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ORIGINAL RESEARCH

Discordance Between Very Low-Density  
Lipoprotein Cholesterol and Low-Density 
Lipoprotein Cholesterol Increases 
Cardiovascular Disease Risk in a 
Geographically Defined Cohort
Kristina E. Seehusen , MPH; Alan T. Remaley , MD, PhD; Maureen Sampson , BS; Jeffrey W. Meeusen , PhD;  
Nicholas B. Larson , PhD; Paul A. Decker , MS; Jill M. Killian , BS; Paul Y. Takahashi , MD, MPH; 
Véronique L. Roger , MD, MPH; Sheila M. Manemann, MPH; Reyna Lam , BS; Suzette J. Bielinski , PhD

BACKGROUND: Clinical risk scores are used to identify those at high risk of atherosclerotic cardiovascular disease (ASCVD). 
Despite preventative efforts, residual risk remains for many individuals. Very low-density lipoprotein cholesterol (VLDL-C) and 
lipid discordance could be contributors to the residual risk of ASCVD.

METHODS AND RESULTS: Cardiovascular disease–free residents, aged ≥40 years, living in Olmsted County, Minnesota, were 
identified through the Rochester Epidemiology Project. Low-density lipoprotein cholesterol (LDL-C) and VLDL-C were esti-
mated from clinically ordered lipid panels using the Sampson equation. Participants were categorized into concordant and 
discordant lipid pairings based on clinical cut points. Rates of incident ASCVD, including percutaneous coronary intervention, 
coronary artery bypass grafting, stroke, or myocardial infarction, were calculated during follow-up. The association of LDL-C 
and VLDL-C with ASCVD was assessed using Cox proportional hazards regression. Interaction between LDL-C and VLDL-C 
was assessed. The study population (n=39 098) was primarily White race (94%) and female sex (57%), with a mean age of 
54 years. VLDL-C (per 10-mg/dL increase) was significantly associated with an increased risk of incident ASCVD (hazard ratio, 
1.07 [95% CI, 1.05–1.09]; P<0.001]) after adjustment for traditional risk factors. The interaction between LDL-C and VLDL-C 
was not statistically significant (P=0.11). Discordant individuals with high VLDL-C and low LDL-C experienced the highest rate 
of incident ASCVD events, 16.9 per 1000 person-years, during follow-up.

CONCLUSIONS: VLDL-C and lipid discordance are associated with a greater risk of ASCVD and can be estimated from clinically 
ordered lipid panels to improve ASCVD risk assessment.

Key Words: atherosclerotic cardiovascular disease ■ lipid discordance ■ low-density lipoprotein cholesterol ■ very low-density 
lipoprotein cholesterol

Despite advances in atherosclerotic cardiovascu-
lar disease (ASCVD) risk prediction and preven-
tive therapies over the past several decades, 

ASCVD remains the leading cause of death across the 

globe.1 Several cardiovascular risk calculators, includ-
ing the ASCVD pooled cohort risk equations (PCEs), 
have limitations in accurately quantifying individual 
risk.2,3 The inaccuracies stem in part from omissions 
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of key attributes of ASCVD, such as evidence of sub-
clinical disease (eg, coronary artery calcium) and in-
flammatory biomarkers (eg, CRP [C-reactive protein]). 
Traditional risk factors, such as age, are overempha-
sized in comparison; this results in inflated estimates 
of risk in older populations and underestimations in 
certain at-risk younger individuals with signs of sub-
clinical disease.3–5 Furthermore, PCE does not directly 
consider low-density lipoprotein cholesterol (LDL-C) or 
very low-density lipoprotein cholesterol (VLDL-C), both 
of which have been previously identified as contribu-
tors to ASCVD risk.3

Recent evidence has indicated that VLDL-C is more 
strongly associated with ASCVD risk compared with 
LDL-C.6–9 VLDL-C is a major component of remnant 
cholesterol or remnant lipoproteins, a compilation 
of partially lipolyzed remnant particles in the blood, 

including chylomicron remnants, intermediate-density 
lipoprotein, and VLDL-C.10 VLDL-C is particularly ath-
erogenic because of its ability to transport large 
amounts of lipids, ≈7 times more than LDL-C, to mac-
rophages.10 This process aids and accelerates the 
buildup of arterial plaque and subsequent develop-
ment of ASCVD.9–11

In addition to the independent influences of LDL-C 
and VLDL-C on ASCVD risk, an increasing body of evi-
dence suggests that discordance, or disagreement be-
tween, LDL-C and VLDL-C may further impact ASCVD 
risk. Lipid-lowering therapies have been a primary 
clinical strategy for reducing LDL-C and subsequent 
ASCVD risk for several decades. However, recent re-
search has shown that individuals with optimal levels of 
LDL-C may sustain a residual risk of ASCVD because 
of discordantly high levels of remnant cholesterol, in-
cluding VLDL-C.3,7,8,10,12–14 Furthermore, the excess risk 
incurred from discordant lipid levels suggests the ex-
istence of a potentially complex nonlinear relationship 
between LDL-C and VLDL-C.8

