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Abstract

Background—Remnants are partially-hydrolyzed, triglyceride-rich lipoproteins that, like other 

apolipoprotein B-containing lipoproteins, are atherogenic. Prior observational studies suggest 

paradoxically better outcomes in hypercholesterolemic patients who sustain an acute myocardial 

infarction (AMI), one of several known recurrent risk paradoxes. To date, the association of 

directly-measured remnant lipoprotein cholesterol (RLP-C) with survival has not been examined 

after an AMI.

Methods—We examined 2,465 AMI survivors in TRIUMPH, a prospective, 24-center US study 

of AMI outcomes. Lipoprotein cholesterol subfractions were directly measured by 

ultracentrifugation. RLP-C was defined as IDL-C+VLDL3-C. Given a linear relationship between 

RLP-C and mortality, we examined RLP-C by tertiles and continuously. Cox regression hazard 

ratios were adjusted for the GRACE score and 23 other co-variates.

Results—Participants were 58±12 years old (mean±SD) and 68% were men. After 2 years of 

follow-up, 226 (9%) participants died. The mortality proportion was 12.4% in the lowest tertile of 

RLP-C (0–15 mg/dL), 8.5% in the middle tertile (16–23 mg/dL), and 6.8% in the highest tertile 
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(24–120 mg/dL) (p<0.001). A one SD increase in RLP-C (11 mg/dL) predicted a 24% lower 

adjusted risk of 2-year mortality (HR, 0.76; 95% CI 0.64–0.91). Similar results were found for a 

one SD increase in IDL-C (HR per 8 mg/dL, 0.80; 0.67–0.96), VLDL3-C (HR per 4 mg/dL, 0.74; 

0.61–0.89), and VLDL-C (HR per 8 mg/dL, 0.69; 0.55–0.85).

Conclusion—In conclusion, higher RLP-C levels were associated with lower mortality 2 years 

after AMI despite rigorous adjustment for known confounders. Unknown protective factors, or a 

lead-time bias, likely explain the paradox.
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INTRODUCTION

Coronary heart disease (CHD) is the leading cause of death in the US1 and worldwide,2 

contributing to over 7 million deaths per year globally. Hypercholesterolemia is a well-

established causal factor for CHD, and low-density lipoprotein cholesterol (LDL-C) 

lowering reduces cardiovascular (CV) risk in both the primary and secondary prevention 

settings.3 Remnants are partially-hydrolyzed, triglyceride-rich lipoproteins that, like other 

apolipoprotein B-containing lipoproteins, are atherogenic. Remnant particles consist of 

intermediate-density lipoproteins (IDL) and dense forms of very-low density lipoproteins 

(VLDL). Remnants are associated with development of CHD, independent of LDL-C and 

HDL-C.4–9 Mendelian randomization analysis mapped to Friedewald-estimated VLDL-C 

levels also suggests a causal role of remnants in CHD.10

Paradoxically, epidemiologic studies of patients with acute coronary syndromes (ACS) have 

linked hypercholesterolemia, based on LDL-C, to lower future mortality following the initial 

event.11–15 To some extent, this paradox could be related to death from non-cardiovascular 

causes. However, epidemiologic bias may also be operative. The hypercholesterolemia ACS 

paradox is one of a number of described paradoxes in recurrent risk research, which may be 

subject to bias introduced by selecting on an event – index event bias.16–19 If the primary 

exposure of interest is unfavorable at the time of the event, other risk factors may tend to be 

more favorable, making the exposure appear protective in relation to follow-up for events 

unless other factors are fully accounted for. Selecting on an event could also introduce lead-

time bias. If an unfavorable exposure leads to ACS presentation earlier in the atherosclerosis 

disease process, then this could lead to apparently greater longevity in post-ACS follow-up.

To date, the association of directly measured RLP-C with survival has not been examined 

after an AMI. It is especially timely to study this association because the obesity and 

diabetes epidemics have led to a much greater prevalence of hypertriglyceridemia and 

elevations in RLP-C in modern AMI patients. Individuals with AMI, particularly those with 

diabetes, are one of the highest atherosclerotic cardiovascular risk groups seen in clinical 

practice, and are often the target of the most aggressive pharmaceutical interventions. 

