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Abstract

Objective—The American College of Cardiology and American Heart Association have issued 

guidelines indicating that the contribution of apolipoprotein B-100 (ApoB) to cardiovascular risk 

assessment remains uncertain. The present analysis evaluates whether lipoprotein particle 

measures convey risk of coronary heart disease (CHD) in 4,679 Multi-Ethnic Study of 

Atherosclerosis (MESA) participants.

Approach and Results—Cox regression analysis was performed to determine associations 

between lipids or lipoproteins and primary CHD events. Following adjustment for non-lipid 

variables, lipoprotein particle levels in 4th quartiles were found to convey significantly greater risk 

of incident CHD compared to 1st quartile levels (hazard ratio (HR); 95% confidence interval (CI)): 

ApoB (HR: 1.84; CI: 1.25, 2.69), ApoB/ApoA-I (HR: 1.91; CI: 1.32, 2.76), total LDL-particles 

(LDL-P) (HR: 1.77; CI: 1.21, 2.58), and the LDL-P/HDL-P ratio (HR: 2.28; CI: 1.54, 3.37). 

Associations between lipoprotein particle measures and CHD were attenuated following 

adjustment for standard lipid panel variables. Using the AHA/ACC risk calculator as a baseline 
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model for CHD risk assessment, significant net reclassification improvement (NRI) scores were 

found for ApoB/ApoA-I (0.18 p=0.007), and LDL-P/HDL-P (0.15, p<0.001). C-statistics revealed 

no significant increase in CHD event discrimination for any lipoprotein measure.

Conclusion—Lipoprotein particle measures ApoB/ApoA-I and LDL-P/HDL-P marginally 

improved NRI scores, but null findings for corresponding c-statistic are not supportive of 

lipoprotein testing. The attenuated associations of lipoprotein particle measures with CHD 

following adjustment for lipids indicate that their measurement does not detect risk that is 

unaccounted for by the standard lipid panel. However, the possibility that lipoprotein measures 

may identify CHD risk in a subpopulation of individuals with normal cholesterol but elevated 

lipoprotein particle numbers cannot be ruled out.

INTRODUCTION

The American College of Cardiology (ACC) and American Heart Association (AHA) have 

recently issued guidelines for calculating cardiovascular risk (1). The guidelines exclude a 

number of biomarkers whose value in identifying risk remains ambiguous, but leave open 

the possibility of their inclusion in future recommendations with more conclusive research. 

Among these biomarkers, apolipoprotein B-100 (ApoB) is cited as an assessment tool whose 

contribution to risk is uncertain, and no recommendation is given. It is the goal of the 

current study to test whether ApoB and other non-standard lipoprotein measurements may 

improve disease risk prediction using the new ACC/AHA 10-yr risk assessment calculator 

score as a baseline model.

Thus far, studies remain divided as to whether including apolipoproteins in risk models 

improves classification. Supporting their inclusion, ApoB and/or the ratio of ApoB to 

apolipoprotein A-I (ApoA-I) have been shown to associate with adverse cardiovascular 

outcomes and have been suggested to more accurately predict events than routine 

cholesterol measures such as low density lipoprotein-cholesterol (LDL-C), the ratio of total 

cholesterol (TC) to high density lipoprotein-cholesterol (HDL-C), or non-HDL-C (i.e., TC – 

HDL-C) in case-control (2-4), prospective (5-9) and interventional studies (10-12). In 

contrast, null findings have also been reported—prospective studies including the Women’s 

Health study (13), Framingham Offspring Study (14), European Prospective Investigation 

into Cancer and Nutrition (15), and the Atherosclerosis Risk in Communities study (16, 17) 

showed that ApoB provides no additional risk information beyond the current lipid panel. 

Similar to ApoB, total LDL particle (LDL-P) concentrations derived from nuclear magnetic 

resonance (NMR) spectroscopy have also been shown to associate with risk of CVD and 

CHD (18-20), but may be equivalent to standard lipid measures in predicting future events 

(18, 20). Overall, evidence to support the clinical utility of NMR or apolipoprotein 

measurements is equivocal yet there may be a benefit of incorporating lipoprotein particle 

concentrations to risk profiles for a more complete assessment of lipoprotein phenotype, and 

by extension, disease risk.

In the present analysis of 4,679 Multi-Ethnic Study of Atherosclerosis (MESA) participants 

over an 8.5-year follow-up period, we first compared the standard lipid panel with non-

standard measurements ApoB and the ratio of ApoB/ApoA-I as well as nuclear magnetic 
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resonance (NMR) spectroscopy-derived measures of total LDL particles (LDL-P) and the 

ratio of LDL-P to high density lipoprotein particles (HDL-P) for evaluating CHD risk. We 

then determined whether these lipoprotein measures may impart risk independent of 

cholesterol measures. Finally, we used the AHA/ACC risk calculator score as a baseline 

prediction model and determined whether individual additions of ApoB, ApoB/ApoA-I, 

LDL-P, or LDL-P/HDL-P improved CHD risk prediction.