Existing risk calculators capture only total choles-
terol and high-density lipoprotein cholesterol (HDL-C) 
in their estimations. They do not separately take into 
account the independent effects of both LDL-C and 
VLDL-C, and they may overlook the effect of lipid dis-
cordance on ASCVD risk. Although the adverse effects 
of VLDL-C and remnant cholesterol have become more 
established in recent years, the challenge in measuring 
specific lipid subfractions has made it difficult to readily 
incorporate into risk assessment models.3 In addition, 
the impacts of remnant cholesterol and analysis of dis-
cordance have only recently been introduced in large 
cohort studies, such as the ARIC (Atherosclerosis Risk 
in Communities) study.8

Historically, certain lipid subfractions have been esti-
mated via the Friedewald equation. However, there are 
known challenges with using the Friedewald equation 
for lipoprotein calculations, particularly in individuals 
with high triglycerides.10 The extended Martin-Hopkins 
and Sampson equations were developed to more ac-
curately calculate LDL-C and VLDL-C and have both 
proven to be superior to the Friedewald equation.10,15 
Many clinical laboratories have adopted the use of the 
extended Martin-Hopkins or Sampson equations for 
lipid calculations in recent years for improved classi-
fication of dyslipidemia and subsequent ASCVD risk 
assessment. Notably, the Sampson equation has no 
intellectual property or cost restrictions, allowing for 
a simplified transition for many laboratories.15 For this 
reason, only the Sampson and Friedewald equations 
are used for analysis and comparison purposes in this 
article.

The compound risks of LDL-C, VLDL-C, and lipid 
discordance have not been fully explored in the context 
of ASCVD risk assessment. This study aims to analyze 

CLINICAL PERSPECTIVE

What Is New?
•	 Very low-density lipoprotein cholesterol 

(VLDL-C) was more strongly associated with an 
increased risk of atherosclerotic cardiovascular 
disease compared with low-density lipoprotein 
cholesterol, even after adjustment for traditional 
risk factors, and can be easily obtained from a 
standard lipid panel without an additional cost 
or clinical test.

•	 Lipid discordance, or disagreement between, 
VLDL-C and low-density lipoprotein cholesterol 
provides a novel indicator of residual athero-
sclerotic cardiovascular disease risk; those with 
discordantly high VLDL-C and low low-density 
lipoprotein cholesterol experienced the highest 
rates of atherosclerotic cardiovascular disease 
during study follow-up.

What Are the Clinical Implications?
•	 Those with elevated VLDL-C levels, and particu-

larly those with discordantly high VLDL-C and 
low low-density lipoprotein cholesterol, may 
benefit from additional clinical assessments and 
screenings to evaluate signs of subclinical ath-
erosclerotic cardiovascular disease and other 
important biomarkers.

Nonstandard Abbreviations and Acronyms

ARIC	 Atherosclerosis Risk in Communities
PCE	 pooled cohort risk equation
VLDL-C	 very low-density lipoprotein 

cholesterol
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the ASCVD risk-inducing effects of these components 
in a large, geographically defined community cohort.

METHODS
Study Population
Participants were part of the Rochester Epidemiology 
Project, a comprehensive medical records–linkage 
system established in 1966 for individuals residing in 
Olmsted County, Minnesota, and surrounding coun-
ties.16,17 The Rochester Epidemiology Project was 
used to identify a cohort of 51 965 cardiovascular dis-
ease–free Olmsted County residents aged ≥40 years 
on January 1, 2006 (baseline date). Individuals were 
included if they had a lipid panel measured within the 
baseline data collection period from January 1, 2001, 
to December 31, 2005 (n=39 098). The study was ap-
proved by the Mayo Clinic and Olmsted Medical Center 
Institutional Review Boards. The study was considered 
minimal risk by both Institutional Review Boards; thus, 
the requirement for informed consent was waived. 
However, patients who did not provide authorization to 
use their medicals records for research were excluded.

Because of the sensitive nature of the data col-
lected for this study, requests to access the data set 
from qualified researchers trained in human subject 
confidentiality protocols may be sent to info@roches-
terproject.org.

