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Many prospective cohort studies have described
traditional risk factors for incident coronary heart dis-
ease (CHD)V. In 1961, the Framingham Heart Study,
the first well-designed large-scale cardiovascular cohort
study, identified major risk factors for CHD, includ-
ing high blood pressure, high cholesterol level, and left
ventricular hypertrophy. These factors laid the founda-
tion for later multivariable 10-year? and 30-year?
risk-prediction algorithms. In recent years, the Japan
Atherosclerotic Society has adopted the Suita Score?),
which comprehensively evaluates the fundamental risk
of CHD and has set lipid target values for lipid man-
agement in daily clinical practice based on this risk
score”. As the lipid management targets for the pri-
mary prevention of CHD, management categories for
lipid levels consist of low, moderate, and high risks.
The prediction probability of CHD onset within 10
years can be obtained using simple examination items
such as medical examination results and general out-
patient. The C-statistic for this risk model is 0.83. It is
necessary to search for residual risks that improve this
risk model of the predictability of CHD.

In this issue of the Journal of Atherosclerosis and
Thrombosis, Higashioka ez a/. examined the associa-
tion between small-dense low-density lipoprotein cho-
lesterol (sdLDLC) and the risk of CHD in the
Hisayama Study® in which a total of 3,080 subjects
(aged 40 years or older) without cardiovascular disease
(CVD) at baseline were followed for 8 years. Dr.
Higashioka and her colleagues report that, in a Japa-
nese population, the serum sdLDLC level was a rele-
vant biomarker for the future development of CHD

and that it both offers benefits beyond the serum low-
density lipoprotein cholesterol (LDLC) level and may
be a possible therapeutic target for the burden of
CHD. Their subjects in the highest quartile of
sdLDLC level had a 5.4-fold higher risk of incident
CHD than those in the lowest quartile (95% confi-
dence intervals [Cls], 2.1-13.8). This association
remained significant even after additional adjustment
of LDLC. When the serum sdLDLC levels were incor-
porated into a model with established traditional risk
factors, the C-statistic, continuous net reclassification
improvement, and integrated discrimination improve-
ment were all significantly improved.

From these results, it could be said that sdLDLC
is the residual risk as a predictor of incident CHD. A
further reproducibility study is necessary due to the
small number of CHD cases in this study, although
the Hisayama Study is a follow-up study that contin-
ues for more than half a century (founded in 1961)
with extremely high accuracy control for each survey
item and extreme accuracy for an autopsy to deter-
mine the cause of death. In addition, that study has
used frozen serum samples that had been stored at —
80T for more than 10 years, although no significant
difference was observed between the blood samples
that were collected without freezing and those that
were frozen and then thawed”.

In a previous cohort study in Japan, the Suita
Study, a total of 2,034 general urban Japanese resi-
dents were followed for an average of 11 years, and the
analyses revealed that, in the men and women, the
sdLDLC per 10 mg/dL had a 1.2- and 1.3-fold higher
risk of incident CVD, respectivelys). In addition, the
subjects in the highest quartile of sdLDLC level had a
3.3-fold higher risk of incident CHD than those in
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the lowest quartile (95% Cls, 1.3-8.2). The cutoff
value of the fourth quartile of sdLDLC in the
Hisayama Study was 43.7 mg/dL, whereas that in the
Suita Study was 49.1 mg/dL (men, 53.5 mg/dL;
women, 44.7 mg/dL).

In a cohort study conducted in the U.S., the
Multi-Ethnic Study of Atherosclerosis followed 4,387
subjects for an average of 8.5 years, and the authors
reported that the subjects in the highest quartile of
sdLDLC (= 51.0 mg/dL) had a 2.4-fold increased risk
of incident CHD compared to the lowest sdLDLC
levels (<28.6 mg/dL)?. The association of the highest
quartile of sdLDLC with CHD risk remained signifi-
cant among the subjects with normal LDLC levels (<
100 mg/dL) (hazard ratio, 2.37; 95% Cls, 1.21-4.67).
In addition, the Atherosclerosis Risk in Communities
Study followed 10,225 subjects for an average of 11
years and demonstrated that the subjects with elevated
plasma sdLDLC levels (the highest quartile) had a
1.5-fold increased risk of incident CHD in a multi-
variable model compared to the lowest quartile of
sdLDLC'. Among the subjects with LDLC <100
mg/dL and those with LDLC > 100 mg/dL, elevated
plasma sdLDLC levels (the highest quartile) posed a
1.6- and 1.9-fold increased risk of incident CHD,
respectively, in a multivariable model compared to the
lowest quartile of sdLDLC.

In a cross-sectional study, the Framingham Off-
spring Study showed that, at the baseline, men had a
higher mean sdLDLC levels (32 mg/dL) than women
(26 mg/dL), and the postmenopausal women had
higher sdLDLC values than the premenopausal
women'". Moriyama ¢t al. reported that the area
under the curve values were 0.771 for LDLC and
0.871 for non-HDLC, revealing a significantly higher
predictive value of the more than fourth-quartile
sdLDLC value (= 46 mg/dL). This cutoff value is sim-
ilar to the fourth-quartile sdLDLC values of the
Hisayama Study (44 mg/dL) and the Suita Study (49
mg/dL), which were associated with the development
of CHD.

Maeda et al. showed that sdLDLC was positively
correlated with both high sensitivity C-reactive pro-
tein (hsCRP) and the maximum common carotid
artery intima-medial thickness in 481 Japanese-Amer-
icans without lipid-lowering medication'?. The aver-
age sdLDLC values in their subjects with impaired
glucose tolerance (43.7 mg/dL) and those with diabe-
tes mellitus (47.5 mg/dL) were higher than the aver-
age sdLDLC value of the subjects with normal blood
sugar (33.7 mg/dL). Hsu ez al. demonstrated positive
associations between the sdLDLC level and atheroscle-
rotic risk markers such as fibrinogen, hsCRD, and sub-
clinical diabetes status (impaired fasting glucose and
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impaired glucose tolerance) in middle-aged Taiwanese
without a history of CVD or diabetes mellitus'?.

LDL consists of several subclasses of particles
with different sizes and densities: large buoyant (Ib),
intermediate, and small-dense (sd) LDLs. In an LDL
fraction analysis, sdLDL (particle size, 15.0-20.0 nm)
is separated from IbLDL with the use of a detergent
and sphingomyelinase treatment. This method sepa-
rates the sdLDL fraction with a density from 1.044 to
1.063 g/ml using standard clinical laboratory equip-
ment'?. sdLDL has a potentially high sensitivity for
atherogenic modification compared to the other LDL
subfractions, and circulating sdLDL readily undergoes
multiple atherogenic modifications in blood plasma
(e.g., desialylation, glycation, and oxidation) that fur-
ther increase its atherogenicity .

In summary, the Hisayama Study of a Japanese
population revealed that the serum sdLDLC level (1)
is a relevant residual biomarker for the future develop-
ment of CHD, (2) offers benefits beyond the serum
LDLC level, and (3) is a possible therapeutic target to
reduce the burden of CHD. A cohort study with
larger sample sizes is awaited, and reproducibility and
cutoff values are expected.
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