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IMPORTANCE Higher coronary artery calcium (CAC) identifies individuals at increased
atherosclerotic cardiovascular disease (ASCVD) risk. Whether it can also identify individuals
likely to derive net benefit from aspirin therapy is unclear.

OBJECTIVE To examine the association between CAC, bleeding, and ASCVD and explore the
net estimated effect of aspirin at different CAC thresholds.

DESIGN, SETTING, AND PARTICIPANTS Prospective population-based cohort study of Dallas
Heart Study participants, free from ASCVD and not taking aspirin at baseline. Data were
analyzed between February 1, 2020, and July 15, 2020.

EXPOSURES Coronary artery calcium score in the following categories: 0, 1-99, and 100 or
higher.

MAIN OUTCOMES AND MEASURES Major bleeding and ASCVD events were identified from
International Statistical Classification of Diseases and Related Health Problems, Ninth Revision
codes. Meta-analysis–derived aspirin effect estimates were applied to observed ASCVD and
bleeding rates to model the net effect of aspirin at different CAC thresholds.

RESULTS A total of 2191 participants (mean [SD], age 44 [9.1] years, 1247 women [57%], and
1039 black individuals [47%]) had 116 major bleeding and 123 ASCVD events over a median
follow-up of 12.2 years. Higher CAC categories (CAC 1-99 and �100 vs CAC 0) were
associated with both ASCVD and bleeding events (hazard ratio [HR], 1.6; 95% CI, 1.1-2.4; HR,
2.6; 95% CI, 1.5-4.3; HR, 4.8; 95% CI, 2.8-8.2; P < .001; HR, 5.3; 95% CI, 3.6-7.9; P < .001), but
the association between CAC and bleeding was attenuated after multivariable adjustment.
Applying meta-analysis estimates, irrespective of CAC, aspirin use was estimated to result in
net harm in individuals at low (<5%) and intermediate (5%-20%) 10-year ASCVD risk and net
benefit in those at high (�20%) ASCVD risk. Among individuals at lower bleeding risk, a CAC
score of at least 100 identified individuals who would experience net benefit, but only in
those at borderline or higher (�5%) 10-year ASCVD risk. In individuals at higher bleeding risk,
there would be net harm from aspirin irrespective of CAC and ASCVD risk.

CONCLUSIONS AND RELEVANCE Higher CAC is associated with both ASCVD and bleeding
events, with a stronger association with ASCVD. A high CAC score identifies individuals
estimated to derive net benefit from primary prevention aspirin therapy from those who
would not, but only in the setting of lower bleeding risk and estimated ASCVD risk that is not
low.
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A spirin has a robust evidence base for secondary pre-
vention of cardiovascular disease. In this setting of
high-baseline cardiovascular risk, aspirin lowers the ab-

solute risk of cardiovascular events substantially, which more
than offsets the increase in bleeding.1 However, in the pri-
mary prevention setting, the role of aspirin is unclear.2,3 In three
2018 primary prevention randomized clinical trials,4-6 aspi-
rin, taken with a background of contemporary primary pre-
vention pharmacologic therapies, conferred no or marginal
benefit while carrying significant bleeding risk leading to a net
neutral or net harmful risk-benefit profile. Based on these stud-
ies, aspirin was downgraded to a weak class IIb recommenda-
tion for primary prevention in the 2019 American College of
Cardiology/American Heart Association (ACC/AHA) Primary
Prevention guideline,7 compared with a more supportive rec-
ommendation in the 2016 US Preventive Task Force guide-
lines. The ACC/AHA Prevention Guidelines did state that as-
pirin may be considered in select individuals who are at higher
ASCVD risk but not at increased bleeding risk.7 However, how
to discern those who meet this optimal balanced profile is un-
clear.

Some have suggested that coronary artery calcium (CAC)
scanning might be a method to identify those with the great-
est net benefit from aspirin in primary prevention.8,9 How-
ever, it has been shown that bleeding risk increases with car-
diovascular risk and, as such, might associate with CAC.1 Thus,
although the association of increasing CAC with ASCVD events
is well known, there are little published data regarding the as-
sociation of CAC with bleeding to help inform clinical deci-
sion making.

In this study, we examined the association between CAC,
bleeding, and ASCVD using observed bleeding and ASCVD
events in the Dallas Heart Study (DHS) cohort, including par-
ticipants at increased risk of bleeding. Using meta-analysis–
derived aspirin effect estimates applied to observed ASCVD and
bleeding rates, we then explored the net effect of aspirin at dif-
ferent CAC thresholds.