Measurements
Lipid measurements from clinical care were collected 
via the Rochester Epidemiology Project. The closest 
lipid measurements to the baseline date were used in 
the analysis. All lipid subfractions were estimated using 
both the Friedewald and Sampson equations for com-
parison purposes, and the Sampson calculations were 
used in primary regression analyses because of their 
improved accuracy in estimation.15

All other baseline demographic and clinical char-
acteristics were extracted, and collection methods 
are detailed in a previous publication.17 In summary, 
age, sex, race, and ethnicity were collected as de-
mographic variables from patient records. Race and 
ethnicity were categorized per the US census. Clinical 
data were collected in the 5 years before baseline 
(2001–2005). All recorded heights and weights were 
used for body mass index calculation, and the me-
dian body mass index was computed for each patient. 
For all other clinical variables, the closest value to the 
baseline date was used. Extreme systolic and dia-
stolic blood pressure measurements were excluded. 
Smoking status was ascertained via patient-provided 
information and coded as never or ever. Use of lipid-
lowering and hypertension therapies was determined 
according to classification by the National Drug File 

Reference Terminology. Diabetes was defined by the 
presence of an International Classification of Diseases, 
Ninth Revision (ICD-9), code (ie, 249.xx–250.xx, 357.2, 
362.01–362.06, 366.41, 790.21–790.22, 790.29, 
791.5–791.6, V45.85, V53.91, and V65.46). ASCVD risk 
score was calculated using the American College of 
Cardiology and American Heart Association 10-year 
PCE.18 Patients with missing data for quantitative traits 
used in the ASCVD risk score were assigned the mid-
point of the normal range. For missing dichotomous 
variables, they were assigned the low-risk value (eg, 
nonsmoker).

The study cohort was categorized into concordant 
and discordant pairs using clinically standard opti-
mal levels: <100 mg/dL for LDL-C and <30 mg/dL for 
VLDL-C.7,8 Concordant individuals had VLDL-C and 
LDL-C levels that were both above optimal measures 
(high), or both within the optimal range (low). Discordant 
individuals had high LDL-C levels and low VLDL-C lev-
els, or vice versa. Values of LDL-C and VLDL-C are re-
ported using the Sampson equations unless otherwise 
noted.

Outcomes
The cohort was followed up through December 31, 
2019, for incident ASCVD events. Incident ASCVD in-
cluded any of the following diagnoses or procedures 
identified during follow-up: percutaneous coronary in-
tervention, coronary artery bypass grafting, stroke, or 
myocardial infarction. Percutaneous coronary interven-
tion was identified using the Mayo Clinic percutaneous 
coronary intervention registry; coronary artery bypass 
grafting was identified through the use of Current 
Procedural Terminology codes (33 503, 33 504, 
33 510–33 514, 33 516–33 519, 33 521–33 523, 33 530, 
and 33 534–33 536); stroke was identified through a 
combination of clinical concepts19 (transient ischemic 
attack), ICD-9 codes (435.x9), and Current Procedural 
Terminology codes (70 553, 71 275, and 93 880); myo-
cardial infarction was identified through inpatient hos-
pitalization with primary diagnosis code ICD-9 410.
xx (excluding 410.x2), or International Classification of 
Diseases, Tenth Revision (ICD-10), I21.xx. All-cause 
and ASCVD death information was collected through 
medical records, Minnesota death certificates, and 
National Death Index Plus records. Participants were 
followed up until the first incident ASCVD event, or 
through follow-up end date if they remained disease 
free.

Statistical Analysis
Baseline patient characteristics were summarized 
using median (interquartile range) for continuous vari-
ables and count (percentage) for categorical variables. 
Comparisons were made across groups using the 
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2-sample t-test (rank sum) or χ2 (exact) test, as ap-
propriate. The association of LDL-C and VLDL-C with 
time to ASCVD was evaluated using Cox proportional 
hazards regression, with adjustment for traditional risk 
factors used in the PCE. Total cholesterol was omit-
ted from adjustment of traditional risk factors to reduce 
collinearity with the addition of LDL-C and VLDL-C. 
Associations are provided per 10-mg/dL unit increase 
in VLDL-C and LDL-C. Cumulative survival probabili-
ties were estimated using the Kaplan-Meier method. 
To more flexibly investigate LDL-C and VLDL-C as-
sociations of ASCVD risk, tensor product smoothing 
was applied in a generalized additive model using 
the mgcv R package.20–24 Marginal smooths and in-
teractions were included in the model to individually 
evaluate main effects and the LDL-C and VLDL-C inter-
action. Significance testing was performed on the ten-
sor product interaction term to investigate whether the 
values of one lipid measure impacted the estimated 
effect of the other on ASCVD risk. Visualizations of the 
smoothed effects were generated using contour plots 
via the itsadug R package.25 In all cases, P<0.05 was 
considered statistically significant.

