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Association of Lipoprotein (a) and Standard 
Modifiable Cardiovascular Risk Factors With 
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Gurleen Kaur , MD; Sanjay Divakaran , MD; Avinainder Singh , MBBS, MMSc; Daniel M. Huck , MD, MPH; 
Brittany Weber , MD, PhD; Jorge Plutzky , MD; Marcelo F. Di Carli , MD; Khurram Nasir , MD, MPH; 
Christopher Cannon , MD; James L. Januzzi , MD; Deepak L. Bhatt , MD, MPH; Ron Blankstein , MD

BACKGROUND: Lipoprotein (a) [Lp(a)] is a robust predictor of coronary heart disease outcomes, with targeted therapies currently 
under investigation. We aimed to evaluate the association of high Lp(a) with standard modifiable risk factors (SMuRFs) for 
incident first acute myocardial infarction (AMI).

METHODS AND RESULTS: This retrospective study used the Mass General Brigham Lp(a) Registry, which included patients aged 
≥18 years with an Lp(a) measurement between 2000 and 2019. Exclusion criteria were severe kidney dysfunction, malignant 
neoplasm, and prior known atherosclerotic cardiovascular disease. Diabetes, dyslipidemia, hypertension, and smoking were 
considered SMuRFs. High Lp(a) was defined as >90th percentile, and low Lp(a) was defined as <50th percentile. The primary 
outcome was fatal or nonfatal AMI. A combination of natural language processing algorithms, International Classification of 
Diseases (ICD) codes, and laboratory data was used to identify the outcome and covariates. A total of 6238 patients met the 
eligibility criteria. The median age was 54 (interquartile range, 43–65) years, and 45% were women. Overall, 23.7% had no 
SMuRFs, and 17.8% had ≥3 SMuRFs. Over a median follow-up of 8.8 (interquartile range, 4.2–12.8) years, the incidence of 
AMI increased gradually, with higher number of SMuRFs among patients with high (log-rank P=0.031) and low Lp(a) (log-rank 
P<0.001). Across all SMuRF subgroups, the incidence of AMI was significantly higher for patients with high Lp(a) versus low 
Lp(a). The risk of high Lp(a) was similar to having 2 SMuRFs. Following adjustment for confounders and number of SMuRFs, 
high Lp(a) remained significantly associated with the primary outcome (hazard ratio, 2.9 [95% CI, 2.0–4.3]; P<0.001).

CONCLUSIONS: Among patients with no prior atherosclerotic cardiovascular disease, high Lp(a) is associated with significantly 
higher risk for first AMI regardless of the number of SMuRFs.
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Despite significant progress in the diagnosis and 
treatment of coronary artery disease (CAD) and 
acute myocardial infarction (AMI), these condi-

tions remain major causes of death worldwide with 
increasing social and economic burden.1,2 Standard 

modifiable risk factors (SMuRFs), such as diabetes, 
hypertension, smoking, and dyslipidemia, are well-
known risk factors for coronary heart disease, and are 
commonly used for risk stratification, especially among 
patients who do not have established cardiovascular 
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disease.3–6 However, up to 20% of patients with acute 
coronary syndrome have no SMuRFs, and para-
doxically such patients have worse outcomes when 
compared with those who have at least 1 SMuRF.7–19 
Furthermore, a recent study by Chunawala et al19 found 
a temporal trend of increase in the incidence of 28-day 
mortality following AMI for patients without SMuRFs, 
whereas it declined for those with ≥1 SMuRFs. This 
underscores the importance of identifying additional 
modifiable cardiovascular risk factors.

Lipoprotein (a) [Lp(a)] is a lipid-carrying particle 
composed of a low-density lipoprotein (LDL)–like moi-
ety containing apolipoprotein B-100 linked by a disul-
fide bond to apolipoprotein (a).20 Lp(a) has emerged as 
a causal risk factor for CAD, and in particular AMI.21–23 
This has prompted the development of new targeted 
therapies that effectively reduce Lp(a).20,24 Although 
several such therapies that directly target Lp(a) pro-
duction are being evaluated among individuals with 
prior cardiovascular disease,24 there are presently 
no approved treatments for its lowering. Thus, for in-
dividuals with elevated Lp(a) levels, the therapeutic 
approach focuses on general risk reduction and the 
management of other modifiable risk factors.4,25–27

Although Lp(a) has been shown to have prognostic 
value among patients with acute coronary syndrome 
who do not have SMuRFs,28 there is currently a scarcity 
of data on the interaction between Lp(a) and SMuRFs, 
especially among individuals without a history of ath-
erosclerotic cardiovascular disease (ASCVD). There is 
also a paucity of data on Lp(a) within the United States.

