1.

77
1.

86
0.

30
1

0.
57

6.
04

B
le

ed
in

g
0.

72
0.

01
4

0.
56

0.
94

1.
02

0.
94

0
0.

67
1.

55
1.

13
0.

82
0

0.
39

3.
26

*A
ll 

ho
sp

ita
l p

at
ie

nt
s 

ag
ed

 1
8 

ye
ar

s 
an

d
 o

ve
r 

w
ith

ou
t 

an
y 

ca
rd

io
va

sc
ul

ar
 h

is
to

ry
.

C
O

P
D

, c
hr

on
ic

 o
b

st
ru

ct
iv

e 
p

ul
m

on
ar

y 
d

is
ea

se
; C

V
D

, c
ar

d
io

va
sc

ul
ar

 d
is

ea
se

; L
L,

 lo
w

er
 li

m
it;

 T
IA

, t
ra

ns
ie

nt
 is

ch
ae

m
ic

 a
tt

ac
k;

 U
L,

 u
p

p
er

 li
m

it.

Ta
b

le
 2

 
C

on
tin

ue
d

Australia was associated with significant reduction in all- 
cause mortality. The risks of HS or other major bleeds 
were either undetectable or less in comparison with clear 
benefits of improved survival.

Several meta- analyses including the systematic review 
done by the US Preventive Services Task Force have indi-
cated that aspirin reduces the risk of non- fatal myocardial 
infarction over 10 years.16 27 This benefit begins sometime 
within the first 5 years of aspirin use. Our study indi-
cated a 16% reduction in the incidence of IHD and 56% 
reduction in cardiovascular deaths after more rigorous 
matching by CEM (table 2). However, these results were 
not statistically significant, probably due to the low number 
of events and small sample after matching. Our findings 
on mortality benefits using MSM suggest that aspirin was 
strongly related to a 40% lower all- cause mortality, which 
differed from previous results showing only 6% or less 
all- cause or cardiovascular mortality.28 29 The significant 
all- cause mortality benefit found in the present study at 
univariate level (34%) became more pronounced (up 
to 67%) when adjusted for confounders and the compa-
rability improved. This substantial mortality benefits 
could be partly explained by the unique characteris-
tics of our study population. Many of the previous trials 
using aspirin for primary prevention have included older 
patients with cardiovascular risk factors,16 27 30 31 with the 
mean age being 55–71 years.27 Our study population had 
a mean age of only 42 years, lived in remote communi-
ties and had a very high proportion of Aboriginal partic-
ipants (71.1%), who are well known to have earlier onset 
of multiple cardiovascular risk factors such as diabetes, 
hypertension, dyslipidaemia, albuminuria, obesity and 
renal disease.2–4 32 These differences are likely to have 
contributed to the greater benefit of aspirin in our study. 
However, in line with existing literature,27 we could not 
find a significant benefit of aspirin in reducing cardiovas-
cular mortality.

The major adverse effect of aspirin is bleeding, even a 
dose less than 100 mg/day has been reported to increase 
the risk of major gastrointestinal bleeding by 58% and 
possibly HS by 27%.33 A recent Japanese study of patients 
with type 2 diabetes suggested that aspirin did not reduce 
the risk for cardiovascular events but increased the risk 
for gastrointestinal bleedings.11 However, age is a very 
strong risk predictor for major bleeding, along with 
male sex and several other cardiovascular risk factors.16 34 
Interestingly, in our study we did not find any increased 
risk of HS or major bleedings. This may be explained by 
the much younger age with equal sex distribution of our 
study population compared with others.31 Moreover, we 
followed the guideline of aspirin treatment8 by assessing 
bleeding tendency before and during the treatment and 
excluded all patients with history of major bleedings.

There is compelling evidence demonstrating aspirin 
lowers the risks of cardiovascular deaths and events in 
patients with high risk of cardiovascular events.30 31 35 A 
meta- analysis of patients with type 2 diabetes but no prior 
cardiovascular disease showed a modest 10% reduction in 
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Figure 2 Kaplan- Meier survival curves by treatment groups for patients with and without diabetes. (A) All causes by aspirin 
group. (B) All causes by aspirin and diabetes status. (C) Cardiovascular causes by aspirin group. (D) Cardiovascular causes by 
aspirin and diabetes.