RESULTS
Study Population
Characteristics of the study population compared with 
the ineligible population (ie, no lipid panel) are pro-
vided in Table S1. The 39 098 individuals included in 
the study had a mean follow-up time of 11.8 years, with 
4466 ASCVD events. Coronary heart disease events 
were the most common (n=2025), followed by stroke 
(n=1295) and death attributable to circulatory system 
diseases (n=1146). The comparison of baseline demo-
graphic and clinical characteristics of the study popu-
lation, stratified by concordant-discordant pairs using 
clinical cut points, is summarized in Table  1. Nearly 
half (49.9%) of the study population had discordantly 
high LDL-C and low VLDL-C, and 4.8% had discor-
dantly low LDL-C and high VLDL-C. Those with dis-
cordantly low LDL-C and high VLDL-C were more likely 
to be older, men, and ever smokers, compared with 
the other groups. Examining differences across racial 
and ethnic groups, there is a higher proportion of Asian 
participants (3.8%) and a lower proportion of White 
participants (92.1%) with discordantly low LDL-C and 
high VLDL-C compared with the other concordant-
discordant pairings. Clinically, this group had an in-
creased prevalence of diabetes (39.7%), higher use of 
hypertension and lipid-lowering therapies (53.6% and 
53.1%, respectively), and higher triglycerides at base-
line compared with all other groups (P<0.001).

Baseline lipid levels stratified by use of lipid-lowering 
therapy are provided in Table  S2. Of those using 

lipid-lowering therapy (26%), median total cholesterol 
and LDL-C levels were lower, but triglycerides and 
VLDL-C levels were higher, compared with those not 
using lipid-lowering therapy. As shown in Table S3, a 
greater proportion of participants were categorized as 
having discordantly high VLDL-C and low LDL-C when 
using the Friedewald versus Sampson equation (10.6% 
versus 4.8%). In those using lipid-lowering therapy at 
baseline, 10.0% had discordantly high VLDL-C and low 
LDL-C compared with only 3.0% of those not using 
lipid-lowering therapy (Table S4). Figure 1 illustrates the 
triglyceride distribution for each concordant-discordant 
pair based on clinical cut points.

Outcomes
On the basis of 4466 incident ASCVD events that oc-
curred during follow-up, the crude ASCVD rate for the 
full cohort was 9.5 per 1000 person-years. Stratified by 
concordant-discordant pairs, the crude ASCVD rates 
during the follow-up period are provided in Table  1. 
Those with discordantly high LDL-C and low VLDL-C 
experienced the lowest crude ASCVD rate (7.7 per 
1000 person-years); conversely, the group with dis-
cordantly low LDL-C and high VLDL-C experienced 
the highest crude ASCVD rate (16.9 per 1000 person-
years). Survival curves by concordant-discordant pairs 
are shown in Figure  2. The group with discordantly 
high VLDL-C and low LDL-C levels experienced the 
lowest rate of ASCVD-free survival during follow-up; 
the discordantly high LDL-C and low VLDL-C group 
experienced the highest rate of ASCVD-free survival. 
Crude ASCVD rates for the concordant-discordant 
pairs estimated by the Friedewald equation are pro-
vided in Table S5.

The association of LDL-C and VLDL-C with ASCVD 
was investigated using a series of models inde-
pendently assessing LDL-C and VLDL-C per 10 mg/dL, 
shown in Table 2. LDL-C was associated with a slight 
decrease in incident ASCVD within the full study pop-
ulation (hazard ratio [HR], 0.97 [95% CI, 0.97–0.98]). 
After adjusting for traditional ASCVD risk factors, the 
association between LDL-C and incident ASCVD was 
marginally significant (HR, 1.01 [95% CI, 1.00–1.02]). 
Additional adjustment for VLDL-C or triglycerides 
did not further modify the association. Stratified by 
concordant-discordant pairings, the unadjusted asso-
ciation between LDL-C and ASCVD was only signifi-
cant in the concordantly low LDL-C and low VLDL-C 
group (HR, 0.92 [95% CI, 0.88–0.96]). In contrast, 
VLDL-C was associated with an increase in incident 
ASCVD (HR, 1.13 [95% CI, 1.11–1.14]) for the full cohort. 
This association remained significant after adjustment 
for traditional ASCVD risk factors (HR, 1.07 [95% CI, 
1.05–1.09]). Additional adjustment for LDL-C did not 
modify the association, but VLDL-C was associated 
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Table 1.  Comparison of Baseline Characteristics in the Study Cohort, Stratified by Concordant-Discordant Groups by 
Clinical Cut Points

Characteristic Included cohort

Concordant-discordant groups

P 
value

Concordant 
group (low 
LDL-C, low 
VLDL-C)

Concordant 
group (high 
LDL-C, high 
VLDL-C)

Discordant 
group (low LDL-
C, high VLDL-C)

Discordant 
group (high LDL-
C, low VLDL-C)

Patients, n (%) 39 098 10 353 (26.5) 7343 (18.8) 1880 (4.8) 19 522 (49.9)

Age, mean (SD), y 56.7 (12.1) 57.4 (13.1) 56.7 (11.9) 58.9 (12.3) 56.2 (11.7) <0.001