Although RLP-C is not routinely measured in clinical practice, it is felt to be the causal 

mediator of atherosclerosis, rather than triglycerides per se. As such, we sought to 
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investigate the association of RLP-C levels and mortality in patients following an acute 

myocardial infarction (AMI) using the Translational Research Investigating Underlying 

Disparities in Acute Myocardial Infarction Patients’ Health Status (TRIUMPH) registry. 

Based on prior studies of LDL-C, we hypothesized that higher RLP-C levels may be 

paradoxically associated with lower mortality, but explained by confounders, such that the 

association would become null or positive between RLP-C and post-AMI survival. The 

uniquely rich set of measurements obtained in TRIUMPH allowed for adjustment beyond 

what was possible in prior studies in this field.

METHODS

TRIUMPH Study

The TRIUMPH prospective cohort study enrolled AMI patients 18 years of age or older 

from April 11, 2005 to December 31, 2008 at 24 centers in the US, and has been previously 

described in detail.20 AMI was defined as clinical features of ischemia (e.g., prolonged 

ischemic signs/symptoms, ST-segment changes in ≥2 contiguous leads on 

electrocardiogram) combined with cardiac biomarker elevation (troponin per local 

laboratory cutpoints) outside the setting of elective coronary revascularization. Among those 

eligible for TRIUMPH, 74% of patients enrolled. All patients in this study provided 

informed consent and each enrolling site obtained Institutional Review Board approval.

Lipid Measurements

Serial laboratory testing was a voluntary substudy performed within a median of 1 day of 

discharge (25th–75th: 0 to 2 days). Blood samples were processed, serum separated, 

refrigerated, and sent by overnight mail in freezer packs to the core laboratory (Clinical 

Reference Laboratories, Lenexa, KS). Serum specimens were aliquoted, stored frozen at 

−70°C, and then sent to Atherotech (Birmingham, AL) by overnight mail on dry ice.

Cholesterol concentrations of major lipoprotein fractions and subfractions were measured by 

Atherotech’s Vertical Auto Profile (VAP) method.20,21 RLP-C was defined as the sum of 

IDL-C and the denser subfraction 3 of VLDL-C (VLDL3-C).4 The VAP method separates 

lipoproteins based on their density using single vertical-spin density gradient 

ultracentrifugation, then quantifies cholesterol content using an enzymatic reaction and 

spectrophotometric absorbance. Results from VAP testing were available for research 

purposes, but not to the treating providers.

Risk Factor and Outcome Measurements

Research staff conducted detailed chart abstractions to capture baseline characteristics, 

including the sociodemographic and clinical parameters presented in Table 1, as previously 

described.19 All-cause mortality was adjudicated using the Social Security Death Index. We 

did not specifically assess cardiovascular mortality.

Statistical Analysis

Descriptive statistics were used to characterize the populations. Continuous variables 

approximating a normal distribution were reported as mean (standard deviation) and their 
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differences were assessed by independent t tests. Continuous variables deviating from a 

normal distribution were reported as medians (25th–75th percentile) with differences 

compared by the Wilcoxon rank-sum test. Categorical variables were reported as 

proportions and differences were compared using the Chi-square method and Fisher’s exact 

test.

To examine the association of RLP-C, IDL-C, VLDL3-C, and VLDL-C with outcomes, we 

used unadjusted Kaplan-Meier estimates by tertile groups, fully-adjusted restricted cubic 

spline curves, and sequentially-adjusted Cox proportional hazards regression at 2 years. 

Model 1 was unadjusted. Model 2 was adjusted for the Global Registry of Acute Coronary 

Events (GRACE) 1.0 score, a composite score of the following components: age, heart rate, 

systolic blood pressure, creatinine, congestive heart failure, in-hospital percutaneous 

coronary intervention, in-hospital coronary artery bypass surgery, prior MI, ST-segment 

depression on electrocardiogram, and elevated cardiac biomarkers.22,23 Model 3 was 

adjusted for GRACE 1.0 score plus the following potential confounders as individual 

variables: site, age, sex, race, insurance, education, tobacco use, diabetes mellitus, 

hypertension, body mass index, alcohol use, physical activity, kidney disease, heart failure, 

prior MI, extent of coronary disease, “real” LDL-C, HDL-C, statin, ezetimibe, niacin, 

fibrate, and fish oil. “Real” LDL-C is the biologic form of LDL-C in contrast to the 

traditional Friedewald definition of LDL-C, which is inclusive of IDL-C. Medications use 

was based on discharge (similar results with adjustment for use prior to admission).

