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 Abstract
Introduction
The role of triglyceride-rich lipoproteins in atherogenesis is insufficiently recognized and often
underestimated. WE aimed to evaluate the distribution of serum triglyceride (TG), remnant cholesterol
(RC), and small dense LDL cholesterol (sdLDL-C) levels and their interrelationships in participants of
the NATPOL 2011 survey.

Material and methods
In approximately 2,000 NATPOL participants, serum TG was measured, and serum RC and sdLDL-C
were calculated and compared between women and men, across age groups, and in relation to
overweight/obesity and plasma glucose. RC/sdLDL-C levels were also compared in the serum TG
intervals: <100, 100–149 and 150–499 mg/dL, and their percentile distribution was analyzed.

Results
Serum TG, RC and sdLDL-C were higher in overweight / obese participants and in those with
prediabetes. In subjects with serum TG <100, 100–149 and 150–499 mg/dL, RC and sdLDL-C levels
were successively higher, with values adopted as cut-offs for high ASCVD risk observed in both
intervals >100 mg/dL. Participants with serum RC and sdLDL-C above these cutoffs had higher TG.
Serum TG of 100 mg/dL and 150 mg/dL were the 55.9th and 88.2nd percentile, respectively, serum
RC of 24 mg/dL was the 73.8th percentile, and serum sdLDL-C of 30 mg/dL (adopted cut-offs) was the
38th percentile of the distribution results.

Conclusions
We found an association between serum RC and sdLDL-C, and TG levels >100 mg/dL indicating that
serum TG levels of 100–150 mg/dL already represent a state of possible TRL remnants and sdLDL
accumulation. Calculated serum RC/sdLDL-C may be considered a useful supplement to the lipid
profile. Prep
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Abstract 

Introduction 

The role of triglyceride-rich lipoproteins in atherogenesis is insufficiently recognized and 

often underestimated. WE aimed to evaluate the distribution of serum triglyceride (TG), 

remnant cholesterol (RC), and small dense LDL cholesterol (sdLDL-C) levels and their 

interrelationships in participants of the NATPOL 2011 survey. 

Material and methods 

In approximately 2,000 NATPOL participants, serum TG was measured, and serum RC and 

sdLDL-C were calculated and compared between women and men, across age groups, and in 

relation to overweight/obesity and plasma glucose. RC/sdLDL-C levels were also compared in 

the serum TG intervals: <100, 100–149 and 150–499 mg/dL, and their percentile distribution 

was analyzed. 

Results 

Serum TG, RC and sdLDL-C were higher in overweight / obese participants and in those with 

prediabetes. In subjects with serum TG <100, 100–149 and 150–499 mg/dL, RC and sdLDL-C 

levels were successively higher, with values adopted as cut-offs for high ASCVD risk observed 

in both intervals >100 mg/dL. Participants with serum RC and sdLDL-C above these cutoffs 

had higher TG. Serum TG of 100 mg/dL and 150 mg/dL were the 55.9th and 88.2nd percentile, 

respectively, serum RC of 24 mg/dL was the 73.8th percentile, and serum sdLDL-C of 30 

mg/dL (adopted cut-offs) was the 38th percentile of the distribution results. 

Conclusions 

We found an association between serum RC and sdLDL-C, and TG levels >100 mg/dL 

indicating that serum TG levels of 100–150 mg/dL already represent a state of possible TRL 
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remnants and sdLDL accumulation. Calculated serum RC/sdLDL-C may be considered a useful 

supplement to the lipid profile. 
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lipoproteins 

 

Introduction 

Triglyceride (TG)-rich lipoproteins (TRL) include chylomicrons (CM), very-low-density 

lipoproteins (VLDL), and the end products of their metabolism, remnants. The association of 

TRL with atherogenesis and the risk for atherosclerotic cardiovascular disease (ASCVD) is well 

established [1,2]. Direct atherogenic effects are exerted by TRL remnants and small dense 

LDL (sdLDL) produced in increased amounts in hypertriglyceridemia [3–9]. 