Age categories, y

40–49 13 490 (34.5) 3745 (36.2) 2483 (33.8) 497 (26.4) 6765 (34.7) <0.001

50–59 11 874 (30.4) 2667 (25.8) 2305 (31.4) 551 (29.3) 6351 (32.5)

60–69 7181 (18.4) 1858 (18.0) 1364 (18.6) 426 (22.7) 3533 (18.1)

70–79 4312 (11.0) 1326 (12.8) 784 (10.7) 278 (14.8) 1924 (9.9)

≥80 2241 (5.7) 757 (7.3) 407 (5.5) 128 (6.8) 949 (4.9)

Sex, female, n (%) 22 341 (57.1) 6273 (60.6) 3710 (50.5) 860 (45.7) 11 498 (58.9) <0.001

Race, n (%)

American Indian 70 (0.2) 18 (0.2) 19 (0.3) 9 (0.5) 24 (0.1) <0.001

Asian 1034 (2.7) 274 (2.7) 225 (3.1) 71 (3.8) 464 (2.4)

Black 714 (1.8) 192 (1.9) 96 (1.3) 27 (1.4) 399 (2.1)

White 36 295 (93.5) 9620 (93.6) 6800 (93.3) 1722 (92.1) 18 153 (92.6)

Hawaiian/Pacific Islander 43 (0.1) 10 (0.1) 10 (0.1) 3 (0.2) 20 (0.1)

Other*/multiracial 678 (1.8) 165 (1.6) 141 (1.9) 38 (2.0) 334 (1.7)

Unknown 264 74 52 10 128

Hispanic ethnicity, n (%) 1044 (2.7) 250 (2.4) 222 (3.0) 59 (3.1) 513 (2.6) 0.049

BMI, median (IQR), kg/m2 27.9 (24.6–31.9) 26.6 (23.5–30.9) 30.2 (27.0–34.1) 31.1 (27.8–35.2) 27.3 (24.4–31.0) <0.001

Unknown, n 2301 466 576 121 1138

Smoking status

Ever, n (%) 12 597 (40.1) 3473 (40.0) 2500 (43.7) 763 (48.8) 5861 (37.9) <0.001

Unknown, n 7648 1673 1616 317 4042

Systolic blood pressure, median 
(IQR), mm Hg

123 (112–134) 121 (110–132) 126 (118–138) 128 (118–138) 122 (112–134) <0.001

Unknown 116 24 31 3 58

Diastolic blood pressure, median 
(IQR), mm Hg

73.5 (66–80) 70 (64–79) 76 (70–82) 74 (68–80) 74 (68–80) <0.001

Unknown, n 116 24 31 3 58

Use of hypertension therapy, n (%) 12 134 (31.0) 3574 (34.5) 2752 (37.5) 1007 (53.6) 4801 (24.6) <0.001

Diabetic, n (%) 6462 (16.5) 3122 (20.6) 1525 (20.8) 746 (39.7) 2058 (10.5) <0.001

Use of lipid-lowering therapy, n (%) 10 041 (25.7) 3354 (32.4) 2233 (30.4) 999 (53.1) 3455 (17.7) <0.001

Total cholesterol, median (IQR), 
mg/dL

196 (172–219) 161 (148–174) 224 (205–246) 173 (161–187) 204 (188–222) <0.001

HDL cholesterol, median (IQR), 
mg/dL

54 (44–66) 58 (47–71) 46 (39–54) 42 (35–51) 56 (47–68) <0.001

Triglyceride, median (IQR), mg/dL 118 (83–168) 92 (67–127) 212 (186–257) 249 (213–314) 105 (80–131) <0.001

Values ≥400 mg/dL, n (%) 480 (1.2) 0 259 (3.5) 221 (11.8) 0 <0.001

LDL-C, median (IQR), mg/dL

Friedewald 111.8 (91.8–133.0) 83.4 (73.0–91.4) 128.8 (112.0–150.4) 77.8 (64.3–85.8) 122.8 (110.2–138.8) <0.001

Sampson 114.9 (95.0–135.9) 85.4 (74.7–92.5) 133.8 (118.0–154.3) 86.7 (75.1–94.2) 125.2 (112.4–141.4) <0.001

VLDL-C, median (IQR), mg/dL

Friedewald 23.6 (16.6–33.6) 18.4 (13.4–25.4) 42.4 (37.2–51.4) 49.8 (42.6–62.8) 21.0 (16.0–26.2) <0.001

Sampson 20.1 (13.9–29.3) 14.3 (10.4–19.8) 38.4 (33.5–47.1) 39.0 (33.6–49.4) 18.5 (14.0–23.2) <0.001

ASCVD risk score, n (%)

Low risk (<5%) 21 605 (55.3) 6143 (59.3) 3087 (42.0) 656 (34.9) 11 719 (60.0) <0.001

Borderline risk (5%–7.4%) 3631 (9.3) 652 (6.3) 927 (12.6) 211 (11.2) 1841 (9.4)

