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ORIGINAL RESEARCH

Aspirin and Cardiovascular Risk in
Individuals With Elevated Lipoprotein(a):
The Multi-Ethnic Study of Atherosclerosis

Harpreet S. Bhatia (2, MD, MAS; Patrick Trainor (@, PhD, MS, MA; Samantha Carlisle @, PhD;
Michael Y. Tsai (2, PhD; Michael H. Criqui @, MD, MPH; Andrew DeFilippis, MD, MSc; Sotirios Tsimikas

, MD

BACKGROUND: Effective therapies for reducing cardiovascular disease (CVD) risk in people with elevated lipoprotein(a) are lack-
ing, especially for primary prevention. Because of the potential association of lipoprotein(a) with thrombosis, we evaluated the
relationship between aspirin use and CVD events in people with elevated lipoprotein(a).

METHODS AND RESULTS: We used data from the MESA (Multi-Ethnic Study of Atherosclerosis), a prospective cohort study of
individuals free of baseline cardiovascular disease. Due to potential confounding by indication, we matched aspirin users
to nonusers using a propensity score based on CVD risk factors. We then evaluated the association between aspirin use
and coronary heart disease (CHD) events (CHD death, nonfatal myocardial infarction) stratified by baseline lipoprotein(a)
level (threshold of 50mg/dL) using Cox proportional hazards models with adjustment for CVD risk factors. After propensity
matching, the study cohort included 2183 participants, including 1234 (57%) with baseline aspirin use and 423 (19%) with
lipoprotein(a) >50mg/dL. Participants with lipoprotein(a) >50mg/dL had a higher burden of CVD risk factors, more frequent
aspirin use (61.7% versus 55.3%, P=0.02), and higher rate of incident CHD events (13.7% versus 8.9%, P<0.01). Aspirin was
associated with a significant reduction in CHD events among those with elevated lipoprotein(a) (hazard ratio, 0.54 [95% Cl,
0.32-0.94]; P=0.03). Those with lipoprotein(a) >50mg/dL and aspirin use had similar CHD risk as those with lipoprotein(a)
<50mg/dL regardless of aspirin use.

CONCLUSIONS: Aspirin use was associated with a significantly lower risk for CHD events in participants with lipoprotein(a)
>50mg/dL without baseline CVD. The results of this observational propensity-matched study require confirmation in studies
with randomization of aspirin use.
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to 25% of the population.' In addition to its role

in atherogenesis® and vascular inflammation,®#
lipoprotein(@ may play a role in thrombosis due to
the antifiorinolytic effects of apolipoprotein(a),® and
its interaction with platelets.® Despite the significantly
increased risk associated with lipoprotein(a), thera-
pies for primary prevention of cardiovascular disease
(CVD) are lacking and increased risk attributable to

Lipoprotein(a) levels >50mg/dL are present in ~20%

lipoprotein(a) remains in patients treated with statins.”
Given the high prevalence of elevated lipoprotein(a)
and the associated CVD risk, there is a critical need for
therapies that modify this risk, particularly for primary
prevention.

Aspirin is a cornerstone of secondary prevention
of CVD, but multiple large primary prevention aspi-
rin trials have produced negative or marginally posi-
tive results.8' However, a meta-analysis of primary
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CLINICAL PERSPECTIVE

What Is New?

e FElevated lipoprotein(a) is associated with in-
creased risk for cardiovascular disease, but
preventive therapies are lacking.

e |n a propensity-matched cohort study, aspirin
use was associated with a 46% reduced risk
for coronary heart disease events in individuals
with lipoprotein(a) >60mg/dL.

What Are the Clinical Implications?

e This study expands on prior studies as the first
to use plasma lipoprotein(a) levels, which are
more clinically applicable and available than
genetic instruments, and was conducted in a
more diverse population.

e Aspirin may have a role for the primary preven-
tion of cardiovascular events in individuals with
elevated lipoprotein(a).