CM, secreted by enterocytes, in the blood, are deprived of TG by lipoprotein lipase (LPL) and 

enriched in cholesteryl esters from HDL and LDL by cholesteryl ester transfer protein (CETP), 

and they acquire apolipoprotein E (apoE). The resulting CM remnants are cleared by the liver 

[3,4]. VLDL are secreted by hepatocytes in two molecular forms: a larger, TG-

richer VLDL1 and a smaller VLDL2, with equal proportions when plasma TG is below 100 

mg/dL, whereas in hypertriglyceridemia, the VLDL1 fraction predominates. VLDL remnants 

formed after TG removal, unlike CM remnants, are not cleared by the liver but are mainly 

converted to LDL, with VLDL1 being considered the main precursor of sdLDL [3,4]. 

The structural and functional properties of TRL remnant particles, including small size and 

enrichment in cholesteryl esters and apoE, predispose them to participate in atherogenesis. 

They easily enter the arterial intima through transcytosis and are trapped by proteoglycans in 

the subendothelial space. Remnant particles are engulfed by vascular macrophages by 
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binding to the LDL receptors and LDL receptor related protein 1 (LRP-1) via apoE to form 

foam cells. Additionally, macrophage LPL mediates remnant TG hydrolysis with the release of 

free fatty acids that trigger the inflammatory response [3–7]. 

Small dense LDL particles, contrary to large buoyant LDL (lbLDL), are characterized 

by a reduced affinity for the LDL receptor, longer blood residence time, greater susceptibility 

to oxidation, penetration into the arterial intima, and binding to subendothelial 

proteoglycans. Oxidized sdLDL particles are taken up by macrophages via scavenger 

receptors [9,10]. 

Many studies, including the PESA (Progression of Early Subclinical Atherosclerosis) study, 

showing an association between vascular inflammation and plasma TG ≥ 150 mg/dL [11], 

have demonstrated that hypertriglyceridemia is a risk factor for ASCVD. In 2021, the 

European Atherosclerosis Society (EAS) proposed a consensus classification of plasma TG 

concentrations, considering TG <100 mg/dL as optimal, and higher values as borderline, 

moderate, severe, and very severe (extreme) hypertriglyceridemia, with TG levels of 100–150 

mg/dL, 150–500 mg/dL, 500–880 mg/dL, and >880 mg/dL, respectively. This classification is 

based on the relationship between plasma TG levels and TRL accumulation and the 

associated ASCVD risk [3]. This recommendation is part of the 2024 Guidelines of the Polish 

Society of Laboratory Diagnostics and the Polish Lipid Association on laboratory diagnostics  

of lipid metabolism disorders [12]. 

However, plasma TG levels reflect TRL metabolism indirectly and approximately. 

Measurements of plasma remnant or remnant-like particles (RLPs) using ultracentrifugation, 

electrophoresis, or immunoseparation techniques are available [4] but are not 

recommended for clinical practice. Plasma remnant cholesterol (RC) can be easily measured 

using a direct enzymatic assay or calculated as the difference between total cholesterol and 
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the sum of HDL and LDL cholesterol, or between non-HDL and LDL cholesterol concentrations 

[2,4]. However, so far, these measurements and calculations are only for scientific purposes 

and have not been recommended for clinical practice. 

Similarly, sdLDL content in plasma is widely measured for scientific purposes using 

ultracentrifugation and other techniques but is not quantified in diagnostic practice. In 2021, 

Sampson et al. developed an equation enabling the calculation of plasma sdLDL cholesterol 

based on the results of a standard lipid profile [13]. 

In the current study, we evaluated the distribution of serum TG, RC, and sdLDL-C levels and 

their relationships in the NATPOL 2011 survey participants. 

 

Materials and methods 

Study population 

The NATPOL 2011 (Arterial Hypertension and Other CVD Risk Factors in Poland) survey was a 

cross-sectional observational study conducted between January and August 2011 to assess 

the prevalence and control of CVD risk factors. The study cohort was a sample of Polish men 

and women aged 18–79 [14]. Subjects who declared the use of lipid-lowering treatment 

were excluded from this analysis. The NATPOL 2011 survey design conformed to the ethical 

guidelines of the 1975 Declaration of Helsinki and were approved by the Bioethics 

Committee of the Medical University of Gdańsk, Poland. Prior to enrolment, each participant 

gave informed consent. 

