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Abstract

Objective—Coronary heart disease (CHD) is the leading cause of death in the United States, yet 

assessing risk of its development remains challenging. The present study evaluates a new 

automated assay of small dense low-density lipoprotein cholesterol content (sdLDL-C) and 

whether sdLDL-C is a risk factor for CHD compared with LDL-C or small LDL particle 

concentrations derived from nuclear magnetic resonance spectroscopy.

Approach and Results—sdLDL-C was measured using a new automated enzymatic method, 

and small LDL concentrations were obtained by nuclear magnetic resonance in 4387 Multi-Ethnic 

Study of Atherosclerosis participants. Cox regression analysis estimated hazard ratios for 

developing CHD for 8.5 years after adjustments for age, race, sex, systolic blood pressure, 

hypertension medication use, high-density lipoprotein cholesterol, and triglycerides. Elevated 

sdLDL-C was a risk factor for CHD in normoglycemic individuals. Those in the top sdLDL-C 

quartile showed higher risk of incident CHD (hazard ratio, 2.41; P=0.0037) compared with those 

in the bottom quartile and indicated greater CHD risk than the corresponding quartile of LDL-C 

(hazard ratio, 1.75; P=0.019). The association of sdLDL-C with CHD risk remained significant 

when LDL-C (<2.57 mmol/L) was included in a multivariate model (hazard ratio, 2.37; P=0.012). 

Nuclear magnetic resonance–derived small LDL concentrations did not convey a significant risk 

of CHD. Those with impaired fasting glucose or diabetes mellitus showed higher sdLDL-C and 

small LDL concentrations but neither was associated with higher CHD risk in these individuals.
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Conclusions—This new automated method for sdLDL-C identifies risk for CHD that would 

remain undetected using standard lipid measures, but only in normoglycemic, nondiabetic 

individuals.

Keywords

coronary; disease

Coronary heart disease (CHD) is the leading cause of death in the United States, and yet 

disease risk assessment remains inadequate. The current practice of using lipid levels to 

evaluate the likelihood of future CHD has proven moderately effective in determining 

patient risk; however, tens of thousands of individuals with normal cholesterol experience 

CHD events every year.1 To improve risk assessment, measurements of lipid and nonlipid 

biomarkers have been suggested, including lipoprotein (a), C-reactive protein, 

homocysteine, and lipoprotein subfraction analysis. Among these assays, low-density 

lipoprotein subfraction analysis has shown notable potential, particularly the quantification 

of small dense low-density lipoprotein (sdLDL) particles.

Previous studies have shown that sdLDL particle concentrations are higher in cases of 

incident coronary artery disease,2 myocardial infarction,3 stroke,4 and overall cardiovascular 

disease (CVD).5 Moreover, sdLDL levels have been shown to correlate with CHD more 

strongly than LDL-C and large LDL particle concentrations across multiple prospective and 

case–control studies5–8 although not all.9–11 Until recently, practical considerations made 

routine measurement of sdLDL in a clinical laboratory setting unfeasible. Methods such as 

ultracentrifugation, nuclear magnetic resonance (NMR) spectroscopy, and gradient gel 

electrophoresis require the use of laboratory equipment that may be unavailable or cost 

prohibitive. In contrast, a newly developed assay that measures a surrogate of sdLDL 

particles, sdLDL cholesterol content (sdLDL-C), uses automated and readily available 

clinical laboratory instrumentation.12

Thus far, only a limited number of studies have evaluated the efficacy of sdLDL-C 

measurement, and no studies have examined its use in predicting CHD risk in a multi-ethnic 

pro-spective study population. The present study was conducted in 4387 Multi-Ethnic Study 

of Atherosclerosis (MESA) participants for an 8.5-year period to determine whether sdLDL-

C levels (1) are independently associated with greater risk of incident CHD and (2) identify 

risk of CHD in those with normal LDL-C levels. Because diabetes mellitus and pre–diabetes 

mellitus are known to influence lipids and the small LDL subclass,12–15 subgroup analyses 

of those with normal fasting glucose (NFG), impaired fasting glucose (IFG), and type II 

diabetes mellitus (T2D) were conducted, and appropriate statistical adjustments for 

triglycerides and high-density lipoprotein cholesterol (HDL-C) levels were included.