Linear assumptions were satisfied and, therefore, hazard ratios were calculated per one 

standard deviation increases in RLP-C variables. Statistical analyses were conducted with 

SAS version 9.2 (SAS Institute, Cary, NC) and R version 2.7.2 (R Foundation for Statistical 

Computing, Vienna, Austria). Two-tailed p-values <0.05 were considered statistically 

significant.

RESULTS

Baseline Characteristics

The baseline sociodemographic and clinical characteristics are shown in Table 1, by RLP-C 

tertiles and overall. The highest RLP-C tertile group was youngest in age, most likely to be 

female, least likely to have chronic heart failure, and had the lowest GRACE score. 

However, other risk factors, in particular blood pressure, were less favorable in those in the 

highest RLP-C compared to other groups. Overall, the population had a mean age of 58±12 

years and 68% were men. Nearly a third of patients had diabetes mellitus and <10% had a 

history of heart failure. A statin was prescribed at discharge to 88% of patients, while much 

smaller proportions received prescriptions for other lipid-modifying agents such as 

ezetimibe, fibrates, niacin, or fish oil (omega 3). Those in the highest RLP-C tertile were 

most likely to receive a fibrate whereas there was no significant difference in the 

prescription of fish oil (omega-3).
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Baseline Lipids

Baseline data on the standard lipid profile and remnant subfractions are presented in Table 2. 

Overall, atherogenic cholesterol concentrations were relatively controlled, but not optimal. 

The median (25th–75th) baseline RLP-C, IDL-C, VLDL3-C, and VLDL-C levels were 20 

(14–27), 8 (5–13), 11 (9–13), and 19 (16–23) mg/dL, respectively.

Unadjusted Outcomes

Follow-up was 100% complete at 2 years with mortality occurring in 226 (9%) patients. 

Table 3 shows unadjusted mortality across tertile groups of VLDL-C and remnant variables. 

There was an inverse relationship between mortality and RLP-C. The mortality rate was 

highest in the lowest tertile of RLP-C (12.4%) and progressively lower in the middle tertile 

(8.5%) to upper tertile (6.8%), a difference that was highly statistically significant 

(p<0.001). A similar inverse pattern was observed across tertile groups of IDL-C, VLDL3-C, 

and VLDL-C.

Adjusted Outcomes

Using fully-adjusted models, Figure 1 shows restricted cubic spline curves examining the 

association of RLP-C, IDL-C, VLDL3-C, and VLDL-C with mortality. For RLP-C, we 

observed a strong trend towards a linear inverse association with mortality (p=0.07). The 

relationships were even stronger and reached formal statistical significance for each of the 

components of RLP-C, IDL-C and VLDL3-C, as well as for VLDL-C.

Figure 2 presents forest plots of point estimates and 95% confidence intervals for the 

relationship of RLP-C, IDL-C, VLDL3-C, and VLDL-C with mortality in fully-adjusted 

models. A one SD increase in RLP-C (11 mg/dl) predicted a 24% lower risk of 2-year 

mortality (HR, 0.77; 95% CI, 0.65 to 0.90). Similar results were found for a one SD increase 

in VLDL3-C (HR per 4 mg/dl, 0.74; 0.61–0.89), IDL-C (HR per 8 mg/dl, 0.80; 0.67–0.96), 

and VLDL-C (HR per 8 mg/dl, 0.69; 0.55–0.85).

DISCUSSION

While there is a previously described paradoxical relationship between LDL-C and mortality 

after AMI, this is the first study, of which we are aware, to document such an association 

between RLP-C and mortality. After stratifying patients by directly measured levels of RLP-

C collected during hospitalization for AMI, we found that the mortality rate of the highest 

RLP-C tertile group (6.8%) was almost half that seen in the lowest tertile group (12.4%).