 

Measurements 

Blood samples were collected at the patient’s home after 10–12 h of fasting. Frozen serum 

and plasma samples were transported to the central laboratory, where tests were 
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performed. Serum total cholesterol (TC) was measured by an enzymatic method based on 

cholesterol esterase and cholesterol oxidase reactions; HDL-C by using Accelerator Selective 

Detergent (Abbott Laboratories). TG by an enzymatic method with glycerol kinase and 

glycerol-3-phosphate oxidase. Plasma glucose was measured by the hexokinase/glucose-6-

phosphate dehydrogenase method. All tests were performed on the Architect c8000 clinical 

chemistry analyzer (Abbott Laboratories). Serum LDL-C was calculated using the Friedewald 

formula: LDL-C [mg/dL] = TC – HDL-C – TG/5 [mg/dL]. When serum TG exceeded 400 mg/dL, 

the direct LDL-C assay was applied instead of calculation. 

Serum RC was calculated as the difference: TC – HDL-C – LDL-C. Small dense LDL cholesterol 

(sdLDL-C) wascalculated as the difference between serum LDL-C and lbLDL-C [13]: 

lbLDL-C = 1.43 × LDL-C – 0.14 × (ln TG × LDL-C) – 8.9 [mg/dL] 

sdLDL-C = LDL-C – lbLDL-C [mg/dL] 

Serum TG was measured in 2,099 survey participants (998 men and 1,101 women); LDL-C, 

sdLDL-C, lbLDL-C, and RC were determined in 2,073 participants (975 men and 1,098 

women); and plasma glucose was measured in 2,088 participants (993 men and 1,095 

women). 

The serum TG, RC, and sdLDL-C levels were compared between women and men, across age 

groups, and in relation to body mass index (BMI), visceral obesity, and fasting plasma glucose 

(FPG). The distribution of serum RC, LDL-C, lbLDL-C, and sdLDL-C levels was compared among 

subgroups of survey participants with optimal serum TG, borderline, and moderate 

hypertriglyceridemia, in line with the 2021 EAS consensus statement [3]. No cases of severe 

(500–880 mg/dL) or very severe (>880 mg/dL) hypertriglyceridemia were found in the survey 

cohort. Based on clinical trial reports, serum RC of 24 mg/dL and sdLDL-C of 30 mg/dL were 

adopted as cut-off values for increased ASCVD risk [4,15–20]. Serum TG distribution was 
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analyzed in participants with RC and sdLDL-C levels below and above the adopted cut-off 

values. The percentile distribution of serum TG, RC, LDL-C, and sdLDL-C was also analyzed.  

Statistical analysis 

Statistical analyses were conducted utilizing R software, version 4.4.2 (R Core Team). 

Continuous variables were reported as means accompanied by 95% confidence intervals 

(CIs), calculated based on the t-distribution. All subgroups analyzed were defined a priori. To 

evaluate the statistical significance of differences between subgroup means, the criterion of 

non-overlapping 95% confidence intervals was employed. It is important to note that this 

approach is more conservative compared to a formal hypothesis test at a significance level of 

α = 0.05. Missing data were addressed through complete-case analysis, whereby 

observations with missing values for the variables of interest were excluded. The analysis did 

not adjust for multiple comparisons, and the complex survey design was not taken into 

account. 

 

Results 

In the survey cohort, we observed a similar distribution of serum TG, RC, and sdLDL-C, with 

minor differences mainly between age groups (Tab. 1). In the entire cohort, and 

independently in men and women, serum TG, RC, and sdLDL-C were higher in those with 

overweight/obesity compared with BMI <25 kg/m², and in those with rather than without 

visceral obesity. Serum TG and RC in all BMI categories, and serum sdLDL-C in subjects with 

BMI >30 kg/m², were higher in men than in women. In the entire cohort, and independently 

in men and women, serum TG was higher in subjects with impaired fasting glucose (IFG) and 

plasma glucose indicative of diabetes, compared with those with normal fasting glucose 
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(NFG), while serum RC and sdLDL-C were higher in subjects with IFG than in those with NFG 

(Tab. 1). 

