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Abstract

Background: This study explored the longitudinal relationship of lipoprotein(a) and 

hypertension to cardiovascular outcomes in a large multiethnic cohort free of baseline 

cardiovascular disease.

Methods: Individuals from the Multi-Ethnic Study of Atherosclerosis (MESA) (n=6,674) 

were grouped as follows: Group 1: lipoprotein(a) <50 mg/dL and no hypertension; Group 

2: lipoprotein(a) ≥50 mg/dL and no hypertension; Group 3: lipoprotein(a) <50 mg/dL and 

hypertension; and Group 4: lipoprotein(a) ≥50 mg/dL and hypertension. Kaplan-Meier curves 

and multivariable Cox proportional hazard models were used to assess the relationship of 

lipoprotein(a) and hypertension with time to cardiovascular disease events.

Results: Mean follow-up time was 13.9 (5.0) years and 809 participants experienced 

a cardiovascular disease event. A statistically significant interaction was found between 
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Log[lipoprotein(a)] and hypertension status (p=0.091). Compared to the reference group 

(lipoprotein(a) <50 mg/dL and no hypertension), those with lipoprotein(a) ≥50 mg/dL and no 

hypertension had no increased risk for cardiovascular disease events (HR: 1.09; 95% CI: 0.79, 

1.50). However, those with lipoprotein(a) <50 mg/dL and hypertension or lipoprotein(a) ≥50 

mg/dL and hypertension demonstrated a statistically significant increase in risk compared to the 

reference group (HR: 1.66; 95% CI: 1.39, 1.98) and (HR: 2.07; 95% CI: 1.63, 2.62), respectively. 

Among those with hypertension, lipoprotein(a) was associated with a significant increase in 

cardiovascular disease risk (HR: 1.24; 95% CI: 1.01, 1.53).

Conclusions: Although the major contribution to cardiovascular risk was hypertension, elevated 

lipoprotein(a) significantly modified the association of hypertension with cardiovascular disease. 

More research is needed to understand mechanistic links among lipoprotein(a), hypertension, and 

cardiovascular disease.

Graphical Abstract

Keywords

Hypertension; Lipoprotein(a); Apolipoprotein B; Atherosclerotic cardiovascular disease; 
Cardiovascular risk; Primary Prevention

Introduction

Over the last century, a preponderance of evidence has supported a causal link between 

hypertension and atherosclerotic cardiovascular disease (ASCVD).1,2 In fact, the population 

attributable risk for ASCVD due to hypertension is estimated at 25%.1,3 This high 

population attributable risk highlights the importance of blood pressure control, as a 20 

mm Hg increase in systolic blood pressure (SBP) or a 10 mm Hg increase in diastolic 

blood pressure (DBP) is associated with twice the CVD risk.1,2 Additionally, hypertension 

leads to more CVD deaths in the United States compared to other risk factors, including 

smoking, physical inactivity, diabetes mellitus, or dyslipidemia.2 Of these modifiable risk 

factors, dyslipidemia is of particular interest because the coexistence of hypertension 

and dyslipidemia approximately triples CVD risk.4 In particular, a paucity of evidence 
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exists regarding elevated lipoprotein(a) [Lp(a)] and its significance in individuals with 

hypertension.5

Lp(a) is an apolipoprotein B (apoB)-containing lipoprotein independently and causally 

associated with ASCVD.6 The molecular structure of Lp(a) is similar to that of low-density 

lipoprotein (LDL), with an additional apolipoprotein(a) moiety bound to apoB found on the 

LDL-like particle.5 Plasma levels of Lp(a) are almost exclusively genetically determined 

and median values vary across race and ethnicity, highest in African Americans.6–8 There 

is a linear increase in ASCVD risk with increasing Lp(a) levels, which becomes clinically 

significant above 50 mg/dL.6,9 However, limited data exist regarding the significance of 

Lp(a) in individuals with hypertension.10 Some evidence suggests that elevated Lp(a) 

is independently associated with the severity of target organ damage in patients with 

hypertension.11 Moreover, a recent study in patients with established coronary artery 

disease found that ASCVD risk associated with Lp(a) was present only in individuals with 

hypertension and elevated Lp(a).10 These data suggest a shared mechanistic link or effect 

modification between Lp(a) and hypertension.

