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ARTICLE INFO ABSTRACT

Keywords: Objective: Lipoprotein(a) [Lp(a)] is an atherogenic and prothrombotic lipoprotein associated with atherosclerotic

LiP‘fP_r"min(a) cardiovascular disease (ASCVD). We assessed the association between regular aspirin use and ASCVD mortality

Aspirin ) among individuals with versus without elevated Lp(a) in a nationally representative US cohort.

;ﬁiﬁggscular disease Methods: Eligible participants were aged 40-70 years without clinical ASCVD, reported on aspirin use, and had
Lp(a) measurements from the Third National Health and Nutrition Examination Survey (NHANES III,
1988-1994), the only cycle of this nationally representative US cohort to measure Lp(a). Regular aspirin use was
defined as taking aspirin >30 times in the previous month. Using NHANES III linked mortality records and
weighted Cox proportional hazards regression, the association between regular aspirin use and ASCVD mortality
was observed in those with and without elevated Lp(a) (>50 versus <50 mg/dL) over a median 26-year follow-up.
Results: Among 2,990 persons meeting inclusion criteria (~73 million US adults), the mean age was 50 years,
86% were non-Hispanic White, 9% were non-Hispanic Black, 53% were female, and 7% reported regular aspirin
use. The median Lp(a) was 14 mg/dL and the proportion with elevated Lp(a) was similar among those with versus
without regular aspirin use (15.1% versus 21.9%, p = 0.16). Among individuals with elevated Lp(a), the incidence
of ASCVD mortality per 1,000 person-years was lower for those with versus without regular aspirin use (1.2, 95%
CL: 0.1-2.3 versus 3.9, 95% CI: 2.8-4.9). In multivariable modeling, regular aspirin use was associated with a
52% lower risk of ASCVD mortality among individuals with elevated Lp(a) (HR=0.48, 95% CI: 0.28-0.83), but
not for those without elevated Lp(a) (HR=1.01, 95% CI: 0.81-1.25; p-interaction=0.001).
Conclusion: Regular aspirin use was associated with significantly lower ASCVD mortality in adults without
clinical ASCVD who had elevated Lp(a). These findings may have clinical and public health implications for
aspirin utilization in primary prevention.

1. Introduction Association Guideline on the Primary Prevention of Cardiovascular
Disease recommends an individualized approach to prescribing aspirin
The 2019 American College of Cardiology/American Heart for individuals aged 40-70 years who are at higher atherosclerotic

* Corresponding author at: Katz Professor in Preventive Cardiology, Founder, Emory Center for Heart Disease Prevention, 1605 Chantilly Drive NE, Emory Heart
and Vascular Center at Executive Park, Atlanta, Georgia, 30324, United States.
E-mail address: 1sperli@emory.edu (L.S. Sperling).

https://doi.org/10.1016/j.ajpc.2024.100674

Received 14 March 2024; Received in revised form 10 April 2024; Accepted 15 April 2024

Available online 27 April 2024

2666-6677 /Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:lsperli@emory.edu
www.sciencedirect.com/science/journal/26666677
https://www.journals.elsevier.com/american-journal-of-preventive-cardiology
https://doi.org/10.1016/j.ajpc.2024.100674
https://doi.org/10.1016/j.ajpc.2024.100674
https://doi.org/10.1016/j.ajpc.2024.100674
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajpc.2024.100674&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

A.C. Razavi et al.

Table 1
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Characteristics of United States adults aged 40-70 years without clinical ASCVD with available measures of Lp(a), stratified by aspirin use.

