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Table 4. Multivariable-adjusted HRs for CVD, CHD and cardiac death, stratified by hypertension, current smoking and body

mass index, during the 24-year follow-up period

A. Hypertension

) No of Person- CvVD CHD Cardiac Death
Hypertension (+) Persons  years
Nodeaths HR  95%CI No deaths HR  95%CI No deaths HR  95%CI
LSD increment of 4286 83753 690  1.08 0.99-1.17 127 135 1.12-1.62 263 1.19 1.05-1.36
serum total cholesterol
Category of baseline serum total cholesterol level (mmol/L)
<4.14 676 12281 120 1.16 0.91-1.49 17 0.97 0.51-1.83 41 1.13 0.74-1.72
4.14-4.65 892 17334 136 1.00 23 1.00 49 1.00
4,66-5.17 962 19079 133 1.02 0.80-1.30 20 0.90 0.49-1.65 50 1.09 0.73-1.62
5.18-5.68 813 16163 135 1.16 0.91-1.49 23 1.23 0.68-2.25 49 1.23 0.81-1.85
5.69-6.20 519 10550 88 1.15 0.87-1.52 22 1.63 0.89-2.99 36 1.30 0.83-2.03
6.21-6.71 265 5311 39 1.00 0.70-1.45 9 1.34 0.60-2.96 18 1.33 0.76-2.33
6.72- 159 3036 39 1.91 1.32-2.76 13 3.69 1.81-7.55 20 2.85 1.66-4.90
_ No of Person- CVD CHD Cardiac Death
Hypertension (=) Persons  years
No deaths HR  95%CI No deaths HR  95%CI No deaths HR  95%CI
1SD increment of 4923 109269 194  1.06 0.91-1.24 45  1.27 0.94-1.71 85 124 0.99-1.55
serum total cholesterol
Category of baseline serum total cholesterol level (mmol/L)
<4.14 1123 24819 32 0.77 0.49-1.21 0.75 0.27-2.11 11 0.70 0.33-1.51
4.14-4.65 1290 28927 53 1.00 11 1.00 20 1.00
4.66-5.17 1116 24607 48 1.08 0.73-1.60 8 0.96 0.38-2.46 22 1.42 0.76-2.65
5.18-5.68 760 16863 34 1.21 0.77-1.88 13 2.34 0.99-5.50 19 1.99 1.03-3.86
5.69-6.20 362 8063 13 0.75 0.41-1.40 2 0.54 0.12-2.49 6 1.00 0.39-2.56
6.21-6.71 177 3889 9 1.06 0.52-2.19 2 1.04 0.22-4.93 4 1.40 0.47-4.23
6.72- 95 2104 5 1.16 0.46-2.94 3 3.44 0.90-13.16 3 1.98 0.57-6.88
B. Current Smoking
. No of Person- CVD CHD Cardiac Death
Current Smoking (+) Persons  years
No deaths HR  95%CI No deaths HR  95%CI No deaths HR  95%CI
LSD increment of 2998 61241 327 115 1.02-1.30 69 152 1.19-1.93 125 128 1.06-1.55
serum total cholesterol
Category of baseline serum total cholesterol level (mmol/L)
<4.14 642 12648 69  1.00 0.72-1.40 9 075 0.32-1.74 24 1.05 0.60-1.84
4.14-4.65 756 15492 77 1.00 14 1.00 26 1.00
4.66-5.17 713 14788 70  1.08 0.78-1.50 13 1.08 0.50-2.32 29 133 078227
5.18-5.68 450 9262 51 129 0.89-1.86 11 147 0.65-3.35 17 130 0.69-2.44
5.69-6.20 268 5577 33 127 0.83-1.94 12 2.16 0.96-4.88 14 150 0.77-2.95
6.21-6.71 111 2286 17 1.48 0.87-2.55 6 259 0.95-7.01 10 254 1.19-5.43
6.72- 58 1189 10 1.81 0.923.56 4 329 1.02-10.57 5 264

between the TC level and each endpoint; however, the

interaction term between the serum TC level and cur-

rent smoking was significant for CHD death (p=
0.02). In addition, the multivariable HR for CHD
based on the serum TC level was higher in the current
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0.98-7.13

smokers than in the non-smokers (Table 4).

We also calculated the population-attributable

risk fractions for CVD, CHD and cardiac death,
although the HRs for CVD were not significant
(Table 5). The number of estimated excess deaths due
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(Cont Table 4)

B. Current Smoking

No of Person- CVvD CHD Cardiac Death

Persons  years N deaths HR  95%CI No deaths HR  95%CI No deaths HR  95%CI

Current Smoking (~)

1SD increment of serum

6211 131781 557 1.03 0.94-1.12 103 1.20 0.98-1.46 223 1.16 1.01-1.33
total cholesterol

Category of baseline serum total cholesterol level (mmaol/L)

<4.14 1157 24452 83 1.19 0.89-1.58 14 1.08 0.54-2.15 28 1.05 0.65-1.70
4.14-4.65 1426 30769 112 1.00 20 1.00 43 1.00

4.66-5.17 1365 28898 111 0.99 0.76-1.29 15 0.73 0.37-1.44 43 1.05 0.68-1.61
5.18-5.68 1123 23764 118 1.10 0.84-1.43 25 1.29 0.70-2.35 51 1.32 0.87-2.01
5.69-6.20 613 13036 68 1.01 0.74-1.37 12 1.04 0.50-2.15 28 1.16 0.71-1.89
6.21-6.71 331 6913 31 0.85 0.56-1.27 5 0.72 0.27-1.96 12 0.93 0.48-1.79
6.72- 196 3950 34 1.76 1.19-2.62 12 3.49 1.66-7.33 18 2.68 1.52-4.74

C. Body Mass Index

No of Person- CvD CHD Cardiac Death
Persons  years N deaths HR 95%CI ~ Nodeaths HR 95%CI  Nodeaths HR  95%CI

Body Mass Index <25

1SD increment of

7258 151366 700 1.11 1.03-1.21 135 1.33 1.12-1.59 278 1.22 1.08-1.39
serum total cholesterol

Category of baseline serum total cholesterol level (mmol/L)

<4.14 1559 31987 127 1.00 0.79-1.27 20 0.80 0.45-1.42 45 1.00 0.67-1.50
4.14-4.65 1825 38630 156 1.00 30 1.00 55 1.00
4.66-5.17 1640 34307 147 1.07 0.85-1.35 24 0.90 0.53-1.56 64 1.39 0.96-2.00
5.18-5.68 1160 24216 126 1.22 0.96-1.56 22 1.13 0.64-2.00 51 1.50 1.01-2.23
5.69-6.20 615 12899 77 1.19 0.90-1.57 19 1.49 0.82-2.70 32 1.47 0.94-2.30
6.21-6.71 293 6036 35 1.08 0.74-1.58 9 1.46 0.68-3.16 16 1.51 0.85-2.68
6.72- 166 3293 32 1.97 1.33-2.92 11 3.40 1.64-7.06 15 2.84 1.57-5.13
CVD CHD Cardiac Death .