Methods
Study Population
The Dallas Heart Study is a multiethnic probability-based popu-
lation cohort study comprising 6101 Dallas County, Texas, resi-
dents aged 18 to 65 years with deliberate oversampling of Afri-
can American individuals. The study protocol was approved
by the University of Texas Southwestern Medical Center in-
stitutional review board, and all participants provided writ-
ten informed consent. Details of the study design and charac-
teristics of this cohort have been described previously.10 Briefly,
at baseline, participants were invited to 3 sequential visits for
the collection of detailed health and demographic data sur-
vey, fasting laboratory samples and various imaging studies,
and electron beam computed tomography for CAC scoring. For
this study, we excluded individuals with preexisting ASCVD,
those taking aspirin at baseline, and those not followed up in
the Dallas Fort Worth Hospital Council Data Initiative Data-
base (DFWHC) database (eFigure 1 in the Supplement).

Covariate Measurement
Demographic data, including age, sex, race/ethnicity, smoking
status,andmedicalhistory,werecollectedatthetimeofthebase-
line visits by self-report. Definitions for diabetes and hyperten-
sion used in the DHS have previously been described.11 Partici-
pants were asked to bring their medications to the clinic visit,
where medication profiles were reviewed and medication names
were directly transcribed into the electronic database.

Coronary Artery Calcium Scores
Detailed methods for electron beam computed tomography
scans in the DHS cohort have previously been reported.12 Mea-
surements were obtained at 80% of the risk ratio interval in
duplicate 1 to 2 minutes apart using an Imatron 150 XP (Ima-
tron Inc) scanner. Both scores were expressed in Agatson units,
and the mean of the scores was used as the final score.12

Clinical Outcomes
Our primary outcomes were first bleeding event and first AS-
CVD event associated with a hospitalization or death. Hospital-
ization or death events were tracked using the DFWHC data-
baseandNationalDeathIndex,respectively.Allpatientsincluded
in this study consented to being tracked quarterly for hospital
admissions using the DFWHC, which includes hospital admis-
sion data for 70 of 72 hospitals in the Dallas/Fort Worth, Texas,
metroplex.13 Complete International Classification of Diseases,
Ninth Revision (ICD-9) codes for all diagnoses encountered for
each hospitalization were provided, inclusive of both nonfatal
bleeding and ASCVD events. For nonfatal ASCVD events, par-
ticipantswerecontactedannuallytoparticipateindetailedhealth
surveys. Primary records were requested for all suspected AS-
CVD events, and these events were adjudicated separately by 2
cardiologists blinded to all study variables.

The bleeding events considered include gastrointestinal,
intracranial (including hemorrhagic stroke), and other major
events (ocular and respiratory). The ICD-9 codes used to iden-
tify these events have previously been applied and are listed

Key Points
Question Can coronary artery calcium score identify individuals
likely to derive net benefit from aspirin therapy for primary
prevention of atherosclerotic cardiovascular disease?

Findings In this cohort study, using participants from the Dallas
Heart Study cohort who were free from atherosclerotic
cardiovascular disease and not taking aspirin at baseline, we found
that increasing coronary artery calcium was associated with both
bleeding and atherosclerotic cardiovascular disease events.
Modeling the effects of aspirin for primary prevention, a high
coronary artery calcium score identified individuals who would
experience net benefit from aspirin from those who would not,
but only in individuals at lower bleeding risk and intermediate
cardiovascular risk.

Meaning These findings support the consideration of coronary
artery calcium to help select individuals for primary prevention
aspirin therapy only in the setting of lower bleeding risk and
estimated atherosclerotic cardiovascular disease and risk that is
not low.
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in eTable 1 in the Supplement.14 Hospitalizations or deaths as-
sociated with a bleeding event were defined as those for which
an ICD-9 code for bleeding was assigned as a diagnosis for the
hospitalization or death at any coding position. The primary
ASCVD outcome was a composite of nonfatal myocardial in-
farction, coronary heart disease death, and nonfatal and fatal
stroke. Fatal ASCVD events were ascertained from the Na-
tional Death Index through to 2013 using ICD-9 codes I00-
I99. Deaths were considered secondary to ASCVD events if they
included these codes.