Nonstandard Abbreviations and Acronyms

ARRIVE aspirin to reduce risk of initial vascular

events
ASCEND effects of aspirin for primary prevention
in persons with diabetes mellitus
ASPREE aspirin in reducing events in the
elderly

MESA Multi-Ethnic Study of Atherosclerosis

prevention trials of aspirin, including the 3 most re-
cent large trials, showed a small benefit to aspirin use
for CVD risk."" This has led to progressively narrower
guideline recommendations for aspirin use in primary
prevention, including the recent American College of
Cardiology/American Heart Association and United
States Preventive Services Task Force recommenda-
tions.'>™® These results suggest that aspirin may be
beneficial in primary prevention for specific subgroups
of individuals at sufficiently high risk with a propen-
sity for platelet-mediated thrombosis. Given the ath-
erothrombotic properties of lipoprotein(a), individuals
with high levels may represent a subgroup of patients
whose risk/benefit profile favors the use of aspirin for
primary prevention. This was first suggested in the
Women’s Health Study, where carriers of an LPA sin-
gle nucleotide polymorphism (SNP) associated with
highly elevated lipoprotein(a) levels who were random-
ized to aspirin had significant benefit in the primary
prevention of CVD." A recent secondary analysis of
the more contemporary ASPREE (aspirin in reducing
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events in the elderly) trial demonstrated a similar ben-
efit to aspirin use in healthy elderly individuals with the
same SNP as well as high risk based on a polygenic
risk score.’® However, lipoprotein(a) levels, used clin-
ically to determine risk, were not measured, and it is
unknown whether plasma lipoprotein(a) levels would
yield similar results. To address this question, we
evaluated the relationship between aspirin, elevated
plasma lipoprotein(a), and incident coronary heart dis-
ease (CHD) events in the MESA (Multi-Ethnic Study of
Atherosclerosis).

METHODS

Study Cohort

Data from the MESA were used for this study. Data are
publicly available through MESA upon formal request.
We performed a study using data from the MESA, a
prospective cohort study of individuals free of known
baseline CVD. We included individuals with both base-
line lipoprotein(a) measurements and data on baseline
aspirin use with follow-up for adjudication of cardio-
vascular events. The design of the MESA has been de-
scribed previously.'® Initial recruitment was conducted
between 2000 and 2002 at 6 centers across the United
States. The institutional review boards at each center
approved the study and participants provided written
informed consent. In total, 6814 participants were re-
cruited for the first examination.

Risk Factor Assessment and Outcomes
Characterization of the cohort at baseline, including
demographics, medical comorbidities, and medication
use was performed using standardized questionnaires.
Cigarette smoking was defined as current, former, or
never use, and quantified in pack years. Systolic blood
pressure was recorded as the average of multiple
seated blood pressure measurements. Fasting blood
samples were obtained for laboratory measures in-
cluding total cholesterol and high-density lipoprotein
cholesterol. Low-density lipoprotein cholesterol was
calculated using the Friedewald equation. Diabetes was
defined using the 2003 American Diabetes Association
criteria. Lipoprotein(a) was measured using a latex-
enhanced turbidimetric immunoassay (Denka Seiken)
of mass concentration and reported in mg/dL. Aspirin
use was defined as self-report of use at least 3days
per week. Family history of atherosclerotic cardiovas-
cular disease was defined as a history of myocardial
infarction or stroke in a first-degree relative.
Participants in MESA were followed prospectively
for cardiovascular events, with adjudication of events
available through 2018. For this study, the primary
outcome was coronary heart disease (CHD) events
(@ composite of CHD death and nonfatal myocardial
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infarction). Major bleeding events were recorded
based on International Classification of Diseases, Ninth
Revision (ICD-9) and ICD-10 codes for bleeding during
hospitalizations through 2018. Bleeding events were
categorized as gastrointestinal, genitourinary, cen-
tral nervous system, unspecified, or other bleeding.
Postprocedural bleeding was excluded, and bleeding
events occurring after a diagnosis of CVD were not in-
cluded because prior nonaspirin users would be likely
to be placed on aspirin after a CVD diagnosis.

Statistical Analysis

Due to anticipated confounding by indication for aspi-
rin use without data regarding the initial indication for
aspirin prescription by a physician, we used propensity
score matching to evaluate the association between
aspirin use and CHD events stratified by lipoprotein(a).
A propensity score for aspirin use was created based
on risk factors that may influence aspirin prescription
(age, sex, race/ethnicity, hypertension, diabetes, ciga-
rette smoking, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, and total choles-
terol). Aspirin users were then matched to nonaspirin
users using 1:1 nearest neighbor matching.

After matching, baseline characteristics that were
components of the propensity score were com-
pared by baseline aspirin use to assess success of
matching. Baseline demographics were compared
by lipoprotein(a) level (above and below the guideline-
recommended threshold of 50mg/dL'"). Continuous
variables were compared with independent sample t
tests or Mann-Whitney U tests, and categorical vari-
ables were compared with y? tests.