MATERIALS AND METHODS

Materials and Methods are available in the online-only Data Supplement.

RESULTS

Unadjusted demographic, clinical, and lifestyle characteristics of 4,679 MESA participants 

are shown in Table 1.

Estimated hazard ratios (HRs) for CHD outcomes by quartiles of LDL-C, non-HDL-C, TC/

HDL-C, ApoB, ApoB/ApoA-I, total LDL-P, and LDL-P/HDL-P are presented in Table 2. 

Adjustments were made for non-lipid measures including sex, systolic blood pressure, 

hypertension medication use, age, and race/ethnicity. Lipid-lowering medication that began 

after baseline did not significantly alter results and was not included in the model. All lipid 

and apolipoprotein measures were found to be significantly associated with risk of incident 

CHD. Individuals with lipid or apolipoprotein levels in the 4th quartiles were found to be at 

significantly greater risk of incident CHD than those in the 1st quartile: LDL-C (HR: 1.62; 

CI: 1.11, 2.35); non-HDL-C (HR: 1.99; CI: 1.36, 2.90); total cholesterol (TC)/HDL-C (HR: 

2.24; CI: 1.50, 3.33); ApoB (HR: 1.84; CI: 1.25, 2.69); ApoB/ApoA-I (HR: 1.91; CI: 1.32, 

2.76); total LDL-particles (HR: 1.77; CI: 1.21, 2.58); LDL-P/HDL-P (HR: 2.28 CI: 1.54, 

3.37). Given the presence of four ethnicities/races in this subcohort, an interaction analysis 

was performed (supplementary tables I and II). No modifying influence of race was 

observed.

Given the similarity of HRs among lipid and lipoprotein variables, it was then determined 

whether ApoB, ApoB/ApoA-I, LDL-P, LDL-P/HDL-P would associate with CHD event 

outcomes independent of LDL-C, non-HDL-C, TC/HDL-C, or all lipid panel variables TC, 

LDL-C, HDL-C, and triglycerides (TGs) (Table 3). Cox proportional hazards analyses were 

conducted, and adjustments were made for sex, hypertension medication, systolic blood 

pressure, age, diabetes, smoking, and race/ethnicity, with individual adjustments for LDL-C, 

non-HDL-C, or TC/HDL-C, followed by a combination of TC, LDL-C, HDL-C, and TGs. 

Following adjustment for LDL-C, significant associations with incident CHD were observed 

for individuals in the 4th quartiles for ApoB (HR= 1.99; CI: 1.18, 3.36), ApoB/ApoA-I 

(HR=1.86; CI: 1.21, 2.85), total LDL-P (HR=1.75; CI: 1.11, 2.75); and LDL-P/HDL-P (HR: 

2.303 CI: 1.49, 3.57). Following adjustment for non-HDL-C, associations with future 

incident CHD were observed for the top quartiles of ApoB (HR: 1.83; CI: 1.01, 3.34), 

ApoB/ApoA-I (HR: 1.72; CI: 1.10, 2.70), and LDL-P/HDL-P (HR: 2.25; CI: 1.43, 3.55). No 

significant associations were found between total LDL-P and CHD following adjustment for 

non-HDL-C. Only the association of LDL-P/HDL-P with CHD was observed for individuals 
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in the 4th quartiles following adjustment for TC/HDL-C (HR: 2.02; CI: 1.19, 3.42). Finally, 

upon adjusting for all variables in the standard lipid panel (TC, LDL-C, HDL-C, and TGs), 

no significant associations were observed with CHD.

NRI and c-statistics were employed to evaluate the performance of each lipid or lipoprotein 

marker when added to a baseline 2013 AHA/ACC cardiovascular risk calculator score. The 

total NRI represents the combination of reclassifications for CHD cases or ‘events’ (Mevent) 

and ‘non-events’ (Mnonevent). Mevent is the proportion of event subjects whose calculated 

probability of having an event in the new model is greater than that in the baseline model; a 

positive Mevent represents an improvement in sensitivity of the new model. In contrast, 

Mnonevent is the proportion of non-event subjects whose predicted probability of having an 

event in the new model is greater than that in the baseline model; a negative Mnonevent 

represents an improvement in model specificity while a positive Mnonevent represents a 

greater number of false-positives and decrease in specificity. All NRI reclassifications, i.e. 

total, events (Mevent), and nonevents (Mnonevent) are reported in Table 4. TC/HDL-C, LDL-

P/HDL-P, and ApoB/ApoA-I ratios were found to significantly improve the AHA/ACC risk 

score for incident CHD. ApoB/ApoA-I improved reclassification of events (Mevent=0.43) 

but incorrectly reclassified nonevents (Mnonevent=0.24), resulting in a total NRI of 0.18 

(p=0.007). LDL-P/HDL-P improved reclassification of events (Mevent=0.39) but incorrectly 

reclassified nonevents (Mnonevent=0.25), resulting in a total NRI of 0.145 (p<0.001). 