Statistical Analysis
Baseline demographic and clinical characteristics were com-
pared using Wilcoxon rank sum tests for continuous vari-
ables and χ2 tests for categorical variables. Study participants
were divided by CAC score into 3 groups; 0, 1 to 99, and 100
or higher, to reflect CAC thresholds commonly used in clini-
cal practice.15 Absolute event rates for both bleeding events and
ASCVD were calculated per 1000 person-years for each group.
The 95% CIs for absolute event rates were calculated using Pois-
son regression. Cumulative incidence curves were compared
across CAC categories using the log-rank test.

The associations of CAC with incident bleeding and with in-
cident ASCVD were tested using Cox proportional hazard mod-
els, with CAC = 0 group as the referent. Multivariable models for
bleeding were adjusted for age, sex, race/ethnicity, systolic blood
pressure, antihypertensive use, smoking status, diabetes melli-
tus, peptic ulcer disease (PUD), proton pump inhibitor (PPI)/
antacid,andcorticosteroid.MultivariablemodelsforASCVDwere
adjusted for age, sex, race/ethnicity, diabetes mellitus, smok-
ing, total and high-density lipoprotein cholesterol, antihyper-
tensive use, systolic blood pressure, and statin use. We exam-
ined for interaction between race/ethnicity and CAC and sex and
CAC for incident ASCVD and bleeding.

The expected relative associations of primary prevention
aspirin use with ASCVD and bleeding events were extrapo-
lated from a 2019 aspirin meta-analysis16 of 13 randomized
clinical trials that included 164 225 participants. This ap-
proach has previously been used to model the net effect of as-
pirin at different CAC thresholds.8,9 In the meta-analysis, as-
pirin use was associated with an 11% relative risk reduction in
composite ASCVD events (ASCVD mortality, nonfatal myocar-
dial infarction, and nonfatal stroke) and a 43% relative risk in-
crease in major bleeding events. To estimate the absolute ef-
fect aspirin would have on ASCVD and bleeding events in
individuals stratified by CAC, we applied these aspirin effect
estimates to observed absolute ASCVD and bleeding 10-year
event rates in ASCVD risk groups (10-year ASCVD risk esti-
mate <5%, 5%-20%, and >20%) stratified by CAC score. Sen-
sitivity analyses were conducted using effect estimates (10%
relative risk reduction in composite ASCVD events and a 39%
relative risk increase in major bleeding events) from trials con-
ducted after the year 2000.16

Additional sensitivity analyses were performed using
5-year observed event rates, and with individuals stratified by
age (<50 years and ≥50 years), and baseline bleeding risk. The
lower bleeding risk group excluded individuals taking non-
steroidal anti-inflammatory drugs (NSAIDs), corticosteroids,

anticoagulants, selective serotonin reuptake inhibitors (SSRIs),
statins, PPI/antacids, antiplatelet agents, and those with PUD,
cirrhosis, cancer, and chronic kidney disease (CKD) and un-
controlled hypertension (systolic blood pressure ≥160 mm Hg
and diastolic blood pressure ≥100 mmHg).7,17 Those ex-
cluded from the lower bleeding risk group were included in the
higher bleeding risk group. To account for aspirin initiation dur-
ing the follow-up period, we conducted a sensitivity analysis
using a subgroup that excluded participants taking aspirin
(n = 279) at the time of a follow-up DHS visit 7 years later. Sta-
tistical tests were considered significant at a 2-sided P value
of less than .05. All statistical analyses were performed using
SAS, version 9.4 (SAS Institute, Inc).

Results
Study Participants
After applying exclusion criteria, 2191 participants were in-
cluded in the main analysis (eFigure 1 in the Supplement). Of
these, 1063 (49%) had a CAC score of 0, and 161 (7%) had a score
of at least 100. The cohort had a mean (SD) age of 44.4 (9.1)
years and included 1247 women (57%) and 1039 Black indi-
viduals (47%). Characteristics of this population stratified by
incident bleeding status are displayed in Table 1. Compared
with those who did not experience a bleeding event, partici-
pants with bleeding were older (49.0 vs 44.1 years; P < .001),
more likely to be Black (72.5% vs 46.3%; P < .001), to smoke
(current smoker, 38.5% vs 25.7%; P = .005), to have hyperten-
sion (45.9% vs 26.8%; P < .001), to have diabetes (20.2% vs
8.4%; P < .001), and to be taking corticosteroids (3.9% vs 0.7%;
P = .01).