In the subgroups with serum TG <100 mg/dL, 100–149 mg/dL, 150–499 mg/dL, serum RC 

was consecutively and significantly higher (Tab. 2). In subsequent serum TG groups, the 

concentrations of LDL-C and sdLDL-C were higher, while serum lbLDL-C did not differ 

significantly (Tab. 2). Additionally, at these serum TG intervals, the mean sdLDL-C levels were 

24.7%, 31%, and 37.2% of the mean serum LDL-C, respectively. Of note, in both analyzed TG 

intervals above 100 mg/dL, the study participants had serum RC and sdLDL-C levels of ≥24 

mg/dL and ≥30 mg/dL, respectively (Tab. 2, Fig. 1). On the other hand, survey participants 

with serum RC ≥24 mg/dL and sdLDL-C ≥30 mg/dL had higher TG levels compared with 

participants with levels below these cut-off values (Tab. 3). 

Percentile distribution analysis showed that the median values of serum TG, RC, LDL-C, and 

sdLDL-C were 95 mg/dL, 19 mg/dL, 122 mg/dL, and 33.5 mg/dL, respectively. Serum TG 

values of 100 mg/dL and 150 mg/dL corresponded to the 55.9th and 88.2nd percentiles, 

respectively; serum RC of 24 mg/dL was at the 73.8th percentile, serum LDL-C of 100 mg/dL 

was at the 26.1st percentile, and serum sdLDL-C of 30 mg/dL was at the 38th percentile (Tab. 

4). 

 

Discussion 

TRL remnants, together with LDL and lipoprotein (a) [Lp(a)], belong to the atherogenic 

lipoproteins directly involved in all stages of atherogenesis. Therefore, their elevated plasma 

levels should be considered separate risk factors, also because the treatment of these forms 

of dyslipidemia differs [21,22]. 

For many years, plasma/serum TG was considered a measure of TRL and their remnants’ 
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content in the blood. In principle, this rule is correct. Recently, this relationship has been 

described more accurately – the EAS proposed shifting optimal TG levels to <100 mg/dL and 

defined higher levels as progressive degrees of hypertriglyceridemia, linking serum TG levels 

with TRL accumulation and the associated ASCVD risk [3,12]. 

However, serum TG levels are an indirect and not always accurate measure of TRL 

remnant formation and content in plasma. TRL metabolism, mediated mainly by LPL and 

hepatic lipase (HL), is affected by many factors, including the regulation of the synthesis and 

activity of LPL, leading to inter-individual variability [23]. Therefore, serum TG alone may be 

insufficient in this context. An extreme example is familial chylomicronemia – 

the accumulation of CM and very high plasma TG due to a lack of LPL functionality without 

increased ASCVD risk in affected patients [24]. 

Therefore, plasma/serum RC and sdLDL-C determined together with TG levels may help to 

more accurately assess TRL-related ASCVD risk and the indications for TG-lowering 

treatment. Some TRL remnants or remnant-like particles (RLP) determination methods are 

available to clinical laboratories [4,6]. Calculation of plasma/serum RC and sdLDL-C is 

considered a convenient tool because dedicated formulas use the results of a standard lipid 

profile [4,13]. We used these formulas in our study. 

We analyzed the relationship between serum RC and sdLDL-C and TG levels based on their 

distribution in approximately 2,000 NATPOL 2011 participants, representative of the Polish 

population aged 18–79. We found that serum TG, RC, and sdLDL-C were higher in older age 

groups, in subjects with overweight/obesity, including visceral obesity, and in subjects with 

IFG (prediabetes) compared to survey participants in the 18–39 age group, with BMI <25 

kg/m², without visceral obesity, and with NFG, respectively. Furthermore, serum TG, RC, and 

sdLDL-C were higher in men than in women (Tab. 1). The relationship between TRL 
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metabolism and serum TG levels with age is well established and explained [25,26]. Also, in 

many studies involving subjects with metabolic syndrome, hypertriglyceridemia with a 

parallel increase in serum RC and sdLDL-C has been observed, which is consistent with our 

findings [27–31]. 

In the categories of serum TG proposed by EAS, RC levels increased gradually and differed 

significantly between subjects with optimal serum TG, borderline, and moderate 

hypertriglyceridemia. Of note, subjects with borderline hypertriglyceridemia had serum RC 

close to the adopted cut-off value for increased ASCVD risk (24 mg/dL) (Fig. 1, Tab. 2). The 

equation used in our study to calculate serum RC as the transformed Fredrickson formula 

closely relates RC and TG levels, with a regression equation close to RC = 0.2 × TG 

[mg/dL] and a correlation coefficient of 0.999 found. To keep this calculation accurate, it is 

recommended to use LDL-C levels measured directly (at least in subjects with 

hypertriglyceridemia, as in our study) or obtained using the Martin-Hopkins or Sampson NIH 

equation in this formula [4,5,32–35]. The relationship, together with the distribution of RC 

levels in participants with borderline hypertriglyceridemia, indicates that serum RC close to 

or higher than 24 mg/dL can be expected within this TG level interval. Furthermore, there 

are data showing that at concentrations >20 mg/dL, directly measured serum RC may be 

higher than the calculated one [32]. 