Therefore, the objective of this study was to evaluate 
the risk of elevated Lp(a) levels in relation to SMuRFs 
for developing a first AMI.

METHODS
Study Design and Population
The patient population was derived from the Mass 
General Brigham Lp(a) Registry, as previously de-
scribed.29,30 In summary, this is a retrospective co-
hort study, which included all patients who had 
undergone Lp(a) testing as part of their routine care 
between January 2000 and July 2019 and was con-
ducted at 2 large academic medical centers in Boston, 
Massachusetts (Brigham and Women’s Hospital and 
Massachusetts General Hospital). The Mass General 
Brigham Lp(a) Registry was granted approval by the 
Institutional Review Board at Mass General Brigham, 
and the requirement for informed consent has been 
waived. All individuals aged ≥18 years with at least 1 
Lp(a) result were screened for inclusion in the cohort. 
Exclusion criteria consisted of 2 factors: (1) severe kid-
ney dysfunction, which was defined as stage 5 chronic 
kidney disease (estimated glomerular filtration rate 
<15 mL/min per m2), prior renal transplant, or those re-
ceiving renal replacement therapy; or (2) the presence 
of a diagnostic International Classification of Diseases 
(ICD) (ICD-9, ICD-10) code for a malignant neoplasm 
during the covariate assessment window, except for 
nonmelanoma skin cancer. Additionally, for the current 
study, patients with a history of ASCVD, defined as a 
previous myocardial infarction, history of coronary re-
vascularization, or a history of ischemic stroke, were 
also excluded.

Data Sources and Definitions
Because of the sensitive nature of the data collected 
for this study, requests to access the data set from 
qualified researchers trained in human subject confi-
dentiality protocols may be sent to the corresponding 
author.

Three primary sources were used to collect the 
data, including: (1) the RPDR (Research Patient Data 
Registry)31 at Mass General Brigham, which provides 
demographic, laboratory, imaging, diagnostic, pro-
cedural, medication, vital status (based on the Social 
Security Administration Death Master File), and clini-
cal documentation for individuals who meet specific 

CLINICAL PERSPECTIVE

What Is New?
•	 Among individuals without prior atherosclerotic 

cardiovascular disease, elevated lipoprotein (a) 
is associated with a significantly higher risk of 
acute myocardial infarction, independent of the 
presence or number of standard modifiable risk 
factors, with the additional risk being compara-
ble to having 2 standard modifiable risk factors.

What Are the Clinical Implications?
•	 These findings support the need for broader 

screening of lipoprotein (a), and suggest in-
corporating lipoprotein (a) alongside standard 
modifiable risk factors for enhanced risk stratifi-
cation and therapeutic decision-making.

•	 Although there are currently no approved thera-
pies for lowering lipoprotein (a), patients iden-
tified as having a higher risk should undergo 
aggressive management of all modifiable risk 
factors.

Nonstandard Abbreviations and Acronyms

Lp(a)	 lipoprotein (a)
SMuRF	 standard modifiable risk factor
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search criteria; and (2) ICD-coded death information 
from the National Death Index or the Massachusetts 
Office of Vital Statistics was used to establish the 
causes of death for each patient who passed away 
during the study period.

To determine the presence of cardiovascular risk fac-
tors, validated natural language processing (NLP) mod-
ules,32 laboratory data, and diagnostic and procedural 
ICD-9, ICD-10, and Current Procedural Terminology 
codes were used, as previously described.29

The baseline covariate assessment period was es-
tablished as the 12-month period before and 30 days 
after the Lp(a) measurement. For individuals with >1 
Lp(a) test, their covariate assessment period was as-
sessed relative to the first Lp(a) test. Any clinical covari-
ate that occurred or was documented during this time 
was attributed to baseline characteristics.