Incident Bleeding and ASCVD Events
A total of 116 first major bleeding events and 123 ASCVD events
occurred over a mean (SD) follow-up period of 12.2 (1.9) years.
Eighty-one bleeding events (70%) were gastrointestinal and 18
(16%) were intracerebral (eTable 2 in the Supplement). There
were 24 fatal bleeds (21% of total).

Association Between CAC, Incident ASCVD, and Bleeding Events
Overall, bleeding and ASCVD rates increased in a graded fash-
ion from the lowest (CAC = 0) to the highest CAC group exam-
ined (CAC ≥100) (Figure 1). Compared with participants in the
lowest CAC group, those in the highest CAC group had an un-
adjusted hazard ratio (HR) of 2.6 (95% CI, 1.5-4.3; P < .001) for
bleeding events and 5.3 (95% CI, 3.6-7.9; P < .001) for ASCVD
events (Table 2; eTable 3 in the Supplement). After multivari-
able adjustment for risk factors, the association between CAC
and bleeding was attenuated (CAC ≥100 vs CAC 0; HR, 1.5, 95%
CI, 0.8-2.6; P = .19), but the association between CAC and AS-
CVD remained significant in all of the CAC categories exam-
ined. These findings were replicated in the subgroup of par-
ticipants without incident aspirin uptake (eTable 4 in the
Supplement). There were no differences in the association of
CAC and bleeding or ASCVD by age older than and younger than
50 years (HR, 1.1; 95% CI, 0.2-3.3; and HR, 1.7; 95% CI. 0.7-
4.4; P interaction between age and CAC for bleeding, .70; and
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Table 1. Baseline Characteristics of the Study Population Stratified by Incident Bleeding Event

Characteristic

No. (%)

P valueAll (N = 2191)

Bleeding event

Yes (n = 116) No (n = 2075)
Demographics

Age, mean (SD), y 44.4 (9.1) 49.0 (9.8) 44.1 (9.0) <.001

BMI, mean (SD) 29.8 (6.3) 30.8 (7.2) 29.8 (6.3) .14

Male 944 (43.1) 43 (39.5) 901 (43.4) .43

Race/ethnicity

White 714 (32.6) 18 (16.5) 696 (33.5) <.001

Black 1039 (47.4) 79 (72.5) 960 (46.3) <.001

Hispanic 384 (17.5) 10 (9.2) 374 (18.0) .02

Other 47 (2.1) 2 (1.8) 45 (2.2) >.99

ASCVD risk profile, mean (SD)

Tc, mg/dL 181.9 (39.4) 185.4 (45.5) 181.7 (39.1) .42

HDL-c, mg/dL 50.4 (14.8) 50.2 (14.8) 50.4 (14.7) .74

HTN 607 (27.7) 50 (45.9) 557 (26.8) <.001

Smoking status

Current 575 (26.2) 42 (38.5) 533 (25.7) .01

Former 386 (17.6) 23 (21.1) 363 (17.5) .37

Never 1220 (55.7) 44 (40.4) 1176 (56.8) <.001

Diabetes 196 (8.9) 22 (20.2) 174 (8.4) <.001

Estimated 10-y ASCVD riska 4.3 (6.2) 8 (8) 4 (6) <.001

Medical history

PUD 232 (10.6) 16 (14.7) 216 (10.4) .15

Cirrhosis 14 (0.6) 1 (0.9) 13 (0.6) .51

Cancer 87 (4.0) 7 (6.4) 80 (3.9) .20

CKDb 26 (1.2) 2 (1.7) 24 (1.2) .65

Medications

Antihypertensive 361 (16.5) 27 (23.2) 334 (16.1) .02

NSAID 314 (14.3) 17 (14.7) 297 (14.3) .67

Corticosteroid 19 (0.9) 4 (3.9) 15 (0.7) .01

Anticoagulant 3 (0.1) 3 (0.2) 0 >.99

SSRI 89 (4.1) 6 (5.8) 83 (4.1) .44

Statin 106 (4.8) 5 (4.8) 101 (4.9) >.99

PPI/antacid 83 (3.8) 8 (7.7) 75 (3.7) .06

Abbreviations: ASCVD,
atherosclerotic cardiovascular
disease; BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
CKD, chronic kidney disease; eGFR,
estimated glomerular filtration rate;
HDL-c, high-density lipoprotein
cholesterol; HTN, hypertension;
NSAID, nonsteroidal
anti-inflammatory; PCE, pooled
cohort equation; PPI, proton pump
inhibitor; PUD, peptic ulcer disease;
SSRI, selective serotonin reuptake
inhibitor; Tc, total cholesterol.

