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4. Rationale:  

 

The role of cholesterol ratios, reflecting the interaction between individual lipoprotein 

classes, in determining atherosclerotic cardiovascular disease (ASCVD) risk has been recognized 

since the early phases of the Framingham Heart Study. In the 1980s, Castelli et al. demonstrated 

that the ratio of Total Cholesterol to High-Density Lipoprotein Cholesterol (TC/HDL-C), which 

they called summary estimates, provided a convenient measure of ASCVD risk although they 

were not intended to replace individual lipid measurements
1
. In their study, the TC/HDL-C ratio 

had incremental prognostic value when added to individual lipid parameters
1
 and thus TC and 

HDL-C were eventually incorporated in worldwide risk estimation scores
2-4

. Since then, many 

other studies have consistently demonstrated TC/HDL-C’s strong association with cardiovascular 

risk at a population level.
5-10

 In the Women’s Health Study, TC/HDL-C was better than low-

density lipoprotein cholesterol (LDL-C) and as good as or better than non-HDL-C and 

apolipoprotein fractions in the prediction of future cardiovascular events.
5
 In another Women’s 

Health Study, the net reclassification index for adding either apolipoprotein B (apoB) or LDL 

particle number (LDL-P) to TC/HDL-C was only 2%.
6
 Similar results were demonstrated in the 

Framingham study,
8
 Physicians Health Study,

11
 and in statin-treated patients.

7
 In a meta-analysis 

of approximately 900,000 patients with 55,000 vascular deaths, TC/HDL-C was suggested to 

provide 40% more risk information than non-HDL-C.
12

  

However, rather than the conventional approach of evaluating relative population risk 

signals of lipid parameters, the most clinically-relevant question when considering additional 

parameters would seem to be at the individual patient level. Specifically, in those who have 

discordance between lipid parameters, does discordance relate to greater atherosclerosis or greater 

risk of events? In our recent observational study of 1.3 million patients who underwent Vertical 

Auto Profile (VAP) testing, we found that significant discordance exists between TC/HDL-C vs. 

LDL-C and non-HDL-C
13

 implying potential additional information carried within the ratio. 

Those with disproportionately high TC/HDL-C were most commonly men and had a more 

atherogenic lipid phenotype characterized by lower HDL-C and its subfractions, higher TG, 

TG/HDL-C and LDL density, comparable to the phenotype of those with insulin resistance who 

have a prevalence of cholesterol-depleted apoB particles.
14-16

 Thus, by including the inverse of 

HDL-C, a higher TC/HDL-C ratio may indirectly reflect discordance between particle cholesterol 

content and concentration. This novel concept suggests that TC/HDL-C might reflect lipoprotein 

particle concentration and size information from the standard lipid profile, a hypothesis that 



avoids the contentious conviction of an inverse relationship between HDL-C and ASCVD
17

. A 

recent analysis showed that TC/HDL-C ratio of <3 was the standard lipid profile parameter which 

best identified a subgroup with  LDL-P of <1000 nmol/L.
18

 While clinical outcome studies are 

needed, initial evidence from our TC/HDL-C discordance analysis indicates that TC/HDL-C, 

available at no extra cost, may carry additional information related to lipoprotein particle 

concentration and size not available in cholesterol-based measures, a finding of particular 

importance when discordance exists within individuals. Therefore, we believe that evaluating the 

clinical impact of TC/HDL-C discordance may have broad implications for ASCVD risk 

assessment and treatment particularly in the upcoming era of PCSK-9 inhibitor therapy.   

In this prospective, community-based analysis of middle age men and women in the 

Atherosclerosis Risk in Communities (ARIC) study, we aim to examine the impact of TC/HDL-C 

discordance with LDL-C and non-HDL-C on cardiovascular events. 

 

 

5. Main Hypothesis/Study Questions: 

 

Aims:  

 

1) To examine discordance between TC/HDL-C ratio and other lipid measurements, such as 

LDL-C, non-HDL-C and apoB, in relation to cardiovascular risk.   