The definitions used to define SMuRFs were as 
follows. Diabetes was classified on the basis of the 
presence of a combination of diagnostic ICD codes, 
NLP, and hemoglobin A1c results. Hypertension was 
defined on the basis of the presence of a combination 
of diagnostic ICD codes and NLP. Non-Lp(a) dyslipid-
emia was determined through NLP, treatment with a 
cholesterol-lowering medication, or laboratory values 
(median) that exceeded any 1 of the following thresh-
olds during the covariate window: (1) total cholesterol 
≥240 mg/dL, (2) LDL cholesterol (LDL-C) ≥160 mg/
dL, (3) high-density lipoprotein cholesterol <40 mg/dL 
(men), (4) high-density lipoprotein cholesterol <50 mg/
dL (women), or (5) total triglycerides ≥175 mg/dL. 
Smoking was classified as current, former, or never 
smoker by an NLP algorithm that was proven to be 
highly accurate in our institution.33 Further details on 
the covariate assessment, ascertainment, and adjudi-
cation are found in Data S1.

Lp(a) Assays
Lp(a) was measured as part of routine medical care 
using available immunochemical-based assays with 
reference ranges <30 mg/dL or <75 nmol/L.34–36 All 
Lp(a) laboratory testing was performed at commer-
cial laboratories over the study period using industry-
standard assays. We converted all Lp(a) values to 
nmol/L using the following conversion formula: Lp(a) 
nmol=[2.18×Lp(a)-M]−3.83.37,38 To avoid potential bi-
ases attributable to possible differences in Lp(a) testing 
techniques over the study period, percentile distribu-
tions for each assay were defined separately, as previ-
ously also performed by others.37,39–41 Subsequently, 
Lp(a) percentiles were then combined across assay 
types.

Given the well-established distribution of Lp(a), a 
priori percentiles were determined and used in the 
present study: 1st to 50th, 51st to 70th, 71st to 90th, 

and 91st to 100th.21,42,43 Accordingly, high Lp(a) was 
defined as a value >90th percentile in the cohort, and 
low Lp(a) was defined as a value <50th percentile.

Primary Outcome
The primary outcome for the current study was the oc-
currence of AMI during the follow-up period. As previ-
ously described,29 AMI was defined by the presence of 
a diagnostic ICD code in the primary hospital discharge 
position. This method has been thoroughly validated 
and is associated with high specificity, high positive 
predictive value, and reasonable sensitivity.44–48

Statistical Analysis
Continuous variables are reported as medians, and 
categorical variables are reported as frequencies and 
percentages. Ordinal variables were compared using 
Jonckheere-Terpstra trend test. Cumulative incidence 
of AMI was compared according to the study variables 
using Kaplan-Meier approach. The relative risk of AMI 
was assessed with univariate and multivariable levels 
of Cox proportional hazard models, presented as haz-
ard ratio (HR) and 95% CI. We evaluated multicollinear-
ity among the independent variables using Spearman 
correlation coefficients. The correlations between vari-
ables were all <0.7, indicating no evidence of substan-
tial multicollinearity in the multivariable model.

The proportional hazards assumption was tested 
using Schoenfeld residuals and found to be valid 
(P>0.05), indicating that the HRs for the covariates re-
mained constant over time. Incidence rate ratios were 
calculated when comparing the rates of cardiovas-
cular events between different levels of Lp(a). The χ2 
goodness-of-fit test for multinominal data was used to 
calculate the P values for low and high Lp(a). Patients 
were censored either upon their death or at the con-
clusion of the query period, which extended until July 
2019. We used the Fine-Gray model to evaluate the 
potential for competing risks of death. Tests were 2 
tailed and considered statistically significant with a 
P<0.05. All statistical analyses were conducted using 
STATA MP, version 17 (College Station, TX).