SI conversion factor: To convert
cholesterol levels to millimoles per
liter, multiply by 0.0259.
a The ASCVD risk was calculated using

the pooled cohort equation.
b Chronic kidney disease was defined

as an estimated glomerular filtration
rate of less than 60 mL per minute
per 1.73.2

Figure 1. Cumulative Incidence of Bleeding Events and Atherosclerotic Cardiovascular Disease (ASCVD) Events Stratified by
Coronary Artery Calcium (CAC)

0 2 3 4 65 7 8 9 10

20

Cu
m

ul
at

iv
e 

in
ci

de
nc

e 
of

bl
ee

di
ng

 e
ve

nt
s,

 %

Years

15

10

5

0

1

1061 1058 1056 1054 10471050 1043 1034 1034 10261059
962 958 955 951 941947 931 919 913 904959
161 157 156 156 153155 151 145 141 139159

No. at risk
0
1-99
≥100

Cumulative incidence of bleeding eventsA

0
1-99
≥100

CAC
Reference
HR, 1.6 (95% CI, 1.1-2.4); P = .02
HR, 2.6 (95% CI, 1.5-4.3); P < .01

0 2 3 4 65 7 8 9 10

20

Cu
m

ul
at

iv
e 

in
ci

de
nc

e 
of

AS
CV

D 
ev

en
ts

, %

Years

15

10

5

0

1

No. at risk
0
1-99
≥100

Cumulative incidence of ASCVD eventsB

0
1-99
≥100

CAC
Reference
HR, 4.8 (95% CI, 2.8-8.2); P < .01
HR, 5.3 (95% CI, 3.6-7.9); P < .01

1063 1063 1063 1060 1060 1056 1052 1044 1041 1038 1036
967 963 961 958 952 947 935 921 907 898 893
161 158 154 153 151 149 146 140 138 136 133

Research Original Investigation Coronary Artery Calcium Scanning and Net Benefit of Aspirin in Prevention of Atherosclerotic Cardiovascular Disease

E4 JAMA Cardiology Published online October 28, 2020 (Reprinted) jamacardiology.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 11/10/2020

http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2020.4939


HR, 5.4; 95% CI, 2.0-14.4 and HR, 3.8; 1.4-10.7; P interaction
between age and CAC for ASCVD, .19), Black and non-Black race
(HR, 1.8; 95% CI, 0.8-3.9 and HR, 1.4; 95% CI, 0.1-2.0; P inter-
action for bleeding, .27; HR, 2.6; 95% CI, 1.2-5.6 and HR, 9.3;
95% CI, 2.4-36.2; P interaction for ASCVD, .09) and male vs fe-
male sex (HR, 0.6; 95% CI, 0.2-1.8 and HR, 2.2; 95% CI, 0.9-
5.1; P interaction for bleeding, .12; HR, 6.0; 95% CI, 2.1-16.9 and
HR, 3.5; 95% CI, 1.0-6.4, P interaction for ASCVD, .96).

Estimated Association of Aspirin With Bleeding
and ASCVD Event Rates at Different CAC Thresholds
Applying effect estimates extrapolated from a 2019 primary
prevention aspirin meta-analysis16 to observed 10-year
bleeding and ASCVD event rates in the overall cohort, aspi-
rin would increase bleeding more than it would reduce
ASCVD events for all CAC groups (Figure 2; eTable 5 in the
Supplement). This excess harm across CAC categories was
consistent in those at low (<5%) and intermediate (5%-20%)
10-year ASCVD risk. However, in those at high estimated

10-year ASCVD risk (>20%), aspirin was anticipated to be
net beneficial regardless of CAC value. These findings were
consistent even when evaluating individuals with CAC ≥300
(eFigure 2 and eTable 5 in the Supplement). They were also
replicated in sensitivity analyses in individuals without
interval aspirin uptake (eFigure 3 and eTable 5 in the
Supplement), in 5-year outcomes (eFigure 4 and eTable 5 in
the Supplement), using aspirin effect estimates from con-
temporary trials (eFigure 5 and 6 and eTable 5 in the
Supplement), and stratifying the cohort by age (eFigure 7
and eTable 5 in the Supplement).

