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Background: Remnant cholesterol (Remnant-C), rather than TG, is believed to increase the risk of atherosclerotic cardiovascular disease. We evaluated whether Remnant-C is associated with an estimated 10-year risk of a first hard atherosclerotic cardiovascular disease event.

Methods: This cross-sectional study was performed on 2,048 participants (1,130 men and 918 women), aged 40 to 79 years, from the National Health and Nutrition Examination Survey (NHANES) between 1999 and 2018. The independent variable was Remnant-C; the dependent variable was the 10-year risk of a first hard atherosclerotic cardiovascular disease event (defined as non-fatal myocardial infarction, coronary heart disease death, or stroke, over a 10-year period among people free from atherosclerotic cardiovascular disease at the beginning of the period). The other variables, such as smoking behavior, hypertension, diabetes etc., were considered as the potential effect modifiers. Multivariate linear regression models and smooth curve fittings were used to evaluate the association between Remnant-C and the 10-year risk of a first hard atherosclerotic cardiovascular disease event. Subgroup analyses stratified by gender and race were also performed.

Results: A positive association between Remnant-C and the 10-year risk of a first hard atherosclerotic cardiovascular disease event was demonstrated in the fully adjusted model (β = 0.078, [95%CI: 0.061–0.094], P < 0.001). The 10-year risk was increased by 0.078% for each 1 mg/dl increase in Remnant-C. In the subgroup analysis for gender, this association remained in both men (β = 0.128, [95%CI: 0.108–0.148], P < 0.001) and women (β = 0.043, [95%CI: 0.016–0.070], P = 0.00179). However, in the subgroup analysis for race, the association between Remnant-C and the 10-year risk reached an inflection point at remnant-C 38 mg/dL, where a positive association was not as obvious for the non-Hispanic Black population as for other racial groups.

Conclusions: Remnant-C positively correlates with a 10-year risk of a first hard atherosclerotic cardiovascular disease event.
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INTRODUCTION

Dyslipidemia is an important causal factor for atherosclerotic cardiovascular disease (ASCVD). Among them, low-density lipoprotein cholesterol (LDL-C) has been regarded as a factor most closely associated with the occurrence and development of ASCVD. The risk of ASCVD remains high after treatment with LDL-C lowering drugs, including statins and other lipid-lowering drugs to decrease LDL-C to a relatively low level (1). Currently, mixed dyslipidemia, which commonly occurs in the patients with type II diabetes mellitus and metabolic syndrome, has raised serious concern (2). Mixed dyslipidemia is characterized by hypertriglyceridemia, low high-density lipoprotein cholesterol (HDL-C), a preponderance of small, dense LDL particles, and cholesterol-rich remnant particles, which has newly emerged as the biggest “competitor” for LDL-C among lipid risk factors for cardiovascular disease (3). An elevated plasma triglyceride (TG) level presents in increased chylomicron (CM) or very low-density lipoprotein (VLDL) particles. CM and VLDL are regarded as triglyceride-rich lipoproteins (TRL), and the metabolized TRL is named remnant lipoprotein particle (RLP) with a high triglyceride concentration. Emerging evidence has shown that the cholesterol component of RLP, the remnant cholesterol (Remnant-C), rather than TG, increases the risk of ASCVD (4).

Remnant-C, including the cholesterol of VLDL and intermediate-density lipoprotein residues in a fasting state, and the cholesterol of CM residues in a post-prandial state, is the total non-LDL and non-HDL cholesterol (5). Studies have shown that Remnant-C has a predictive value for the risk of ASCVD. A study of metabonomics analyses showed that statins significantly reduced Remnant-C levels (equivalent to an 80% reduction in LDL-C), but only slightly reduced TG (equivalent to a 25% reduction in LDL-C). Pravastatin reduced Remnant-C more obviously than LDL-C (6, 7). In a recent prospective study involving 2,973 patients who had suffered acute myocardial infarctions or ischemic strokes, patients with Remnant-C <0.8 mmol/L were found to have a 20% reduction in recurrent cardiovascular events, suggesting that elevated levels of Remnant-C increase the risk of cardiovascular events and are a better predictor than LDL-C (8). However, LDL-C measurement is still applied in clinical practice for people with daily physical examination screening for cardiovascular diseases, and Remnant-C has not been used as a prospective predictor yet. Also, Remnant-C prediction of cardiovascular events in patients without coronary heart disease has not been reported to date.