No of Person-

Persons  years  Ng deaths HR  95%CI  Nodeaths HR  95%CI  Nodeaths HR  95%CI

Body Mass Index >=25

1SD increment of 41656

1951 184 0.95 0.81-1.11 37 1.32 0.95-1.84 70 1.17 0.92-1.51
serum total cholesterol

Category of baseline serum total cholesterol level (mmol/L)

<4.14 240 5113 25 1.42 0.84-2.39 3 1.30 0.29-5.87 7 0.88 0.35-2.20
4.14-4.65 357 7631 33 1.00 4 1.00 14 1.00

4.66-5.17 438 9379 34 0.88 0.54-1.43 4 0.86 0.21-3.49 8 0.47 0.20-1.14
5.18-5.68 413 8810 43 0.95 0.59-1.51 14 2.79 0.88-8.83 17 0.86 0.41-1.79
5.69-6.20 266 5714 24 0.78 0.46-1.34 5 1.17 0.30-4.57 10 0.70 0.30-1.63
6.21-6.71 149 3164 13 0.77 0.40-1.50 2 0.85 0.15-4.87 6 0.81 0.30-2.21
6.72- 88 1846 12 1.23 0.62-2.44 5 4.47 1.13-17.77 8 1.89 0.76-4.70

SD: standard deviation, HR: hazard ratio; 95% CI: 95% confidence interval, CVD: cardiovascular disease, CHD: coronary heart disease, HF: heart
failure

The HRs were adjusted based on the following factors:

A. age, sex, the serum albumin level, body mass index, diabetes, smoking status and drinking status

B. age, sex, the serum albumin level, body mass index, hypertension, diabetes and drinking status

C. age, sex, the serum albumin level, body mass index, hypertension, diabetes, smoking status and drinking status
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Table 5. PAF and excess deaths due to hypercholesterolemia for CVD, CHD and cardiac death

CVD death CHD death Cardiac Death

JAS definition (TC >=5.69 mmol/L)

HR (95%CI) 1.08 (0.92-1.28) 1.55 (1.10-2.19) 1.29 (1.00-1.66)

PAF 1.7% 10.6% 5.6%

Excess Death 14.6 18.2 19.5
ATPIII definition (TC >=6.21 mmol/L)

HR (95%CI) 1.19 (0.95-1.48) 1.79 (1.16-2.74) 1.53 (1.11-2.12)

PAF 1.7% 6.9% 4.6%

Excess Death 14.6 11.9 » 15.6

HR: hazard ratio, 95%CI: 95% confidence interval, JAS: Japan Atherosclerosis Society, TC: total cholesterol, CVD:
cardiovascular disease, CHD: coronary heart disease, PAF: population attributable fraction

to hypercholesterolemia was 14.6, 18.2 and 19.5 for
CVD, CHD and cardiac death, respectively. The PAF
of hypercholesterolemia determined based on the JAS
definition (TC level >25.69 mmol/L) was 1.7%,
10.6% and 5.6% for CVD, CHD and cardiac death,
respectively. Using the ATP IIl definition (a TC level
of 26.21 mmol/L), the PAFs for CVD, CHD and car-
diac death were 1.7%, 6.9% and 4.6%, respectively.
The number of excess deaths was also estimated to be
14.6 for CVD, 11.9 for CHD and 15.6 for cardiac
death.

Discussion

In this 24-year Japanese cohort study, we found a
1-SD increment in the serum TC level to be positively
associated with an increased risk of CVD, CHD and
cardiac death. Similar results were also observed after
classifying the participants by age (<65 or 265 years)
and sex. Moreover, in the analyses of the seven TC
level categories, the highest TC level (26.72 mmol/L)
was found to be significantly associated with an
increased risk of death due to CVD, especially CHD
and cardiac death, and the PAFs of these diseases were
moderately high. Furthermore, the relationship
between the serum TC level and cardiovascular out-
come was similar to that observed after classifying the
subjects based on other risk factors, such as the preva-
lence of hypertension and current smoking. To the
best of our knowledge, this is the first study to esti-
mate the PAF for CVD death due to a high serum TC
level in a Japanese population with a long follow-up
period. Our results were based on data collected in
1980 and were not influenced by statins, as these
drugs were not available in the market at the time of
the survey.

In previous studies conducted in Western coun-

tries, the estimated PAF of CVD death due to hyper-
cholesterolemia was found to be the highest among
that for other risk factors?>#®. However, the estimated
PAFs in our study were lower than those for other risk
factors, such as smoking (29%) and hypertension
(8%), reported in previous studies assessing Japanese
populations® 7. Generally, the serum TC levels are
lower in patients in Asian countries, including Japan,
than in Western countries?” 2. This observation may
reflect the different impact of PAF of CVD death due
to hypercholesterolemia. Furthermore, the reason for
this difference appears to be due to differences in the
prevalence of CHD and stroke in the Japanese popu-
lation. Compared to that observed in Western coun-
tries, the prevalence of CHD is lower than that of
stroke in Japan®”. Moreover, as demonstrated in this
study, hypercholesterolemia is not related to stroke
mortality, although hypertension, smoking and diabe-
tes are positively associated with stroke as well as
CHD. Consequently, these factors resulted in lower
PAFs due to hypercholesterolemia than those due to
other risk factors in the present study.

As described above, neither a 1-SD increment
nor high serum TC level were found to be associated
with death due to stroke. This observation is consis-
tent with the findings of other studies conducted in
Japan??9, In Japan, hypertension is the strongest risk
factor for stroke, therefore, the influence of hypercho-
lesterolemia is thought to be relatively weak®. More-
over, one subtype of stroke, atherothrombotic infarc-
tion, is positively associated with hypercholesterol-
emia, although its incidence among stroke cases is rel-
atively low in Japan?® %, This may be why hypercho-
lesterolemia is not positively associated with stroke in
Japan. The absence of a positive association between
the cholesterol levels and stroke mortality has also
been noted in studies in Western countries, especially
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among elderly populations or patients with high blood
pressure®®. This is why the HRs and PAFs for total
CVD death due to hypercholesterolemia were lower
than those for CHD and/or cardiac death in the pres-
ent study.