Intermediate risk (7.5%–19.9%) 7567 (19.4) 1592 (15.4) 1972 (26.9) 520 (27.7) 3483 (17.8)

High risk (≥20%) 6295 (16.1) 1966 (19.0) 1357 (18.5) 493 (26.2) 2479 (12.7)

 (Continued)
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with an increased HR after adjustment for triglycerides 
(HR, 1.20 [95% CI, 1.10–1.31]). Stratified by concordant-
discordant pairs, the association between VLDL-C and 
incident ASCVD was significant in the discordantly 
high LDL-C and low VLDL-C group and both concor-
dant groups. The LDL-C and VLDL-C interaction was 
not statistically significant (P=0.11). Figure S1 displays 
a contour plot to visualize the relationship.

Further stratifying the study population into quartiles 
of VLDL-C and LDL-C levels based on the population 

distribution, those with increasingly discordant high 
VLDL-C and low LDL-C experienced the highest 
ASCVD rate during follow-up (17.0 per 1000 person-
years), as shown in Table  3. Conversely, those with 
discordantly high LDL-C and low VLDL-C experienced 
the lowest ASCVD rate during follow-up, at only 5.4 per 
1000 person-years. Cox regression results stratified by 
participant use of lipid-lowering therapy are provided 
in Table  S6. Those using lipid-lowering therapy ex-
perienced higher ASCVD rates during follow-up, and 

Type of ASCVD, events (rate 
per 1000 person-years) Included cohort

Concordant-discordant groups

Log-rank  
P value

Concordant 
group (low 
LDL-C, low 
VLDL-C)

Concordant 
group (high 
LDL-C, high 
VLDL-C)

Discordant 
group (low 
LDL-C, high 
VLDL-C)

Discordant 
group (high 
LDL-C, low 
VLDL-C)

All ASCVD events 4466 (9.5) 1237 (10.2) 1037 (12.0) 355 (16.9) 1837 (7.7) <0.001

Coronary heart disease (CHD) 
- MI, PCI, CABG

2025 (4.3) 464 (3.8) 525 (6.1) 180 (8.5) 856 (3.6) <0.001

Death due to disease of 
circulatory system

1146 (2.4) 394 (3.2) 217 (2.5) 95 (4.5) 440 (1.8) <0.001

Stroke 1295 (2.8) 379 (3.1) 295 (3.4) 80 (3.8) 541 (2.3) <0.001

Data are given as number (percentage) or median (IQR), unless otherwise indicated. The VLDL-C cut point was 30 mg/dL and the LDL-C cut point was 100 
mg/dL using the Sampson equation. ASCVD indicates atherosclerotic cardiovascular disease; BMI, body mass index; CABG, coronary artery bypass grafting; 
CHD, coronary heart disease; HDL, high-density lipoprotein; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; PCI, 
percutaneous coronary intervention; and VLDL-C, very low-density lipoprotein cholesterol.

*The Rochester Epidemiology Project classifies race per the US Census: White, Black, Asian, American Indian or Alaskan Native, Native Hawaiian or Pacific 
Islander, Other and mixed, or Unknown.

Table 1.  Continued

Figure 1.  Box plots displaying triglyceride levels for the 4 concordant-discordant lipid groups.
LDL-C indicates low-density lipoprotein cholesterol; and VLDL-C, very low-density lipoprotein cholesterol.
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the discordantly high VLDL-C and low LDL-C group 
again had the highest rates of ASCVD, regardless of 
lipid-lowering therapy use. Association results were 
consistent when lipid levels were estimated using the 
Friedewald equation (data not shown).

DISCUSSION
Overview of Findings
In this geographically defined study cohort of nearly 
40 000 individuals, the complex association between 
VLDL-C and LDL-C with ASCVD was illustrated in 
several ways. The comparison of ASCVD rates by 
concordant-discordant pairs revealed trends con-
sistent with published literature, albeit using differing 
subfractions.7,8,26 On the basis of clinical cut points 
for LDL-C and VLDL-C, those with discordantly high 
VLDL-C and low LDL-C experienced the highest rates 
of ASCVD during follow-up, and over double the rate 
of those with discordantly high LDL-C and low VLDL-C. 
In addition, VLDL-C was more strongly associated with 
an increase in ASCVD compared with LDL-C in unad-
justed models and those adjusted for traditional risk 
factors. However, the VLDL-C and LDL-C interaction 

was not statistically significant. Regardless, these re-
sults provide evidence that VLDL-C contributes to an 
increased residual risk of ASCVD in disease-free in-
dividuals, particularly in those with discordantly high 
VLDL-C and low LDL-C. Importantly, these lipid sub-
fractions can be calculated using a standard lipid panel 
at no additional cost for use in optimizing ASCVD risk 
stratification.