Here, we conducted a cross-sectional study to estimate the specific value of the remnant cholesterol for the 10-year risk of a first hard ASCVD event (defined as non-fatal myocardial infarction, coronary heart disease death, or fatal or non-fatal stroke, over a 10-year period among people free from ASCVD at the beginning of the period) according to the 2013 ACC/AHA guideline on the Assessment of Cardiovascular Risk using a large-scale database from National Health and Nutrition Examination Survey (NHANES) (9).



METHODS


Study Population

The NHANES is a population-based national survey that collected information on the health and nutrition in the United States in biennial cycles. The survey data are publicly available on the internet for data users and researchers worldwide. Full details of the design and operation are available at www.cdc.gov/nchs/nhanes/. Our analysis was based on data from 1999–2018, which represent 10 cycles of the NHANES. We evaluated the risk of a first hard ASCVD event in adults aged from 40 to 79 years without existing ASCVD disease according to the 2013 ACC/AHA guidelines. Eligible participants were 40 to 79 years of age; had no ASCVD disease history; had HDL-C of 20–100 mg/dl; and had total cholesterol (TC) of 130–320 mg/dl and systolic blood pressure (SBP) of 90–200 mmHg. In the final analysis, 2,048 participants were enrolled after those who were excluded for missing Remnant-C data (n = 2334). The ethics review board of the National Center for Health Statistics approved all NHANES protocols and written informed consent was obtained from all participants (10).



Variables

Continuous variables included age, body mass index (BMI), SBP, diastolic blood pressure (DBP), TC, TG, HDL-C and LDL-C. Categorical variables included gender, race/ethnicity, smoking behavior, hypertension treatment (treated or not), and diabetes. The remnant cholesterol was calculated according to the equation: Remnant-C = TC — HDL-C — LDL-C (11). The 10-year risk of a first hard ASCVD event was calculated according to the 2013 ACC/AHA Guideline on the Assessment of Cardiovascular Risk, which can be accessed by https://tools.acc.org/ASCVD-Risk-Estimator-Plus/#!/calculate/estimate/.



Statistical Analysis

Continuous variables were expressed as mean and standard deviation (SD) values if the data were normally distributed, or as median values and interquartile ranges otherwise; comparisons between groups were analyzed with the t-test if the data were normally distributed, or using the Mann-Whitney test if the data were not normally distributed. Categorical variables were described as percentages and compared by χ2 testing. Multivariable logistic regression was used to assess the association between Remnant-C and the 10-year risk. Subgroup analyses were performed to test the stratified associations between Remnant-C and the 10-year risk of a first hard ASCVD. All statistical analyses were performed with R (The R Foundation; http://www.R-project.org; version 3.4.3) and EmpowerStats software (http://www.empowerstats.com, X&Y Solutions, Inc., Boston, MA).




RESULTS


Study Participant Characteristics

In our analysis, 2,048 participants were enrolled, with the characteristics of the participants subclassified based on Remnant-C quartiles (Q1: 5.0–17.0 mg/dL; Q2: 18.0–23.0 mg/dL; Q3: 24.0–34.0 mg/dL; and Q4: 35.0–79.0 mg/dL), as shown in Table 1. There were significant differences in baseline data between the Remnant-C quartiles, with the exception of gender, smoker status, SBP, and hypertension treatment. Men were present in higher percentages than women in all four Remnant-C quartile groups (Q1, 54.49%; Q2, 52.75%; Q3, 54.93%; Q4, 58.18%), especially in the highest Remnant-C quartile subgroup. The 10-year risk of a first hard ASCVD event increased along with the Remnant-C increase (P = 0.002).


Table 1. Baseline characteristic of participants.
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Associations Between Remnant-C and the 10-Year Risk of a First Hard ASCVD Event

The results from the regression analyses are described in Table 2. In the unadjusted model, Remnant-C was positively correlated to the 10-year risk of a first hard ASCVD event (β = 0.047, [95%CI: 0.007–0.087], P = 0.02043). After adjustment for gender, age and race, this positive association was still obvious in model 2 [(β = 0.144, 95%CI: 0.117–0.171], P < 0.001). After adjusted for gender, age, race, BMI, SBP, DBP, hypertension treatment, smoking, diabetes, LDL-C, the 10-year risk was increased by 0.078% for each 1 mg/dl increase in Remnant-C (β = 0.078, [95%CI: 0.061–0.094], P < 0.001). Compared with quartile 1 (the lowest quartiles) of Remnant-C, the 10-year risk of a first hard ASCVD event increased along with rising levels of Remnant-C as 0.202 (Q2, 95%CI, −0.475–0.879), 1.363 (Q3, 95%CI, 0.693–2.033), and 2.420 (Q4, 95%CI, 1.734–3.107) in model 3 (P for trend <0.001). We also performed generalized additive models and smooth curve fittings to evaluate the associations between Remnant-C and the 10-year risk (Figure 1). There was a linear relationship between Remnant-C and the 10-year risk—with increased Remnant-C, the 10-year risk increased.