Likewise, TC/HDL-C improved reclassification of events (Mevent=0.58) but incorrectly 

reclassified nonevents (Mnonevent=0.46), resulting in a total NRI of 0.12 (p=0.03).

In contrast to NRI scores, c-statistics revealed no significant improvements with the addition 

of any lipid or lipoprotein to the AHA/ACC baseline model. Respective c-statistics for the 

baseline AHA/ACC model and with the addition of each lipid/lipoprotein were as follows: 

AHA/ACC = 0. 730; LDL-C = 0. 727; non-HDL-C = 0. 724; TC/HDL-C ratio = 0.726; 

LDL-P = 0. 725; LDL-P/HDL-P = 0.727; ApoB = 0. 728; ApoB/ApoA-I ratio = 0.736.

DISCUSSION

A 2013 report from the AHA/ACC task force on risk assessment states that there is 

insufficient evidence to include ApoB or ApoB/ApoA-I to current risk guidelines (1). We 

found that elevated levels of ApoB, ApoB/ApoA-I, as well as NMR-derived total LDL-P 

and LDL-P/HDL-P were significantly associated with future CHD events, though only the 

association of LDL-P/HDL-P remained significant following adjustment for TC/HDL-C. 

Upon adjusting for traditional lipid panel variables of TC, LDL-C, HDL-C, and TGs, no 

associations remained significant. NRI analysis revealed that including TC/HDL-C, ApoB/

ApoA-I, or LDL-P/HDL-P to the 2013 AHA/ACC risk score significantly reclassified 

individuals by improving sensitivity; however the improvement of sensitivity comes at the 

expense of decreased specificity in all cases. C-statistics revealed that neither 

apolipoproteins nor NMR measures significantly improved event prediction.

Previous studies have reported inconsistent findings as to whether apolipoproteins identify 

disease risk more effectively than traditional lipid measures. Results from two of the largest 

studies to date, Apolipoprotein MOrtality RISk study (AMORIS, n=175,553) and 
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INTERHEART (n=9,345 acute MI cases, n=12,120 controls) indicate that respective 

measures of ApoB/ApoA-I and ApoB may improve CHD risk assessment (2, 5). Conducted 

across 52 countries in 12,461 cases and 14,637 controls, the INTERHEART study showed 

that the ratio of ApoB/ApoA-I was significantly associated with MI risk (OR=1.59)—

greater than either non-HDL-C (OR=1.21) or TC/HDL-C (OR=1.17) (2). In the prospective 

AMORIS study, investigators found that ApoB was more accurate in predicting fatal MI 

than LDL-C over an approximate 5.5 year follow up (5). In agreement with AMORIS and 

INTERHEART, a host of additional studies (3, 4, 6-8) including the National Health and 

Nutrition Examination Survey (9) as well as clinical trials for statin therapies, Air Force 

Coronary/Texas Atherosclerosis Prevention Study (11) and Long-term Intervention with 

Pravastatin in Ischemic Disease (12), have indicated that apolipoprotein measurement may 

either be a useful addition to or replacement of standard lipid measures in evaluating disease 

risk. Particularly noteworthy, the Air Force Coronary/Texas Atherosclerosis Prevention 

Study showed that ApoB, but not LDL-C, predicted primary coronary events at baseline and 

on statin therapy—demonstrating that it may have value over LDL-C measurement (11). A 

recent and comprehensive meta-analysis of twelve epidemiological studies (n=233,455; 

events=22,950) conducted by Sniderman et al. (21) confirmed the above study findings. The 

authors concluded that ApoB (RR=1.43; CI=1.35, 1.51) ‘is superior’ to non-HDL-C 

(RR=1.34; CI=1.24, 1.44) and LDL-C (RR=1.25; CI=1.18, 1.33) in associating with future 

fatal or nonfatal ischemic cardiovascular events.

Contrary to the above evidence, other studies have demonstrated that ApoB and ApoB/

ApoA-I do not improve risk assessment over the standard lipid panel. An early prospective 

study conducted over a 10-year follow-up period in Atherosclerosis Risk in Communities 

participants was one of the first to show that ApoB and ApoA-I are not associated with 

higher CHD risk in models that accounted for LDL-C, HDL-C, and TG levels (16). 