RESULTS
A total of 6238 individuals met the established inclusion 
and exclusion criteria. The mean age of the patients 
was 54 years (interquartile range, 43–65 years), and 
45% were women. Table 1 provides the baseline char-
acteristics of the cohort. The distribution of the number 
of SMuRFs in the study cohort is shown in Figure 1. It 
is noteworthy that 23.7% of the study cohort did not 
have any SMuRFs, whereas 4.3% had all 4 modifiable 
risk factors. For subsequent analyses, patients who 
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had 4 SMuRFs were combined with those who had 
3 SMuRFs. Figure S1 displays the distribution of Lp(a) 
percentiles in the study cohort. Of the total cohort, 436 
(7%) patients had high Lp(a), whereas 3618 (58%) had 
low Lp(a). Table S1 presents a comparison of baseline 
characteristics between patients with no SMuRFs and 
those with a least 1 SMuRF. Patients without SMuRFs 
were younger, with comparable rates of women and 
racial or ethnic distribution, and exhibited a more fa-
vorable lipid profile compared with individuals with at 
least 1 SMuRF. Figure 2 displays the rates of high and 
low Lp(a) according to the number of SMuRFs. The fig-
ure shows a gradual increase in the rates of high Lp(a) 
and a gradual decrease in the rate of low Lp(a) as the 
number of SMuRFs increases.

Over a median follow-up of 8.8 years (interquartile 
range, 4.2–12.8 years; range, 0.02–19.2 years), 234 
(3.75%) patients experienced an AMI. Among the en-
tire cohort and when separately examining patients 
with high and low Lp(a), there was an increase in the 
risk of incident AMI with a higher number of SMuRFs 
(Figure  3, Figure  S2). However, in all subgroups of 
SMuRFs, the incidence of AMI was considerably 
higher among patients with high Lp(a) compared with 
those with low Lp(a), as shown in Figure  3. Notably, 
as the number of risk factors increased, the absolute 
difference in the incidence of AMI between patients 
with high Lp(a) versus those with low Lp(a) became 

greater. When evaluating the incidence rates of these 
subgroups, the risk associated with elevated Lp(a) was 
similar to having 2 additional SMuRFs. Table S2 shows 
the hazard ratios of the individual SMuRFs for devel-
oping incident myocardial infarction (MI). Notably, all 
SMuRFs were significantly associated with increased 
risk of AMI with an increasing risk for AMI with higher 
number of SMuRFs. Similarly, high Lp(a) levels [versus 
low Lp(a)] were significantly associated with increased 
risk of AMI (Table  S2, Figure  S3). After adjusting for 
age, sex, and the number of SMuRFs in a multivariable 
Cox model (Table 2), high Lp(a) remained significantly 
associated with the first occurrence of AMI, with an HR 
of 2.9 (95% CI, 2.0–4.3), and a P<0.001. This was sim-
ilar to the HR associated with having 2 SMuRFs (HR, 
2.97; P=0.001). The cumulative incidence function of 
MI was significantly higher in patients with high Lp(a) 
than in patients with low Lp(a) after adjusting for other 
causes of death as competing risk (P<0.001).

DISCUSSION
In this retrospective contemporary cohort study of pa-
tients who did not have prior ASCVD, we evaluated the 
risk of first AMI associated with high Lp(a) relative to 
SMuRFs. The key findings were that: (1) high Lp(a) was 
significantly associated with an increased risk of first 
AMI regardless of the presence or number of SMuRFs, 
and this association remained highly significant after 
adjusting for risk factors; and (2) the excess risk im-
parted by having a high Lp(a) was similar to the risk of 
having 2 SMuRFs.

The association between Lp(a) and AMI or CAD 
has been extensively studied through various epide-
miologic and genetic investigations in different popula-
tions. Indeed, the association between Lp(a) and CAD 
has been supported by multiple genetic studies, which 
have provided strong mechanistic evidence for this 
association.20,49,50 In addition, epidemiologic studies 
have demonstrated a robust and independent graded 
association between Lp(a) and CAD or AMI.20,21,39,51–53 
Although some of these studies have accounted for 
baseline characteristics and standard risk factors, the 
risk associated with elevated Lp(a) in relation to other 
risk factors has not been fully explored, and prior stud-
ies have not focused on modifiable risk factors.