In those at lower bleeding risk, bleeding with aspirin ex-
ceeded ASCVD reduction in those with CAC of 0 and 1 to 99,
but aspirin was net beneficial in those with CAC of at least 100
(Figure 3; eTable 5 in the Supplement). When stratifying by es-
timated 10-year ASCVD risk, those with CAC of at least 100
demonstrated potential net benefit from aspirin in the inter-
mediate 10-year ASCVD risk (5%-20%) group but not in the low
10-year ASCVD risk (<5%) group. Similar to the overall co-

Table 2. Bleeding Event Rate and Hazard Ratios Stratified by CAC

CAC No.
Bleeding
events, No.

Bleeding event rate,
1000 person-years (95% CI)

Unadjusted bleeding, HR
(95% CI) P value

Adjusted bleeding HR
(95% CI)a P value

All 2191 116 3.4 (3.4-3.5) NA NA NA NA

0 1063 40 2.3 (2.2-2.3) 1 [Reference] NA 1 [Reference] NA

1-99 967 59 3.8 (3.7-3.8) 1.6 (1.1-2.4) .02 0.9 (0.6-1.4) .62

>100 161 17 7.0 (6.9-7.1) 2.6 (1.5-4.3) <.001 1.5 (0.8-2.6) .19

Abbreviations: CAC, coronary artery calcium; HR, hazard ratio; NA, not
applicable.
a Model adjusted for age, sex, race/ethnicity, systolic blood pressure,

antihypertensive use, smoking status, diabetes, peptic ulcer disease, protein
pump inhibitor/antacid, and corticosteroid use.

Figure 2. Estimated Increase in Bleeding Event Rate vs Reduction in Atherosclerotic Cardiovascular Disease
(ASCVD) Event Rate With Aspirin Use For Primary Prevention In Dallas Heart Study (DHS) Participants
Stratified by ASCVD Risk and Coronary Artery Calcium (CAC)

6 6

4 4

2 2

0 0

–2 –2

–4 –4

–6 –6

10
-y

 A
bs

ol
ut

e
AS

CV
D 

re
du

ct
io

n,
 % 10-y Absolute

bleeding increase, %

CAC category

All PCE levelsA

BleedingASCVD

All 0 1-99 ≥100

6 6

4 4

2 2

0 0

–2 –2

–4 –4

–6 –6

10
-y

 A
bs

ol
ut

e
AS

CV
D 

re
du

ct
io

n,
 % 10-y Absolute

bleeding increase, %

CAC category

PCE 5% to 20%C

All 0 1-99 ≥100

6 6

4 4

2 2

0 0

–2 –2

–4 –4

–6 –6

10
-y

 A
bs

ol
ut

e
AS

CV
D 

re
du

ct
io

n,
 % 10-y Absolute

bleeding increase, %

CAC category

PCE >20%D

All 0 1-99 ≥100

6 6

4 4

2 2

0 0

–2 –2

–4 –4

–6 –6

10
-y

 A
bs

ol
ut

e
AS

CV
D 

re
du

ct
io

n,
 % 10-y Absolute

bleeding increase, %

CAC category

PCE <5%B

All 0 1-99 ≥100

Estimates were generated by
applying an 11% relative risk
reduction to 10-year ASCVD event
rates and a 43% relative risk increase
to 10-year bleeding event rates. The
number of individuals in each
subgroup were as follows: all
(N = 2191), pooled cohort equation
(PCE) less than 5% (n = 1063), PCE
5% to 20% (n = 967), and PCE at
least 20% (n = 161).
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hort, aspirin was anticipated to be net beneficial regardless of
CAC value in those at high 10-year ASCVD risk (≥20%), al-
though no bleeding events were observed in this group. In those
at higher bleeding risk, aspirin was net harmful regardless of
CAC value in all ASCVD risk groups (Figure 3).

Discussion
Using a large population cohort inclusive of individuals with
risk factors for bleeding, with more than 10 years of fol-

low-up and ascertainment of both bleeding and ASCVD events,
we demonstrate that higher CAC scores are associated with in-
creased bleeding events. When modeling the effects of aspi-
rin use for primary prevention in those at lower risk of bleed-
ing, a CAC score of at least 100 identified individuals who would
experience net benefit from those that would not. After strati-
fication by ASCVD risk, this finding held only in those at bor-
derline or higher (>5%) 10-year ASCVD risk. Finally, in indi-
viduals at higher risk of bleeding, there would be net harm from
aspirin irrespective of CAC and ASCVD risk. These findings have
important implications for the use of CAC in identifying pa-