Serum sdLDL-C also increased and differed significantly between successive TG level 

categories, exceeding, in borderline hypertriglyceridemia, the adopted cut-off value, with a 

mean of 40.65 mg/dL (Tab. 2, Fig. 1 and 2). Increases in serum sdLDL-C across successive TG 

concentration intervals were the main cause of increased serum LDL-C because serum lbLDL-

C did not differ between these intervals. Across the serum TG intervals, the mean sdLDL-C 

levels increased both in absolute values and relatively, as a percentage of mean serum LDL-C 
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(Tab. 2). These findings support the role of sdLDL as a second link, beyond TRL remnants, 

between increased serum TG with TRL accumulation and ASCVD risk. 

On the other hand, in survey participants, serum RC ≥24 mg/dL and sdLDL-C ≥30 mg/dL were 

associated with higher TG levels compared to serum RC and sdLDL-C below these cut-offs. TG 

levels in subjects with serum RC ≥24 mg/dL and sdLDL-C ≥30 mg/dL were within moderate 

and borderline/moderate hypertriglyceridemia, respectively (Tab. 3). Our two-way analysis 

confirmed the association of serum RC and sdLDL-C with TG levels and the correctness of the 

triglyceridemia classification proposed by the EAS [3]. Such data shed new light on 

atherogenic dyslipidemia, previously defined by high serum TG and low HDL-C, and currently 

by increased non-HDL-C reflecting TRL remnants accumulation [36]. 

Dyslipidemia is the most common modifiable risk factor for ASCVD. The NATPOL 2011 survey 

revealed hypercholesterolemia (LDL-C >115 mg/dL) in 57,8% of the Polish population aged 

18–79 [37]. A similar incidence of hypercholesterolemia has also been observed in other 

countries [38]. In our present study, percentile-distribution analysis showed that serum TG 

levels >100 mg/dL and >150 mg/dL were found in 44.1% and 11.8% of participants, 

respectively (in Poland this corresponds to approx. 14 million and 4 million people, 

respectively). Serum RC >24 mg/dL was found in 26.2% (in Poland, approx. 9 million people); 

and serum sdLDL-C >30 mg/dL was found in 62% of participants. Of note, this frequency was 

close to the frequency of LDL-C >115 mg/dL – in Poland, approx. 20 million people. These 

numbers clearly indicate the importance of the TRL-related ASCVD risk.   

To the best of our knowledge, the present study it is the first analysis of the distribution of 

RC and sdLDL-C in the cohort representative of the Polish population. Standardized 

preanalytical procedures and centralized laboratory testing ensured high-

quality measurements. 
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The time elapsed since the survey was completed may be considered a limitation of our 

study. The motivation for this study was the 2021 EAS consensus statement [3[. Taking into 

account the increasing prevalence of CVD risk factors such as obesity, diabetes, and 

metabolic syndrome, we may assume that the epidemiological situation, even with the 

described distribution of RC and sdLDL in the population, might be worse today [39,40]. 

 

Conclusion 

Our results confirm the association between serum RC and sdLDL-C levels with TG, showing it 

at triglyceridemia already exceeding 100 mg/dL. These findings should draw attention 

to borderline hypertriglyceridemia (100–150 mg/dL), until recently considered normal, as a 

possible state of TRL remnant and/or sdLDL accumulation. Calculation of serum RC and 

sdLDL-C, although still under discussion, is a convenient tool to identify patients with 

increased plasma content of these atherogenic particles. Taking this further, it could provide 

a basis for personalized assessment of serum TG in the context of ASCVD risk. Supplementing 

the standard lipid profile with these calculations could allow for a more comprehensive 

assessment of dyslipidemia-related residual ASCVD risk. However, further research is 

required to evaluate the diagnostic characteristics of RC and sdLDL-C.  
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Figure legends 