Given these findings, individuals with hypertension and elevated Lp(a) may have a 

considerable increase in ASCVD risk. However, the longitudinal relationship of Lp(a) and 

hypertension to cardiovascular outcomes in primary prevention has not been described. To 

investigate this issue, we compared incident ASCVD events stratified by hypertension and 

Lp(a) in a large multi-ethnic cohort free from CVD at baseline.

Methods

Data availability

All data used in this study were obtained from the Multi-Ethnic Study of Atherosclerosis 

(MESA) (https://www.mesa-nhlbi.org) in accordance with their published data access 

procedures. Dr. Rikhi had full access to all the data in the study and takes responsibility 

for its integrity and data analysis.

Study population

The methods and study design for the MESA have been previously described.12 In 

short, MESA is an ongoing community-based cohort study aimed at better understanding 

subclinical ASCVD.12 The study enrolled a multi-ethnic cohort of 6,814 men and women, 

45-84 years of age, all free of clinical ASCVD at baseline.12 Participants were recruited 

from July 2000 to 2002 from 6 communities in the United States.12 The present study 

included 6,674 participants with measured baseline Lp(a), blood pressure, and documented 

CVD event data over follow-up. Institutional Review Board approval was obtained at all 

participating institutions, and written informed consent was obtained from all participants.

Demographic and baseline characteristics

All demographic and covariate data were obtained from the baseline MESA exam 

in 2000-2002.12 Demographic data (age, sex, race/ethnicity) were obtained through 

standardized questionnaires.12 Body mass index (BMI) was calculated by dividing weight 
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(kg) by height squared (m2) and treated continuously. Cigarette use was categorized as 

never, former, and current.12 For this study, current smoking was defined as any cigarette use 

in the last 30 days.12 Blood pressure was measured in a seated position using an automated 

oscillometric sphygmomanometer (Dinamap model Pro 100, Critikon, Tampa, Florida).12 

Participants had three different measurements, at two-minute intervals, and the mean of the 

second and third readings were used to determine hypertension status.12 Hypertension was 

defined according to JNC VI (1997) guidelines as a systolic blood pressure ≥140 mmHg, 

diastolic blood pressure ≥ 90 mmHg, or blood pressure medication use. Diabetes mellitus 

was defined as fasting plasma glucose ≥126 mg/dL or medication use for diabetes mellitus.

Laboratory measurements

Blood samples obtained from all participants were stored in EDTA-anticoagulant tubes 

at −70° C (University of Vermont and University of Minnesota).12 Total cholesterol, high-

density lipoprotein (HDL)-cholesterol (HDL-C), and triglycerides were measured from 

fasting samples. The Friedewald equation was used to calculate LDL-C when triglycerides 

were < 400 mg/dL.13 Individuals with triglycerides ≥ 400 mg/dL were excluded in the 

fully adjusted model when LDL-C was added (n=85). A latex-enhanced turbidimetric 

immunoassay (Denka Seiken, Tokyo, Japan) by Health Diagnostics Laboratory (Richmond, 

Virginia) was used to measure plasma Lp(a) in mg/dL.7

Clinical endpoints

Participants were followed for an average of 13.9 (5.0) years from 2000 to 2018. Time 

to CVD events, defined as centrally adjudicated myocardial infarction, resuscitated cardiac 

arrest, stroke (not including transient ischemic attack), stroke death, and coronary heart 

disease death were documented. Telephone interviews were completed every 9 to 12 

months to gather interim data on new diagnoses, procedures, hospitalizations, and deaths. 

Additionally, medical information was obtained throughout the calendar year from clinic 

visits, call-ins from participants, and obituaries. Self-reported diagnoses were confirmed 

with medical records.