 

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 

interest with specific reference to the time of their collection, summary of data analysis, and 

any anticipated methodologic limitations or challenges if present). 

 

Study design: We will examine the discordance in prospective associations between TC/HDL-C 

ratio and other lipid measurements, and cardiovascular events. The baseline for this analysis will 

be ARIC Baseline (1987-1989). 

 

Exposures: The exposure of interest will be the TC/HDL-C ratio, Friedewald-estimated LDL-C 

(calculated as TC minus HDL-C minus triglycerides/5 at triglycerides <400 mg/dl), 

apolipoprotein B (apoB) and non-HDL-C (calculated as TC minus HDL-C). These variables will 

be dichotomized by the median value (≥median, and < median).  

 

Outcomes: The primary outcome will be atherosclerotic cardiovascular disease (ASCVD) events, 

defined as incident coronary heart disease (CHD), fatal CHD, and stroke occurring after Baseline 

Visit through December 31, 2012 (or most recent follow-up available). Incident ASCVD will be 

defined as definite or probable nonfatal myocardial infarction or fatal CHD, definite or probable 

stroke (defined as sudden or rapid onset of neurological symptoms that lasted for 24 hours or led 

to death in the absence of another cause). As secondary outcomes, we will include total mortality 

occurring after baseline visit through December 31, 2012 (or most recent follow-up available), as 

well as measures of subclinical atherosclerosis like ankle-brachial index <0.9 and carotid intima 

media thickness (cIMT) (4
th
 quartile).   



Exclusions: We will exclude individuals with missing data for standard lipid profile at baseline. 

We will exclude participants who were non-black or non-white, as well as blacks from MN and 

MD sites due to small numbers. We will exclude individuals with a prevalent ASCVD at 

baseline. 

 

Covariates: Other covariates that will be further included in models are: age, sex, race, 

education, physical activity (Baecke questionnaire), BMI (in kg/m
2
), hypertension (defined as 

systolic blood pressure ≥140 mmHg, or diastolic blood pressure≥90 mmHg, or current use of 

antihypertensive medications), diabetes mellitus (defined as fasting plasma glucose ≥126 mg/dl, 

or self-reported physician diagnosis of diabetes or use of diabetes medications), smoking status, 

use of lipid-lowering medication. The ASCVD risk score will be calculated using the Pooled 

Cohort Risk Equations, published in the 2013 ACC/AHA Guidelines.
19 

Smoking status, 

hypertension, as well as use of lipid lowering medications will be evaluated as time varying 

covariates. 

 

Main Analyses: We will evaluate the discordance between TC/HDL-C ratio and other lipid 

measurements (Friedewald LDL-C, non-HDL-C, and apoB), and the prospective association 

between this discordance and our primary (cardiovascular events) and secondary outcomes. For 

this purpose, we will conduct the following analyses: 

 

1) We will define and calculate proportions for the following categories: 

a. Discordantly low TC/HDL-C ratio: TC/HDL-C ratio < median and alternative 

lipid parameter (Friedewald LDL-C, non-HDL-C and apoB) ≥median. 

b. Discordantly high TC/HDL-C ratio: TC/HDL-C ratio ≥ median and alternative 

lipid parameter (Friedewald LDL-C, non-HDL-C and apoB) <median. 

c. Concordantly low TC/HDL-C ratio: TC/HDL-C ratio and alternative lipid 

parameter (Friedewald LDL-C, non-HDL-C and apoB) < median. 

d. Concordantly high TC/HDL-C ratio: TC/HDL-C ratio and alternative lipid 

parameter (Friedewald LDL-C, non-HDL-C and apoB) ≥ median. 

 

2) We will create scatter plots of TC/HDL-C ratio vs. Friedewald LDL-C, non-HDL-C and 

apoB, splitting the plots into categories shown above. 