Figure 3. Estimated Increase in Bleeding Event Rate vs Reduction in Atherosclerotic Cardiovascular Disease
(ASCVD) Event Rate With Aspirin Use for Primary Prevention in Dallas Heart Study (DHS) Participants
at Lower and Higher Bleeding Risk Stratified by ASCVD Risk and Coronary Artery Calcium (CAC)
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Estimates were generated by
applying an 11% relative risk
reduction to 10-year ASCVD event
rates and a 43% relative risk increase
to 10-year bleeding event rates. The
low bleeding risk group excluded
individuals that reported the use of
nonsteroidal anti-inflammatory drugs
(NSAIDs), corticosteroids,
anticoagulants, selective serotonin
reuptake inhibitors (SSRIs), statins,
protein pump inhibitor
(PPI)/antacids, antiplatelet agents,
peptic ulcer disease (PUD), cirrhosis,
cancer, chronic kidney disease (CKD),
thrombocytopenia, and uncontrolled
blood pressure. The number of
individuals in each subgroup were as
follows: lower bleeding risk: all
(n = 1430), pooled cohort equation
(PCE) less than 5% (n = 1050), PCE
5% to 20% (n = 294), PCE at least
20% (n = 25); higher bleeding risk: all
(n = 761), pooled cohort equation
(PCE) less than 5% (n = 497), PCE 5%
to 20% (n = 214), and PCE at least
20% (n = 36).
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tients suitable for aspirin therapy for primary prevention of car-
diovascular disease.

The recognition that CAC is associated with both bleeding
and ASCVD risk is crucial to determining whether CAC can be
used to select individuals for antithrombotic therapy. In our
study, individuals in the highest CAC group had almost 3-fold
the bleeding risk and 5-fold the ASCVD risk of those in the low-
est CAC group. Our results align with those of Arps et al,18 who
looked at ASCVD and major bleeding events stratified by CAC in
5196 Multiethnic Study of Atherosclerosis (MESA) participants
as part of an effort to model the effects of rivaroxaban. Higher
CAC was associated with both bleeding and ASCVD events, but
with a greater magnitude for ASCVD. The association of CAC with
both ASCVD and bleeding reflects the substantial overlap be-
tween risk factors for ASCVD and bleeding.1,7,14,19 Because both
bleeding and ASCVD risk increase with CAC, both must be taken
into account to accurately model the effect of antithrombotic
therapy at different CAC thresholds.

Adopting this approach, we found that at the extremes of AS-
CVDrisk,CAChadnovalueforidentifyingindividualswhowould
benefit from primary prevention aspirin therapy. Notably, aspi-
rin would be net harmful in those at low (<5%) ASCVD risk regard-
lessofCAC.Ourresultsalignwiththosefrom3contemporaryran-
domized controlled primary prevention aspirin trials4-6 that
showed that aspirin therapy conferred no or marginal net ben-
efit in individuals at low observed ASCVD risk (5-year risk <10%).
We also show that aspirin would result in net harm, irrespective
of CAC and ASCVD risk, in individuals at higher risk of bleeding.
Although the greatest risk of net harm was predicted in individu-
als at the lowest cardiovascular risk, those at the highest cardio-
vascular risk were also predicted to suffer net harm. These find-
ings provide empirical support for the 2019 ACC/AHA guidelines7

on the primary prevention of cardiovascular disease, which rec-
ommend against the use of primary prevention aspirin in indi-
viduals at increased risk of bleeding. It is important to note that
there is some subjectivity on factors associated with increased
bleeding, and a “nonexhaustive list” was provided by the 2019
ACC/AHA prevention guidelines that differ somewhat from the
2016USPreventiveServicesTaskForcelist.20 Moreworkisneeded
to examine primary prevention aspirin use patterns, clearly de-
fine individuals at higher risk of bleeding, and discourage the use
of aspirin for primary prevention in these individuals. In the high
(≥20%) ASCVD risk group, we estimated aspirin to be beneficial
in the overall cohort and net harmful in those at higher bleeding
risk, regardless of CAC. However, given the small number of par-
ticipants and bleeding events in this subgroup (eTable 4 in the
Supplement),webelievethesefindingsrequirefurthervalidation.

Individuals with CAC of 0 generally have a very low risk
of ASCVD events and guidelines support de-escalating risk and
deferring statin therapy in these groups owing to lack of net
benefit.21 Similarly, we observed lack of net benefit of aspirin
in those with CAC of 0, particularly in those at low (<5%) and
intermediate (5%-20%) ASCVD risk. Although aspirin ap-
peared to be net beneficial in those with CAC of 0 at high AS-
CVD risk (>20%), there were too few individuals in this group
to draw any meaningful conclusions (n = 6).