Statistical analysis

Our study population was grouped as follows:

Group 1: Lp(a) < 50 mg/dL and no hypertension

Group 2: Lp(a) ≥ 50mg/dL and no hypertension

Group 3: Lp(a) < 50mg/dL and hypertension

Group 4: Lp(a) ≥ 50mg/dL and hypertension

We compared baseline characteristics among these four groups using chi-square tests for 

proportions, analysis of variance for normally distributed continuous variables, and Kruskal-

Wallis tests for non-normally distributed continuous variables. Lp(a) was log-transformed 

when treated as continuous to normalize its skewed distribution. A Student’s t-test was used 

to compare Log[Lp(a)] values between those with and without hypertension. Lp(a) was also 
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treated as a categorical variable using a threshold of 50 mg/dL, which is the threshold 

recommended by the 2018 American College of Cardiology (ACC) / American Heart 

Association (AHA) cholesterol guideline for consideration as an ASCVD risk-enhancing 

factor.14 Formal interaction testing between Log[Lp(a)] and hypertension status was 

performed.

Differences in time-to-CVD between individuals with and without hypertension, elevated 

and normal Lp(a), and among the four groups were assessed with a Kaplan-Meier plot 

and log-rank test. Incident rates per 1,000 person years were calculated for each group. 

Multivariable Cox proportional hazards models were used to assess differences in time-to-

CVD among the four groups, with Group 1 as the reference group (Lp(a) < 50 mg/dL and no 

hypertension). Three models were constructed: model 1 was unadjusted; model 2 adjusted 

for age, sex, race/ethnicity; and model 3 adjusted for model 2 + total cholesterol, HDL-

C, LDL-C, triglycerides, diabetes, cigarette use, baseline statin use, and BMI. Stratified 

analyses were performed to compare females and males, as well as White, Chinese 

American, and Hispanic participants and African American participants. Hypothesis testing 

was conducted with a two-sided [alpha] of 0.05 for main effects and 0.10 for interactions. 

SAS version 9.4 and GraphPad Prism version 9.3.1 were used to perform all statistical 

analyses.

Results

Baseline characteristics of study population

Baseline characteristics of our study population are shown in Table 1. The sample was 

52.8% female (n=3,523), 38.6% White (n=2,575), 11.9% Chinese American (n=791), 27.5% 

African American (n=1,832), and 22.1% Hispanic (n=1,476). The mean (SD) age of the 

cohort was 62.1 (10.2) years. Those with hypertension were significantly older and had 

higher BMI. Diabetes, former cigarette use, and statin use were more prevalent in the groups 

with hypertension. Mean total cholesterol, HDL-C, and LDL-C were higher in the groups 

with elevated Lp(a). Mean triglycerides were lower in the groups with elevated Lp(a). 

Participants with hypertension had higher average Log[Lp(a)] levels than those without 

hypertension (2.9 U versus 2.8 U, respectively) (p<0.001).

Association of Lp(a) and Hypertension with CVD

Kaplan-Meier curves displaying time to CVD events for Lp(a) ≥ 50 mg/dL and Lp(a) < 

50 mg/dL groups (log-rank p-value <0.001) and hypertension and no hypertension groups 

(log-rank p-value =0.026) over the mean 13.9 years are displayed in Figure 1.

CVD incident rate per 1,000 person-years for Group 1 was 5.2, Group 2 was 5.4, Group 

3 was 12.5, and Group 4 was 14.7. Kaplan-Meier curves displaying time to CVD events 

for the four groups over the mean 13.9 years are displayed in Figure 2. Time to CVD 

events differed significantly among the four groups (log-rank test, p <0.001). A statistically 

significant interaction was found between Log[Lp(a)] and hypertension status (p = 0.091). 