Materials and Methods

Materials and methods are available in the online-only Supplement.
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Results

Demographic and clinical characteristics of MESA participants (n=4387), as well as 

subgroups of those with NFG (n=3334) and IFG or T2D (n=1048), are shown in Table 1.

Distributions of NMR-derived small LDL concentrations and sdLDL-C levels are shown in 

the Figure. NMR-derived small LDL concentrations showed a bimodal distribution skewed 

to the right, in which ≈30% samples showed low concentrations (≤200 nmol/L) and ≈70% 

showed higher concentrations (>200 nmol/L; Figure [A]). The distribution of sdLDL-C was 

approximately normal (Figure [B]). The mean sdLDL-C value was 0.97 mmol/L, and thus 

≈32.4% of total LDL-C on average was sdLDL-C in this population. A modest correlation 

(r=0.59) was found between sdLDL-C values and NMR-derived small LDL concentrations.

Quartile ranges for each lipid and lipoprotein target for normoglycemic, nondiabetic 

individuals are as follows: sdLDL-C, mmol/L: first (0.0025–0.66), second (0.66–0.89), third 

(0.89–1.23), and fourth (1.19–5.37); small LDL particle (LDL-P), nmol/L: first (0–101), 

second (101–467), third (467–805), and fourth (757–2020); and LDL-C, mmol/L: first 

(0.52–2.56), second (2.56–3.08), third (3.08–3.59), and fourth (3.60–7.34). For those with 

impaired fasting glucose or diabetes mellitus, quartile ranges for each lipid and lipoprotein 

target individuals are as follows: sdLDL-C, mmol/L: first (0.0025–0.74), second (0.74–

1.01), third (1.01–1.32), and fourth (1.32–4.31); small LDL-P, nmol/L: first (0–361), second 

(361–659), third (659–921), and fourth (921–2300); and LDL-C, mmol/L: first (0.31–2.53), 

second (2.53–3.05), third (3.05–3.59), and fourth (3.59–8.15).

Hazard ratios (HRs) of incident CHD are presented by quartiles of LDL-C, sdLDL-C, and 

small LDL particle concentrations adjusted for sex, systolic blood pressure, hypertension 

medication use, age, ethnicity, HDL-C, and log triglycerides (Tables 2 and 3). 

Normoglycemic individuals in the top quartiles of LDL-C and sdLDL-C showed 1.75-fold 

(P=0.019) and 2.41-fold (P=0.0037) higher risks of future CHD, respectively (Table 2) when 

compared with those in the bottom quartiles. In contrast, higher NMR-derived small LDL 

particle concentrations did not convey a significantly higher risk of CHD (HR, 1.37; 

P=0.35). For those with IFG or T2D, higher levels of LDL-C, small LDL particle 

concentrations, or sdLDL-C were not found to increase the risk of CHD (Table 3).

Using the same model criteria as above, we conducted a secondary analysis in which 

outcomes were restricted to myocardial infarction, resuscitated cardiac arrest, and CHD 

death. LDL-C, small LDL-P, and sdLDL-C were not found to be significant risk factors for 

these outcomes in either NFG or IFG+T2D groups (Table I in the online-only Data 

Supplement); however, those with NFG and in the top quartile of sdLDL-C showed a 1.92-

fold higher risk of a hard CHD event compared with those in the bottom quartile, although 

this finding did not reach statistical significance (P=0.084).

HRs of incident CHD were further determined by including both quartiles of sdLDL-C and 

dichotomized LDL-C (<2.59 versus ≥2.59 mmol/L) for normoglycemic individuals. The 

results are presented in Table 4 and adjusted for sex, systolic blood pressure, hypertension 

medication use, ethnicity, age, HDL-C, and log triglycerides. With LDL-C being adjusted 

for, individuals in the fourth quartile of sdLDL-C incurred a 2.37-fold higher risk of CHD 

Tsai et al. Page 3

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2014 October 28.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



(P=0.012) compared to those in the reference quartile. In this multivariate model, elevated 

(≥2.59 mmol/L) LDL-C only showed a nonsignificant HR of 1.02 (P=0.93) compared to 

those with optimal LDL-C (<2.59 mmol/L). In contrast, a multivariate model with 

dichotomized LDL-C and NMR-derived small LDL concentrations showed no significant 

associations with CHD risk in any quartile of small LDL (Table 5). An interaction model 

between quartiles of sdLDL-C and dichotomized LDL-C was also fitted, but no significant 

interaction was found (P>0.1), possibly because of limited number of events and high 

correlation between sdLDL-C and LDL-C (data not shown).