Table 2. Association between Remnant-C and 10-year risk of a first hard ASCVD event.
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FIGURE 1. The association between Remnant-C and the 10-year risk of a first hard ASCVD event. (A) Each black point represents a sample. (B) Solid red line represents the smooth curve fit between variables. Blue lines represent the 95% of confidence interval from the fit. Gender, age, race, body mass index, systolic blood pressure, diastolic blood pressure, hypertension treatment, smoking, diabetes, and low-density lipoprotein cholesterol were adjusted. Remnant-C, remnant cholesterol.




Stratified Associations Between Remnant-C and the 10-Year Risk of a First Hard ASCVD Event

Subgroup analyses stratified by gender and race in Table 3, showed the positive correlation of Remnant-C with 10-year risk of a first hard ASCVD event in both men (β = 0.128, [95%CI: 0.108–0.148], P < 0.001) and women (β = 0.043, [95%CI: 0.016–0.070], P = 0.00179), as well as in non-Hispanic Black people (β = 0.077, [95%CI: 0.046–0.108], P < 0.001) and other races (β = 0.080, [95%CI: 0.061–0.094], P < 0.001). Smooth curve fittings and generalized additive models were used to characterize the non-linear relationship between Remnant-C and the 10-year risk of a first hard ASCVD event (Figure 2). And the result showed that Remnant-C was linearly associated with a 10-year risk in both men and women; while Remnant-C reached a saturation curve in non-Hispanic Black people. We further examined the threshold effect of Remnant-C on the 10-year risk of a first hard ASCVD event using two-piecewise linear regression models and found that the inflection point identified as 38 mg/dL (Table 4). For non-Hispanic Black people, when the Remnant-C <38 (mg/dl), the 10-year risk increased by 0.118% for each 1 mg/dl increase in Remnant-C (β = 0.118, [95%CI: 0.068–0.168], P < 0.001), while when the Remnant-C > 38 (mg/dl), the 10-year risk decreased with Remnant-C (β = −0.003, [95%CI:−0.086–0.080], P = 0.9403). The log likelihood ratio is 0.040, which means that there is a significant difference between the standard linear model and the two-piecewise linear model. The two-piecewise linear model is more suitable and the inflection point exists significantly.


Table 3. Effect size of Remnant-C on 10-year risk of a first hard ASCVD event in subgroup analysis stratified by gender or race.
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FIGURE 2. Stratified association between Remnant-C and the 10-year risk of a first hard ASCVD event. (A) stratified by gender, 1 = Men, 2 = Women. (B) stratified by race, 1 = Non-Hispanic Black, 2 = Others. Gender, age, race, body mass index, systolic blood pressure, diastolic blood pressure, hypertension treatment, smoking, diabetes, and low-density lipoprotein cholesterol were adjusted. In the subgroup analysis stratified by gender or race, the model is not adjusted for the stratification variable itself. Remnant-C, remnant cholesterol.



Table 4. Threshold effect analysis of Remnant-C on 10-year risk of a first hard ASCVD event in non-Hispanic blacks using the two-piecewise linear regression model.
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DISCUSSION

In this study, we used 2,048 representative samples of NHANES 1999–2018 aged from 40 to 79 to evaluate the associations between Remnant-C and the 10-year risk of a first hard ASCVD event in adults. The results revealed a positive association between Remnant-C and the 10-year risk of a first hard ASCVD event. After adjusting for gender, age, race, BMI, SBP, DBP, hypertension treatment, smoking, diabetes, LDL-C, the 10-year risk increased by 0.078% for each 1 mg/dl increase in Remnant-C (β = 0.078, [95%CI: 0.061–0.094], P < 0.001). However, in non-Hispanic Black people, the 10-year risk of a first hard ASCVD event increased with Remnant-C up to the inflection point (38 mg/dL). When the Remnant-C <38 (mg/dl), the 10-year risk increased by 0.118% for each 1 mg/dl increase in Remnant-C (β=0.118, [95%CI: 0.068–0.168], P < 0.001). When Remnant-C >38 (mg/dl), the 10-year risk decreased with Remnant-C (β = −0.003, [95%CI: −0.086–0.080], P = 0.9403). The log likelihood ratio is 0.040.