Subsequent studies have since compared ApoB with non-HDL-C. Framingham Offspring 

(15-year follow up) (14), European Prospective Investigation into Cancer and Nutrition 

(11.4 year follow up) (15), and the Women’s Health Study (11-year follow up) (13) found 

that ApoB and non-HDL-C were equivalent in their associations with CHD risk. This last 

prospective study by Mora et al. (13) further reported that the ApoB/ApoA-I ratio conferred 

a 2.79-fold higher risk for incident CVD, similar to that of the TC/HDL-C ratio, HR=2.82. 

Calculation of NRI for apolipoprotein measures demonstrated limited improvement in CVD 

risk assessment compared to the TC/HDL-C ratio (<2%). Finally, a 2009 meta-analysis 

composed of 22 studies (n= 91,307, events=4,449) reported that the ratio of ApoB to ApoA-

I showed a similar association with future CHD as non-HDL-C/HDL-C (22). Our findings 

largely agree with these latter studies that ApoB, ApoB/ApoA-I, and standard lipid measures 

are comparably associated with future CHD outcomes.

The core reasons for the disparities among studies remain unclear, but differences in study 

populations, statistical models and covariates, assay methodologies, CHD endpoints, length 

of study follow-up periods, or a combination of these and other factors may be involved. In 

the Women’s Health Study cohort, Mora et al. (13) suggested that fully adjusted models 

with lifestyle and demographic information may result in study differences. This observation 

is particularly relevant, as sex (16), age (6), and the presence of diabetes (23) may influence 

the association of ApoB with CVD risk, though an effect of age has also been refuted (21). 

Steffen et al. Page 5

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



These differences may contribute to the incongruent associations with CVD/CHD incidence, 

and should be considered when evaluating the clinical utility of apolipoproteins. A final 

possibility remains that the value in apolipoprotein measurements relies on identifying 

individuals with uncommon lipid profiles where cholesterol is normal but lipoprotein 

particle numbers are high—a so-called discordant phenotype (24). Most studies, including 

MESA, do not have an adequate number of CHD outcomes to test this hypothesis.

NMR-Derived Total LDL Particle Number

NMR has also been proposed as a more accurate means of identifying CHD risk by 

quantifying the sizes and total concentrations of lipoproteins including LDL and HDL. 

Though NMR measures are not as well-studied as apolipoproteins, it is generally accepted 

that elevated LDL-P concentrations convey risk of CVD or CHD (13, 18, 24, 25). It has 

further been reported that LDL-P is superior to LDL-C in assessing disease risk (13, 18, 19), 

but more recent studies suggest that LDL-P is equivalent to LDL-C and/or non-HDL-C (13, 

24, 25). Our findings agree with the latter studies that total LDL-P is similar to non-HDL-C 

as a relationship was not observed following its adjustment.

In contrast, the ratio of LDL-P/HDL-P was found to associate with CHD independent of 

LDL-C, non-HDL-C, or TC/HDL-C. To date, we are the first to demonstrate that it conveys 

risk of CHD independent of these cholesterol measures; however, very few studies have 

examined LDL-P/HDL-P in relation to CHD events (26). Given the paucity of data, the 

significance of this result remains highly uncertain until further studies either confirm or 

refute our finding in this regard.

CHD Risk Classification

The 2013 AHA/ACC risk calculator score served as the baseline model, and improvement in 

event prediction was tested with the addition of each lipid and lipoprotein variable. NRI 

analysis revealed that adding ApoB/ApoA-I, LDL-P/HDL-P, or TC/HDL-C ratios modestly 

improved the prediction of future CHD events (myocardial infarction, resuscitated cardiac 

arrest, or CHD death); however, interpreting these results is not straightforward. For 

instance, the addition of ApoB/ApoA-I identified 42.8% of the population that suffered a 

CHD event (or 60 individuals) as being at higher risk compared to the baseline model. 

However, this increased sensitivity comes at the expense of specificity—adding ApoB/

ApoA-I to the baseline model predicted higher CHD risk for 24.5% of those that did not 

suffer events (or 1102 individuals). Supplementing these findings, the c-statistic revealed no 

improvement in event prediction with the addition of any measure to the AHA/ACC 

baseline model, though this finding was expected as it is a more conservative test than NRI. 

Taken together, the addition of ApoB/ApoA-I or LDL-P/HDL-P may modestly improve 

sensitivity for detecting CHD risk but reduces specificity—potentially explaining the null 

findings for their respective c-statistics. Further studies are warranted to determine whether 

the higher sensitivity but lower specificity offered by NMR or apolipoprotein testing is cost 

effective.
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Strengths and Limitations

The present analysis contains a number of limitations. First, it must be acknowledged that 

the AHA/ACC guidelines were developed using CHD and ischemic stroke as outcome 

variables. Our analysis restricted outcomes to CHD alone using a broader definition to 

include instances of angina when followed by coronary artery bypass and/or where 

obstruction was found to be ≥70%. In addition, there may be a selection bias in the present 

study as individuals taking lipid-lowering medication at baseline were excluded, potentially 

skewing results toward the null finding. In our statistical model, we adjusted for multiple 

variables; however, we cannot discount the presence of residual confounding. Apart from 

potential confounding, we recognize the importance of sub-analyses by sex, race, and other 

subgroups, but did not have the statistical power to stratify the population. Though our 

analysis was limited by the relatively few CHD events, statistically significant findings were 

still apparent.

