
 

 Volume XXIII, no. 2 - 1 - 

Inside This Issue… 
Editor’s Notes by John Contois .................................................................2 
 
 Chair’s Corner by Gyorgy Csako..............................................................3 
 
 Small Dense LDL-Cholesterol in Determining Severe Coronary Atherosclerosis ...........................................................................................5 
Shinji Koba, Yuuya Yokota, Yasuki Ito, Tsutomu Hirano 
 
 Emerging Ultrasensitive Assays for Cardiac Troponin: a Review of the Singulex Molecular cTnI Immunoassay .......................................11 
Jenny C.Y. Hsu, Sara J. Agee, John Todd 

 
 Our Own Inconvenient Truth: LDL Cholesterol is a Flawed Measure of LDL. Time to Acknowledge the Problem and Its Clinical Implications ............................................................................... 16 
James D. Otvos 
 
 Literature Review by Gyorgy Csako ....................................................... 21 
 

Spring 2009 Volume XXIII, No. 2 

Division Officers 
Gyorgy Csako, MD, Chair 
National Institutes of Health 
Clinical Center 
Dept. of Laboratory Medicine 
Bldg. 10, Room 2C-407 
Bethesda, MD 20892-1882 
(301) 496-1924 

Daniel M. Hoefner, PhD, Chair-Elect & 

Information Officer 

Marshfield Clinic 
Laboratory Medicine 
1000 North Oak Avenue 
Marshfield, WI 54449-5777 
(715) 221-6312 

Joseph P. McConnell, PhD, Past Chair 
Mayo Foundation 
Lab Medicine & 
Pathology/Cardiovascular Laboratory 
200 First St, SW 
Rochester, MN 55905-0001 
(507) 284-0524 

Faith Clendenen, MPH, MPA, Secretary 

Dartmouth Hitchcock Medical Center 
Laboratory 
1 Medical Center Drive 
Lebanon, NH 03756-0001 
(603) 650-4697 

Rosemarie Romeo, PhD, Treasurer 
XDx Inc 
Regulatory Affairs & Quality Assurance 
3260 Bayshore Blvd 
Brisbane, CA 94005 
(415) 287-2396 
 Editorial Staff 
G. Russell Warnick, MS, MBA, Editor 

grwarnick@hotmail.com 

John H. Contois, PhD, Associate Editor 
jcontois@mainestandards.com 
 Editorial Advisory Board 
J. Contois, PhD; Windham, ME 
J. Maciejko, PhD; Detroit, MI 
M. Nauck, MD; Greifswald, Germany 
M. Okazaki, PhD; Chiba, Japan 
A. Remaley, MD, PhD; Bethesda, MD 
N. Rifai, PhD; Boston, MA 
D. A. Wiebe PhD; Madison, WI 

 
 
Daniel M Hoefner produced this issue of 
The Fats of Life. 

To Join the Division, go to 
http://www.aacc.org/AACC/members/divisions/lipids/ and click 
the Join Division link (you’ll need to log in to AACC’s website). 

Have Questions about lipoproteins and vascular disease-
related topics? If so, join the Division Listserv: 

https://my.binhost.com/lists/listinfo/aacc-lipo-vasc-div 

The Fats of Life 

The policy of the AACC is that only the President, President-Elect, Secretary, 
Treasurer, Executive Vice-President and the Association’s Legal Counsel may make 

official statements on behalf of the Association. Therefore, all views expressed herein 
are solely those of the Contributors and Members of the Editorial Board and not 
necessarily those of the Association or the LVDD. 



 

 Volume XXIII, no. 2 - 5 - 

Shinji Kobaa*, Yuuya Yokotaa, Yasuki Itoc, Tsutomu Hiranob 
aDepartment of Medicine, Division of Cardiology and bDepartment of Medicine, Division of Diabetes, 
Metabolism and Endocrinology, Showa University School of Medicine, Tokyo, Japan; cThe Research and 
Development Department, Denka Seiken Co. Ltd., Tokyo, Japan 
*Correspondence and Requests for Reprints: Shinji Koba 
Department of Medicine, Division of Cardiology, Showa University School of Medicine,  
1-5-8 Hatanodai, Shinagawa-ku, Tokyo 142-8666, Japan 
Phone: +81-3-3784-8539; Fax: +81-3-3784-8622; E-mail: skoba@med.showa-u.ac.jp 