The association between baseline aspirin use and
CHD was evaluated using Cox proportional hazards
models, stratified by lipoprotein(a) level. We utilized
multiple models with progressive multivariable adjust-
ment: an unadjusted model containing a term for aspi-
rin use at baseline; Model 1, which additionally adjusted
for demographics (sex, race/ethnicity, and recruitment
site), and Model 2, which additionally adjusted for CVD
risk factors (diabetes, hypertension treatment, ciga-
rette smoking, systolic blood pressure, high-density
lipoprotein cholesterol, total cholesterol, statin use,
body mass index, family history of atherosclerotic car-
diovascular disease, and C-reactive protein).

Cumulative incidence curves were created for the
association between aspirin use and CHD events using
4 categories stratified by lipoprotein(a) above or below
50mg/dL, and aspirin use or nonuse. Potential effect
modification by age (above and below 60years), sex,
or race/ethnicity was evaluated using multiplicative in-
teraction tests. To confirm there was evidence of re-
sidual confounding, we also performed the same Cox
proportional hazards models listed above, stratified by
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lipoprotein(a) level, using the whole cohort without pro-
pensity score matching.

Rates of major bleeding overall and by bleeding
type were compared among aspirin users and non-
aspirin users, stratified by lipoprotein(a) level. The as-
sociation between aspirin use and time to first bleeding
event, stratified by lipoprotein(a) level, was evaluated
in Cox proportional hazards models adjusted for age,
sex, race/ethnicity, liver disease, systolic blood pres-
sure, treatment for hypertension, nonsteroidal anti-
inflammatory drug use, oral anticoagulant use, alcohol
use, and estimated glomerular filtration rate.

Analyses were performed using R (v4.1, R Core
Team 2021), and using packages survival, survminer,
matchit, and ggplot2. A 2-tailed P value of <0.05 was
considered statistically significant. HB and ST had full
access to the data and take responsibility for their in-
tegrity and the data analysis.

RESULTS

Baseline Characteristics

After excluding participants with missing aspirin (n=42),
lipoprotein(a) (n=114), or follow-up data (h=26), the study
cohort contained 6632 participants. After propensity-
matching aspirin users and nonusers, there were 2183
participants in the matched cohort, 1760 (80.6%)
with lipoprotein(a) <50mg/dL, and 423 (19.4%) with
lipoprotein(a) >50mg/dL (Figure 1). Aspirin users and
nonusers appeared well matched with standardized
mean differences for components of the propensity

All MESA Participants

(n=6814)
Excluded:

114 missing Lp(a) data
42 missing Aspirin data
26 missing follow-up

Full Study Cohort (n=6632)

Propensity Matched Cohort

(n=2183)
Lp(a) >50 mg/dL

Lp(a) <50 mg/dL
(n=1760) (n=423)

Figure 1. Study flow diagram.

This figure illustrates the cohort selection process. There are 6814
participants in MESA, with 6632 after exclusions for missing data.
After 1:1 propensity matching for aspirin users and nonaspirin
users, there were 2183 participants (949 without baseline aspirin
use and 1234 with baseline aspirin use), including 1760 with
lipoprotein(a) <50mg/dL and 423 with lipoprotein(a) >50mg/dL.
Lp(a) indicates lipoprotein(a); and MESA, Multi-Ethnic Study of
Atherosclerosis.



Bhatia et al

Aspirin and Lp(a)

Table 1. Baseline Characteristics and Propensity Score Components Stratified By Aspirin Use in Propensity-Matched

Cohort
Nonaspirin (n=949) Aspirin (n=1234) P value SMD

Age, y 65.34 (10.14) 66.40 (9.11) 0.01 0.1
Female sex 445 (46.9) 541 (43.8) 017 0.06
Race or ethnicity 0.89 0.03

White 489 (51.5) 652 (52.8)

Asian 89 (9.4) 106 (8.6)

Black 235 (24.8) 298 (24.1)

Hispanic 136 (14.3) 178 (14.4)
Hypertension 541 (57.0) 722 (58.5) 0.51 0.03
Diabetes 152 (16.0) 212 (17.2) 0.51 0.03
Cigarette smoking 0.49 0.05

Never 459 (48.4) 565 (45.8)

Former 403 (42.5) 552 (44.7)

Current 87 (9.2) 117 (9.5)
Total cholesterol, mg/dL 189.68 (34.08) 188.04 (33.97) 0.27 0.05
LDL-C, mg/dL 113.58 (31.46) 112.19 (30.41) 0.30 0.05
HDL-C, mg/dL 50.48 (14.77) 50.55 (14.87) 0.92 0.005
Lipoprotein(a), mg/dL 16.20 [7.00-37.50] 15.90 [6.80-40.05] 0.66 0.08
Antihypertensive use 433 (45.6) 663 (563.7) <0.001 0.16
Statin use 154 (16.3) 325 (26.3) <0.001 0.25