Hazard ratios from multivariable Cox proportional hazards models are displayed in Table 

2. In the fully adjusted model, compared to the reference group (Lp(a) < 50 mg/dL and 
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no hypertension), those with Lp(a) ≥ 50 mg/dL and no hypertension (Group 2) had no 

increase in risk for CVD events (HR: 1.09; 95% CI: 0.79, 1.50). However, those with Lp(a) 

< 50 mg/dL and hypertension (Group 3) or Lp(a) ≥ 50 mg/dL and hypertension (Group 

4) demonstrated a statistically significant increase in CVD risk compared to the reference 

group (HR: 1.66; 95% CI: 1.39, 1.98) and (HR: 2.07; 95% CI: 1.63, 2.62), respectively. 

Among those with hypertension (Groups 3 and 4), Lp(a) was associated with a significant 

increase in CVD risk (HR: 1.24; 95% CI: 1.01, 1.53).

Association of Lp(a) and Hypertension with CVD by Sex

In women, CVD incident rate per 1,000 person-years for Group 1 was 3.4, Group 2 was 

4.6, Group 3 was 10.3, and Group 4 was 11.8. In males, CVD incident rate per 1,000 

person-years for Group 1 was 7.1, Group 2 was 6.6, Group 3 was 15.0, and Group 4 was 

19.5. Kaplan-Meier curves displaying time to CVD events for the four groups over the 

mean 13.9 years are displayed in Figure 3A. For both females and males, differences in 

time to CVD events were statistically significant (log-rank test, p <0.001), with a shorter 

time to CVD events in the groups with hypertension. Interaction testing between Log[Lp(a)] 

and hypertension was not significant in females (p = 0.860), but was significant in males 

(p = 0.052). Hazard ratios from the multivariable Cox proportional hazards model for 

both females and males are displayed in Table 3. In a fully adjusted model, compared 

to the reference group (Lp(a) <50 mg/dL and no hypertension), those with Lp(a) ≥50 

mg/dL and no hypertension (Group 2) had no increase in risk for CVD events in females 

(HR: 1.20; 95% CI: 0.75, 1.92) or in males (HR: 1.02; 95% CI: 0.66, 1.58), respectively. 

However, those with Lp(a) <50 mg/dL and hypertension (Group 3) or Lp(a) ≥50 mg/dL 

and hypertension (Group 4) demonstrated a statistically significant increase in CVD risk 

compared to the reference group (HR: 1.90; 95% CI: 1.42, 2.54) and (HR: 2.29; 95% CI: 

1.59, 3.31), respectively in females, and (HR: 1.52; 95% CI: 1.21, 1.91) and (HR: 1.94; 95% 

CI: 1.42, 2.66), respectively in males. Lp(a) was not associated with an increase in CVD risk 

in those with hypertension (HR: 1.20; 95% CI: 0.89, 1.63) and (HR: 1.28; 95% CI: 0.96, 

1.69), in females and males respectively.

Association of Lp(a) and Hypertension with CVD by White, Chinese American, and 
Hispanic participants and African American participants

In White, Chinese American, and Hispanic participants, CVD incident rate per 1,000 

person-years for Group 1 was 5.3, Group 2 was 5.7, Group 3 was 13.3, and Group 4 was 

14.6. In African Americans, CVD incident rate per 1,000 person-years for Group 1 was 4.9, 

Group 2 was 4.8, Group 3 was 10.3, and Group 4 was 14.8. Kaplan-Meier curves displaying 

time to CVD events for the four groups over the mean 13.9 years are displayed in Figure 

3B. For both White, Chinese American, and Hispanic participants and African American 

participants, differences in the time to CVD events were statistically significant (log-rank 

test, p < 0.001). Interaction testing between Log[Lp(a)] and hypertension was not significant 

in White, Chinese American, and Hispanic participants (p = 0.260), but was significant 

in African American participants (p = 0.079). Hazard ratios from the multivariable Cox 

proportional hazards model for both White, Chinese American, and Hispanic participants 

and African American participants are displayed in Table 3. In a fully adjusted model, 

compared to the reference group (Lp(a) < 50 mg/dL and no hypertension), those with Lp(a) 
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≥ 50 mg/dL and no hypertension (Group 2) had no increase in risk for CVD events (HR: 