Conclusions

The present analysis represents a comprehensive evaluation of lipoprotein and 

apolipoprotein measurements and their associations with future CHD events. The 

association of LDL-P/HDL-P ratio with CHD independent of individual standard lipid 

measures may be a novel finding, but requires confirmation by other large prospective 

studies. By comparison, our findings for ApoB/ApoA-I were largely equivocal. Though 

ApoB/ApoA-I increased sensitivity, the lower specificity and C-statistic results do not 

support its measurement. Moreover, the attenuated associations following adjustment for 

lipid variables indicate that lipoprotein particle measures do not detect risk that is 

unaccounted for by the standard lipid panel. Lipoprotein measurement may yet be useful in 

identifying risk in a subgroup of individuals, but a larger population of those with a 

discordant lipid-lipoprotein phenotype is necessary to determine whether such testing is cost 

effective.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ApoA-I apolipoprotein A-I

ApoB apolipoproteins B-100

CHD coronary heart disease

CVD cardiovascular disease

HDL-C high density lipoprotein cholesterol

HDL-P HDL particle

LDL-C low density lipoprotein cholesterol

LDL-P LDL particle

MESA Multi-ethnic Study of Atherosclerosis

NRI Net Reclassification Improvement

TC total cholesterol

TGs triglycerides

REFERENCES

1. Goff DC Jr, Lloyd-Jones DM, Bennett G, et al. 2013 ACC/AHA Guideline on the Assessment of 
Cardiovascular Risk: A Report of the American College of Cardiology/American Heart Association 
Task Force on Practice Guidelines. Circulation. 2014; 129:S49–S73. [PubMed: 24222018] 

2. McQueen MJ, Hawken S, Wang X, Ounpuu S, Sniderman A, Probstfield J, Steyn K, Sanderson JE, 
Hasani M, Volkova E, Kazmi K, Yusuf S, INTERHEART study investigators. Lipids, lipoproteins, 
and apolipoproteins as risk markers of myocardial infarction in 52 countries (the INTERHEART 
study): a case-control study. Lancet. 2008; 372:224–233. [PubMed: 18640459] 

3. Rasouli M, Kiasari AM, Mokhberi V. The ratio of apoB/apoAI, apoB and lipoprotein(a) are the best 
predictors of stable coronary artery disease. Clin Chem Lab Med. 2006; 44:1015–1021. [PubMed: 
16879071] 

4. Pischon T, Girman CJ, Sacks FM, Rifai N, Stampfer MJ, Rimm EB. Non-high-density lipoprotein 
cholesterol and apolipoprotein B in the prediction of coronary heart disease in men. Circulation. 
2005; 112:3375–3383. [PubMed: 16316964] 

5. Walldius G, Jungner I, Holme I, Aastveit AH, Kolar W, Steiner E. High apolipoprotein B, low 
apolipoprotein A-I, and improvement in the prediction of fatal myocardial infarction (AMORIS 
study): a prospective study. Lancet. 2001; 358:2026–2033. [PubMed: 11755609] 

6. Bruno G, Merletti F, Biggeri A, Bargero G, Prina-Cerai S, Pagano G, Cavallo-Perin P. Effect of age 
on the association of non-high-density-lipoprotein cholesterol and apolipoprotein B with 
cardiovascular mortality in a Mediterranean population with type 2 diabetes: the Casale Monferrato 
study. Diabetologia. 2006; 49:937–944. [PubMed: 16525840] 

7. Lamarche B, Moorjani S, Lupien PJ, Cantin B, Bernard PM, Dagenais GR, Després JP. 
Apolipoprotein A-1 and B levels and the risk of ischemic heart disease during a five year follow-up 
of men in Québec Cardiovascular Study. Circulation. 1996; 94:273–278. [PubMed: 8759066] 

8. St-Pierre AC, Cantin B, Dagenais GR, Després JP, Lamarche B. Apolipoprotein-B, low-density 
lipoprotein cholesterol, and the long-term risk of coronary heart disease in men. Am. J. Cardiol. 
2006; 97:997–1001.

9. Sierra-Johnson J, Fisher RM, Romero-Corral A, Somers VK, Lopez-Jimenez F, Ohrvik J, Walldius 
G, Hellenius ML, Hamsten A. Concentration of apolipoprotein B is comparable with the 
apolipoprotein B/apolipoprotein A-I ratio and better than routine clinical lipid measurements in 
predicting coronary heart disease mortality: findings from a multi-ethnic US population. Eur. Heart 
J. 2009; 30:710–717.