Moreover, we found a significant interaction
between the serum TC level and smoking for CHD
death, and the HR for smoking was higher than that
for non-smoking in the subgroup analysis. These
results are consistent with those reported by the Asia
Pacific Cohort Studies Collaboration? and NIPPON
DATA80°% studies, although such findings have not
been observed consistently®”. Further research is
therefore needed to confirm our findings.

As demonstrated in previous studies® ¥, hyper-
cholesterolemia is an important risk factor for CHD
in Japan. However, the rate of fatalities from CHD
among the Japanese population is lower than that
observed in Western countries®??. Heart failure is
representative of end-stage CHD; therefore, HF may
be registered as the cause of death in patients with
CHD who survive a heart attack. Shiba ez a/. showed
that the frequency of HF with an ischemic etiology is
increasing in ]apan35) Hence, we evaluated the end-
point “cardiac death,” defined as death due to CHD
or HE and observed a similar result as that obtained
for CHD only. Notably, the estimated PAF of CHD
was higher than that of cardiac death, although this
trend reversed when considering the estimated num-
ber of excess deaths.

As mentioned above, although the PAFs for
smoking and hypertension estimated in other studies®
are very high (29%), the rate of smoking is currently
decreasing in Japan, and the prevalence of hyperten-
sion has not changed, even after adjusting for age3® %7,
In contrast, the incidence of hypercholesterolemia is
increasing®. As a result, the PAF of hypercholesterol-
emia may be higher in the future than that estimated
in this study. Moreover, because the generation with
hypercholesterolemia is reaching an age at which the
risk for CVD increases, treating hypercholesterolemia
is becoming increasingly important.

This study is associated with several limitations.
First, we assessed risk factors, including the serum TC
level, at baseline only; therefore, the relationship
between the serum TC level and mortality may have
been underestimated due to random errors in measur-
ing the serum TC levels, known as the regression dilu-
tion effect®. Moreover, we did not have any informa-
tion regarding changes in lifestyle or medications
among the study subjects. For these reasons, it is nec-
essary to apply the PAFs determined in this study to
the present Japanese population with caution. Second,

we were unable to obtain detailed information regard-
ing the subtypes of stroke and heart failure because we
could not view the subjects’ death certificates. In
Japan, the single underling cause of death is deter-
mined according to the ICD-9 code (until 1994) or
ICD-10 code (from 1995 onwards) by a government
officer based on a review of the death certificate. How-
ever, we believe this process may minimize the poten-
tial for information bias because the endpoints of
NIPPON DATA were not defined by the researchers
themselves. Third, we did not have access to data for
other lipid parameters, such as high-density lipopro-
tein cholesterol, because the lipid profiles, with the
exception of the TC level, were not generally evaluated
in Japan during the baseline survey period.

Conclusion

In conclusion, in this long-term cohort study,
hypercholesterolemia was shown to be significantly
associated with an increased risk of death due to
CVD, especially CHD and CHD plus HE in both
sexes among middle-aged and elderly community-
dwelling Japanese individuals. The estimated PAFs of
these diseases due to hypercholesterolemia were lower
than those noted in Western countries and the values
for other traditional risk factors. Nevertheless, we
believe that managing hypercholesterolemia in Japa-
nese patients is necessary in order to prevent the devel-
opment of CVD in these subjects.
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The Relationship between Lectin-Like Oxidized Low-Density
Lipoprotein Receptor-1 Ligands Containing Apolipoprotein B and
the Cardio-Ankle Vascular Index in Healthy Community Inhabitants:
The KOBE Study
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Aims: Lectin-like oxidized low-density lipoprotein (LDL) receptor-1 ligands containing apolipopro-
tein B (LAB) and lectin-like oxidized LDL receptor-1 (LOX-1) are known as LOX-1-related modified
LDL indicators. These indicators play an important role in the early phase atherosclerosis, but the
relationship between these indicators and subclinical atherosclerosis, as represented by the cardio-
ankle vascular index (CAVI), has not been assessed. We herein investigated the association of LOX-1-
related modified LDL indicators and the CAVI in healthy, Japanese urban community inhabitants
who were considered to be at low risk for cardiovascular disease (CVD).

Methods: The participants were 515 healthy Japanese (310 men and 205 women) without a history
of CVD, cancer or the use of medication for hypertension, diabetes or dyslipidaemia. To estimate the
association between LOX-1-related modified LDL indicators (LAB, soluble form of LOX-1 (sLOX-
1)) and the CAVI, we performed multivariable linear regression analyses with possible confounders
such as the serum LDL cholesterol level.

Results: The plasma LAB showed a positive association with the CAVI in men (standardized coeffi-
cient: 0.11, p=0.04). This relationship was not observed in women. On the other hand, no clear
association was observed between the CAVI and the plasma sLOX-1 level in either sex.

Conclusions: The plasma LAB levels may represent a useful marker for detecting potential athero-
sclerosis in healthy individuals considered to be at low risk for atherosclerosis and CVD. Further
studies are needed to confirm the present findings.

J Atheroscler Thromb, 2014; 21:000-000.

Key words: Lectin-like oxidized low-density lipoprotein receptor-1, LOX-1 ligand containing ApoB,
Cardio-ankle vascular index, Community-based study

rosis; the oxidative modification of low-density lipo-

Introduction , : : .
protein (LDL) is considered to play a key role in
Endothelial dysfunction is currently considered endothelial dysfunction?. Lectin-like oxidative LDL
to be an early phase in the development of atheroscle- receptor-1 (LOX-1) is the receptor for oxidative and/
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or modified LDL in endothelial cells?, and both
LOX-1 and its ligands containing apolipoprotein B
(LAB) are involved in endothelial dysfunction® .
Because a specific ELISA assay for LAB using a mono-
clonal anti-ApoB antibody can recognize ApoB-48
and ApoB-100, as well as recombinant LOX-1, this
assay can measure the biological activity of ApoB-con-
taining lipoprotein based on its binding to LOX-1.
This parameter reflects the atherogenicity of whole
modified LDL better than one specific antigenic
determinant of oxidized LDL® 7. Therefore, this
ELISA assay is thought to be suitable for evaluating
the biologic activity of atherogenic lipoproteins. In
fact, recent studies have shown that the soluble form
of LOX-1 (sLOX-1) and LAB both are possible bio-
markers of not only the risk of cardiovascular disease
(CVD), but also subclinical atherosclerotic disease®'V.