Discussion

In this multi-ethnic prospective study of 4387 MESA participants, we examined whether an 

automated enzymatic assay of sdLDL-C may identify CHD risk beyond standard lipid 

measures. The highest quartile of sdLDL-C conveyed an approximate 2-fold higher CHD 

risk, regardless of LDL-C levels, but only in normoglycemic, nondiabetic participants. The 

finding remained significant after adjustments for demographic characteristics and other 

related clinical laboratory measurements, such as triglycerides and HDL-C.

The traditional clinical measure of LDL-C quantifies the cholesterol content of LDL 

particles but does not address the vast heterogeneity of LDL particles among individuals. 

This limitation is crucial as smaller LDL particles have been shown to be more atherogenic 

because of their higher susceptibility to oxidation.16 In addition, sdLDL particles have a 

higher kd for the hepatic LDL receptor, resulting in a longer circulating half-life.17 

Combined with their smaller size and propensity for receptor-independent binding to the 

endothelium,17 smaller LDL particles have a greater opportunity for infiltration into the 

subendothelial space.18 Finally, compared with large LDL particles, sdLDL particles show 

an ≈3-fold higher enzymatic activity of lipoprotein-associated phospholipase A2, an 

independent risk factor for CVD and vascular inflammatory marker.19 Thus, an individual 

with a predominance of small LDL particles will have a larger atherogenic burden but may 

have optimal LDL-C levels (<2.59 mmol/L) because of the lower cholesterol carrying 

capacity of smaller lipoprotein particles. Taken together, using LDL-C to evaluate 

cholesterol- related CHD risk will underestimate actual risk in individuals who have optimal 

LDL-C but high levels of sdLDL.

Although measurement of sdLDL may improve risk prediction models, an effective and 

readily available assay has remained elusive. The well-studied and commercialized method 

of NMR analysis has allowed for the quantification of LDL-P sizes and subclass 

concentrations. Studies have shown that LDL-P concentrations more strongly associate with 

CVD20 and CHD cases5 than LDL-C. In contrast, the prospective Women’s Health Study21 

and a case–control study in Cardiovascular Health Study participants11 were unable to 

demonstrate that small or total LDL-P concentrations outperform LDL-C in predicting CVD 

or CHD—particularly after adjustments for other lipids. In the present study, we also found 

that NMR-derived small LDL particle concentrations were not associated with future CHD 

events in a multivariate model.
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Because the automated homogenous sdLDL-C assay can be performed with existing 

equipment in all clinical laboratories, it may have more widespread applicability as a marker 

for CHD risk. It was first demonstrated to have the potential for clinical use in an 

observational study of subjects with combined hyperlipidemia, diabetes mellitus, or CHD, 

all of which showed increased levels of sdLDL-C.6 These findings were subsequently 

confirmed in a case–control study of 871 Japanese men, which further demonstrated that 

sdLDL-C concentrations were more strongly associated with the presence of severe stable 

CHD (odds ratio, 1.022; 95% confidence interval, 1.005–1.039) compared with LDL-C 

(odds ratio, 1.009; 95% confidence interval, 0.994–1.024).7 Likewise, a case–control study 

in Framingham Offspring study participants also reported higher sdLDL-C, but only in 

female patients with CHD compared with controls (0.83 versus 0.68 mmol/L, respectively; 

P=0.0015) although notably, both male and female patients with CHD showed a higher 

percentage of sdLDL-C/LDL-C compared with controls.8 Finally, a pro-spective study of 

2098 Japanese men and women without a history of CVD found that a 10-mg/dL increment 

in sdLDL-C results in a 21% increase in risk of future incident CVD22; however, sdLDL-C 

was not a significant predictor of coronary artery disease after multivariable adjustments 

(HR, 1.05; 95% confidence interval, 0.0.81–1.36). Overall, it has been demonstrated that 

sdLDL-C levels are higher in patients with CHD and increase the risk of CVD. We extend 

these findings and show that elevated sdLDL-C levels are a significant risk marker for future 

CHD in participants with NFG with multivariate adjustments including HDL-C and 

triglycerides.