Recently, several studies have examined the cardio-
vascular risk associated with increased Lp(a) relative to 
various individual risk factors. For example, elevated 
Lp(a) was found to be linked to an increased risk for 
MI, stroke, and cardiovascular mortality in patients with 
diabetes and prediabetes in a stepwise association.54 
Mehta et al55 studied >12 000 participants in the ARIC 
(Atherosclerosis Risk in Communities) study and found 
that elevated Lp(a) and family history of coronary heart 

Table 1.  Baseline Characteristics of the Study Population

Characteristic

Patients

(n=6238)

Demographic characteristics

Age, median (IQR), y* 54 (43–64)

Sex: female, n (%) 2802 (44.9)

Race or ethnicity, n (%)

White 5296 (84.9)

Black 183 (2.9)

Hispanic 156 (2.5)

East Asian 171 (2.7)

Other† 432 (6.9)

Risk factors, n (%)

Hypertension 2054 (32.9)

Dyslipidemia 3030 (48.6)

Diabetes 733 (11.8)

Chronic kidney disease 147 (2.4)

Smokers 2959 (47.4)

Medical therapy, n (%)

Statin 2193 (35.2)

Nonstatin lipid-lowering therapy 295 (4.7)

IQR indicates interquartile range.
*At time of lipoprotein (a) test.
†Other includes Indian, Middle Eastern, Native American, other, Pacific 

Islander, and unknown.
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disease had independent and additive joint associa-
tions with the risk of coronary heart disease. In another 
study, Verbeek et al56 evaluated the prognostic associ-
ation between Lp(a) and LDL-C in a primary prevention 
setting and found that the risk associated with elevated 
Lp(a) was attenuated among patients with LDL-C levels 

<100 mg/dL. However, the justification for the use of 
statins in prevention: an intervention trial evaluating 
rosuvastatin57 demonstrated that the association be-
tween baseline Lp(a) and first incident cardiovascular 
event was similar at LDL-C levels above and below the 
median (110 mg/dL) and even at low levels (54 mg/dL).

Figure 1.  Distribution of the number of standard modifiable risk factors in the 
study cohort. 

Figure 2.  The rate of high and low lipoprotein (a) [Lp(a)] according to the number 
of standard modifiable risk factors (SMuRFs).
*Percentages presented are out of total number of patients in every SMuRF category. 
High Lp(a) was defined as a value >90th percentile in the cohort, and low Lp(a) as <50th 
percentile.
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Trinder et  al58 investigated whether apolipoprotein 
B could explain the risk of CAD associated with Lp(a) 
particles, but found that the concentration of apolipo-
protein B could only explain the association of LDL-C 
with CAD, not that of Lp(a).58 Hedegaard et al59 con-
ducted a study to contextualize the risk associated 
with Lp(a) by comparing it with that of familial hyper-
cholesterolemia. According to their findings, the risk 
associated with Lp(a) becomes clinically significant at 
a level of 30 mg/dL, and the strength of the association 
was similar to that of familial hypercholesterolemia at 
levels which exceeded 70 mg/dL.

Thomas et  al21 reported that Lp(a) is a significant 
contributor to ASCVD and MI regardless of CRP (C-
reactive protein) levels. Furthermore, Lp(a) was found to 
be an independent prognostic marker among patients 

with acute coronary syndrome without SMuRFs, po-
tentially explaining their worse outcomes.28 Previous 
evidence suggests that inflammation and thrombosis 
may play a significant role in mediating these adverse 
outcomes.22,60,61

The current study builds on and extends previous 
research in several ways. First, it focuses on the role of 
SMuRFs and Lp(a) among a primary prevention popu-
lation who did not have prior ASCVD. Second, it offers 
a simple estimation of risk that can enable clinicians 
to understand the interplay between Lp(a) and the 
number of SMuRFs in assessing the risk of MI. For in-
stance, for any given number of risk factors (ie, SMuRF 
category), having a high Lp(a) was associated with a 
nearly 3× higher level of risk of incident MI. Moreover, 
having a high Lp(a) was associated with a similar risk 
level as having 2 additional modifiable risk factors.