1.18; 95% CI: 0.81, 1.72) and (HR: 0.93; 95% CI: 0.50, 1.72) in both White, Chinese 

American, and Hispanic participants and African American participants, respectively. In 

those with Lp(a) < 50 mg/dL and hypertension (Group 3) there was a significant increase 

in CVD risk in White, Chinese American, and Hispanic participants (HR: 1.71; 95% CI: 

1.40, 2.08). There was an increase in CVD risk in African Americans from Group 3; 

however, the 95% CI overlapped with the null (HR: 1.40; 95% CI: 0.92, 2.12). Both 

White, Chinese American, and Hispanic participants and African American participants 

with Lp(a) ≥ 50 mg/dL and hypertension (Group 4) had a significant increase in CVD risk 

compared to the reference group (HR: 1.95; 95% CI: 1.44, 2.65) and (HR: 2.07; 95% CI: 

1.34, 3.21), respectively. Among White, Chinese American, and Hispanic participants with 

hypertension, Lp(a) was not associated with an increase in CVD risk (HR: 1.14; 95% CI: 

0.86, 1.52). However, among African Americans with hypertension, Lp(a) was associated 

with an increase in CVD risk (HR: 1.48; 95% CI: 1.09, 2.02).

Discussion

Epidemiologic and genetic studies suggest an independent and causal association between 

Lp(a) and CVD.6 However, controversy exists regarding the relationship between Lp(a) 

and hypertension, as well the association of Lp(a) with CVD risk in hypertensive and non-

hypertensive patients.5,10 In this analysis from a large, multiethnic cohort free of clinical 

ASCVD at baseline, we evaluated the joint association between Lp(a) and hypertension 

on incident ASCVD events. Our study highlights the already known strong relationship 

between hypertension and ASCVD, as survival probabilities were significantly lower in 

participants with hypertension compared to no hypertension by year 1 (Table S1). Survival 

probabilities among participants with Lp(a) ≥ 50 mg/dL compared to Lp(a) < 50 mg/dL 

appear to diverge more slowly, but are significantly lower by year 2 (Table S1). The main 

finding from our study of 6,674 participants followed for a mean 13.9 years was that 

elevated Lp(a) significantly modified the association of hypertension with incident CVD, 

such that individuals with hypertension and Lp(a) > 50mg/dL had a significantly higher risk 

for incident CVD than individuals with hypertension and normal Lp(a) levels.

As seen in Figure 2, ASCVD risk appears to be largely driven by hypertension, with clear 

divergence between groups with hypertension (3 and 4) and groups without hypertension (1 

and 2). However, we can see that groups 1 and 2 (without hypertension) overlap each other, 

and there is separation in risk between groups 3 and 4 (with hypertension), indicating that 

Lp(a) was not associated with CVD risk in those without hypertension, but was significantly 

associated with CVD risk in those with hypertension. When stratified by sex, we found 

that Lp(a) was not associated with CVD risk regardless of hypertension status. The same 

result was also seen in White, Chinese American, and Hispanic participants. However, in 

African Americans, greater CVD risk was seen when both risk factors (Lp(a) ≥ 50 mg/dL 

and hypertension) were present.

CVD risk associated with both Lp(a) and hypertension has not been well described in 

populations free of clinical CVD at baseline. Liu et at. investigated this association in a 

prospective study following 8,668 individuals with stable coronary artery disease over a 
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mean of 55 months.10 The authors stratified Lp(a) (< 10 mg/dL, ≥ 10 mg/dL and < 30 

mg/dL, and ≥ 30 mg/dL) and found that elevated CVD risk was significant only in the 

group with Lp(a) ≥ 30 mg/dL and hypertension (HR: 1.88; 95% CI: 1.10, 3.22).10 However, 

the external validity of this study is limited as it included only Chinese participants.10 

Additionally, this population had established coronary artery disease and thus is not 

applicable to primary prevention.10 In our large, multi-ethnic study of participants free 

of clinical CVD at baseline, we found a statistically significant interaction between blood 

pressure and Lp(a). Specifically, results from this analysis suggest that Lp(a) modifies the 

relationship between hypertension and ASCVD.