Characteristics Estimated US Total Number in Current All© Without Regular Regular Aspirin P-
Population * NHANES III Sample Aspirin Use © Use © Value
Total Population 73,047,156 2,990 2,990 2,773 217 -
Age, years, median (Q1, Q3) - - 50.2 (43.5, 49.8 (43.3, 58.0) 52.4 (44.8, 61.7) 0.006
58.6)
Female,% (95% CI) 38,788,040 1,676 53.1 (50.7, 55.4 (54.6, 56.2) 32.2 (28.9, 35.5) <0.001
55.5)
Race/Ethnicity,% (95% CI) <0.001
Non-Hispanic White / Other b 63,039,695 1,357 86.3 (82.8, 85.4 (84.8, 86.0) 94.6 (93.1, 96.0)
89.8)
Non-Hispanic Black 6,866,433 833 9.4 (6.6, 12.3) 10.1 (9.7, 10.6) 3.1(1.8,4.4)
Mexican American 3,141,028 800 4.3(2.5,6.1) 4.5 (4.1, 4.9 2.4 (2.0, 2.7)
Post-High School Education,% 31,848,560 852 43.6 (42.1, 42.9 (41.2, 44.6) 49.2 (46.4, 52.0) 0.003
45.0)
Family Hx of MI <50 years old,% 12,052,781 391 16.5(13.8, 16.4 (15.7, 17.2) 17.1 (13.9, 20.3) 0.66
(95% CI) 19.2)
Current Cigarette Smoking,% 17,239,129 754 23.6 (20.5, 23.1 (21.4, 24.8) 27.7 (24.5, 30.9) 0.004
26.6)
Body Mass Index, kg/rnz, mean (95% - - 27.7 (27.3, 27.7 (27.5, 27.8) 27.7 (27.3, 28.0) 0.98
Cn 28.1)
Systolic Blood Pressure, mmHg, mean  — - 125.8 (124.6, 125.5 (125.0, 126.0) 128.5 (127.4, 0.09
(95% CI) 127.0) 129.6)
Antihypertensive Medication,% (95% 12,052,781 613 16.5 (14.1, 15.9 (14.9, 16.9) 21.4 (20.1, 22.7) <0.001
Ccn 18.8)
Diabetes,% (95% CI) 4,601,971 308 6.3 (4.9,7.6) 6.2 (5.5,7.0) 6.7 (6.3,7.1) 0.13
Total Cholesterol, mg/dL, mean (95% - - 214.2 (211.8, 213.9 (212.3, 215.5) 216.6 (213.9, 0.49
Ccn 216.6) 219.2)
HDL-Cholesterol, mg/dL, mean (95% - - 50.0 (48.9, 50.1 (49.8, 50.4) 49.4 (48.8, 50.0) 0.62
CD 51.2)
Triglycerides, mg/dL, median (Q1, - - 127.7 (87.8, 126.8 (87.3, 189.9) 131.1 (92.4, 0.32
Q3) 188.8) 183.6)
Cholesterol-Lowering Medication,% 3,141,028 127 4.3 (3.0, 5.5) 3.6 (3.3, 4.0) 9.7 (7.4, 12.0) <0.001
(95% CI)
Lp(a), mg/dL, median (Q1, Q3) - - 14.0 (3.4, 31.5) 13.5 (3.4, 31.2) 18.6 (4.2, 35.2) 0.16
Lp(a) >50 mg/dL 11,468,404 612 15.7 (14.7, 15.1 (14.3, 15.8) 21.0(18.1, 23.9) 0.16
16.6)
eGFR, mL/min/1.73m?, mean (95% - - 73.9 (72.7, 74.1 (73.7, 74.5) 72.4 (71.9, 72.8) 0.17
Cn 75.1)

Source of Data: National Center for Health Statistics: The Third National Health and Nutrition Examination Survey.
eGFR=estimated glomerular filtration rate; Hx=history; Lp(a)=lipoprotein(a); MI=myocardial infarction.

2 based on 1990 US Census Counts.
b also includes persons other than non-Hispanic Black or Mexican American.

¢ all values are presented as weighted estimates, except for total population row.

cardiovascular disease (ASCVD) risk [1]. Beyond advanced subclinical
atherosclerosis [2], the early identification of individuals who may
benefit from aspirin therapy for primary prevention remains chal-
lenging. Lipoprotein(a) [Lp(a)] is a prothrombotic lipoprotein causally
associated with ASCVD; approximately 1 in 5 individuals have elevated
Lp(a) [3]. Emerging evidence suggests that individuals with high-risk Lp
(a) genotypes or elevated Lp(a) may benefit from aspirin therapy for
primary prevention. [4-6] However, prior data has been limited to
young female or older adults, has not consistently included measure-
ments of serum Lp(a), and/or has not included ASCVD mortality as an
outcome [4-6]. We sought to assess whether the association between
aspirin use and ASCVD mortality differed by Lp(a) level in a nationally
representative sample of United States (US) adults.

2. Methods

The National Health and Nutrition Examination Survey (NHANES)
includes a series of national, stratified, multistage probability surveys to
select a representative sample of noninstitutionalized adults living in the
US. The Third National Health and Nutrition Examination Survey
(NHANES III) was collected in two phases (1988-1991 and 1991-1994)
and is the only cycle of this nationally representative cohort to measure
Lp(a) [7,8]. For the current analysis (Supplemental Figure 1), eligible
participants were 1) aged 40-70 years with available measures of Lp(a),
2) reported on aspirin use, 3) did not report a previous history of

myocardial infarction or stroke, and 4) had available information on
covariables and follow-up through National Death Index (NDI) records.

Study protocols for NHANES were approved by the National Center
for Health Statistics Ethics Review Board. All adult participants provided
signed, informed consent. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology reporting guide-
lines for cohort studies. This activity was conducted consistent with
applicable federal law and CDC policy.