Atherosclerosis begins with damage of intima. During the hydrolysis of TRL, lipoproteinlipase (LPL) releases free fatty acids and monacylglycerol, which trigger local inflammation, and accelerate the formation and progression of atherosclerosis (12). The elevation of RLP in blood increases the infiltration of the arterial wall and accumulates in the arterial wall after transporting through the endodermis. Then RLP will be engulfed by macrophages and smooth muscle cells will evolve into foam cells and become part of the atherosclerotic plaque. Meanwhile, RLP increases the production of reactive oxygen species and induces endothelial cell dysfunction (13). Because Remnant-C is more numerous and bulky than LDL-C, it carries more cholesterol, and thus becomes more atherogenic (14).

In recent years, several cohort studies of primary and secondary prevention examined the association between Remnant-C levels and ASCVD. A prospective study of 25,480 patients from the Copenhagen General Population Study during a median 11 years of follow up found that VLDL cholesterol explained 50% of the myocardial infarction risk from elevated apoB-containing lipoproteins, whereas VLDL triglycerides did not explain risk (15). A 12-year follow up of 5,414 patients with ischemic heart disease (IHD) from the IHD Research Center in Copenhagen found that higher Remnant-C levels were associated with all-cause mortality (16). Bittencourt et al. found that in a longitudinal cohort study of 3,845 patients from Brazil, the increase in Remnant-C was associated with a coronary artery calcification score in a population with no previous history of cardiovascular disease. Every one standard deviation increase in Remnant-C, coronary artery calcification was associated with a 20% increase in risk (OR = 1.20, [95%CI 1.08 to 1.32], P = 0.001), suggesting Remnant-C can be used as a predictor of subclinical atherosclerosis (17). Elshazly et al. analyzed the changes in the percentage of atherosclerotic volume and major adverse cardiovascular events at 2 years at different levels of Remnant-C from 5,754 patients with coronary heart disease who underwent an intravascular ultrasound, indicating that Remnant-C is positively associated with the progression of coronary atherosclerosis volume in ASCVD patients treated with statins, independent of dyslipidemia, C-reactive protein or clinical risk factors (18). Castañer et al. analyzed the relationship between lipid levels and major adverse cardiovascular events (myocardial infarction, stroke, or cardiovascular death) in the PREDIMED cohort of high-risk cardiovascular disease groups, showing that every increase in 0.26 mmol /L of Remnant-C was associated with an increase in the risk of cardiovascular events by 21%. After multivariable adjustment, TG and Remnant-C, rather than LDL-C, were associated with cardiovascular events in individuals who were overweight or obese, independent of lifestyle and other factors. When Remnant-C>0.65 mmol/L, the volume of atherosclerotic plaque gradually increased; Remnant-C >0.78 mmol/L was considered a high-risk threshold for ASCVD (19). In our study, we found that after adjustment for confounders including gender, age, race, BMI, SBP, DBP, hypertension treatment, smoking, diabetes and LDL-C, for every 1 mg/dL increase in Remnant-C, the 10-year risk of a first hard ASCVD event in adults aged from 40 to 79 years increased by 0.078% ([95%CI: 0.061–0.094], P < 0.001). The advantage of our study over previous studies is that Remnant-C can also be used as a predictor for people who do not have cardiovascular disease.

There were several limitations to our study. As a secondary analysis, we cannot reach the total covariates, for example, atherosclerotic history, because some data were not collected. Likewise, after the exclusion of those without exposure factors or outcome indicators and those who did not meet the inclusion criteria, the exclusion was not based on the weight proportion, so it could not represent the whole sample of the United States. In addition, according to the method of calculating the 10-year risk of a first hard cardiovascular event, racial groups were divided into non-Hispanic Black people and others, so the particularity of other categories cannot be calculated. Finally, because the criteria for the 10-year-risk calculation had to meet many conditions, such as, participants had to be aged from 40 to 79 years, HDL 20–100 mg/dl, TC 130–320 mg/dl and SBP 90–200 mmHg, the 10-year risk could not be calculated if the conditions exceeded the numerical range.



CONCLUSIONS

Remnant-C was positively associated with the 10-year risk of a first hard ASCVD event. This association was persistent after adjustment for confounders. However, the results of this study warrant future study.
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<0.001
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Mean = SD for continuous variables. (%) for categoricel variables. Remnant-C, remnant cholesterol. BM, body mass index; SBR, systolic blood pressure; DR, diastolic blood pressure;
TG, total cholesterol: HDL-C, high-density lipoprotein cholesterol: TG, triglyceride; LDL-C, low density lipoprotein cholesterol.
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Mode! 1 adjust for: none.
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Remnant-C, remnant cholesterol; Cl, confidence interval.
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