On the other hand, since pathological studies
have shown that atherosclerosis of the aorta preceded
effects in other organs'> '3, the cardio-ankle vascular
index (CAVI) is considered to be a useful screening
tool for subclinical atherosclerosis'* . The CAVI is
also a novel arterial stiffness parameter'® '” that is
associated with CVD'¥29,_ In a recent clinical report,
the serum LAB was associated with an increased
intima-media thickness (IMT) in Caucasian men in
the US, but not in Japanese men'?. Since the absolute
risk for CVD in Japanese men is lower than that in
men in the US?", a more sensitive measurement, such
as the CAVI, may be more suitable for detecting
potential atherosclerosis in Japanese people.

Accordingly, we conducted this cross-sectional
study to investigate the association between LOX-1-
related modified LDL indicators (LAB, sLOX-1) and
the CAVI in Japanese urban community inhabitants
considered to be healthy and at lower risk for CVD
than the general population.

Methods

Study Participants

This study is based on data from the baseline
survey of the Kobe Orthopedic and Biomedical Epi-
demiological study (the KOBE study). The KOBE
study is a population-based cohort study; one of its
endpoints is the incidence of lifestyle-related diseases
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such as hypertension, diabetes mellitus and dyslipidae-
mia. All study participants were volunteers, who
resided in Kobe City (one of the major cities in the
Kansai area, which is the second largest urban area in
Japan). The subjects ranged in age from 40-74 years
old. The KOBE participants had to meet the follow-
ing criteria: 1) no current medication use for hyper-
tension, diabetes mellitus or dyslipidaemia; and 2) no
history of CVD or cancer. The details of the KOBE
study were reported elsewhere?. Informed consent
was obtained from each participant in writing. As part
of the baseline survey of this cohort study, the CAVI
was assessed in 549 individuals from July 2010 to
December 2011. Of these, 17 participants were
excluded; 16 had incomplete data and one had a high
triglyceride level (2400 mg/dL). Seventeen additional
participants were excluded because they had a history
of using medication for hypertension, diabetes melli-
tus or dyslipidaemia after the recruiting process. The
remaining 515 individuals (310 men and 205 women)
were included in this study. The present study was
approved by the Ethics Committee at the Institute of
Biomedical Research and Innovation.

Data Collection and Standardization

The study participants were asked to respond to
questionnaires about lifestyle-related factors, such as
the use of medications, smoking (current smoker or
not) and alcohol consumption (current drinker or
not). The body mass index (BMI) was calculated as
the weight (kg) divided by the height squared (m?).
After a five minute rest period, the blood pressure was
measured twice in each participant using an automatic
sphygmomanometer (BP-103i II; Nihon Colin,
Tokyo, Japan), and the mean value for each partici-
pant was recorded.

Blood samples were obtained from all partici-
pants after they had fasted for at least 10 h, and blood
samples were tested in the commissioned clinical labo-
ratory centre (SRL Inc., Tokyo, Japan). The haemo-
globin Alc (HbAlc) level was measured by the latex
coagulating method. Enzymatic methods were used to
measure the serum total cholesterol, high-density lipo-
protein cholesterol (HDL-C) and triglyceride levels.
The LDL cholesterol (LDL-C) level was calculated by
Friedewald’s formula. The serum high sensitivity
C-reactive protein (hs-CRP, mg/L) level was measured
by a BN II nephelometer (Dade Behring, Deerfield,
IL, USA).

The plasma LAB levels were measured using an
enzyme-linked immunosorbent assay (ELISA)®. The
intra- and inter-assay coefficients of variance (CV) for
LAB were 2.2% and 13.1%, respectively (n=26). The
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Table 1. The characteristics of the study participants

Men Women
Number of participants 310 205
Age (years) 619 63+8
BMI (kg/m*) 233 21%2
SBP (mmHg) 123+17 117+18
DBP (mmHg) 78x10 71%10
HbAlc (%) 52+0.5 5.2+0.3
TC (mg/dL) 20428 22632
HDL-C (mg/dL) 61%14 72%15
TG (mg/dL) 88 (63, 120) 74 (56, 96)
LDL-C (mg/dL) 12227 137+29
HR (beat/min) 58+9 61£8
Current smoker (%) 10 1.5
Current drinker (%) 76.8 33.2

hs-CRP (mg/L)
LAB (pg/L)
sLOX-1 (ng/L)
CAV1

0.29 (0.14, 0.54)
22700 (18090, 30470)
113 (93, 141)
8.0+0.9

0.24 (0.10, 0.55)
24660 (18090, 32240)
116 (100, 140)
7.9%0.9

BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, TC: total cholesterol, HDL-C;
high-density lipoprotein cholesterol, TG: triglyceride, LDL-C: low-density lipoprotein cholesterol, HR: heart rate,
hs-CRP: high sensitivity, C-reactive protein, LAB: lectin-like oxidized LDL receptor-1 (LOX-1) ligand containing
apolipoprotein B, sLOX-1: soluble form of LOX-1, CAVI: cardio-ankle vascular index

The values were expressed as the means # standard deviation (SD) or medians (interquartile ranges) for continuous

variables, and as percentages for categorical variables.

plasma sLOX-1 levels were measured by a sandwich
ELISA using two types of monoclonal antibodies
against the extracellular domain of LOX-1'%. The
blood collection tubes for LAB and sLOX-1 were
identical to those used for blood glucose; the tubes
contained sodium fluoride, heparin sodium and ethyl-
enediaminetetraacetic acid (EDTA-2Na). The intra-
and inter-assay CVs for sSLOX-1 were 2.4% and 7.8%,
respectively (7=26).

The CAVI was measured using a VaSera CAVI
instrument (Fukuda Denshi Co. Ltd., Tokyo, Japan).
After a five minute rest, the CAVI was assessed, and
the heart rate was measured simultaneously. The CAVI
was calculated using the formula below:

CAVI=a {(2p/AP) xIn (Ps/Pd) PWV?} +b

where Ps is the systolic blood pressure, Pd is the
diastolic blood pressure, PWV is the pulse wave veloc-
ity, AP is Ps - Pd, p is the blood density and a and b
are constants. The VaSera is equipped with both mea-
surement and calculation systems, which allowed for
automatic calculation of the CAVIL

Statistical Analysis
Sex-specific analyses were performed. The basic

characteristics were expressed as the means = standard
deviation (SD) or medians (and interquartile ranges)
for continuous variables, and as percentages for cate-
gorical variables. The correlation between the LAB
and sLOX-1 (both log-transformed) was estimated by
Pearson’s product-moment correlation in each sex.
The sex-specific CAVI was also compared by tertiles
of the LAB or sLOX-1 using an analysis of covariance
after adjusting for age, BMI, systolic blood pressure,
heart rate, HbAlc, current smoking status and current
alcohol consumption (drinker or not).