Lipid Discordance and VLDL-C
Previous research has explored lipid discordance in a 
variety of ways, including based on lipid ratio of total 
cholesterol/HDL-C, remnant cholesterol/LDL-C, and 
low-density lipoprotein particle number/non–HDL-
C.8,27,28 Discordance remains a relatively novel con-
cept in terms of assessing cardiovascular disease risk 
through lipid subfractions, and significant debate re-
mains around the accuracy and superiority of risk as-
sessment across these lipid subfractions. In addition, 
the clinical utility of subfractions varies based on indi-
viduals’ lipid concordance-discordance.29

Our finding of varying ASCVD risk in discordant in-
dividuals emphasizes the possible clinical and biologi-
cal importance of lipid discordance. Previous research 

Figure 2.  Atherosclerotic cardiovascular disease (ASCVD) survival curves, stratified by low-density 
lipoprotein cholesterol (LDL-C) and very low-density lipoprotein cholesterol (VLDL-C) concordant-
discordant pairs. 
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has indicated that measures including VLDL-C and 
remnant cholesterol are only clinically relevant for in-
dividuals discordant with LDL-C.29 However, our study 
found that VLDL-C, independently and in addition to 
traditional ASCVD risk factors, was associated with 
an increase in ASCVD across the full study popula-
tion and in individuals with concordantly high LDL-C 
and VLDL-C. Consistent with previous studies on lipid 
discordance using the Friedewald equation, we found 
that individuals with the greatest levels of discordance 
between LDL-C and VLDL-C using the Sampson equa-
tion also experienced significantly different ASCVD 
rates during follow-up. Those with discordantly high 
VLDL-C at baseline experienced a 2- to 3-fold increase 
in ASCVD rate compared with those with discordantly 
high LDL-C. As lipid-lowering therapies primarily target 
LDL-C levels, we hypothesize that those with concor-
dantly high VLDL-C and LDL-C may be treated more 
aggressively than those with discordantly high VLDL-C 
and low LDL-C levels. Those with lower LDL-C levels 
are less likely to be treated by current clinical stan-
dards; as a result, this group may remain at a higher 
risk of ASCVD because of elevated VLDL-C.

In this study, we chose to focus specifically on 
VLDL-C to examine the role of discordance with LDL-C. 
Although remnant cholesterol, non–HDL-C, and apoli-
poprotein B have been previously used to estimate re-
sidual ASCVD risk, VLDL-C remained our focus for 3 
primary reasons. First, remnant cholesterol contains 
biologically differing components, such as chylomi-
cron remnants, intermediate-density lipoprotein, and 
VLDL-C. Remnant cholesterol is often used as a rough 
estimation of VLDL-C, although VLDL-C alone provides 
increased precision in analyzing the cholesterol subfrac-
tion of interest. Second, non–HDL-C is a sum of all ath-
erogenic lipid components, including LDL-C. Because 
subfraction discordance has previously been shown 
to be clinically relevant in the development of cardio-
vascular disease, it was important to describe the lipid 
components discretely from one another rather than as 
a cumulative sum of all non–HDL-C particles. Last, in 
contrast to apolipoprotein B, VLDL-C is an easily ob-
tained component of a standard lipid panel and can be 
estimated without an additional cost or clinical test.

As previously noted, VLDL-C may be particularly 
atherogenic because of its increased cholesterol 
content per particle compared with LDL-C.10 This in-
creased cholesterol content may even make VLDL-C 
more potent within the arterial intima compared with 
LDL-C because of its increased size.11,30 Conversely, 
larger remnant lipid components may be less athero-
genic than VLDL-C because of their inability to enter 
the arterial intima because of their size. Because lipid-
lowering therapy primarily targets the reduction of LDL-
C, VLDL-C and other lipoproteins may remain elevated 
and contribute to residual risk.30,31 Within our study 
population, a greater proportion of those on lipid-
lowering therapy had discordantly high VLDL-C levels, 
and had, on average, lower LDL-C levels and higher 
VLDL-C and triglyceride levels compared with those 
not on lipid-lowering therapy. Lipid-lowering therapy 
may be masking the residual risk of ASCVD as dis-
cordance was increasingly prevalent in this subgroup 
compared with those not on lipid-lowering therapy.