 

Figure 1. Mean (95% CI) serum remnant cholesterol (RC) and small dense LDL cholesterol 

(sdLDL-C) across triglyceride level intervals according to the EAS [3] 
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Figure 2. Relationship between serum small dense LDL cholesterol (sdLDL-C) and triglyceride 

levels. Serum sdLDL-C above 30 mg/dL was observed in borderline and moderate 

hypertriglyceridemia according to the EAS [3] 

 
Table 1. Serum of triglycerides, remnant cholesterol and small dense LDL cholesterol levels in 
the survey subjects 
 

Groups Triglycerides: N, mean (95% CI) 
[mg/dL] 

Remnant Cholesterol: N, mean 
(95% CI) [mg/dL] 

small dense LDL Cholesterol: N, 
mean (95% CI)) [mg/dL] 

Male Female Total Male Female Total Male Female Total 

The entire 
cohort 

998 
120.70 

(115.43, 
125.97) 

1101 
96.95 

(94.32, 
99.58) 

2099 
108.24 

(105.34, 
111.14) 

975 
22.30 

(21.66, 
22.94) 

1098 
19.19 

(18.72, 
19.65) 

2073 
20.65 

(20.26, 
21.04) 

975 
36.90 

(36.12, 
37.69) 

1098 
34.06 

(33.40, 
34.72) 

2073 
35.40 

(34.89, 
35.91) 

Age groups 

18–39 411 
116.58 

(108.83, 
124.33) 

471 
85.17 

(81.94, 
88.39) 

882 
99.80 

(95.68, 
103.93) 

400 
21.45 

(20.48, 
22.42) 

471 
17.04 

(16.40, 
17.69) 

871 
19.07 

(18.48, 
19.65) 

400 
33.82 

(32.71, 
34.93) 

471 
29.46 

(28.66, 
30.27) 

871 
31.46 

(30.78, 
32.15) 

40–59 365 
130.27 

(119.99, 
140.56) 

350 
100.67 
(95.30, 
106.03) 

715 
115.78 

(109.82, 
121.74) 

355 
23.56 

(22.45, 
24.67) 

348 
19.64 

(18.83, 
20.46) 

703 
21.62 

(20.91, 
22.33) 

355 
40.75 

(39.38, 
42.12) 

348 
36.97 

(35.79, 
38.15) 

703 
38.88 

(37.96, 
39.79) 

60–79 222 
112.60 

(104.35, 
120.85) 

280 
112.12 

(106.98, 
117.26) 

502 
112.33 

(107.71, 
116.96) 

220 
21.81 

(20.55, 
23.08) 

279 
22.23 

(21.27, 
23.20) 

499 
22.05 

(21.28, 
22.82) 

220 
36.30 

(34.69, 
37.92) 

279 
38.21 

(36.82, 
39.59) 

499 
37.37 

(36.32, 
38.42) 

Body Mass Index (BMI) 

<25 
kg/m2 

345 
99.39 

(92.69, 
106.09) 

569 
86.76 

(83.71, 
89.80) 

914 
91.53 

(88.35, 
94.70) 

342 
19.27 

(18.32, 
20.22) 

569 
17.35 

(16.74, 
17.96) 

911 
18.07 

(17.55, 
18.59) 

342 
32.82 

(31.68, 
33.96) 

569 
31.42 

(30.57, 
32.27) 

911 
31.95 

(31.26, 
32.63) 

25-29 
kg/m2 

425 
125.76 

(118.20, 
133.31) 

324 
106.45 

(100.64, 
112.26) 

749 
117.41 

(112.40, 
122.41) 

412 
23.04 

(22.07, 
24.00) 

321 
20.61 

(19.77, 
21.44) 

733 
21.97 

(21.31, 
22.63) 

412 
38.44 

(37.20, 
39.67) 

321 
36.78 

(35.52, 
38.04) 

733 
37.71 

(36.82, 
38.60) 

≥30 
kg/m2 

222 
144.86 

(129.90, 
159.83) 

200 
110.60 

(104.75, 
116.45) 

422 
128.63 

(120.15, 
137.10) 

215 
25.80 

(24.33, 
27.28) 

200 
22.13 

(20.96, 
23.30) 

415 
24.03 

(23.07, 
25.00) 