Apart from the above findings, we confirm earlier studies that individuals with IFG or T2D 

have higher levels of both NMR-derived small LDL13–15,23 and sdLDL-C12,24 compared 

with those with NFG. Nonetheless, elevated sdLDL-C levels were not associated with future 

CHD in the present study population. The basis for the disparity between the NFG and 

IFG/T2D groups is unclear, but several possibilities may account for the result. First, the 

number of events in participants with IFG or T2D (n=84) limits the statistical power of this 

analysis and may have contributed to the null finding. A larger study may find an 

association with individuals with IFG, and still more power may be needed for individuals 

with diabetes mellitus. In addition, individuals with diabetes mellitus are known to have a 

considerably higher risk of CHD, and Adult Treatment Panel III guidelines designate 

diabetics as having equivalent risk to those who have had a previous cardiac event; thus, the 

risk conveyed by higher levels of sdLDL-C may be attenuated in those with IFG or diabetes 

mellitus, and other risk factors may be the primary drivers of disease development and 

progression. Although our null finding does not exclude the possibility that sdLDL-C 

contributes to CHD in those with IFG or T2D, our data indicate that sdLDL-C is most useful 

for assessing CHD risk in normoglycemic individuals.

We were unable to demonstrate that elevated NMR-derived small LDL concentrations are 

associated with higher CHD risk in participants with NFG. The discordant results between 

NMR and the sdLDL-C assay were unexpected, as both methods putatively quantify the 

small LDL subfraction. Yet, the correlation between small LDL from NMR and sdLDL-C 

was relatively modest (Spearman correlation, r=0.59) and distribution patterns were distinct. 

We speculate that the discrepancy may be because of the different particle subpopulations 

measured by these 2 methods: sdLDL-C is composed of the cholesterol content of LDL 
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particles measuring 15 to 20 nm; NMR measures particles 18 to 20.5 nm in diameter. In 

addition, it must also be recognized that these methods are based on different analytic 

principles. Whereas the sdLDL-C assay measures aggregate cholesterol in small LDL 

particles, NMR determines lipoprotein particle concentrations by the amplitudes of their 

corresponding lipid methyl group signals. The coefficients of variation of these assays are 

also different, with 3.2% for sdLDL-C and 8% for NMR. Whether the observed differences 

in CHD risk are because of the distinctions in LDL subpopulations of NMR versus the 

sdLDL-C assay, the fundamental difference in analytic techniques, the relative differences in 

assay coefficients of variation, or some combination of the above is unclear, but further 

studies may reveal the root cause(s) for the disparate results between these methodologies.

It must be acknowledged that lipid-lowering medication may be a potential confounder 

when examining lipids and CHD events in the MESA prospective study population. In the 

present analysis, those using lipid-lowering medication at baseline were excluded; however, 

several individuals in the remaining subcohort began using lipid-lowering medication at 

later dates. We therefore combined MESA follow-up data from visits 2 to 5 and evaluated 

lipid-lowering medication use as a discrete time-dependent variable. The associations among 

sdLDL-C, LDL-C, and small LDL particles with CHD events remained similar to our 

current findings (Table II in the online-only Data Supplement).

The present analysis contains several strengths and limitations. First, particle size of LDL is 

known to be influenced by serum triglyceride levels. As such, adjustments for triglyceride 

and HDL-C levels were made in the present Cox regression models, and the highest quartile 

of sdLDL-C levels was still found to confer >2-fold increased risk of CHD. In terms of 

limitations, we were limited by the number of events in our analysis for myocardial 

infarction and CHD death. Although we adjusted for demographic and other CHD factors 

within the statistical model, the presence of a residual confounder(s) cannot be excluded.

Conclusions

In the present study, we demonstrated that sdLDL-C levels generated from the newly 

developed automated assay of sdLDL-C (Denka Seiken) are associated with CHD events 

independent of LDL-C levels. Clinically, sdLDL-C assessment may be most beneficial in 

patients with intermediate CHD risk, where those with higher sdLDL-C levels may be 

designated for more aggressive treatment protocols.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Nonstandard Abbreviations and Acronyms

CHD coronary heart disease

CVD cardiovascular disease

HDL-C high-density lipoprotein cholesterol

HR hazard ratio

IFG impaired fasting glucose

LDL-P small low-density lipoprotein particle

MESA Multi-Ethnic Study of Atherosclerosis

NFG normal fasting glucose

NMR nuclear magnetic resonance

sdLDL-C small dense low-density lipoprotein cholesterol

T2D type II diabetes mellitus
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Significance