Univariable linear regression analyses were per-
formed to determine the relationships between the
CAVI and the variables used in multivariable models
(LAB, sLOX-1, age, BMI, systolic blood pressure,
heart rate, HbAlc, current smoker or not, current
alcohol drinker or not, LDL-C, hs-CRP and HDL-
C). The LAB, sLOX-1 and hs-CRP were log-trans-
formed in all of the regression analyses. Multiple
adjustments were also performed with linear regres-
sion models to estimate the association between LAB
and sLOX-1 and the CAVL

Model 1 included the age, BMI, systolic blood
pressure, heart rate, HbAlc, current smoking status
and current alcohol consumption. Model 2 included
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Table 2. The results of the univariable linear regression analyses for the relationship between the CAVI and the variables used in
the multivariable models

Men Women

Coefficient 95%CI p value Coefficient 95%CI p value
Ln LAB 0.525 0.260 to0 0.790 <0.001 0.112 -0.159 t0 0.383 0.415
Ln sLOX-1 0.212 —=0.070 t0 0.493 0.140 -0.133 -0.397 10 0.131 0.322
Age 0.061 0.052 to 0.071 <0.001 0.067 0.054 t0 0.079 <0.001
BMI -0.023 —-0.062 t0 0.017 0.258 -0.048 -0.098 t0 0.001 0.056
SBP 0.015 0.009 to0 0.021 <0.001 0.017 0.010 to 0.024 <0.001
HR 0.014 0.003 to0 0.026 0.017 0.017 0.002 to 0.032 0.024
HbAlc 0.420 0.228 t0 0.612 <0.001 0.556 0.182 t0 0.930 0.004
Current smoker 0.235 -0.586 10 0.115 0.188 ~0.845 ~1.861 t0 0.171 0.103
Current drinker -0.170 —0.419 t0 0.079 0.180 -0.114 —0.375 t0 0.146 0.388
LDL-C 0.001 -0.003 t0 0.005 0.616 0.003 -0.002 to 0.007 0.209
Ln hs-CRP 0.186 0.090 to 0.281 <0.001 0.168 0.072 to 0.263 0.001
HDL-C -0.008 -0.015 to0 0.000 0.037 -0.009 -0.017 to —0.001 0.026

CAVT: cardio-ankle vascular index, 95%Cl; 95% confidence interval, LAB; lectin-like oxidized LDL receptor 1(LOX-1) ligand containing apolipo-
protein B, sLOX-1; soluble form of LOX-1, BMI: body mass index, SBP: systolic blood pressure, HR: heart rate, LDL-C: low density lipoprotein

cholesterol, hs-CRP: high sensitivity C-reactive protein, HDL-C; high density lipoprotein cholesterol

the variables in Model 1, plus the serum LDL-C lev-
els. In Model 3, the hs-CRP was added to the vari-
ables in Model 2. Model 4 included all of the variables
in Model 3, as well as the HDL-C. The adjusted coef-
ficient of determination (adjusted R-squared) was also
calculated for each model.

To evaluate the collinearity between variables,
especially the LDL-C and LAB or sLOX-1 in regres-
sion models, we estimated the variance inflation factor
(VIF) in each Model. If the estimated VIF for one
variable is over 10, there is strong possibility of the
existence of colliniearity?. All statistical analyses were
performed using the R version 3.0.1 software program
(R Foundation for Statistical Computing, Vienna,
Austria). The significance level was set at p<0.05, and
all statistical tests were two-tailed.

Results

Table 1 shows the characteristics of study partici-
pants. The mean age was 61 =9 years in men and 63 *
8 years in women. The median LAB (ug/L) was
22,700 (18,090, 30,470) in men and 24,660 (18,090,
32,240) in women. The median sLOX-1 (ng/L) was
113 (93, 141) in men and 116 (100, 140) in women.
Neither the LAB nor sLOX-1 was significantly differ-
ent between the genders. The correlations between the
LAB and sLOX-1 were not significant in either gender
(r=0.04, p=0.47 in men and r=0.05, p=0.51 in
women). The mean blood pressure and HbAlc did
not meet the criteria for hypertension or diabetes. The

mean LDL-C levels in women were higher than those
in men, but did not reach the abnormal range. The
current smoking rate was 10.0% in men and 1.5% in
women, and the current drinking rate was 76.8% in
men and 33.2% in women. The mean CAVI was
8.0%0.9. The CAVI values did not differ significantly
between men and women (8.0%0.9 and 7.9+0.9,
respectively).

The results of the univariable linear regression
analyses for the relationship between the CAVI and
the variables used in the multivariable models were
presented in Table 2. There was a significant positive
association between the LAB and CAVI in men, but
not in women. On the other hand, there were no asso-
ciations between the sLOX-1 (log-transformed) and
CAVI in either men or women.

The associations between the LAB (log-trans-
formed) and CAVI in the multivariable linear regres-
sion models are presented in Table 3. After stratifica-
tion by sex, statistically significant positive associations
were shown in all three models for men. The coeffi-
cients or standardized coefficients in all models for
men were not very different. In contrast, no associa-
tions were observed in any of the models for women.
The plasma sLOX-1 (log-transformed) was also not
associated with the CAVI in any model of the sex-spe-
cific analyses (Table 4). The serum LDL-C levels were
not significantly associated with the CAVI in any of
the results for model 2. Even if hs-CRP was added as
an independent variable in the multivariable linear
regression models, the results remained unchanged
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Table 3. The results of the multivariable linear regression analyses for the relationship between the LAB and the CAVI

. Standardized
Cocfficient 95%Cl Coefficient 2 value VIF
Men

Model 1 Ln LAB 0.232 0.008 to 0.456 0.096 0.042 1.120

Adjusted R-squared: 0.389
Model 2 Ln LAB 0.255 0.005 to 0.506 0.106 0.046 1.398
LDL-C —-0.001 -0.004 to 0.003 -0.021 0.685 1.325