 

3) We will identify clinical characteristics across 4 discordant/concordant categories defined 

above, including age, sex, race, BMI, hypertension, diabetes mellitus, physical activity, 

education, smoking status, or use of lipid-lowering medications. We will also include 

laboratory measurements such as apoB, LDL-C, non-HDL-C, triglycerides (TG), 

TC/HDL-C ratio, TG/HDL-C ratio, C-reactive protein.  

 

4) We will construct Cox proportional hazards models to estimate hazard ratios (95% 

confidence intervals) for each outcome (primary and secondary) associated with each of 

the four categories we defined, considering the concordantly low (for both TC/HDL-C 

and alternative measure) as the reference group. We will perform the following models: 

a. Model 1: adjusted by age, sex and race/center 



b. Model 2: Model 1 + smoking status + education + physical activity +BMI+ 

hypertension + diabetes 

c. Model 3: Model 2 + TG + HDL-C 

d. Model 4: Model 3 + use of lipid-lowering medication (time-varying) 

e. We will additionally evaluate for interaction with ASCVD risk (<5%, 5-7.5%, 

and ≥7.5%), race, sex, age (<65 and ≥65 years-old). 

 

5) We will calculate incidence rates (per 1000 person-years) of each outcome (primary and 

secondary) for each of the four categories by using Poisson regressions, and using similar 

adjustments (Model 1-4) as in point (4). 

 

6) We will reproduce point 1-5 using estimated LDL-C by our novel method instead of 

Friedewald-estimated LDL-C. 
20

  

 

7) We will reproduce point (4) and (5) for individuals with TC/HDL-C<2.5 and ≥2.5 vs. 

Friedewald LDL-C<70 and ≥70 mg/dl, vs. non-HDL-C<89 and ≥89 mg/dl, and vs. 

apoB<57.9 and ≥57.9 mg/dl. These cutoff points are equivalent population percentiles of 

LDL-C = 70 mg/dl that were obtained from NHANES. 

 

8) We will also reproduce (4) and (5) using discordance of 10 percentile units between 

TC/HDL-C and non-HDL-C, Friedewald LDL-C and apoB. 

  

9) We will show results stratified by: 

a. ASCVD risk categories 

b. Race 

c. Sex 

d. Age (<65 and ≥65 years-old) 

e. Use of lipid-lowering medication at baseline 

 

Sensitivity Analysis:  

 

- We will reproduce all analyses excluding those on lipid lowering therapy at baseline and at 

any ARIC visit. 

 

Limitations: 

 There is the likelihood for some residual confounding by other risk factors not included 

in these models. 

 Interim initiation of lipid lowering medication likely will modify the association between 

lipid discordance and ASCVD events.  We will use a time-varying approach for “use of 

lipid lowering medication” status and update this variable for every ARIC visit.  Still this 

variable may be incompletely ascertained. For example, we do not have information 

about type of statin (low vs. high intensity) or dose or about use of lipid lowering 

medications between ARIC visits.  

 



7.a. Will the data be used for non-CVD analysis in this manuscript? ____ Yes    __X__ No 

 

 b. If Yes, is the author aware that the file ICTDER03 must be used to exclude persons 

with a value RES_OTH = “CVD Research” for non-DNA analysis, and for DNA 

analysis RES_DNA = “CVD Research” would be used? ____ Yes    ____ No 

(This file ICTDER03 has been distributed to ARIC PIs, and contains  

the responses to consent updates related to stored sample use for research.) 

 

8.a. Will the DNA data be used in this manuscript? ____ Yes    __X__ No 

 

8.b. If yes, is the author aware that either DNA data distributed by the Coordinating 

Center must be used, or the file ICTDER03 must be used to exclude those with value 

RES_DNA = “No use/storage DNA”? ____ Yes    ____ No 

 

9. The lead author of this manuscript proposal has reviewed the list of existing ARIC Study 

manuscript proposals and has found no overlap between this proposal and previously 

approved manuscript proposals either published or still in active status.  ARIC Investigators 

have access to the publications lists under the Study Members Area of the web site at:  

http://www.cscc.unc.edu/ARIC/search.php 

 

___X___   Yes     _______ No 

 

 

10. What are the most related manuscript proposals in ARIC (authors are encouraged to 

contact lead authors of these proposals for comments on the new proposal or 

collaboration)? 