 
 

ntroduction 
Low-density lipoprotein (LDL) particles are 
heterogeneous with respect to their size, den-

sity and lipid composition, and their lipid content 
chiefly determines the size of LDL particles. High 
plasma concentration of LDL-cholesterol (LDL-C) 
is an established major risk factor for coronary 
heart disease (CHD). On the other hand, it is well 
accepted that not native LDL particles, but oxida-
tively-modified LDL particles have the potential to 
cause foam cell formation, which plays an im-
portant role in atherogenesis [1]. Among LDL 
particles, small dense LDLs have been shown to 
be easily oxidized in vitro and to have lower 
amounts of lipophilic antioxidants compared with 
larger LDL particles separated by density-gradient 
ultracentrifugation [2,3]. In addition, small dense 
LDL particles have a lower binding affinity for the 
LDL receptor and have longer clear-
ance time compared with larger LDL. 
Small dense LDLs penetrate into the 
arterial wall much more readily and 
bind to the extracellular matrix more 
tightly than larger LDL particles [4]. 
This suggests that small dense LDLs 
are more pro-atherogenic compared 
with larger LDLs, and measurement 
of small dense LDL is useful to 
detect high risk patients for CHD. 
 
Serum Lipid Biomarkers for Dis-
tinguishing CHD Patients 
The Framingham Heart Study [5] has 
shown that the difference in distribu-
tion of LDL-C is very small between 
CHD patients who did not take any 
lipid-lowering drugs and the non-
diseased population, and about 80% 

of CHD patients had LDL-C levels in the same 
range compared to healthy subjects. The distribu-
tion of high-density lipoprotein (HDL)-C concen-
tration, on the other hand, shifts toward lower 
levels about 10 mg/dL compared to the controls 
and seemed to be a better predictor of CHD than 
LDL-C. More than two decades ago, Sniderman 
and his colleagues [6] compared the cholesterol 
content and apolipoprotein (apo) B content in 
LDL fractions separated by ultracentrifugation in 
31 patients without and 59 patients with 
angiographically documented CHD. They showed 
that LDL-apo B, but not LDL-C, was the better 
marker to discriminate between patients with and 
without CHD. Thus, HDL-C or apo B appears to 
be a better marker to discriminate CHD than 
LDL-C. Figure 1 compares LDL-C and LDL 
particle numbers in two subjects. Subject A has a 

I 

Small Dense LDL-Cholesterol in Determining Severe Coronary Atherosclerosis 

Figure 1. Differences in LDL subclasses between two subjects with the 
same LDL-C levels. The Number in the circle means the contents of choles-
terol esters in each LDL particles. 
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predominance of cholesterol-rich, large LDL parti-
cles, whereas subject B has many small, cho-
lesterol-poor LDL particles, resulting in a marked 
difference in apo B and small LDL-C concentra-
tion. Subject B is characteristic of patients with 
CHD and/or metabolic syndrome. Thus, increased 
numbers of small dense LDL particles seems to be 
a more useful biomarker than LDL-C to detect 
CHD risk. 
 
Measurement of Small Dense LDL and Small 
Dense LDL-Cholesterol 
LDL particle size is most often measured by 
gradient gel electrophoresis using non-denatured 2 
to 16% polyacrylamide gel according to the pro-
cedure described by Nichols et al [7]. Two distinct 
LDL size phenotypes, pattern A, large buoyant 
LDL particles, and pattern B, small dense LDL 
particles, can be easily separated. Many studies 
have shown that the predominance of small dense 
LDL evaluated by this gradient gel electrophoresis 
is associated with CHD [8-10]. However, this 
method is not a quantitative assay for small dense 
LDL-C. We have established a simple and rapid 
method for measuring small dense LDL-C by 
heparin magnesium precipitation [11]. Briefly, the 
precipitation reagent containing heparin and mag-
nesium is added to each serum sample followed by 
incubation, then the samples are centrifuged, the 
aggregates are trapped by the filter, and the pass-
through fraction is collected for measurement. The 
clear infranatant is then analyzed by direct homog-
enous LDL-C methodologies. 
 
Small Dense LDL-C Concentration and CHD 
We compared LDL size and small dense LDL-C 
concentration in 225 consecutive angiographically-
documented CHD patients who were not receiv-
ing any lipid-lowering medication and 95 healthy 
men, aged 40 to 63 years, and 47 healthy post-
menopausal women [12]. The CHD patients were 
classified into three groups based on the disease 
type, i.e., acute coronary syndrome (ACS, 73 men 
and 11 women), including acute myocardial infarc-
tion (MI) and unstable angina pectoris; stable 
CHD (103 men and 20 women), including stable 
effort angina pectoris and/or prior histories of MI 
or percutaneous coronary intervention (PCI), and 

coronary spastic angina (10 men and 8 women). 
Similar to our previous study [9], LDL particle size 
and HDL-C levels were significantly lower in all 
types of CHD compared with healthy men and 
women, while LDL-C levels were significantly 
higher only in patients with ACS (Figure 2). Small 
dense LDL-C levels were significantly higher in 
both ACS and stable CHD. On the other hand, 
large LDL-C, estimated by subtracting the small 
dense LDL-C concentration from the LDL-C 
concentration, was somewhat lower in coronary 
spastic angina and stable CHD. 