Two other articles8,9 have examined the utility of CAC for
identifying individuals for primary prevention aspirin therapy.

In the study by Miedema et al,8 a proportional ASCVD reduction
of 18% and proportional bleeding increase of 31% was applied to
cardiovascular event rates in 4229 participants from the MESA
cohort, free from ASCVD at baseline stratified by CAC. Here, as-
pirin was estimated to be net favorable in the group with CAC of
at least 100.8 However, based on meta-analyses,16,22,23 the risk
estimates used in this study24 overestimate the proportional re-
duction in ASCVD events conferred by aspirin (18% vs 10%-11%)
and underestimate its effect on bleeding events (proportional in-
crease of 31% vs 43%-50%, respectively). Furthermore, absolute
bleeding rate was assumed to be constant across the CAC spec-
trum examined.

The second study by Cainzos-Achirica et al9 applied the rela-
tive risk estimates used in our study to observed ASCVD and
bleeding rates in 3540 aspirin-naive MESA participants at low
bleeding risk stratified by CAC. As in our study, they found that
a CAC score of at least 100 identified individuals that would de-
rive net benefit from aspirin. The main difference in our findings
lies in the suggestion that this finding holds irrespective of base-
line ASCVD risk. In the study by Cainzos-Achirica et al,9 absolute
bleeding rate was assumed to be constant within each ASCVD risk
stratum irrespective of CAC, while we incorporate increase in
bleeding events with higher CAC. We believe this may account for
the variability we observed across the ASCVD risk spectrum. Fi-
nally, differences in bleeding event rate between the studies may
play a role. Our 10-year bleeding rate of 2.7% (3.4 events per 1000
person years) in the overall cohort is comparable to what is re-
ported in other studies17,19 but higher than what is reported (1.8%
10-year bleeding rate) in the MESA study.9 This difference might
beowingtomorecompletecaptureofbleedingeventsintheDHS,
because DFWHC data collection does not depend on participant
report for hospitalized events. It may also be owing to over-
sampling of African American individuals (approximately 50%)
who have higher bleeding rates in the DHS. However, notably, we
found no difference in the association between CAC and bleed-
ingorASCVDbyrace/ethnicity,whichsuggeststhatrace/ethnicity
didnotsignificantlyaffectthisassociation.Womenwerealsoover-
represented in our sample, and the DHS is a relatively young co-
hort (mean age in our sample was 44 years vs 57 years in MESA).
This might have resulted in fewer ASCVD events relative to bleed-
ing events. Here again, we found no difference by sex or age in
the association between and CAC and ASCVD or bleeding.

The 2019 ACC/AHA Primary Prevention Guideline gave as-
pirin a cautious recommendation for use in select adults aged
40 to 70 years at higher ASCVD risk but not at increased bleed-
ing risk.7 That guideline mentioned that CAC among other risk-
enhancing factors might be considered to identify this group.
Our findings support the use of CAC only in those at lower
bleeding risk and borderline or higher ASCVD risk. These find-
ings should contribute to the patient-clinician shared discus-
sion regarding aspirin use for primary prevention.7

Limitations
Our bleeding events were identified by ICD-9 codes and were
unadjudicated leading to the possibility of misclassification.
However, prior studies have also relied on ICD-9 codes for
bleeding,8,9 and our bleeding rate in the overall cohort was com-
parable with what was reported in prior studies17,19 It is pos-
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sible that there is confounding by indication such that those
with higher CAC scores were more likely to subsequently ini-
tiate aspirin, thus contributing to higher bleeding events with
increasing CAC in our study. However, when we restricted to
those without interval aspirin uptake since their baseline ex-
amination, the results were consistent with those seen in our
main analysis. Given our limited event numbers, we were un-
able to explore more extreme thresholds of CAC (ie, >1000).
Finally, our results from a US-based cohort may not be gener-
alizable to populations outside of the United States.

Conclusions

In a large, population-based cohort, we found that increasing
CAC was associated with both ASCVD and bleeding events.
Modeling the effects of aspirin for primary prevention, a high
CAC score identifies individuals who would derive net ben-
efit from primary prevention aspirin therapy from those who
would not, but only in the setting of lower bleeding risk and
borderline or higher cardiovascular risk.
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