major cardiovascular events but no reduction in mortality.36 
In a study in Australia, aspirin was found cost- effective 
in primary and secondary prevention.37 Moreover, in 
a recent randomised controlled trial of 15 480 Cauca-
sians with diabetes (mean age 63 years) but no evidence 
of cardiovascular disease, 100 mg of aspirin over the 
follow- up of 7.4 years reduced the cardiovascular event 
rate by 12% but increased the risk of major bleedings by 
29%.38 There is also conflicting evidence suggesting that 
aspirin has no effect on cardiovascular prevention or all- 
cause and cardiovascular mortality,11 39–41 and should not 
be recommended for patients under 50 years of age.42 
Altered platelet, endothelial and vascular smooth muscle 
function along with a prothrombotic proinflammatory 
state have been suggested for the failure of aspirin to 
modify the platelet response, in patients with diabetes.42

The main strength of the present study was its assessment 
of aspirin as primary prevention in a real- world situation of 
high- risk, mainly Aboriginal patients when the guidelines 
are unclear or controversial. We used advanced statistical 
methods including PSM, CEM and MSM to reduce the 

impacts of loss to follow- up and confounding by indica-
tion. This process may also be useful for future routine 
monitoring and analysis of serious adverse events related 
to a specific medication. The quality of data has been vali-
dated and the data linkage key has been demonstrated to 
be reliable.21 However, there were several limitations to 
our study. First, this was not a randomised clinical trial, but 
a retrospective observational study and cannot demon-
strate true causality. Causal inference cannot be drawn as 
the association between treatment and outcome, which 
may be influenced by bias due to unknown or unmea-
sured confounders (such as smoking status), but CEM 
and MSM methodologies provided a sound approach to 
reveal causality by using existing observational data.23 24 
Because of the higher smoking rate in Aboriginal popu-
lation, confounding due to smoking is likely to lead to 
false- positive rather than false- negative results. Moreover, 
sensitivity analysis suggested there was no significant 
bias due to unmeasured confounding. The total level of 
1- year loss to follow- up was considered acceptable (≤20%) 
with aspirin group close to 0%. Due to unavailability of 
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Table 3 Marginal structural models for patient survival and bleeding risks

Benefit: reduced all- cause mortality Harm: bleeding after treatment

HR* P value 95% CI† HR* P value 95% CI†

Aspirin 
treatment

0.60 <0.001 0.47 0.76 1.14 0.765 0.48 2.73

Age 1.06 <0.001 1.05 1.06 1.00 0.905 0.98 1.03

Male 1.19 0.053 1.00 1.43 2.40 0.005 1.31 4.40

Diabetes 1.42 <0.001 1.16 1.69 0.60 0.062 0.35 1.03

Cancer 3.70 <0.001 2.97 4.48 4.06 0.003 1.59 10.35

COPD 1.36 <0.001 1.16 1.63 1.15 0.644 0.64 2.06

Renal 
disease

1.19 0.086 0.97 1.44 1.46 0.299 0.72 2.97

Hypertension 1.61 <0.001 1.30 1.97 2.04 0.063 0.96 4.32

Lipid 
disorder

0.81 0.030 0.67 0.97 1.14 0.758 0.50 2.59

Alcohol 
abuse

1.81 <0.001 1.47 2.19 1.55 0.173 0.82 2.93

Overweight 0.64 0.014 0.45 0.91 0.40 0.011 0.20 0.81

*Bootstrap estimate.
†Bias- corrected robust estimate.
COPD, chronic obstructive pulmonary disease.

quality data, smoking was not considered to be a measur-
able confounder in this study. Second, our findings 
were limited to a population living in remote Aboriginal 
communities. Urban population was not included as 
private general practitioners data were not available. The 
generalisability may also be limited by the large propor-
tion of younger Aboriginal patients, in a population 
with 15–21 years lower life expectancy at birth.43 Third, 
because the sample size was small and further reduced 
after PSM (n=2024) and CEM (n=590), the evidence of 
aspirin was only robust for all- cause mortality and there 
were insufficient data to detect any possibly important 
differences in incidence of cardiovascular event between 
aspirin users and non- users. The results need to be inter-
preted cautiously due to the observational design of the 
study and as case numbers were often greatly reduced 
after matchings. Furthermore, our results were based 
on intention- to- treat analysis and we did not account for 
adherence to medications. MSM used data on start date 
and finish date of prescription, but there were no data 
on compliance, which has been reported to be low in 
remote Aboriginal communities (non- adherence rate for 
a general medication after prescription was up to 33%).44 
Finally, as the mean follow- up period in our study was <5 
years, we were unable to assess the contribution of cancer 
to the reduced mortality observed.42

In conclusion, aspirin as primary prevention may 
reduce all- cause mortality in Aboriginal patients from 
remote communities with high cardiovascular risk, with 
no related increase in risk of HS or major bleedings. 
Aspirin should be considered for primary prevention in 
high cardiovascular risk populations, though decision 
should be carefully made on a case- by- case basis.
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