A hypercholesterolemia paradox has also been observed in prior studies on the basis of a 

clinical diagnosis of hypercholesterolemia or LDL-C levels. In an analysis of over 84,000 

patients with NSTEMI from CRUSADE, a history of hypercholesterolemia was associated 

with lower in-hospital mortality after adjusting for baseline characteristics, including prior 

statin use. Among patients without a history of hypercholesterolemia, however, a new in-

hospital diagnosis was not associated with lower mortality compared to those without prior 

hypercholesterolemia and LDL-C <100 mg/dL.11 An established diagnosis of 

hypercholesterolemia may correlate with increased access to medical care and improved 
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utilization of evidence-based medications. Similarly, a history of hypercholesterolemia has 

been associated with lower 30-day mortality in patients with NSTEMI in the PURSUIT trial 

and lower in-hospital mortality in patients with ACS in the GRACE study.12,13 In AMI 

patients who underwent percutaneous coronary intervention in Korea, in-hospital mortality 

and 1-year mortality were significantly lower in patients with higher LDL-C levels.21 Most 

recently, in 115,492 patients hospitalized for AMI, Reddy et al reported adjusted odds ratios 

for in-hospital mortality of 0.79, 0.80, and 0.85 for the 2nd–4th LDL-C quartiles compared 

with the lowest quartile.15 Our work extends these prior observational studies by examining 

RLP-C, as opposed to just LDL-C, and by adjusting for a broader range of potential 

confounding patient characteristics.

As an epidemiologic study of a secondary prevention population, index event bias likely 

influenced these findings.16–19 Index event bias results from selection of a group of patients 

based on a disease episode – in this case AMI. Those suffering an AMI in the context of 

higher RLP-C presumably had a larger contribution of RLP-C to the event and generally 

carry a more favorable profile of other causal AMI factors than their counterparts with better 

controlled RLP-C. Also from selecting on an event, lead-time bias may be operative in 

relation to mortality. For example, if 2 otherwise identical patients were both to live exactly 

80 years, and one had a risk factor that led to an AMI at age 60 and the other had an AMI at 

age 70 because they did not have that risk factor, it would paradoxically appear as if the 

patient with the risk factor lived 10 years longer than the second patient, even though they 

both lived exactly 80 years. In such an example, the risk factor might appear to be 

paradoxically associated with better post event survival.

In addition, we can speculate that those presenting with an AMI and higher RLP-C may 

have cardiovascular mortality risk that is more modifiable with lipid-lowering therapy than 

those who present with lower RLP-C. We do not believe that it is reasonable to attribute the 

results to inherent protective properties of remnants, as our study cannot establish causality, 

and because such properties are not biologically plausible or consistent with the totality of 

evidence. It is notable that lead-time bias, unlike other biases, is difficult to account for in an 

observational study design and cannot, therefore, be proven. Our data serve as a reminder to 

beware of conflating observational studies with randomized controlled trials, as doing so has 

great potential to mislead.

Compared with LDL-C, the atherogenic potential of remnant lipoproteins is less widely 

appreciated. Like LDL, triglyceride-rich remnant-like lipoprotein particles contain 

apolipoprotein B on their surface, the necessary mediator for intimal retention. Remnants are 

formed by modification of triglycerides contained in chylomicrons and VLDLs by 

lipoprotein lipase, hepatic lipase and cholesterol ester transfer protein, resulting in smaller 

cholesterol-rich particles. These particles have been documented to induce smooth muscle 

cell proliferation and foam cell formation, modulating monocyte-endothelial interactions, 

inhibiting vasodilatation, inducing endothelial dysfunction, and preventing the normal 

development of endothelial progenitor cells.7–9 A Mendelian randomization study in which 

VLDL-C was estimated from triglyceride levels suggests a causal role of lipoprotein 

remnants in CHD.10
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Clinically, RLP-C levels tend to increase in patients with type II diabetes, renal disease, 

metabolic syndrome, and familial hypercholesterolemia, all of which were adjusted for in 

the current analysis.7 RLP-C is associated with cardiovascular disease independent of LDL-