It is unclear why cardiovascular disease risk associated with Lp(a) would not be 

significant in those without hypertension; however, there may be other potential 

mechanisms at play. It is known that hypertension results in hemodynamic changes that 

promote endothelial dysfunction and heightened inflammation.5 Similarly, Lp(a) attenuates 

endothelial-dependent relaxation and the apo(a) component of Lp(a) is hydrophilic, which 

allows for Lp(a) to interact with the endothelial surface, resulting in endothelial dysfunction, 

proliferation of vascular smooth muscle cells, and cytokine production.6,15 Further, in the 

setting of endothelial dysfunction, Lp(a) can bind to exposed lysine via lysine binding sites 

and become more atherogenic.16 Thus, Lp(a) may require a specific substrate to exert its 

inflammatory and atherogenic potential, such as endothelial damage caused by hypertension. 

Of course, this is a hypothesis that needs formal testing.

Limitations

There are several limitations that should be considered when interpreting the results of 

our study. First, given the longitudinal nature of this study, differential loss to follow up 

could have resulted in selection bias. Second, there were relatively few CVD events in 

Group 2 (Lp(a) ≥ 50 mg/dL and no hypertension), which may have limited our ability 

to detect differences in the groups without hypertension, particularly in the subgroup 

analyses. Third, participants may have developed hypertension during follow up, resulting 

in misclassification bias. Lastly, given the observational nature of this study, residual 

confounding could occur, and causal inferences between Lp(a), hypertension and CVD 

cannot be made.

Perspectives

This study illustrates a significant interaction between Lp(a) and hypertension. Further 

research is needed to better understand the mechanistic link between Lp(a), hypertension, 

and CVD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HDL-C High-density lipoprotein-cholesterol
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Novelty and Relevance

What is new?

Hypertension is a known strong causal risk factor for the development of cardiovascular 

disease, yet little is known regarding its relationship with lipoprotein(a). In our large, 

multi-ethnic, primary prevention study, we found a significant interaction between 

lipoprotein(a) and hypertension.

What is Relevant?

Our study is the first to illustrate that lipoprotein(a) modifies the relationship between 

hypertension and cardiovascular disease.

Clinical/Pathophysiological Implications?

These novel findings suggest a causal link between hypertension, lipoprotein(a) and the 

development of cardiovascular disease in primary prevention. Further research is needed 

to better understand the mechanistic link between lipoprotein(a) and hypertension.
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Figure 1. 
Incident Cardiovascular Disease Events for Lp(a) and Hypertension

Kaplan-Meier curves of incident CVD events for (A) Lp(a) ≥ 50 mg/dL and Lp(a) < 50 

mg/dL groups (log-rank p-value <0.001) and (B) hypertension and no hypertension groups 

(log-rank p-value =0.026). Lp(a) = lipoprotein(a); CVD = cardiovascular disease.
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Figure 2. 
Incident Cardiovascular Disease Events According to Lp(a) and Hypertension Groups

Kaplan-Meier curves of incident CVD events (log-rank p-value <0.001). The group with 

Lp(a) < 50 mg/dL without hypertension served as the reference. Lp(a) = lipoprotein(a); 

CVD = cardiovascular disease.
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Figure 3. 
Incident Cardiovascular Disease Events According to Lp(a) and Hypertension by Sex and 

Race/Ethnicity

Kaplan-Meier curves of incident CVD events for (A) females (log-rank p-value <0.001) 

and (B) males (log-rank p-value <0.001) and (C) White, Chinese American, and Hispanic 

participants (log-rank p-value <0.001) and (D) African American participants (log-rank 

p-value <0.001). The group with Lp(a) < 50 mg/dL without hypertension served as the 

reference. Lp(a) = lipoprotein(a); CVD = cardiovascular disease.
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