Steffen et al. Page 8

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



10. van Lennep JE, Westerveld HT, van Lennep HW, Zwinderman AH, Erkelens DW, van der Wall 
EE. Apolipoprotein concentrations during treatment and recurrent coronary artery disease events. 
Arterioscler Thromb Vasc Biol. 2000; 20:2408–2413. [PubMed: 11073845] 

11. Gotto AM, Whitney E, Stein EA, Shapiro DR, Clearfield M, Weis S, Jou JY, Langendörfer A, 
Beere PA, Watson DJ, Downs JR, de Cani JS. Relation between baseline and on-treatment lipid 
parameters and first acute major coronary events in the Air Force/Texas Coronary Atherosclerosis 
Prevention Study (AFCAPS/TexCAPS). Circulation. 2000; 101:477–486. [PubMed: 10662743] 

12. Simes RJ, Marschner IC, Hunt D, Colquhoun D, Sullivan D, Stewart RA, Hague W, Keech A, 
Thompson P, White H, Shaw J, Tonkin A, LIPID Study Investigators. Relationship between lipid 
levels and clinical outcomes in the Long-term Intervention with Pravastatin in Ischemic Disease 
(LIPID) Trial: to what extent is the reduction in coronary events with pravastatin explained by on-
study lipid levels? Circulation. 2002; 105:1162–1169. [PubMed: 11889008] 

13. Mora S, Otvos JD, Rifai N, Rosenson RS, Buring JE, Ridker PM. Lipoprotein particle profiles by 
nuclear magnetic resonance compared with standard lipids and apolipoproteins in predicting 
incident cardiovascular disease in women. Circulation. 2009; 119:931–939. [PubMed: 19204302] 

14. Ingelsson E, Schaefer EJ, Contois JH, McNamara JR, Sullivan L, Keyes MJ, Pencina MJ, 
Schoonmaker C, Wilson PW, D'Agostino RB, Vasan RS. Clinical utility of different lipid 
measures for prediction of coronary heart disease in men and women. JAMA. 2007; 298:776–785. 
[PubMed: 17699011] 

15. Sondermeijer BM, Rana JS, Arsenault BJ, Shah PK, Kastelein JJ, Wareham NJ, Boekholdt SM, 
Khaw KT. Non-HDL cholesterol vs. Apo B for risk of coronary heart disease in healthy 
individuals: the EPIC-Norfolk prospective population study. Eur J Clin Invest. 2013; 43:1009–
1015. [PubMed: 23859101] 

16. Sharrett AR, Ballantyne CM, Coady SA, Heiss G, Sorlie PD, Catellier D, Patsch W, 
Atherosclerosis Risk in Communities Study Group. Coronary heart disease prediction from 
lipoprotein cholesterol levels, triglycerides, lipoprotein(a), apolipoproteins A-I and B, and HDL 
density subfractions: The Atherosclerosis Risk in Communities (ARIC) Study. Circulation. 2001; 
104:1108–1113. [PubMed: 11535564] 

17. Ndumele CE, Matsushita K, Astor B, Virani SS, Mora S, Williams EK, Hoogeveen RC, 
Blumenthal RS, Sharrett AR, Ballantyne CM, Coresh J. Apolipoproteins do not add prognostic 
information beyond lipoprotein cholesterol measures among individuals with obesity and insulin 
resistance syndromes: The ARIC Study. Eur J Prev Cardiol. 2012; 29(21):866–875. [PubMed: 
23109406] 

18. Blake GJ, Otvos JD, Rifai N, Ridker PM. Low-density lipoprotein particle concentration and size 
as determined by nuclear magnetic resonance spectroscopy as predictors of cardiovascular disease 
in women. Circulation. 2002; 106:1930–1937. [PubMed: 12370215] 

19. Cromwell WC, Otvos JD, Keyes MJ, Pencina MJ, Sullivan L, Vasan RS, Wilson PW, D'Agostino 
RB. LDL Particle Number and Risk of Future Cardiovascular Disease in the Framingham 
Offspring Study - Implications for LDL Management. J Clin Lipidol. 2007; 1:583–592. [PubMed: 
19657464] 

20. El Harchaoui K, van der Steeg WA, Stroes ES, Kuivenhoven JA, Otvos JD, Wareham NJ, Hutten 
BA, Kastelein JJ, Khaw KT, Boekholdt SM. Value of low-density lipoprotein particle number and 
size as predictors of coronary artery disease in apparently healthy men and women: the EPIC-
Norfolk Prospective Population Study. J Am Coll Cardiol. 2007; 49:547–553. [PubMed: 
17276177] 