 

There is no overlap.  No prior ARIC studies have specifically focused on individual level 

discordance of TC/HDL ratio with other lipid parameters 

 

Similar ARIC Manuscripts: 

 

2587 (Michos) Vitamin D and change in lipids and incident dyslipidemia 

Notes: this looked at lipid changes including TC/HDL ratio, but ASCVD events was not an 

outcome.  Michos is a co-author on both.  

 

1623 (Ndumele) ApoB, Apo A, and standard lipid measures with incident CHD 

Notes: This used visit 4 data and did not focus on discordance.   Salim Virani was a coauthor on 

that paper and invited here as well. 

 

1667 (Lopez) Lipid levels, lipid lowering medications and incident AFib 

Notes: Afib is not one of our outcomes, and we are focusing on lipid discordance. 

 

http://www.cscc.unc.edu/ARIC/search.php


2046 (Virani) Relation of cholesterol and lipoprotein parameters with carotid artery plaque 

characteristics: the Atherosclerosis Risk in Communities (ARIC) carotid MRI study. 

Notes: We are not using ARIC Carotid data, and S. Virani was invited as a coauthor on this 

paper 

 

11. a. Is this manuscript proposal associated with any ARIC ancillary studies or use any 

ancillary study data? __ __ Yes    __x__ No 

 

11.b. If yes, is the proposal  

___  A. primarily the result of an ancillary study (list number* __) 

___ B. primarily based on ARIC data with ancillary data playing a minor role 

(usually control variables; list number(s)* ___________ __________) 

 

*ancillary studies are listed by number at http://www.cscc.unc.edu/aric/forms/   

 

12.  Manuscript preparation is expected to be completed in one to three years.  If a   

manuscript is not submitted for ARIC review at the end of the 3-years from the date of 

the approval, the manuscript proposal will expire. 

http://www.cscc.unc.edu/aric/forms/


References 

 

1. Castelli WP, Abbott RD, McNamara PM. Summary estimates of cholesterol used to 

predict coronary heart disease. Circulation. 1983;67(4):730–734. 

2. Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum CB, Eckel RH, 

Goldberg AC, Gordon D, Levy D, Lloyd-Jones DM, McBride P, Schwartz JS, Shero ST, 

Smith SC Jr, Watson K, Wilson PWF. 2013 ACC/AHA Guideline on the Treatment of 

Blood Cholesterol to Reduce Atherosclerotic Cardiovascular Risk in Adults. J Am Coll 

Cardiol. 2014;63(25):2889–2934. doi:10.1016/j.jacc.2013.11.002. 

3. Developed with the special contribution of: European Association for Cardiovascular 

Prevention & Rehabilitation, Authors/Task Force Members, Reiner Z, Catapano AL, De 

Backer G, Graham I, Taskinen MR, Wiklund O, Agewall S, Alegria E, Chapman MJ, 

Durrington P, Erdine S, Halcox J, Hobbs R, Kjekshus J, Filardi PP, Riccardi G, Storey RF, 

Wood D, ESC Committee for Practice Guidelines (CPG) 2008-2010 and 2010-2012 

Committees, Bax J, Vahanian A, Auricchio A, Baumgartner H, Ceconi C, Dean V, Deaton 

C, Fagard R, Filippatos G, Funck-Brentano C, Hasdai D, Hobbs R, Hoes A, Kearney P, 

Knuuti J, Kolh P, McDonagh T, Moulin C, Poldermans D, Popescu BA, Reiner Z, 

Sechtem U, Sirnes PA, Tendera M, Torbicki A, Vardas P, Widimsky P, Windecker S, 

Reviewers D, Funck-Brentano C, Poldermans D, Berkenboom G, de Graaf J, Descamps 

O, Gotcheva N, Griffith K, Guida GF, Gulec S, Henkin Y, Huber K, Kesaniemi YA, 

Lekakis J, Manolis AJ, Marques-Vidal P, Masana L, McMurray J, Mendes M, Pagava Z, 