The public NHANES III Linked Mortality File, which includes NDI
searches through December 31, 2019, provided mortality follow-up
data. Using the International Classification of Diseases, Tenth Revision
codes, ASCVD mortality is defined as when “Diseases of the Heart” (I00-
109, 111, 113, 120-151) or “Cerebrovascular Diseases” (I60-169) are the
underlying cause of death [9]. Participants who had multiple causes of
death due to hypertension or diabetes were not considered within the
ASCVD mortality definition.

Lp(a) was measured (mg/dL) among participants in the second phase
of NHANES III using an enzyme-linked immunosorbent assay specific for
apolipoprotein(a) (Strategic Diagnostics Inc., Newark, DE) [10].
Elevated Lp(a) was defined using a threshold of >50 mg/dL [3]. Aspirin
use was measured using two questions, “In the past month have you
taken any aspirin?” and “How often did you use aspirin during the past
month?” Participants qualified for regular aspirin use if they reported
taking aspirin >30 times in the month before the interview. To account
for possible every other day dosing regimens, secondary analyses
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Fig. 1. Cumulative probability of ASCVD mortality according to aspirin use, stratified by normal (A) versus elevated Lp(a) (B).
*Among individuals with elevated Lp(a), those reporting regular aspirin use had a significantly lower crude cumulative probability of ASCVD mortality.

defined regular aspirin use as taking aspirin >15 times in the month
before the interview [11].

Analyses were performed using NHANES III sample weights and
considering the complex survey design. Because NHANES III population
estimates derived from 1990, US Census estimates were only available
for non-Hispanic White, non-Hispanic Black, and Mexican-American
race ethnicity groups; persons belonging to other racial and ethnic
groups were combined with non-Hispanic White. Participant charac-
teristics were stratified according to regular aspirin use versus without
regular aspirin use. The Student’s t-test and Wilcoxon signed-rank test
were used to assess differences in normally and non-normally distrib-
uted continuous variables, respectively. Differences between categorical
variables were evaluated through the Chi-square test. The cumulative
probability of ASCVD mortality according to aspirin groups was graphed
across time for individuals with and without elevated Lp(a). Differences
in the cumulative probability of ASCVD mortality between aspirin
groups were assessed through bivariable Cox proportional hazards
regression modeling. In multivariable Cox proportional hazards regres-
sion modeling, the association between regular aspirin use and ASCVD
mortality was assessed among individuals with and without elevated Lp

(a). The median follow-up time was 26 years.

Covariates adjusted for in regression models included age, sex, race/
ethnicity (non-Hispanic Black, non-Hispanic White, and Mexican-
American), education (post high school versus high school or below),
family history of myocardial infarction at age <50 years, current ciga-
rette smoking, body mass index, systolic blood pressure, total choles-
terol, HDL-cholesterol, triglycerides, diabetes, estimated glomerular
filtration rate, lipid-lowering medication use, and antihypertensive
medication use. Diabetes was defined according to self-report or the
utilization of glucose-lowering medication. Statistical analyses were
performed using SAS 9.4 (Cary, NC).

3. Results

Among 2,990 participants meeting study inclusion criteria (repre-
senting 73 million people), mean age was 50 years, 9% were non-
Hispanic Black people, 53% were female, and 7% reported regular
aspirin use (Table 1). Individuals reporting regular aspirin use were
older, more likely to be male, and more likely to be of non-Hispanic
White race and ethnicity compared to participants without regular
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Table 2
Association of regular aspirin use with ASCVD mortality among United States
adults aged 40-70 years without clinical ASCVD, stratified by Lp(a).

Number of Hazard Ratio  P- P-
ASCVD Deaths (95% CI) Value Interaction *
)
Model 1"
Normal Lp(a) (n =
2,378)
No Regular 153 Ref - 0.001
Aspirin Use (n =
2,208)
Regular Aspirin 22 1.01 (0.81, 0.96
Use (n = 170) 1.25)
Elevated Lp(a) (n =
612)
No Regular 53 Ref -
Aspirin Use (n =
565)
Regular Aspirin 4 0.48 (0.28, 0.01
Use (n = 47) 0.83)
Model 2 ©
Normal Lp(a) (n =
2,378)
No Regular 151 Ref - 0.004
Aspirin Use (n =
2,158)
Regular Aspirin 24 0.82 (0.61, 0.17
Use (n = 220) 1.10)
Elevated Lp(a) (n =
612)
No Regular 53 Ref -
Aspirin Use (n =
560)
Regular Aspirin 4 0.43 (0.26, 0.005
Use (n = 52) 0.72)

Sources of Data: Source of Data: National Center for Health Statistics: The Third
National Health and Nutrition Examination Survey and Linked Mortality File.
All models adjusted for age, sex, race/ethnicity, education, family history of
myocardial infarction <50 years old, cigarette smoking, body mass index, sys-
tolic blood pressure, total cholesterol, HDL-cholesterol, triglycerides, diabetes,
estimated glomerular filtration rate, lipid-lowering medication use, and anti-
hypertensive medication use.