Adjusted R-squared: 0.387
Model 3 Ln LAB 0.264 0.015 to 0.513 0.109 0.038 1.399
LDL-C 0.000 —0.004 to 0.002 -0.029 0.572 1.333
Ln hs-CRP 0.087 0.007 t0 0.168 0.100 0.033 1.121

Adjusted R-squared: 0.395
Model 4 Ln LAB 0.247 =0.004 to 0.498 0.102 0.053 1.420
LDL-C -0.001 —0.005 to 0.002 -0.031 0.550 1.334
Ln hs-CRP 0.081 0.000 t0 0.162 0.093 0.051 1.146
HDL-C —0.004 =0.011 to 0.003 -0.055 0.290 1.378

Adjusted R-squared: 0.395

Women

Model 1 Ln LAB 0.038 =0.177 10 0.253 0.019 0.727 1.092

Adjusted R-squared: 0.424
Model 2 Ln LAB 0.008 =0.235 t0 0.251 0.004 0.949 1.392
LDL-C 0.001 —=0.003 to 0.005 0.034 0.598 1.487

Adjusted R-squared: 0.422
Model 3 Ln LAB —-0.001 —-0.242 t0 0.240 -0.001 0.993 1.393
LDL-C 0.001 —0.003 to 0.005 0.042 0.512 1.491
Ln hs-CRP 0.092 0.011 10 0.172 0.129 0.026 1.184

Adjusted R-squared: 0.434
Model 4 Ln LAB —0.081 -0.326 t0 0.164 —-0.041 0.516 1.488
LDL-C 0.002 =0.002 to 0.006 0.052 0.416 1.496
Ln hs-CRP 0.091 0.012 t0 0.170 0.129 0.024 1.184
HDL-C -0.008 —0.015 to —0.002 —-0.142 0.011 1.153

Adjusted R-squared: 0.449

95%CI: 95% confidence interval, LAB: lectin-like oxidized LDL receptor-1 ligand containing apolipoprotein B, CAVI: cardio-ankle vascular index,
LDL-C: low-density lipoprotein cholesterol, hs-CRP: high sensitivity C-reactive protein, HDL-C; high density lipoprotein cholesterol
Variables for Model 1: age, body mass index, systolic blood pressure, heart rate, HbAlc, current smoker or not, current alcohol drinker or not and

LAB (log-transformed).

Variables for Model 2: Model 1 +LDL-C
Variables for Model 3: Model 2 + hs-CRP
Variables for Model 4: Model 3 + HDL-C

(Model 3 in Table 3 and Table 4). Morcover, these
results were also similar when the serum HDL-C lev-
els were added to both linear regressions (Model 4 in
Tables 3 and 4).

The multivariable adjusted CAVI levels tended
to be higher according to LAB tertile in men, but this

trend was not significant (p=0.15, ANCOVA, Fig.1).
The estimated VIFs indicated that there was little evi-
dence for the existence of collinearity. The estimated
VIFs for LAB, sLOX-1, LDL-C, hs-CRP and HDL-C
are shown in Tables 3 and 4. In addition, the VIFs for
the other variables were not over 1.5 (data not shown).
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Table 4. The results of the multivariable linear regression analyses for the relationship between the sSLOX-1 and the CAVI

Cocffcient 95%CI Swndardized o VIF
coefficient
Men

Model 1 Ln sLOX-1 -0.071 —0.299 to 0.158 -0.028 0.542 1.061

Adjusted R-squared: 0.381
Model 2 Ln sLOX-1 ~0.066 =0.296 to 0.163 -0.026 0.571 1.068
LDL-C 0.001 =0.002 to 0.004 0.023 0.623 1.069

Adjusted R-squared: 0.380
Model 3 Ln sLOX-1 -0.067 -0.295 to 0.161 -0.027 0.563 1.068
LDL-C 0.001 —0.003 to 0.004 0.016 0.723 1.074
Ln hs-CRP 0.085 0.004 to 0.166 0.097 0.040 1.120

Adjusted R-squared: 0.387
Model 4 Ln sLOX-1 -0.068 -0.300 to 0.160 -0.027 0.559 1.068
LDL-C 0.000 -0.003 to 0.004 0.011 0.817 1.084
Ln hs-CRP 0.077 —0.004 to0 0.159 0.089 0.064 1.143
HDL-C -0.005 —0.011 t0 0.002 -0.067 0.195 1.358

Adjusted R-squared: 0.388

Women

Model 1 Ln sLOX-1 -0.091 —0.294 to 0.112 -0.048 0.376 1.026

Adjusted R-squared: 0.426
Model 2 Ln sLOX-1 —-0.089 -0.292t00.114 -0.046 0.389 1.028
LDL-C 0.001 —0.002 to 0.005 0.034 0.551 1.169

Adjusted R-squared: 0.424
Model 3 Ln sLOX-1 -0.092 =0.293 t0 0.109 —0.048 0.367 1.028
LDL-C 0.001 —0.002 to 0.005 0.040 0.482 1.171
Ln hs-CRP 0.092 0.012 t0 0.172 0.128 0.024 1.183

Adjusted R-squared: 0.436
Model 4 Ln sLOX-1 -0.057 -0.258 to 0.144 -0.030 0.575 1.050
LDL-C 0.001 -0.002 to 0.004 0.032 0.574 1.175
Ln hs-CRP 0.091 0.012 t0 0.170 0.128 0.025 1.184
HDL-C —-0.008 ~-0.014 to —0.001 -0.129 0.019 1.103

Adjusted R-squared: 0.449

95%CI: 95% confidence interval, sLOX-1: soluble form of lectin-like oxidized LDL receptor-1, CAVI: cardio-ankle vascular index, LDL-C: low-
density lipoprotein cholesterol, hs-CRP: high sensitivity C-reactive protein, HDL-C; high density lipoprotein cholesterol
Variables for Model 1: age, body mass index, systolic blood pressure, heart rate, HbAlc, current smoker or not, current alcohol drinker or not and

sLOX-1 (log-transformed).

Variables for Model 2: Model 1 +LDL-C
Variables for Model 3: Model 2 + hs-CRP
Variables for Model 4: Model 3+HDL-C

Discussion

In the present cross-sectional study of healthy
Japanese community-dwellers who were considered to
be at low risk for atherosclerosis, there were positive
associations between the CAVI and LAB, especially in

men. Moreover, the positive associations between the
LAB and the CAVI were not changed after adjustment
for the LDL-C. These tendencies were not changed
with further adjustment for the levels of hs-CRP and
HDL-C. On the other hand, no clear association
between sLOX-1 and the CAVI was observed in either
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Fig.1. The multivariable adjusted mean of the CAVI among tertiles of the LAB or sLOX-1.