The small dense LDL-C concentrations were 
measured in 482 consecutive stable CHD patients 
undergoing scheduled coronary angiography [13]. 
Severe CHD was defined as the presence of steno-
sis with more than 50% narrowing of the diameter 
of the left main coronary artery or stenosis with 
more than 75% narrowing of the diameter in one 
or more branches of the coronary arteries. Figure 3 
shows the comparison of LDL-C, small dense 
LDL-C, and large LDL-C in patients divided into 
four groups based on the severity of CHD and the 
use of lipid-lowering drugs. Among 263 patients 
on lipid-lowering drugs, 169 male and 53 female 
patients took statin alone, 23 male and 4 female 
patients took other lipid-lowering drugs such as 

Figure 2. Comparison of LDL-C, small dense LDL-C 
and large LDL-C among healthy men (N=95), healthy 
postmenopausal women (N=47), patients with coro-
nary spastic angina (N=18), stable CHD patients 
(N=123), and ACS patients (N=84). Data are ex-

pressed as mean  standard error. *P<0.05 vs 

control men, †P<0.05 vs control women, #P<0.05 vs 
coronary spastic angina, §P<0.05 vs stable CHD. 
Based on reference 12. 
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fibrates and eicosapentaenoic acid, and 11 male 
and 3 female patients were treated with the combi-
nation of statin and other lipid-lowering drugs. 
Patients with severe CHD exhibited significantly 
higher levels of LDL-C and small dense LDL-C, 
and similar levels of large LDL-C, irrespective of 
the use of lipid-lowering drugs. In addition, small 
dense LDL-C levels were significantly higher in the 
severe-CHD patients treated with lipid-lowering 
drugs than in untreated mild-CHD patients, 
whereas the LDL-C levels were similar and the 
large LDL-C levels were somewhat higher in un-
medicated mild-CHD patients than in medicated 
severe-CHD patients. Figure 4 compares the LDL-
C, small dense LDL-C, large LDL-C, and HDL-C 

levels between the mild and the severe CHD 
among 365 patients with histories of MI and/or 
PCI. Patients with severe CHD exhibited 
significantly higher levels of LDL-C and small 
dense LDL-C, significantly lower levels of HDL-C 
and similar levels of large LDL-C. Therefore, the 
increases of LDL-C levels in the severe CHD 
patients compared with the mild CHD patients 
were chiefly due to those of small dense LDL-C 
levels, irrespective of the use of lipid-lowering 
drugs and/or prior histories of MI and PCI. 
 
Table 1 shows the results of logistic regression 
analysis for determining the severity of CHD 
among 482 CHD patients. According to our 
multivariate logistic regression analysis to compare 
small dense LDL-C with other risk factors, an 
elevated small dense LDL-C concentration was 
significantly associated with severe CHD 
independently of the levels of LDL-C, HDL-C, 
apo A-1, apo B, non-HDL-C, and HbA1c in stable 
CHD patients and in CHD patients not taking 
lipid-lowering agents. Previous case-control studies 
and prospective studies have shown that non-
HDL-C and apo B are both stronger predictors of 
CHD than LDL-C [14-16]. Our study, on the 
other hand, identified small dense LDL-C as the 
most powerful determinant of severe CHD, 
independent of LDL-C, non-HDL-C and apo B. 

Figure 3. Comparison of LDL-C, small dense LDL-C, 
and large LDL-C levels in patients divided into four 
groups based on the severity of CHD and the use of 
lipid-lowering drugs. Data expressed as mean minus 
standard error. *P<0.0083 by Bonferroni/Dunn post-
hoc test. Based on reference 13. 

Figure 4. Comparison of LDL-C levels, small dense 
LDL-C levels, large LDL-C levels, and HDL-C levels 
between mild and severe CHD among 365 patients 
with histories of MI and/or PCI. Data expresses as 
mean minus standard error. *P<0.01, **P<0.001 vs 
the corresponding mild CHD by Student’s t-test. 