Limitations and Strengths
A notable limitation of our study includes the lack of ra-
cial and ethnic diversity of this geographically defined 
cohort. We are also lacking participant information re-
lated to socioeconomic status, which is strongly linked 
to ASCVD.32,33 As a result, we are unable to adjust for 
known risk factors and predictors that may be prevalent 
in those with high VLDL-C levels. Notably, the discor-
dantly low LDL-C and high VLDL-C group had a slightly 
higher proportion of non-White, specifically Asian, in-
dividuals compared with the other groups, and expe-
rienced the highest rates of ASCVD for all outcomes. 
Although the study population was overwhelming White 
race and non-Hispanic ethnicity, these differences may 
warrant additional investigation with more representa-
tive population sizes for all racial and ethnic groups. 
Furthermore, socioeconomic variables, including in-
come and education, are not currently considered in 
the PCE, and these components may provide valuable 
insight into risk estimation in the future. In addition, the 
stratification into concordant-discordant pairings used 
in regression analysis was based on clinical cut points 

Table 3.  Comparison of the Quartiles of LDL-C and VLDL-C Estimated by the Sampson Equation and the ASCVD Rate

VLDL-C, mg/dL

LDL-C, mg/dL Quartile 1 (<13.9) Quartile 2 (13.9 to ≤20.1) Quartile 3 (20.1 to ≤29.3) Quartile 4 (≥29.3)

Quartile 1 (<95.0) 4148 (10.6) 379/49 384 (7.7) 2313 (5.9) 340/26 447 (12.9) 1766 (4.5) 280/20 071 (14.0) 1565 (4.0) 298/17 550 (17.0)

Quartile 2 (95.0 to ≤114.9) 2801 (7.2) 183/34 998 (5.2) 2635 (6.7) 263/32 309 (8.1) 2297 (5.9) 296/27 186 (10.9) 2040 (5.2) 339/23 589 (14.4)

Quartile 3 (114.9 to ≤135.9) 1878 (4.8) 120/23 566 (5.1) 2639 (6.8) 232/32 422 (7.2) 2723 (7.0) 322/32 848 (9.8) 2508 (6.4) 331/29 779 (11.1)

Quartile 4 (≥135.9) 905 (2.3) 61/11 248 (5.4) 2173 (5.6) 212/26 502 (8.0) 3070 (7.9) 323/37 114 (8.7) 3637 (9.3) 487/43 127 (11.3)

Data are given as number (percentage), number/person-years (rate per 1000 person-years). ASCVD indicates atherosclerotic cardiovascular disease; LDL-C, 
low-density lipoprotein cholesterol; and VLDL-C, very low-density lipoprotein cholesterol.
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for VLDL-C and LDL-C rather than population median 
levels. Although categorization based on population 
distributions would have yielded additional uniformity 
across groups during regression analysis, the use of 
concordant-discordant pairings based on clinical cut 
points did not introduce external bias of the sample 
data, and provided clinically relevant groupings.

Notable strengths of the study include the inclusion 
of nearly 40 000 individuals with a median follow-up of 
nearly 12 years, the use of an improved lipid equation 
(Sampson versus Friedewald), and the availability of ro-
bust electronic health record data for participants. The 
greatest strength of using VLDL-C in discordance iden-
tification and risk estimation is that it is available as part 
of a standard lipid panel with no additional testing and 
can be readily implemented to better identify patients 
at a heightened risk of ASCVD who remain undetected 
by current clinical standards.

Summary and Recommendations
Our findings illustrate the importance of identifying in-
dividuals with discordant lipid levels, particularly those 
with low LDL-C and discordantly high VLDL-C. ASCVD 
events increased with increasing VLDL-C regardless of 
LDL-C. However, patients with the lowest LDL-C and 
highest VLDL-C went on to experience the highest rates 
of ASCVD. Thus, the use of VLDL-C could potentially 
identify patients with misclassified risk using the current 
version of the PCE. Measures of total cholesterol and 
non–HDL-C fail to accurately assess and identify dis-
cordance in lipid ratio, particle number, and cholesterol 
amount, yet each of these has been previously identified 
as clinically relevant.27–30,34 Beyond the PCE, current 
clinical guidelines do not yet recognize lipid discord-
ance, VLDL-C, or broader remnant cholesterol as risk 
enhancers to inform individual risk discussions.

Our results suggest that lipid discordance is an 
additional factor to consider for ASCVD risk assess-
ment, particularly in the presence of elevated VLDL-C. 
Discordant patients can then be triaged for follow-up 
clinical assessments as appropriate, including screen-
ing for biomarkers, such as CRP, anemia, or creati-
nine, to better quantify and reduce individual ASCVD 
risk. Future research should investigate the association 
between PCE estimated risk and actual ASCVD out-
comes as a function of VLDL-C discordance, both in 
the presence and the absence of lipid-lowering therapy. 
Furthermore, discordant individuals with low LDL-C 
and high VLDL-C require additional analysis to better 
understand the features of lipid discordance and to de-
termine if there are unique predictors for events in this 
group, such as those related to socioeconomic status, 
additional illness burden, or prevalent biomarkers.

In summary, the importance of lipid discordance as 
a consideration of ASCVD risk was illustrated in this 

large, geographically defined cohort. We described 
the clinical utility of identifying individuals with discor-
dantly high VLDL-C and low LDL-C levels and reported 
a significant association between VLDL-C and incident 
ASCVD.
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