A) The multivariable adjusted mean CAVI among tertiles of the LAB (men)

B) The multivariable adjusted mean of CAVI among tertiles of the sSLOX-1 (men)

C) The multivariable adjusted mean of CAVI among tertiles of the LAB (women)

D) The multivariable adjusted mean of CAVI among tertiles of the sLOX-1 (women)

*The tertile of each category [minimum value to max value]

A)T1 [4126 10 19340], T2 [19390 to 27150], T3 [27180 to 61360] (pg/L)

B) T1 [57 to 101}, T2 [101 to 125}, T3 [126 to 1264] (ng/L)

C) T1 [6324 to 20430], T2 [20630 to 28500], T3 [28670 to 76860] (pg/L)

D) T1 {59 to 103], T2 {104 to 127], T3 [129 to 16460] (ng/L)

CAVT: cardio-ankle vascular index, LAB: LOX-1 ligand containing apolipoprotein B, sSLOX-1: soluble form of LOX-1
Adjusted by age, body mass index, systolic blood pressure, heart rate, HbAlc, current smoker or not, current alcohol drinker or not

sex.

The major strength of the present study was that
the participants were representative of the healthy
population in Japan, without histories of CVD or
medication use for risk factors, such as hypertension.
Because healthy community dwellers rarely visit hos-
pitals to receive health examinations for atherosclero-
sis, it is difficult to collect data about the parameters
related to early-stage atherosclerosis in healthy indi-
viduals compared with unhealthy individuals. While

health data obtained from work sites could contribute

to investigations of the present study question, it may
be impossible to accurately assess the atherosclerotic
condition of individuals, because the mean age of
patients included in occupational databases is usually
lower than that in the general population. There is
also a risk of bias due to the healthy worker effect??.
Both in vitro and animal experiments have
shown that the LAB is related to endothelial dysfunc-
tion, which leads to lipid sedimentation®*, inflamma-
tion?”, migration and the proliferation of smooth
muscle??®, and to the formation of foam cells?”. All of
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these phenomena are thought to enhance the progres-
sion of atherosclerosis. In addition, elevation of the
serum LAB levels also increased the risk of CVD,
including ischemic stroke, in a long-term Japanese
cohort study’®. These experimental and clinical find-
ings were compatible with the results of the present
study. LAB may reflect a subclinical state of athero-
sclerotic findings, so it could predict the risk of future
CVD events'?. In contrast, sSLOX1 may be a useful
marker for the diagnosis of CVD in the acute phase,
because elevated sLOX-1 levels were observed in acute
coronary syndrome in previous clinical studies®?.

In a recent report, the serum LAB level was asso-
ciated with an increased intima-media thickness in
Caucasian men in the US after adjusting for other risk
factors, but this relationship was not found in Japa-
nese men Y. The CAVI measures the heart-ankle pulse
wave velocity, and is believed to reflect atherosclerosis
of the aortic wall. Since previous studies indicated that
the progression of atherosclerosis was observed earlier
in the aorta than at other sites'>?, the CAVI is a use-
ful tool for evaluating early-phase atherosclerosis. In
contrast, the result of the intima-media thickness may
indicate the progression of advanced atherosclerosis.
One of the reasons why the results were different
between this study and the previous one'” may be the
difference in the indicators, CAVI vs. intima-media
thickness. In addition, there was a difference in the
ages of the populations in these studies. The previous
study had a younger study population (40-49 years)
compared to this study (mean age of men: 61%9
years).

In this study, a positive association between the
LAB and the CAVI was observed in men, but not in
women. The sex-specific positive association may
reflect a potential sex difference in the risk for CVD
among Japanese perticipants. The median levels of
LAB and the mean CAVI were not significantly differ-
ent between men and women, but the proportion of
high CAVI levels (CAVI 29.0) was larger in men than
in women (19% and 11%, respectively; p=0.02). The
mean age in the high CAVI population did not differ
by sex. This finding indicates that the early atheroscle-
rotic changes detected by CAVI may tend to progress
more in men compared to women of the same age,
and this difference may be associated with the rela-
tionship between the CAVI and LAB observed in our
study. Japanese women tend to have a much lower risk
for coronary artery disease (CAD) than Japanese
men?, whose risk for CAD is also lower than that in
US populations?”. Therefore, the determination of
risk factors for CAD is difficult to evaluate in Japanese
women.

Accepted for publication: September 28, 2014
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Our previous study® based upon the KOBE
study showed that the hs-CRP level was positively
associated with the CAV], and the association between
LDL-C and the CAVI was weak. These results indi-
cated that the hs-CRP could be a more useful marker
for atherosclerosis than LDL-C to detect early athero-
sclerosis in a healthy population without traditional
risk factors for CVD, such as diabetes. In the present
study, the serum hs-CRP level showed a positive asso-
ciation with the CAVI in all models of this study, and
the results were concordant with those of the previous
study. CRP is a marker for inflammation that is clini-
cally useful in the evaluation of potential atherosclero-
sis, because inflammation enhances endothelial dys-
function. LAB is also involved in promoting inflam-
mation?, but it influences various other reactions
leading to the progression of atherosclerosis® % 2 7).
The positive relationship between the LAB and the
CAVI in men in the present study was not influenced
by adding the hs-CRP level to regression models;
therefore, this result may indicate that the LAB has an
influence on the development of atherosclerosis caused
not only by inflammation, but also by other pathways.
In addition, because the hs-CRP level is affected by
infections or inflammatory diseases, the serum LAB
levels may be represent another helpful marker that
can be used to screen for subclinical atherosclerosis in
individuals who have no or few risk factors for CVD.