215 
40.60 

(38.84, 
42.36) 

200 
37.11 

(35.57, 
38.65) 

415 
38.92 

(37.73, 
40.10) 

Visceral obesity 

yes 590 
135.88 

(128.31, 
143.45) 

653 
105.22 

(101.58, 
108.86) 

1243 
119.77 

(115.62, 
123.93) 

573 
24.81 

(23.93, 
25.69) 

650 
20.71 

(20.10, 
21.31) 

1223 
22.63 

(22.09, 
23.17) 

573 
39.90 

(38.85, 
40.95) 

650 
36.27 

(35.41, 
37.12) 

1223 
37.97 

(37.30, 
38.65) 

no 408 
98.75 

(92.51, 
104.99) 

444 
84.39 

(81.00, 
87.77) 

852 
91.26 

(87.77, 
94.76) 

402 
18.72 

(17.94, 
19.50) 

444 
16.88 

(16.20, 
17.55) 

846 
17.75 

(17.24, 
18.27) 

402 
32.63 

(31.57, 
33.69) 

444 
30.69 

(29.73, 
31.65) 

846 
31.61 

(30.90, 
32.33) 

Cardiovascular disease 
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yes 96 
130.11 

(110.58, 
149.65) 

98 
105.83 
(97.14, 
114.51) 

194 
117.85 

(107.19, 
128.50) 

93 
23.39 

(21.10, 
25.68) 

97 
20.62 

(19.26, 
21.97) 

190 
21.97 

(20.65, 
23.29) 

93 
34.10 

(31.68, 
36.52) 

97 
35.32 

(33.31, 
37.33) 

190 
34.72 

(33.17, 
36.28) 

 
 
 
 

no 902 
119.70 

(114.24, 
125.15) 

1003 
96.08 

(93.32, 
98.84) 

1905 
107.26 

(104.26, 
110.27) 

882 
22.18 

(21.52, 
22.85) 

1001 
19.05 

(18.55, 
19.54) 

1883 
20.52 

(20.10, 
20.93) 

882 
37.20 

(36.37, 
38.03) 

1001 
33.94 

(33.24, 
34.64) 

1883 
35.47 

(34.92, 
36.01) 

Fasting plasma glucose 

NFG 
(<100 
mg/dL) 

721 
112.57 

(107.55, 
117.59) 

927 
93.71 

(90.92, 
96.51) 

1648 
101.96 
(99.23, 
104.70) 

708 
21.28 

(20.60, 
21.97) 

925 
18.56 

(18.07, 
19.05) 

1633 
19.74 

(19.33, 
20.15) 

708 
35.90 

(35.01, 
36.80) 

925 
33.36 

(32.65, 
34.08) 

1633 
34.47 

(33.90, 
35.03) 

IFG (100–
125 
mg/dL) 

217 
138.06 

(126.12, 
150.00) 

146 
114.23 

(106.76, 
121.71) 

363 
128.48 

(120.67, 
136.28) 

213 
25.88 

(24.22, 
27.54) 

145 
22.48 

(21.14, 
23.81) 

358 
24.50 

(23.37, 
25.63) 

213 
40.73 

(38.95, 
42.52) 

145 
38.45 

(36.62, 
40.27) 

358 
39.81 

(38.52, 
41.10) 

Indicative 
of 
Diabetes 
(≥126 
mg/dL) 

55 
162.73 

(112.87, 
212.59) 

22 
121.32 
(97.75, 
144.89) 

77 
150.90 

(114.79, 
187.00) 

49 
22.16 

(19.96, 
24.37) 

22 
24.32 

(19.58, 
29.06) 

71 
22.83 

(20.77, 
24.89) 

49 
35.62 

(32.24, 
39.00) 

22 
35.33 

(30.06, 
40.59) 

71 
35.53 

(32.75, 
38.30) 

 
 
Table 2. Distribution of serum remnant cholesterol (RC), low-density lipoprotein cholesterol 
(LDL-C), small dense LDL cholesterol (sdLDL-C) and large buoyant LDL cholesterol (lbLDL-C) 
among subjects with optimal triglyceridemia, borderline and moderate hypertriglyceridemia 
(EAS 2021)3 
 

Fasting serum 
triglycerides 
 

Remnant Cholesterol: N, mean 
(95% CI) [mg/dL] 