Given the robust risk of Lp(a) in risk assessment ob-
served in this study, our results reinforce the European 
and Canadian Dyslipidemia guidelines that advocate 
for wider Lp(a) screening, wherein Lp(a) is measured 
at least once in every adult to enhance risk stratifica-
tion and therapeutic decision-making.4,24,62 Our results 
support the role of Lp(a) testing even among individuals 
with minimal or no cardiovascular risk factors, because 
high Lp(a) levels can be linked to a substantially ele-
vated risk. Additional assessment of other nonstandard 
risk factors was advised for these patients.17 Although 
there are currently no effective therapies for lowering 
Lp(a), patients who are found to have higher risk should 
be aggressively managed with respect to their modi-
fiable risk factors, especially LDL-C.63 Indeed, our re-
sults show that even in the presence of high Lp(a), the 
number of SMuRFs is strongly associated with risk (ie, 

Figure 3.  Incidence of acute myocardial infarction according to the number of 
standard modifiable risk factors (SMuRFs) stratified by lipoprotein (a) [Lp(a)].
Incidence rates are presented with 95% CIs.
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Table 2.  Multivariable Cox Model Adjusted for Age and 
Sex

Parameter HR (95%CI) P value

No. of SMuRFs

0 Reference …

1 1.35 (0.70–2.63) 0.370

2 2.97 (1.59–5.54) 0.001*

≥3 4.65 (2.50–8.66) <0.001*

Low Lp(a) Reference …*

High Lp(a) 2.88 (1.97–4.21) <0.001*

Age† 1.04 (1.03–1.05) <0.001*

Female sex 0.70 (0.50–0.99) 0.045*

HR indicates hazard ratio; Lp(a), lipoprotein (a); and SMuRF, standard 
modifiable risk factor.

*Significance was considered when P<0.05.
†Increase of 1 year.
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4× increase in risk between those with ≥3 risk factors 
versus those with no SMuRFs). These data suggest 
that controlling modifiable risk factors likely has an im-
portant role on risk reduction.

Limitations
The current study has certain limitations. First, be-
cause of its retrospective design, risk factors were not 
assessed in a standard manner, and there is possible 
unmeasured confounding. Additionally, the evalua-
tion of risk factors was conducted around the time of 
Lp(a) measurement, which was a priori defined as the 
baseline covariate window.29 However, relying on a 
single baseline period may underestimate the preva-
lence of SMuRFs, as patients may develop additional 
risk factors over additional follow-up time up until the 
incidence of AMI. Underestimation, and consequently 
undertreatment, of SMuRFs is considered 1 of the pro-
posed mechanisms contributing to poorer outcomes 
observed in SMuRFless patients, as reported in nu-
merous other studies.7–19,64 Second, our cohort com-
prised patients who were tested for Lp(a) as part of 
routine clinical care, which may introduce selection bias. 
However, we focused on patients without prior ASCVD 
who were referred for testing, and as such these re-
sults remain generalizable to the population of patients 
in whom Lp(a) is currently tested in the United States. 
Nevertheless, the generalizability of our findings may be 
limited in other cohorts and, thus, further investigation is 
warranted. Moreover, there is a possibility that the risk 
observed among high-risk patients [those with a high 
prevalence of SMuRFs or high Lp(a)] was attenuated 
through the management of these risk factors. Third, 
the registry used for this study represents a single geo-
graphic region of the United States, which could limit the 
generalizability of the findings, particularly as our patient 
population was predominantly White race. Fourth, Lp(a) 
was measured by different techniques in our cohort; 
however, we standardized the assays using percentiles, 
as also done by prior studies. Nevertheless, there is a 
need for additional validation of conversion methods 
as well as further data comparing the performance of 
different types of Lp(a) assays. Fifth, for practical and 
simplicity reasons, our risk factors were assessed in a 
binary manner, and thus we did not account for the se-
verity of various SMuRFs (eg, LDL level, blood pressure); 
however, our approach has been used in the vast ma-
jority of observational cohorts. Sixth, we have included 
low high-density lipoprotein as a component of modifi-
able dyslipidemia, which may be controversial.

CONCLUSIONS
This retrospective analysis from a large contempo-
rary Lp(a) registry demonstrated that high Lp(a) levels 

are significantly associated with an increased risk for 
first AMI, regardless of the presence or number of 
SMuRFs. The study also revealed that the incremental 
risk posed by high Lp(a) was similar to that of having 
2 additional SMuRFs. These findings could be useful 
in risk assessment and in guiding currently available 
preventive therapies.
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