Results are presented as mean (SD), median [interquartile range], or n (%). HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein

cholesterol; and SMD, standardized mean difference.

score all <0.20 (Table 1). Those with lipoprotein(a)
>50mg/dL were more often female and of Black race
with greater prevalence of hypertension, statin use,
antihypertensive use, and aspirin use. Those with el-
evated lipoprotein(a) also had higher total cholesterol,
low-density lipoprotein cholesterol, and high-density li-
poprotein cholesterol. Incident CHD events were more
frequent in those with elevated lipoprotein(a) (Table 2).
The multiplicative interaction between aspirin use and
lipoprotein(a) level for CHD events was borderline sig-
nificant with a P value of 0.08. Continued regular use of
aspirin was also evaluated in regular follow-up exami-
nations in those with available data; at median [inter-
quartile range] follow-up of 1.6 [1.4-1.8], 3.1 [3.0-3.3],
and 4.8 [4.6-5.0] years; 946 (79.0%), 853 (78.8%),
and 795 (74.4%) of participants were still using aspirin
regularly, respectively. At the latest follow-up (median
15.7 [15.3-16.2] years), data were available for 543 in-
dividuals, of whom 368 (67.8%) were still using aspirin
regularly.

Aspirin Use and CHD Outcomes by
Lipoprotein(a) Level

In the propensity-matched cohort, aspirin use was
not significantly associated with a lower risk of CHD
events in those with lipoprotein(a) <60mg/dL (haz-
ard ratio [HR], 0.80 [95% CI, 0.58-1.10). However,

J Am Heart Assoc. 2024;13:e033562. DOI: 10.1161/JAHA.123.033562

aspirin use was associated with significantly lower
risk of CHD events among those with lipoprotein(a)
>50mg/dL (HR, 0.54 [95% ClI, 0.31-0.93]; Table 3).
Four participant categories were created based on
lipoprotein(a) level (by threshold of 50mg/dL) and
aspirin use at baseline. Cumulative incidence curves
for these categories and CHD events are shown in
Figure 2. Those with lipoprotein(a) >50mg/dL with-
out aspirin use had the highest event rate, while
those with lipoprotein(a) >50mg/dL with aspirin use
appeared similar to both groups with lipoprotein(a)
<50mg/dL (overall log-rank test P=0.003 for com-
paring the 4 strata).

Testing for interaction between aspirin use and key
demographics was performed. The interaction tests
between aspirin use and age (P=0.83), sex (P=0.61),
and race/ethnicity (P=0.33) were not significant.
Additionally, analyses by race/ethnicity would likely be
underpowered due to small samples sizes. Bleeding
events were not adjudicated in MESA.

Aspirin Use and CHD Outcomes by
Lipoprotein(a) Level in Unmatched Cohort

In the whole cohort without propensity matching,
there were 5314 (80.1%) participants with lipoprotein(a)
<60mg/dL and 1318 (19.9%) with lipoprotein(a)
>50mg/dL. There was a nonsignificant trend towards
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Table 2. Characteristics of Participants Stratified by Lipoprotein(a) Level in Propensity-Matched Cohort

Aspirin and Lp(a)

Lipoprotein(a)<50 mg/dL (n=1760) Lipoprotein(a)>50mg/dL (n=423) P value

Age, y 66.04 (9.53) 65.50 (9.78) 0.30
Female sex 765 (43.5) 221 (52.2) 0.001
Race or ethnicity <0.001

White 957 (54.4) 184 (43.5)

Asian 176 (10.0) 19 (4.5)