LDL Cholesterol: N, mean (95% 
CI) [mg/dL] 

sdLDL Cholesterol: N, mean (95% 
CI) [mg/dL] 

lbLDL Cholesterol: N, mean (95% 
CI) [mg/dL] 

Male Female Total Male Female Total Male Female Total Male Female Total 

<100 mg/dL 
optimal 

484 
14.95 

(14.67, 
15.24) 

669 
14.32 

(14.07, 
14.56) 

1153 
14.58 

(14.40, 
14.77) 

484 
116.43 

(113.58, 
119.28) 

669 
118.33 

(115.99, 
120.67) 

1153 
117.53 

(115.73, 
119.34) 

484 
29.14 

(28.47, 
29.82) 

669 
28.65 

(28.11, 
29.20) 

1153 
28.86 

(28.43, 
29.28) 

484 
87.29 

(85.02, 
89.56) 

669 
89.68 

(87.79, 
91.57) 

1153 
88.67 

(87.22, 
90.13) 

100–149 mg/dL 
borderline 
hypertriglyceridemia 

338 
24.51 

(24.21, 
24.81) 

353 
24.20 

(23.90, 
24.50) 

691 
24.35 

(24.14, 
24.57) 

338 
131.00 

(127.24, 
134.77) 

353 
130.94 

(127.09, 
134.80) 

691 
130.97 

(128.28, 
133.66) 

338 
40.79 

(39.81, 
41.76) 

353 
40.53 

(39.54, 
41.51) 

691 
40.65 

(39.96, 
41.35) 

338 
90.22 

(87.39, 
93.05) 

353 
90.41 

(87.51, 
93.32) 

691 
90.32 

(88.29, 
92.34) 

150–499 mg/dL 
moderate 
hypertriglyceridemia 

153 
40.65 
(39.18 
42.13) 

76 
38.75 

(37.01, 
40.49) 

229 
40.02 

(38.88,,4
1.16) 

  

153 
141.42 
(135.3, 
147.48) 

76 
139.58 

(130.45,
148.71) 

229 
140.81 

(135.79, 
145.83) 

153 
52.88 

(50.87, 
54.90) 

76 
51.66 

(48.66, 
54.66) 

229 
52.48 

(50.82, 
54.14) 

153 
88.54 

(84.32, 
92.76) 

76 
87.92 

(81.62, 
94.22) 

229 
88.33 

(84.85, 
91.82) 
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Table 3. Serum TG in participants with remnant cholesterol (RC) and small dense LDL 
cholesterol (sdLDL-C) levels below and above 24 mg/dL and 30 mg/dL, respectively 
 

Serum Triglycerides 

Serum RC 24–69 mg/dL 

 Male Female Total 

   N 355 265 620 

   Mean (95% CI) 162.52 (157.61, 
167.44) 

149.91 (145.63, 
154.19) 

157.13 (153.75, 160.51) 

RC <24 mg/dL 

   N 620 833 1453 

   Mean (95% CI) 82.13 (80.56, 
83.71) 

82.13 (80.56, 83.71) 78.76 (77.36, 80.15) 

Serum sdLDL-C 30–111 mg/dL 

   N 648 636 1284 

   Mean (95% CI) 129.67 (125.81, 
133.52) 

114.51 (111.51, 
117.51) 

122.16 (119.68, 124.64) 

Serum sdLDL-C <30 mg/dL 

   N 326 462 788 

   Mean (95% CI) 74.62 (71.94, 
77.29 

74.62 (71.94, 77.29) 70.35 (68.29, 72.41) 

 
 
Table 4. Percentile distribution of serum triglyceride (TG), remnant cholesterol (RC), low-
density lipoprotein cholesterol (LDL-C), and small dense LDL cholesterol (sdLDL-C)  levels in 
the entire survey cohort 
 

Percentile Serum TG Serum RC Serum LDL-C Serum sdLDL-C 

5th   49 10 73 19.69 

10th 57 11 83 21.97 

25th 72 14 99 26.69 

25.1st   100  

38th    30 

50th (Median) 95 19 122 33.50 

55.9th 100    

73.8th  24   

75th 125 25 146 42.13 

88.2nd 150    

90th 160 31 169 51.23 

95th 206 38 187 56.76 
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