Pedersen T, Prescott E, Rato Q, Rosano G, Sans S, Stalenhoef A, Tokgozoglu L, Viigimaa 

M, Wittekoek ME, Zamorano JL. ESC/EAS Guidelines for the management of 

dyslipidaemias: The Task Force for the management of dyslipidaemias of the European 

Society of Cardiology (ESC) and the European Atherosclerosis Society (EAS). Eur Heart 

J 2011;32(14):1769–1818. doi:10.1093/eurheartj/ehr158. 

4. Anderson TJ, Grégoire J, Hegele RA, Couture P, Mancini GBJ, McPherson R, Francis 

GA, Poirier P, Lau DC, Grover S, Genest J Jr, Carpentier AC, Dufour R, Gupta M, Ward 

R, Leiter LA, Lonn E, Ng DS, Pearson GJ, Yates GM, Stone JA, Ur E. 2012 Update of the 

Canadian Cardiovascular Society Guidelines for the Diagnosis and Treatment of 

Dyslipidemia for the Prevention of Cardiovascular Disease in the Adult. Can J Cardiol. 

2013;29(2):151–167. doi:10.1016/j.cjca.2012.11.032. 

5. Ridker PM, Rifai N, Cook NR, Bradwin G, Buring JE. Non–HDL Cholesterol, 

Apolipoproteins A-I and B 100, Standard Lipid Measures, Lipid Ratios, and CRP as Risk 

Factors for Cardiovascular Disease in Women. JAMA. 2005;294(3):326. 

doi:10.1001/jama.294.3.326. 

6. 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(7):931–939. doi:10.1161/CIRCULATIONAHA.108.816181. 



7. Kastelein JJP, van der Steeg WA, Holme I, Gaffney M, Cater NB, Barter P, Deedwania P, 

Olsson AG, Boekholdt SM, Demicco DA, Szarek M, LaRosa JC, Pedersen TR, Grundy 

SM, for the TNT and IDEAL Study Groups. Lipids, Apolipoproteins, and Their Ratios in 

Relation to Cardiovascular Events With Statin Treatment. Circulation. 

2008;117(23):3002–3009. doi:10.1161/CIRCULATIONAHA.107.713438. 

8. Ingelsson E, Schaefer EJ, Contois JH, McNamara JR, Sullivan L, Keyes MJ, Pencina MJ, 

Schoonmaker C, Wilson PWF, D'Agostino RB, Vasan RS. Clinical utility of different 

lipid measures for prediction of coronary heart disease in men and women. JAMA. 

2007;298(7):776–785. doi:10.1001/jama.298.7.776. 

9. MD PM, Rathod A, Panaich S, MD PH, Veeranna V, Badheka A, Jacob S, FACC LAM. 

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(2):82–90. doi:10.1016/j.jacl.2010.12.001. 

10. McQueen MJ, Hawken S, Wang X, Ounpuu S, Sniderman A, Probstfield J, Steyn K, 

Sanderson JE, Hasani M, Volkova E, Kazmi K, Yusuf S. Lipids, lipoproteins, and 

apolipoproteins as risk markers of myocardial infarction in 52 countries (the 

INTERHEART study): a case-control study. Lancet. 2008;372(9634):224–233. 

doi:10.1016/S0140-6736(08)61076-4. 

11. Stampfer MJ, Sacks FM, Salvini S, Willett WC, Hennekens CH. A prospective study of 

cholesterol, apolipoproteins, and the risk of myocardial infarction. N Engl J Med. 

1991;325(6):373–381. doi:10.1056/NEJM199108083250601. 