C and HDL-C.5 Elevated RLP-C levels have also been associated with a greater burden of 

atherosclerosis in patients with CHD and a higher risk of recurrent coronary events in 

patients with CHD and diabetes.6,22

Our findings should be interpreted in the context of several potential limitations. First, our 

observational study design precludes establishing causal relationships between measured 

variables and outcomes. Though we controlled for many clinical characteristics in our 

analyses, there are likely confounding factors that we did not account for and may have 

affected our results. For example, lower RLP-C levels may reflect malnutrition and we did 

not have access to albumin or protein levels or other measures of nutritional status to address 

that possibility. Additionally, the causal risk of RLP-C would likely be better reflected in a 

CHD or cardiovascular mortality endpoint, whereas our analyses were limited to all-cause 

mortality. Nevertheless, all-cause mortality is an objective and clinically-relevant endpoint 

and cardiovascular causes of death are most common in patients who have suffered an AMI. 

Lastly, it is possible that higher RLP-C levels may be associated with increased mortality at 

intervals >2 years following an AMI, when the long-term atherogenic effects RLP-C are 

more likely to result in cardiovascular events. Finally, while direct measurement of RLP-C 

in this research study allowed for a unique opportunity for scientific inquiry, our study was 

not intended to determine whether or not RLP-C should be routinely measured in clinical 

practice.

Conclusion

In conclusion, we observed a paradoxically lower risk of two-year mortality associated with 

higher RLP-C in contemporary AMI patients from the US. This observation survived 

rigorous adjustment, and therefore other unknown protective factors, or a lead-time bias, 

likely explain the paradoxically better outcomes.
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Figure 1. Adjusted Spline Curves of Remnant Lipoprotein Cholesterol Parameters in 
Association with Predicted Mortality
Restricted cubic spline curves are presented. The x-axis represents observed values for 

remnant lipoprotein cholesterol parameters and the y-axis represents predicted mortality (log 

scale) at 2 years in TRIUMPH after adjusting for all covariates in the fully-adjusted model 3 

(covariates listed in methods). Dotted lines indicate the 95% confidence interval. Panel A 

shows RLP-C, B) IDL-C, C) VLDL3-C, and D) VLDL-C. Results were consistent across 

model 1, 2, and 3; therefore, results from model 3 only are highlighted.
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Figure 2. Hazard Ratios for Mortality in Association with Remnant Lipoprotein Cholesterol 
Parameters
Models were adjusted for all covariates in the fully-adjusted model 3.
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Table 2

Baseline Lipid Parameters in TRIUMPH

TRIUMPH
(N=2,465)

Standard lipid profile

  Total cholesterol, mg/dL 156.2 (38.5)

  HDL-C, mg/dL 40.0 (10.6)

  Triglycerides, mg/dL 132.0 (100.0–179.0)

  LDL-C (direct), mg/dL 95.4 (32.3)

  Non-HDL-C, mg/dL 116.2 (36.4)

  TC/HDL-C 4.1 (1.2)

  TG/HDL-C 3.5 (2.4–5.0)

Remnants

  RLP-C, mg/dL 20 (14–27)

  IDL-C, mg/dL 8 (5–13)

  VLDL3-C, mg/dL 11 (9–13)

  VLDL-C, mg/dL 19 (16–23)

Mean (SD) or median (25th–75th percentile)
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Table 3

Unadjusted Kaplan-Meier Estimates of Mortality by RLP-C, IDL-C, VLDL3-C, and VLDL-C Tertiles

Tertile 1
(mg/dL)

Tertile 2
(mg/dL)

Tertile 3
(mg/dL)

p for trend

(n = 2,465)

RLP-C (<16) (16–23) (24–120)

  2 years 12.4% 8.5% 6.8% <0.001

IDL-C (<6) (6–11) (12–69)

  2 years 11.9% 8.0% 7.4% 0.005

VLDL3-C (<10) (10–12) (13–69)

  2 years 12.8% 9.2% 6.2% <0.0001

VLDL-C (<17) (17–21) (22–142)

  2 years 13.2% 9.5% 5.7% <0.0001
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