@ p-interaction value refers to Lp(a) (normal versus elevated) x regular aspirin
use (yes versus no).

b regular aspirin use defined as having taken aspirin >30 times in the previous
month.

¢ regular aspirin use defined as having taken aspirin >15 times in the previous
month, to account for possible alternate day dosing regimens.

aspirin use. Median Lp(a) values between aspirin groups were similar.
Participants with Lp(a) >50 were more likely to be female and of non-
Hispanic Black race compared to those with Lp(a) <50 mg/dL (Sup-
plemental Table 1).

In unadjusted models, among individuals with elevated Lp(a), those
reporting regular aspirin use had a significantly lower crude cumulative
probability of ASCVD mortality (Fig. 1A-B) and lower ASCVD mortality
rate per 1000 person years versus those without regular aspirin use
(Supplemental Figure 2). Contrastingly, the cumulative probability of
ASCVD was significantly higher for individuals reporting regular versus
non-regular aspirin use among persons without elevated Lp(a).

In multivariable modeling, regular aspirin use was significantly
associated with a 52% lower risk of ASCVD mortality among individuals
with elevated Lp(a) (HR=0.48, 95% CI: 0.28-0.83), but not for those
without elevated Lp(a) (HR=1.01, 95% CI: 0.81-1.25; p-inter-
action=0.001). Similar findings were observed using an alternate day
dosing definition for regular aspirin use (Table 2).

4. Discussion

Among a nationally representative sample of US adults without

American Journal of Preventive Cardiology 18 (2024) 100674

clinical ASCVD, regular aspirin use was independently associated with a
52% lower risk of ASCVD mortality for those with elevated Lp(a) but not
those without elevated Lp(a) over a median 26-year follow-up. This is
the first study to observe an ASCVD mortality benefit associated with
aspirin therapy for primary prevention for individuals with elevated Lp
(a).

Given the high prevalence of elevated Lp(a) (approximately 20%
across populations), which is predominantly genetically determined [3],
these findings may have substantial public health implications for the
utilization of aspirin for primary prevention. Our results build on pre-
vious propensity-matched results from the Multi-Ethnic Study of
Atherosclerosis that observed a 46% lower risk of coronary heart disease
events with regular aspirin use for those with Lp(a) >50 mg/dL[6].
Earlier findings have also identified a 45-55% lower risk of index major
adverse cardiovascular events for regular aspirin use among individuals
carrying the rs3789220 LPA gene variant, but not for non-carriers [4,5].

Certain limitations should be considered. First, NHANES III survey
data are subject to healthy volunteer bias and were collected three de-
cades ago, as the current landscape of US demographics and preventive
medications (increase in statins, antihypertensive, glucose-lowering
medications) has changed. However, there have been no Food and
Drug Administration-approved pharmacotherapies for Lp(a) lowering
since NHANES III. Therefore, it is unlikely that current lower back-
ground ASCVD risk from non-Lp(a) risk lowering therapies would have
affected our observed association between aspirin and ASCVD mortality
among those with elevated Lp(a). Second, similar to several additional
observational cohort studies [12,13], NHANES III utilized a mass-based
(mg/dL) assay for quantifying Lp(a), which may be prone to measure-
ment bias at the extremes of Lp(a) values [14]. While both mass (mg/dL)
and particle (nmol/L) measurements are acceptable, particle-based
measurement is preferred and efforts are ongoing to facilitate labora-
tory standardization [15]. Information on aspirin use was only collected
at study baseline and also self-reported, subject to recall bias and
misclassification [16]. In addition, regular aspirin use was not ran-
domized across Lp(a) groups; however, NHANES III participants were
taking aspirin therapy without prior knowledge of Lp(a) values. We
sought to minimize these limitations by using two different definitions of
regular aspirin use and adjusting for a multitude of risk factors,
including kidney function, to mitigate residual confounding. Lastly, in-
formation on aspirin safety, including major bleeding events, was un-
available and deaths from others causes were not censored. Future net
clinical benefit (benefit-harm) analyses involving the interaction of
aspirin and Lp(a) with incident ASCVD and major bleeding events are
needed.

5. Conclusion

Regular aspirin use was associated with a 52% lower risk of ASCVD
mortality among adults without clinical ASCVD who had elevated Lp(a).
These findings suggest that measurement of Lp(a) may help identify
individuals who benefit from aspirin therapy for primary prevention.
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