The present analysis represents the largest study to examine prospectively whether small 

dense low-density lipoprotein cholesterol (LDLC) associates with future risk of coronary 

heart disease. We show that elevated levels convey a significant risk for incident 

coronary heart disease independent of traditional risk factors. Most significantly, in 

individuals with normal healthy levels of LDL-C (<2.59 mmol/L or <100 mg/dL), we 

found that those with small dense LDL-C levels in the 75th percentile have an ≈2.4-fold 

greater risk of developing coronary heart disease compared with those with lower small 

dense LDL-C levels. Overall, this study provides evidence that small dense LDL-C 

identifies risk of heart disease development in individuals that would otherwise be 

undetected using current guidelines.
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Figure. 
Distributions of (A) small low-density lipoprotein (LDL) particle concentrations derived 

from nuclear magnetic resonance (NMR) and (B) small dense low-density lipoprotein 

cholesterol content (sdLDL-C) among Multi-Ethnic Study of Atherosclerosis participants 

(n=4387).
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Table 1

Demographic, Lifestyle, and Clinical Characteristics of a Subcohort of Multi-Ethnic Study of Atherosclerosis 

Participants

All
(n=4387)

NFG
(n=3334)

IFG or Diabetes
Mellitus

(n=1048*)

Age, mean (SD), y 61.5 (10.3) 60.7 (10.3) 64.1 (9.8)

Sex, n (%) female 2329 (53.1) 1861 (55.8) 466 (44.5)

Race

  Black, n (%) 1257 (28.7) 900 (27.0) 355 (33.9)

  White, n (%) 1588 (36.2) 1342 (40.3) 245 (23.4)

  Chinese, n (%) 546 (12.4) 401 (12.0) 144 (13.7)

  Hispanic, n (%) 996 (22.7) 691 (20.7) 304 (29.0)

Current smoker, n (%) 557 (12.8) 424 (12.8) 133 (12.8)

Alcohol current use, n (%) 2399 (68.6) 1898 (70.6) 499 (62.1)

Hypertension, n (%) 1765 (40.2) 1174 (35.2) 588 (56.1)

BMI (SD) 28.1 (5.5) 27.5 (5.2) 30.2 (5.7)

Total cholesterol, mmol/L (SD) 5.08 (0.92) 5.08 (0.90) 5.05 (0.96)

LDL-C, mmol/L (SD) 3.10 (0.81) 3.10 (0.80) 3.08 (0.83)

HDL-C, mmol/L SD) 1.32 (0.39) 1.36 (0.40) 1.20 (0.32)

TG levels, mmol/L (SD) 1.45 (0.99) 1.36 (0.83) 1.71 (1.32)

Small LDL-P, mmol/L (SD) 527.8 (388.3) 488.1 (376.3) 654.5 (399.2)

sdLDL-C, mmol/L (SD) 0.97 (0.44) 0.94 (0.43) 1.06 (0.45)

CHD events (all) 234 150 84

HDL-C indicates high-density lipoprotein cholesterol; IFG, impaired fasting glucose; LDL-C, low-density lipoprotein cholesterol; LDL-P, low-
density lipoprotein particle; NFG, normal fasting glucose; sdLDL-C, small dense low-density lipoprotein cholesterol; and TG, triglyceride.

*
Five individuals with missing diabetes mellitus data.
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Table 2

Estimated Cox Proportional Hazard Ratios (95% Confidence Interval) of Incident Coronary Heart Disease by 

Quartiles of sdLDL-C, Nuclear Magnetic Resonance–Derived Small LDL Particle Concentrations, and LDL-C 

in Normoglycemic, Nondiabetic Participants (n=3334, 150 events) With Normal Fasting Glucose for an 8.5-

Year Follow-Up Period

Quartile
LDL-C

(0.52–7.3 mmol/L)
Small LDL-P

(0–2018 nmol/L)
sdLDL-C

(0.003–5.4 mmol/L)

1 Ref Ref Ref

2 0.85 (0.51–1.43) 0.78 (0.45–1.37) 1.45 (0.86–2.43)

3 1.50 (0.94–2.40) 0.90 (0.50–1.64) 1.56 (0.90–2.68)

4 1.75 (1.10–2.80) 1.37 (0.71–2.64) 2.41 (1.33–4.35)