Black 352 (20.0) 181 (42.8)
Hispanic 275 (156.6) 39(9.2)
BMI, kg/m? 28.39 (5.19) 28.44 (5.33) 0.85
Hypertension 997 (56.6) 266 (62.9) 0.02
Diabetes 290 (16.5) 74 (17.5) 0.67
Current smoker 164 (9.3) 40 (9.5) 0.95
Statin use 354 (20.1) 125 (29.6) <0.001
Antihypertensive use 856 (48.6) 240 (566.7) 0.003
SBP, mmHg 129.91 (21.54) 130.98 (23.06) 0.37
Total cholesterol, mg/dL 186.51 (32.70) 198.08 (37.68) <0.001
LDL-C, mg/dL 110.48 (29.55) 122.44 (34.27) <0.001
HDL-C, mg/dL 49.92 (14.68) 53.04 (15.15) <0.001
eGFR, mL/min per 1.73m? 85.60 (20.38) 84.98 (20.35) 0.57
CRP, mg/L 3.67 (5.98) 3.54 (5.20) 0.70
Oral anticoagulant use 5(0.3) 1.2 >0.99
NSAID use 274 (15.6) 55 (13.0) 0.21
History of blood clots 55 (3.1) 14 (3.3) 0.96
Liver disease 70 (4.0 9(21) 0.09
Family history ASCVD 1080 (61.4) 270 (63.8) 0.38
Aspirin use 973 (55.9) 261 (61.7) 0.02
CHD events 156 (8.9) 58 (13.7) 0.004
Follow-up time, y 16.5 [10.7-18.4] 16.4 [9.1-17.2] 0.04

Results are presented as mean (SD), median [interquartile range] or n (%). ASCVD indicates atherosclerotic cardiovascular disease; BMI, body mass index;

CHD, coronary heart disease; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; NSAID, nonsteroidal anti-inflammatory drug; and SBP, systolic blood pressure.

greater risk of CHD events with aspirin use in unad-
justed models with lipoprotein(@) <50mg/dL (HR, 1.26
[95% ClI, 0.99-1.61]) and lipoprotein(a) >50mg/dL (HR,
1.38 [95% CI, 0.91-2.09]). With multivariable adjust-
ment, the association between aspirin use and CHD

events became inverse, though nonsignificant, in both
lipoprotein(a) strata: (HR, 0.80 (95% ClI, 0.62—-1.04]) for
lipoprotein(a) <50mg/dL and (HR, 0.88 [95% ClI, 0.56—
1.38]) for lipoprotein(a) >50mg/dL, suggestive of pos-
sible confounding by indication (Table S1).

Table 3. Association Between Aspirin Use and CHD Events, Stratified by Lipoprotein(a) Level, in Propensity-Matched

Cohort
Lipoprotein(a) <50 mg/dL (n=1760) Lipoprotein(a) >50mg/dL (n=423)
CHD events 156 58
HR 95% Cl P value HR 95% ClI P value
Aspirin use
Unadjusted 0.89 0.65-1.22 0.48 0.65 0.39-1.09 0.10
Model 1 0.80 0.59-1.10 0.18 0.62 0.37-1.06 0.08
Model 2 0.80 0.58-1.10 017 0.54 0.31-0.93 0.03

Model 1 adjusts for sex, race/ethnicity and site. Model 2 adjusts for Model 1+diabetes, hypertension treatment, cigarette smoking, systolic blood pressure,
high-density lipoprotein, total cholesterol, statin use, body mass index, family history of atherosclerotic cardiovascular disease, and C-reactive protein. CHD

indicates coronary heart disease; and HR, hazard ratio.

J Am Heart Assoc. 2024;13:e033562. DOI: 10.1161/JAHA.123.033562
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0.15
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-
f=
[
>
w 0.10
[a]
I
(]
0.05
0.00
0 2000 4000 6000
Days
Group =+ Lp(a) >50 mg/dL, no Aspirin =+ Lp(a) >50 mg/dL with Aspirin =+ Lp(a) <50 mg/dL, no Aspirin =+ Lp(a) <50 mg/dL with Aspirin
Number at risk
Lp(a) >50 mg/dL, no Aspirin 162 142 111 79
% Lp(a) >50 mg/dL with Aspirin 261 232 188 132
& Lp(a)s50 mg/dL, no Aspirin] 787 693 586 416
Lp(a) 50 mg/dL with Aspirin 973 868 719 507
0 2000 4000 6000
Days
Cumulative number of events
Lp(a) >50 mg/dL, no Aspirin 0 9 19 28
£ Lp(a) >50 mg/dL with Aspirin 0 12 18 28
8 Lp(a) 50 mg/dL, no Aspirin 0 17 42 72
Lp(a) <50 mg/dL with Aspirin 0 16 48 80
0 2000 4000 6000
Days

Figure 2. Aspirin use and CHD events by lipoprotein(a) level in propensity-matched cohort.

These cumulative incidence curves depict CHD risk for 4 categories based on lipoprotein(a) level and baseline aspirin use. Participants
with lipoprotein(a) >50mg/dL without aspirin use demonstrated the highest event rate, while participants with lipoprotein(a) >50mg/
dL with aspirin use demonstrated similar risk as those with lipoprotein(a) <50 mg/dL regardless of aspirin use. CHD indicates coronary

heart disease; and Lp(a), lipoprotein(a).