12. Prospective Studies Collaboration, Lewington S, Whitlock G, Clarke R, Sherliker P, 

Emberson J, Halsey J, Qizilbash N, Peto R, Collins R. Blood cholesterol and vascular 

mortality by age, sex, and blood pressure: a meta-analysis of individual data from 61 

prospective studies with 55,000 vascular deaths. Lancet. 2007;370(9602):1829–1839. 

doi:10.1016/S0140-6736(07)61778-4. 

13. Elshazly MB, Quispe R, Michos ED, Sniderman AD, Toth PP, Banach M, Kulkarni KR, 

Coresh J, Blumenthal RS, Jones SR, Martin SS. Patient-Level Discordance in Population 

Percentiles of the Total Cholesterol to High-Density Lipoprotein Cholesterol Ratio in 

Comparison With Low-Density Lipoprotein Cholesterol and Non-High-Density 

Lipoprotein Cholesterol: The Very Large Database of Lipids Study (VLDL-2B). 

Circulation. 2015;132(8):667–676. doi:10.1161/CIRCULATIONAHA.115.016163. 

14. Sniderman AD, Lamarche B, Contois JH, De Graaf J. Discordance analysis and the 

Gordian Knot of LDL and non-HDL cholesterol versus apoB. Curr Opin Lipidol. 

2014;25(6):461–467. doi:10.1097/MOL.0000000000000127. 

15. Barter PJ, Ballantyne CM, Carmena R, Castro Cabezas M, Chapman MJ, Couture P, de 

Graaf J, Durrington PN, Faergeman O, Frohlich J, Furberg CD, Gagne C, Haffner SM, 

Humphries SE, Jungner I, Krauss RM, Kwiterovich P, Marcovina S, Packard CJ, Pearson 



TA, Reddy KS, Rosenson R, Sarrafzadegan N, Sniderman AD, Stalenhoef AF, Stein E, 

Talmud PJ, Tonkin AM, Walldius G, Williams KMS. Apo B versus cholesterol in 

estimating cardiovascular risk and in guiding therapy: report of the thirty-person/ten-

country panel. J Intern Med. 2006 Mar;259(3):247-58. doi:10.1111/j.1365-

2796.2006.01616.x. 

16. Pencina MJ, D'Agostino RB, Zdrojewski T, Williams K, Thanassoulis G, Furberg CD, 

Peterson ED, Vasan RS, Sniderman AD. Apolipoprotein B improves risk assessment of 

future coronary heart disease in the Framingham Heart Study beyond LDL-C and non-

HDL-C. Eur J Prev Cardiol. 2015. doi:10.1177/2047487315569411. 

17. Martin SS, Khokhar AA, May HT, Kulkarni KR, Blaha MJ, Joshi PH, Toth PP, 

Muhlestein JB, Anderson JL, Knight S, Li Y, Spertus JA, Jones SR, on behalf of the 

Lipoprotein Investigators Collaborative (LIC). HDL cholesterol subclasses, myocardial 

infarction, and mortality in secondary prevention: the lipoprotein investigators 

collaborative. Eur Heart J. 2015;36(1):22–30. doi:10.1093/eurheartj/ehu264. 

18. Mathews SC, Mallidi J, Kulkarni K, Toth PP, Jones SR. Achieving Secondary Prevention 

Low-Density Lipoprotein Particle Concentration Goals Using Lipoprotein Cholesterol-

Based Data. Wang G, ed. PLoS ONE. 2012;7(3):e33692. 

doi:10.1371/journal.pone.0033692.t004. 

19. Stone NJ, Robinson JG, Lichtenstein AH, et al. 2013 ACC/AHA guideline on the 

treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in adults: a 

report of the American College of Cardiology/American Heart Association Task Force on 

Practice Guidelines. J Am Coll Cardiol. 2014;63(25 Pt B):2889-934. 

20.  Martin SS, Blaha MJ, Elshazly MB, et al. Comparison of a novel method vs the 

Friedewald equation for estimating low-density lipoprotein cholesterol levels from the 

standard lipid profile. JAMA. 2013;310(19):2061-8. 

 

 

 