Figure 5. Associations of LDL-C levels, small dense 
LDL-C levels, and large LDL-C levels with the severity 
of coronary atherosclerosis (Quartiles of Gensini 
score). Quartile 1 (Q1) = Gensini score ≤ 7.5; quartile 
2 (Q2) = 9.0 – 26.0; quartile 3 (Q3) = 27.0 – 49.0; 
quartile 4 (Q4) = the score ≥ 52.0. The overall popula-
tion included 36, 36, 34, and 35 patients in Q1, Q2, 
Q3, and Q4, respectively. *P<0.05 vs Q1, †P<0.05 vs 
Q2 by Tukey-Kramer post-hoc test. Based on 
reference 12. 
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Small Dense LDL-C Concen-
tration and Severity of Coro-
nary Atherosclerosis 
The severity of coronary athero-
sclerosis was estimated by calcu-
lating the Gensini score by 
coronary arteriography, an es-
tablished method for grading 
coronary stenosis. Small dense 
LDL-C gradually increased as 
the Gensini score increased, 
while large LDL-C did not differ 
among the different quartiles of 
Gensini score (Figure 5) [12]. 
This trend of increased small 
dense LDL-C along with the in-
creased Gensini score was even 
more pronounced when the dia-
betic patients were excluded. 
Furthermore, the Gensini scores 
significantly increased along 

with elevated levels of small dense LDL-C among 
stable CHD patients untreated with lipid-lowering 
drugs (Figure 6). On the other hand, decreases in 
HDL-C levels are significantly associated with 

Table 1 

Figure 6. Associations of Gensini score with small 
dense LDL-C levels, and small dense LDL-C and HDL-
C levels. Quartiles of small dense LDL-C. Quartile 1 
(Q1) = small dense LDL-C ≤ 20.5; quartile 2 (Q2) = 
20.6 – 31.4; quartile 3 (Q3) = 31.6 – 48.0; quartile 4 
(Q4) = the score ≥ 48.5. The population included 96, 
90, 91, and 93 patients in Q1, Q2, Q3, and Q4, 
respectively. *P<0.05 vs Q1 by Tukey-Kramer post-
hoc test. (B) Median levels of small dense LDL-C 
(sdLDL-C) and HDL-C were 31 mg/dL and 43 mg/dL, 
respectively. Associations of Gensini score and 
metabolic dyslipidemia (high small dense LDL-C and 
low HDL-C) in subjects untreated with lipid-lowering 
agents. *P<0.05 vs subjects with low small dense 
LDL-C and high HDL-C by Tukey-Kramer post-hoc test. 
Based on reference 9 and 13. 

 

Figure 7. Associations of Gensini score with HDL-C 
levels. (A) Quintiles of Gensini score. Quintile 1 (Q1) = 
Gensini score ≤ 9.0; quintile 2 (Q2) = 9.5 - 21.0; 
quintile 3 (Q3) = 21.5 - 39.5; quintile 4 (Q4) = 40 - 
62; quintile 5 (Q5) ≥ 63. The population included 89, 
91, 96, 96, and 91 patients in Q1, Q2, Q3, and Q4, 
respectively. *P<0.05 vs Q1, †P<0.05 vs Q2, §P<0.05 
vs Q3, by Tukey-Kramer post-hoc test. (B) Quintiles of 
HDL-C. Quintile 1 (Q1) = HDL-C ≤ 34; quintile 2 (Q2) = 
35 - 40; quintile 3 (Q3) = 41 - 46; quintile 4 (Q4) = 47 
- 54; quintile 5 (Q5) ≥ 55. The population included 
96, 97, 83, 93, and 89 patients in Q1, Q2, Q3, and 
Q4, respectively. *P<0.05 vs Q1, †P<0.05 vs Q2 by 
Tukey-Kramer post-hoc test. Based on reference 13. 
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increases in Gensni scores (Figure 7). The Gensini 
scores were significantly higher in CHD patients 
with higher levels of small dense LDL-C and lower 
levels of HDL-C compared with CHD patients 
with lower levels of small dense LDL-C and higher 
levels of HDL-C (Figure 6). 
 
Figure 8 demonstrates the correlation between 
LDL-C or small dense LDL-C and HDL-C levels 
among 591 men and 180 women who did not take 
any lipid-lowering drugs. The LDL-C concentra-
tion was strongly correlated with small dense 
LDL-C (r = 0.604, P<0.0001). Small dense LDL-
C, but not total LDL-C was significantly correlated 
with HDL-C levels (r=-0.384, P<0.0001). These 
data suggest that high levels of small dense LDL-C 
correlate with both atherogenic LDL and meta-
bolic dyslipidemia such as increased triglyceride-
rich lipoproteins and decreased HDL-C. 

 
Conclusion 
The increase in LDL-C levels in the clinically and 
angiographically-graded severe CHD patients com-
pared with patients without severe coronary ath-
erosclerosis were chiefly due to small dense LDL 
particles. Therefore, elevated small dense LDL-C 
concentration is a very promising risk marker to 
detect the progression of coronary atherosclerosis, 
to predict cardiovascular events, and to assess 
metabolic dyslipidemia. 
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