Bleeding Events

In the overall cohort, aspirin users were observed to
have a higher rate of major bleeding events (n=227,
17.5%) than nonaspirin users (=655, 12.5%, P<0.001).
Among aspirin users, there was no difference in the
rate of major bleeding (P=0.224) or the type of bleeding
(P=0.070) by lipoprotein(a) level. Similarly, there were
no significant differences observed by lipoprotein(a)
level among nonaspirin users (Table S2).

Aspirin use was associated with major bleeding in
those without elevated lipoprotein(a) (HR, 1.51 [95%
Cl, 1.27-1.80]) and those with lipoprotein(a) >50 mg/dL
(HR, 1.49 [95% CI, 1.09-2.04]) in an unadjusted anal-
ysis. After multivariable adjustment, however, aspirin
use was positively but nonsignificantly associated with
major bleeding in those without elevated lipoprotein(a)
(HR, 1.08 [95% ClI, 0.90-1.29]) and those with elevated
lipoprotein(a) (HR, 1.21 [95% ClI, 0.86-1.69)). Similar re-
sults were observed for gastrointestinal bleeding, but

J Am Heart Assoc. 2024;13:e033562. DOI: 10.1161/JAHA.123.033562

aspirin use was not significantly associated with bleed-
ing events even in the unadjusted analysis (Table 4).

DISCUSSION

In a propensity-matched cohort of individuals without
baseline cardiovascular disease, aspirin use was asso-
ciated with a significant reduction in risk for cardiovas-
cular events among those with lipoprotein(a) >50mg/
dL. These findings using plasma lipoprotein(a) are
complementary to recent LPA genetic data suggest-
ing a similar association and add to the evidence base
that patients with elevated lipoprotein(a) may uniquely
benefit from aspirin therapy in the primary prevention
setting.

Aspirin use is well established for the secondary
prevention of atherosclerotic cardiovascular disease
events, with an estimated 25% relative risk reduction in
yearly risk of serious vascular events in a meta-analysis



Bhatia et al

Aspirin and Lp(a)

Table 4. Association Between Aspirin Use and Bleeding Events, Stratified by Lipoprotein(a) Level

Lipoprotein(a) <50mg/dL (n=5100) Lipoprotein(a) >50 mg/dL (n=1261)
Major bleeding events 667 197
HR 95% ClI P value HR 95% ClI P value
Aspirin use
Unadijusted 1.51 1.27-1.80 <0.001 1.49 1.09-2.04 0.013
Adjusted* 1.08 0.90-1.29 0.439 1.21 0.86-1.69 0.265
Gastrointestinal bleeding events 266 91
HR 95% ClI P value HR 95% ClI P value
Aspirin use
Unadjusted 1.69 1.29-2.20 <0.001 1.25 0.77-2.01 0.368
Adjusted* 118 0.89-1.56 0.252 114 0.69-1.91 0.604

*Adjusted for age, sex, race/ethnicity, liver disease, hypertension treatment, nonsteroidal anti-inflammatory drug use, oral anticoagulant use, alcohol use,
systolic blood pressure, and estimated glomerular filtration rate. HR indicates hazard ratio.