21. Sniderman AD, Williams K, Contois JH, Monroe HM, McQueen MJ, de Graaf J, Furberg CD. A 
meta-analysis of low-density lipoprotein cholesterol, non-high-density lipoprotein cholesterol, and 
apolipoprotein B as markers of cardiovascular risk. Circ Cardiovasc Qual Outcomes. 2011; 4:337–
345. [PubMed: 21487090] 

22. Emerging Risk Factors Collaboration. Di Angelantonio E, Sarwar N, Perry P, Kaptoge S, Ray KK, 
Thompson A, Wood AM, Lewington S, Sattar N, Packard CJ, Collins R, Thompson SG, Danesh J. 
Major lipids, apolipoproteins, and risk of vascular disease. JAMA. 2009; 302:1993–2000. 
[PubMed: 19903920] 

23. Brunzell JD, Davidson M, Furberg CD, Goldberg RB, Howard BV, Stein JH, Witztum JL. 
Lipoprotein management in patients with cardiometabolic risk: consensus conference report from 

Steffen et al. Page 9

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



the American Diabetes Association and the American College of Cardiology Foundation. J Am 
Coll Cardiol. 2008; 51:1512–1524. [PubMed: 18402913] 

24. Otvos JD, Mora S, Shalaurova I, Greenland P, Mackey RH, Goff DC Jr. Clinical implications of 
discordance between low-density lipoprotein cholesterol and particle number. J Clin Lipidol. 
2011; 5:105–113. [PubMed: 21392724] 

25. Tsai MY, Steffen BT, Guan W, McClelland RL, Warnick R, McConnell J, Hoefner DM, Remaley 
AT. New automated assay of small dense low-density lipoprotein cholesterol identifies risk of 
coronary heart disease: the multi-ethnic study of atherosclerosis. Arterioscler Thromb Vasc Biol. 
2014; 34:196–201. [PubMed: 24233487] 

26. Manickam P1, Rathod A, Panaich S, Hari P, Veeranna V, Badheka A, Jacob S, Afonso L. 
Comparative prognostic utility of conventional and novel lipid parameters for cardiovascular 
disease risk prediction: do novel lipid parameters offer an advantage? J Clin Lipidol. 2011; 5:82–
90. [PubMed: 21392721] 

Steffen et al. Page 10

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Significance

Blood levels of total cholesterol, LDL-C, and HDL-C have been used for decades to 

evaluate risk for developing coronary heart disease (CHD). However, these 

measurements give an incomplete picture of an individual’s lipid profile, as cholesterol is 

carried in the blood by lipoprotein particles. We hypothesized that lipoprotein 

measurements provide CHD risk information independent of cholesterol measures. 

Indeed, we observed that the ratio of LDL-particles to HDL-particles was associated with 

incident CHD independent of cholesterol measures including total cholesterol/HDL-C; 

however, findings were attenuated following adjustment for total cholesterol, LDL-C, 

HDL-C and triglyceride levels. Upon including these lipoprotein measures in the 2013 

AHA/ACC risk calculator, we found that the ratios of LDL-particles to HDL-particles 

and apolipoprotein B (a surrogate measure of LDL particles) to apolipoprotein A-I (a 

surrogate measure of HDL particles) improved the sensitivity of the risk calculator, but 

the lower specificity and C-statistic results did not support their measurement.
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Table 1

Unadjusted baseline demographic, lifestyle, and clinical characteristics of the Multi-Ethnic Study of 

Atherosclerosis subcohort (n=4,679)

Demographics

Age (SD) 61.9 (10.4)

Sex, n (%) female 2457 (52.5)

Race/ethnicity

Black, n (%) 1347 (28.8)

Caucasian n (%) 1709 (36.5)

Chinese, n (%) 559 (12.0)

Hispanic, n (%) 1064 (22.7)

Lifestyle

Current smoker, n (%) 607 (13.0)

Alcohol current use, n (%) 2551 (68.2)

Clinical characteristics

Hypertension, n (%) 1952 (41.7)

Body Mass Index (SD) 28.2 (5.5)

Total cholesterol, mg/dL (SD) 196.3 (35.5)

LDL-C, mg/dL (SD) 119.7 (31.4)

HDL-C, mg/dL (SD) 51.1 (15.1)

TG levels, mg/dL (SD) 128.5 (87.5)
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Table 2

Risk of incident CHD are expressed as hazard ratios followed by 95% confidence intervals and P values for 

LDL-C, non-HDL-C, TC/HDL-C, ApoB, ApoB/ApoA-I, total LDL-P concentration (NMR) or the ratio of 

LDL-P to HDL-P in 4,679 MESA participants adjusted for non-lipid variables*

Qrt LDL-C Non-HDL-C TC/HDL-C ApoB ApoB/ApoA LDL-P LDL-P/HDL-P

CHD 1 ref ref ref ref ref ref ref

233
events 2

0.93
(0.63, 1.38)