P=0.019 P=0.35 P=0.0037

Ranges for each analyte are specified. Analyses were adjusted for sex, systolic blood pressure, hypertension medication use, ethnicity, age 
(category), high-density lipoprotein cholesterol, and log triglycerides. Quartiles in which associations reached significance (P≤0.05) are shown in 
the table. LDL-C indicates low-density lipoprotein cholesterol; LDL-P, low-density lipoprotein particle; and sdLDL-C, small dense low-density 
lipoprotein cholesterol.
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Table 3

Estimated Cox Proportional Hazard Ratios (95% Confidence Interval) of Incident Coronary Heart Disease by 

Quartiles of sdLDL-C, Nuclear Magnetic Resonance–Derived Small LDL Particle Concentrations, and LDL-C 

in Multi-Ethnic Study of Atherosclerosis Participants With Impaired Fasting Glucose or Diabetes Mellitus 

(n=1048*, 84 events) for an 8.5-Year Follow-Up Period

Quartile
LDL-C

(0.31–8.15 mmol/L)
Small LDL-P

(0–2299 nmol/L)
sdLDL-C

(0.003–4.3 mmol/L)

1 Ref Ref Ref

2 0.91 (0.49–1.70) 0.89 (0.44–1.83) 1.06 (0.56–2.01)

3 1.15 (0.62–2.12) 0.66 (0.30–1.48) 0.75 (0.37–1.57)

4 1.15 (0.61–2.19) 0.90 (0.40–2.02) 1.06 (0.50–2.23)

Ranges for each analyte are specified. Analyses were adjusted for sex, systolic blood pressure, hypertension medication use, ethnicity, age 
(category), high-density lipoprotein cholesterol, and log triglycerides. Quartiles in which associations reached significance (P≤0.05) are shown in 
the table. LDL-C indicates low-density lipoprotein cholesterol; LDL-P, low-density lipoprotein particle; and sdLDL-C, small dense low-density 
lipoprotein cholesterol.

*
Five individuals with missing diabetes mellitus data.
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Table 4

Estimated Cox Proportional Hazard Ratios (95% Confidence Interval) of Incident Coronary Heart Disease by 

Quartiles of sdLDL-C, Dichotomized by LDL-C (2.59 mmol/L) in 3334 Multi-Ethnic Study of 

Atherosclerosis Participants With Normal Fasting Glucose for an 8.5-Year Follow-Up Period

sdLDL-C
Quartile LDL-C<2.59 LDL-C>2.59

1 Ref 1.02 (0.64–1.63)

2 1.43 (0.82–2.50) 1.46 (0.82–2.60)

3 1.54 (0.85–2.80) 1.57 (0.87–2.82)

4 2.37 (1.21–4.67) 2.42 (1.32–4.44)

P=0.012 P=0.004

Analyses were adjusted for sex, systolic blood pressure, hypertension medication use, ethnicity, age (category), high-density lipoprotein 
cholesterol, and log triglycerides. Quartiles in which associations reached significance (P≤0.05) are shown in the table. LDL-C indicates low-
density lipoprotein cholesterol; and sdLDL-C, small-dense low-density lipoprotein cholesterol.
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Table 5

Estimated Cox Proportional Hazard Ratios (95% Confidence Interval) of Incident Coronary Heart Disease by 

Quartiles of Small LDL Concentrations (NMR), Dichotomized by LDL-C (2.59 mmol/L) in 3334 Multi-

Ethnic Study of Atherosclerosis Participants With Normal Fasting Glucose for an 8.5-Year Follow-Up Period

Small LDL (NMR)
Quartile LDL-C<2.59 LDL-C>2.59

1 1 1.28 (0.84–1.95)

2 0.75 (0.43–1.32) 0.963 (0.50–1.86)

3 0.841 (0.46–1.55) 1.078 (0.55–2.11)

4 1.24 (0.63–2.43) 1.58 (0.78–3.20)

Analyses were adjusted for sex, systolic blood pressure, hypertension medication use, ethnicity, age (category), high-density lipoprotein 
cholesterol, and log triglycerides. Quartiles in which associations reached significance (P≤0.05) are shown in the table. LDL-C indicates low-
density lipoprotein cholesterol; NMR, nuclear magnetic resonance; and sdLDL-C, small dense low-density lipoprotein cholesterol.
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