of secondary prevention studies.’® In the modern era,
the use of aspirin for primary prevention in the general
population, however, is less well established. The rea-
sons for a less clear benefit of aspirin use in primary
prevention include lower population risk and lower
event rates, which make it more difficult to balance the
associated increased risk of bleeding, as well as the
evolution of other primary preventive therapies such as
lipid-lowering therapy and more aggressive manage-
ment of diabetes and hypertension. In a 2009 meta-
analysis of primary prevention trials involving aspirin
use, aspirin resulted in a 12% relative risk reduction in
yearly serious vascular events, but only a 0.07% ab-
solute risk reduction (as compared with a 19% rela-
tive risk reduction, and 1.5% absolute risk reduction
for secondary prevention).”® In 2016, the United States
Preventive Services Task Force gave a relatively broad
recommendation for aspirin in adults aged 50 to 59
(grade B) or 60 to 69 (grade C) with at least 10% 10-
year atherosclerotic cardiovascular disease risk.'®
There were subsequently 3 large randomized con-
trolled trials of aspirin use for primary prevention in dif-
ferent populations, published in 2018. The ASCEND
(effects of aspirin for primary prevention in persons
with diabetes mellitus) trial demonstrated a benefit in
a composite outcome of serious vascular events with
a rate ratio of 0.88 (95% ClI, 0.79-0.97) in diabetic per-
sons assigned aspirin 100mg daily. However, this was
offset by increased major bleeding (relative risk, 1.29
[95% Cl, 1.09-1.52).° The ASPREE ftrial, which random-
ized healthy elderly participants to 100mg daily aspi-
rin or placebo, failed to show a benefit in a composite
outcome of cardiovascular disease (HR, 0.95 [95% ClI,
0.83-1.08), while also demonstrating an increased risk
of major hemorrhage (HR, 1.38 [95% Cl, 1.18-1.62)).!°
Finally, the ARRIVE (aspirin to reduce risk of initial vas-
cular events) trial of participants at moderate vascular
risk failed to show a benefit in its primary end point
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with aspirin 100mg daily (HR, 0.96 [95% CI, 0.81-1.13])
but again demonstrated increasing gastrointestinal
bleeding (HR. 2.11 [95% Cl, 1.36-3.28]).8 While the lat-
ter 2 trials failed to show a benefit to aspirin, ASCEND
demonstrated that there is likely a benefit in a group
that is of sufficiently higher risk, analogous to bene-
fit in secondary prevention patients who are also high
risk. A 2019 meta-analysis, including the above stud-
ies, again demonstrated a benefit to aspirin use in 13
randomized primary prevention trials (HR, 0.89 [95%
Cl, 0.84-0.94]) with associated increased bleeding risk
(HR, 1.43 [95% CI, 1.30-1.56])."" While there is some
evidence of ischemic benefit in these studies, this
tends to be counterbalanced by major bleeding epi-
sodes, leading to lack of a net clinical benefit.

The findings from the 2018 trials led to relatively
narrow guideline recommendations for aspirin in pri-
mary prevention, including the American College of
Cardiology/American Heart Association primary pre-
vention guidelines, which recommend consideration
of low-dose aspirin use for select adults aged 40 to
70 at higher atherosclerotic cardiovascular disease
risk but not bleeding risk (class llo recommendation),’?
and the recent United States Preventive Services
Task Force recommendations, which provide signifi-
cantly more narrow recommendations than in 2016.
However, there may be a group that is at high enough
cardiovascular risk to derive a benefit from aspirin that
outweighs bleeding risk. Given lipoprotein(a)’s interac-
tion with platelets and thrombosis, there is biological
plausibility that aspirin may benefit individuals with
high lipoprotein(a). In a secondary prevention study,
prolonged dual antiplatelet therapy (>1year) after per-
cutaneous coronary intervention reduced subsequent
ischemic cardiovascular events in people with elevated
lipoprotein(a),?® suggesting a particular benefit to an-
tiplatelet therapy in this population. In a secondary
analysis of the Women’s Health Study (WHS), which
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randomized healthy women to aspirin 100mg every
other day or placebo, participants were genotyped
for rs3798220, a SNP of the LPA gene. Carriers of the
rs3798220-C variant assigned to the placebo group
had very elevated lipoprotein(a) levels and significantly
elevated CVD risk (HR, 2.24 [95% Cl, 1.36-3.68]) com-
pared with noncarriers. Carriers who were assigned
aspirin had a significant reduction in events (HR, 0.44
[95% CI, 0.20-0.94]) and a similar risk profile as non-
carriers assigned aspirin or placebo. Bleeding risk was
not described.” The findings of this study, however,
were limited to White women who were carriers of the
rs3798220-C variant (which was only present in 3.7%
of women in the study)™ and require genetic testing for
clinical application. A recent secondary analysis of the
ASPREE trial demonstrated similar results, supporting
the findings of the current study. Using the same SNP
as the WHS study, as well as a polygenic risk score in-
cluding many lipoprotein(a) SNPs, neither the presence
of the lipoprotein(@ SNP nor the highest quintile of li-
poprotein(a) genetic risk score were associated with
risk for major adverse cardiovascular events in those
assigned aspirin, while significant risk was present in
those assigned placebo.'®