0.73

1.16
(0.78, 1.73)

0.48

1.37
(0.90, 2.09)

0.15

1.06
(0.70, 1.58)

0.79

0.85
(0.56, 1.30)

0.46

1.01
(0.67, 1.52)

0.95

1.15
(0.74 - 1.77)

0.54

3
1.35

(0.93, 1.97)
0.11

1.28
(0.87, 1.88)

0.21

1.10
(0.71, 1.71)

0.67

1.33
(0.90, 1.96)

0.16

1.03
(0.69, 1.53)

0.90

1.18
(0.79, 1.74)

0.42

1.29
(0.85 - 1.96)

0.22

4
1.62

(1.11, 2.35)
0.012

1.99
(1.36, 2.90)

<0.001

2.24
(1.50, 3.33)

<0.001

1.84
(1.25, 2.69)

0.0019

1.91
(1.32, 2.76)

<0.001

1.77
(1.21, 2.58)

0.003

2.28
(1.54 - 3.37)

<0.001

CHD = coronary heart disease; Qrt = quartile; TC = total cholesterol; LDL-C = low density lipoprotein cholesterol; HDL-C = high density 
lipoprotein cholesterol; ApoB = apolipoproteins B-100; ApoA-I = apolipoprotein A-I; LDL-P = LDL particle; HDL-P = HDL particle; NMR= 
nuclear magnetic resonance spectroscopy; MESA = Multi-ethnic Study of Atherosclerosis

*
Adjusted for sex, hypertension meds, systolic blood pressure, age (category), diabetes, smoking, and race/ethnicity.
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Table 3

Risk of incident CHD for lipoprotein particle markers in 4,679 MESA participants are adjusted for non-lipid 

variables* + specified lipid measure(s)†. Results for each marker are presented as hazard ratios for individuals 

in 4th quartiles, using respective 1st quartiles as referents; 95% confidence intervals and P values are specified.

Outcome † Lipid
adjustment

ApoB ApoB/ApoA-I LDL-P LDL-P/HDL-P

CHD
233 LDL-C

1.99
(1.18, 3.36)

0.01

1.86
(1.21, 2.85)

0.005

1.75
(1.11, 2.75)

0.016

2.3
(1.49, 3.57)

<0.001

events
Non-HDL-C

1.83
(1.01, 3.34)

0.048

1.72
(1.10, 2.70)

0.018

1.60
(0.98, 2.62)

0.06

2.25
(1.43, 3.55)

<0.001

TC/HDL-C
1.48

(0.94, 2.32)
0.089

1.32
(0.81, 2.15)

0.27

1.36
(0.85, 2.17)

0.20

2.02
(1.19, 3.42)

0.009

TC+ LDL-C +
HDL-C + TG

1.23
(0.63, 2.41)

0.55

1.12
(0.64, 1.98)

0.69

1.08
(0.62, 1.91)

0.78

1.76
(0.95, 3.27)

0.072

CHD = coronary heart disease; TC = total cholesterol; LDL-C = low density lipoprotein cholesterol; HDL-C = high density lipoprotein cholesterol; 
TG = triglycerides; ApoB = apolipoproteins B-100; ApoA-I = apolipoprotein A-I; LDL-P = LDL particle; HDL-P = HDL particle; MESA = Multi-
ethnic Study of Atherosclerosis

*
Adjusted for non-lipid risk factors including sex, hypertension meds, systolic blood pressure, age (category), diabetes, smoking, and race/

ethnicity.
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Table 4

Net Reclassification Improvement of predicted risk for myocardial infarction, resuscitated cardiac arrest, or 

CHD death over 8.5 years with the singular addition of the specified lipid or lipoprotein measure to a baseline 

model of the 2013 AHA/ACC risk calculator. Total NRI with P values as well as sub-categories of reclassified 

events and non-events are shown.

LDL-C Non-HDL-C TC/HDL-C ApoB ApoB/ApoA LDL-P LDL-P/HDL-P

NRI (total) 0.065 0.073 0.12 0.093 0.18 0.14 0.15

p-value NS NS 0.03 NS 0.007 NS <0.001

M (event) 30.9% 60.0% 58.4% 33.5% 42.8% 45.1% 39.2%

M (non-event) 24.4% 47.7% 46.3% 24.2% 24.4% 30.9% 24.7%

CHD = coronary heart disease; TC = total cholesterol; LDL-C = low density lipoprotein cholesterol; HDL-C = high density lipoprotein cholesterol; 
ApoB = apolipoproteins B-100; ApoA-I = apolipoprotein A-I; LDL-P = LDL particle; HDL-P = HDL particle; MESA = Multi-ethnic Study of 
Atherosclerosis; NRI = Net Reclassification Improvement
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