Importantly, there is currently no approved med-
ical therapy for treating lipoprotein(a)-mediated risk,
but there is evidence that targeting lipoprotein(a) may
result in a reduction in CVD risk. Statins increase li-
poprotein@ 10% to 25%, and CVD risk remains in
statin-treated patients with elevated lipoprotein(a).”2"2?
Proprotein convertase subtilisin/kexin type 9 inhibitors
achieve modest lowering of lipoprotein(a), and second-
ary analyses of clinical trials suggest that this results
in a reduction in events,?®?* but this has not been as-
sessed in primary prevention, and proprotein conver-
tase subtilisin/kexin type 9 inhibitors are not approved
for the indication of elevated lipoprotein(a). Antisense
oligonucleotides and short interfering BRNA produce
potent lipoprotein(a) lowering and are in clinical devel-
opment, including 2 ongoing phase 3 secondary pre-
vention clinical trials, Lp(a) HORIZON (NCT04023552)
and OCEAN(a) is Olpasiran Trials of Cardiovascular
Events and Lipoprotein(a) Reduction - Outcomes Trial
(NCT05581303). However, there are no ongoing tri-
als for the use of these drugs in primary prevention.
Our study suggests a benefit to aspirin therapy for
primary prevention of CHD in people with elevated
lipoprotein(a)."

Our study has multiple novel findings. To our knowl-
edge, this is the first study to address the use of aspirin
for the primary prevention of cardiovascular disease in
individuals with elevated lipoprotein(a) levels. Both the
prior WHS and ASPREE analyses mentioned above fo-
cused on the use of SNPs of the LPA gene. However,
the use of lipoprotein(a) levels is much more clinically
relevant and broadly applicable because lipoprotein(a)
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levels summate all known and unknown genetic, envi-
ronmental, and dietary influences on plasma levels. For
example, the polygenic risk score used in the ASPREE
study estimated ~60% of the variation in lipoprotein(a)
levels in a cohort of European ancestry, and requires
measurements of 43 SNPs. However, the association
between the genetic risk score with CVD outcomes is
significantly reduced when adjusting for lipoprotein(a)
levels.?® Furthermore, circulating lipoprotein(a) is the
likely culprit for atherothrombotic risk, rather than the
underlying genetics influencing lipoprotein(a) in plasma.
Plasma lipoprotein(a) levels are also more clinically ap-
plicable because testing is more readily available, and
at lower cost. Additionally, the WHS analysis focused
on a single SNP present in 3.7% of White women in
the study. The ASPREE study focused only on indi-
viduals of European ancestry, and the primary SNP
evaluated was again only present in 3.2% of individ-
uals included. Our findings, in contrast, are applicable
to a diverse, multi-ethnic cohort, and >19% of individ-
uals in the propensity-matched cohort had elevated
lipoprotein(a) levels >50mg/dL. Finally, the WHS study
did not describe bleeding events,'* while the ASPREE
analysis observed a small increase in clinically signif-
icant bleeding in SNP carriers with aspirin use.'® Our
study extends these results by observing an overall
increased rate of bleeding with aspirin use, but finding
no significant difference between those with elevated
versus nonelevated lipoprotein(a).

Our study has important limitations due to its ob-
servational nature, particularly confounding by indica-
tion. The initial indication for aspirin therapy was not
collected as part of the MESA and could not be directly
controlled for. This is supported by the analysis in the
whole cohort without propensity matching; the positive
association between aspirin use and CHD in unadjusted
analyses, and the lower hazard ratios for aspirin with
progressive multivariable adjustment may represent
confounding by indication. We attempted to mitigate
this by using propensity score matching, but the results
must be interpreted in this context as hypothesis gen-
erating. Additionally, aspirin use was recorded by self-
report, which may be subject to recall bias. Dosage of
aspirin and adherence to aspirin therapy could not be
fully assessed as part of this study. However, over fol-
low-up of nearly 5years, >74% of individuals continued
to report regular aspirin use. Over extended follow-up
of >15years, >67% of individuals continued to report
regular aspirin use. Despite these limitations, the study
results also align with the prior WHS and ASPREE
studies. In addition, subsequent bleeding events were
collected based on hospitalization billing codes, which
may be inaccurate. Finally, stratified analyses were lim-
ited by sample size and number of events, though tests
for interaction between aspirin use and age, sex, and
race/ethnicity were not significant.
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Further study is needed to confirm these findings
and to inform clinical practice and guidelines. In partic-
ular, randomization of aspirin use will be an important
aspect of future studies to address the issue of con-
founding by indication. Studies with larger sample sizes
could also better address stratified analyses. Finally,
studies involving well-adjudicated bleeding events are
needed to assess the net risk/benefit of aspirin therapy
in this population.

CONCLUSIONS

In a propensity-matched analysis, aspirin use was as-
sociated with a lower risk for cardiovascular events
among participants with elevated lipoprotein(a) and
free of baseline cardiovascular disease. These results
suggest that aspirin may have potential as a therapy
for primary prevention in a large population with cur-
rently limited therapeutic options. However, further
studies, particularly with randomization of aspirin, are
needed.
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