The present study is associated with several pos-
sible limitations. First, this study was a cross-sectional
study; thus, causality cannot be determined. The
results of this study need to be confirmed in future
prospective studies. Second, LOX-1-related modified
LDL indicators are new markers for CVD and sub-
clinical atherosclerotic diseases. Much is unknown
about their relationship with environmental or life-
style related factors. Third, the CAVI is also a rela-
tively new method for assessing atherosclerosis; its
relationship with future CVD events has not been suf-
ficiently investigated. Fourth, collinearity may exist
between the LDL-C and LAB or sLOX-1 in the linear
regression models. However, the estimated VIFs for
the LDL-C, LAB and sLOX-1 in Models 2, 3 and 4
were small, so there was little evidence for the exis-
tence of such collinearity. Finally, the generalizability
of our study results is limited, because the KOBE
study participants (volunteers) are believed to be more
health conscious than the general population. Thus,
the results of the present study should be applied to
the general population with caution.
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Conclusions

In this cross-sectional study of healthy Japanese
city dwellers who were considered to be at low risk for
atherosclerosis, the LAB was positively associated with
the CAVI in men, but not in women, after adjustment
for possible confounders. In contrast, no clear associa-
tion between the sLOX-1 and the CAVI was observed.
The LAB may have the potential to be a useful marker
for detecting subclinical atherosclerosis, particularly in
men, who seem to be at low risk based on the estab-
lished CVD risk factors. However, the change in the
mean CAVI affected by the level of LAB was very
small, and there are limited evidences available to eval-
uate the association between the LAB and the inci-
dence of CVD in epidemiologic studies, so further
research will be needed to continue elucidating the
relationship and to confirm the present findings.
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ARTICLE INFO ABSTRACT

Article history: Objective: The utility of lipoprotein particle profiles measured by nuclear magnetic resonance (NMR)

Received 15 April 2014 spectroscopy beyond standard serum lipids remains inconclusive. Furthermore, few studies have

fgcjﬂf';%?f"md form compared NMR measurements with standard lipids in association with coronary artery calcification
)

(CACQ) in Japanese, where the coronary atherosclerotic burden is low. We examined whether NMR-based
lipoprotein particle profiles are associated with CAC, and compared them with standard lipid and lipid
ratios in the Japanese general population.
Methods and Results: We conducted a cross-sectional study in 851 men aged 40—79 years without
Coronary artery calcification cardiovascular diseases and lipid—lowering‘ therapies. Adjusted odds ratios (ORs) (95% confidence in-
Epidemiology tervals) for the top versus the bottom quartile of NMR-measured particle concentrations were 2.01 (1.24
Lipids —3.23) for low-density lipoprotein (LDL-P), 1.04 (0.62—1.75) for high-density lipoprotein (HDL-P), 1.82
Lipoproteins (113-2.95) for very-low-density lipoprotein (VLDL-P), and 1.92 (1.18—3.17) for LDL-P/HDL-P ratio.
Similarly adjusted ORs of NMR-measured particle sizes were 0.59 (0.36—0.97) for LDL-P, 0.66 (0.40—1.10)
for HDL-P, and 0.67 (0.40—1.12) for VLDL-P. The corresponding ORs were 1.82 (1.14—2.90) for total
cholesterol (TC), 2.06 (1.28—3.30) for low-density lipoprotein chelesterol (LDL-C), 0.56 (0.34—0.91) for
high-density lipoprotein cholesterol (HDL-C), 2.02 (1.24—3.29) for triglycerides, 2.08 (1.29—-3.36) for non-
high-density lipoprotein cholesterol (non-HDL-C), 2.27 (1.37—3.78) for TC/HDL-C ratio, and 1.73 (1.06
—2.85) for LDL-C/HDL-C ratio. After mutual adjustment for total LDL-P concentration and TC/HDL-C ratio
or non-HDL-C, LDL-P was no longer associated, whereas TC/HDL-C ratio remained significantly associated
with CAC.
Conclusions: In community-based Japanese men, the overall association of CAC with NMR-measured
lipoprotein indices is comparable, but not superior, to that with standard lipids.

© 2014 Elsevier Ireland Ltd. All rights reserved.
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connection with their atherogenic properties [2,3]. NMR-based li-
poprotein profiles have thus been suggested as alternative lipo-
protein measures for improved risk assessment of cardiovascular
disease (CVD). These profiles have also been reported to be asso-
ciated with an increased risk of CVD outcomes or subclinical
atherosclerosis [4—8].

However, how well NMR-based lipoprotein indices predict CVD
or subclinical atherosclerosis compared with standard serum lipids
remains uncertain. Only a few prospective population-based
studies have directly compared the predictability of clinical CVD
risk between various NMR-based lipoprotein profiles and standard
lipids including ratio measures [5,6]. In those studies, the associa-
tion of CVD risk with NMR measures was statistically significant,
yet of a lesser magnitude than that with standard lipids. Interest-
ingly, the studies that compared these indices in association with
subclinical atherosclerosis reported a stronger relation of NMR-
based indices than standard lipids [7,8]. Additionally, these epide-
miological studies were mainly conducted in Western countries.

The burden of coronary atherosclerosis in Japan has remained
lower compared with that in Western populations. This has been
confirmed with multiple levels of evidence, including comparative
studies for clinical coronary artery disease (CAD) {8}, an autopsy
study [10], and studies on the subclinical stage of coronary
atherosclerosis as measured by coronary artery calcification (CAC)
{11—13]. More recently, however, the overall levels of total choles-
terol (TC) in Japan have now become similar to or even higher than
those in US {9,14,15]. The level of high-density lipoprotein (HDL)
cholesterol (HDL-C) among Japanese adults is higher than that of
the US |16}, and has increased in recent years {17,18]. Literature is
scarce on comparison of NMR-based lipid profiles among
community-based samples from Japan and other countries. How-
ever, we have reported considerable differences in this profile
among samples of Japanese men and Caucasians from the US [19}].
To the best of our knowledge, no studies have examined the asso-
ciation of NMR-measured lipoproteins with subclinical athero-
sclerosis in the general Japanese population.

Therefore, we conducted a cross-sectional study of the general
Japanese population to examine whether NMR-based lipoprotein
particle profiles are associated with CAC, a marker of subclinical
atherosclerosis, and compared them with standard lipid and lipid
ratios. A community-based Japanese population tends to have a
lower burden of CAD and subclinical atherosclerosis compared
with Western populations. Therefore, this Japanese population
would be useful for examining lipid profiles for CVD assessment in
low-risk populations.

2. Methods
2.1. Participants and risk factor measurement

Participants eligible for the present study were 1094 Japanese
men enrolled at baseline (May 2006 to March 2008) in the Shiga
Epidemiological Study of Subclinical Atherosclerosis (SESSA).
Detailed methods are described elsewhere [20,21]. In brief, SESSA
participants were community-dwelling men aged 40—79 years,
who were selected based on an age-stratified random sample from
the Basic Residents’ Register of the city, which includes information
on the name, age, and sex of residents. The present study was
approved by the Institutional Review Board of Shiga University of
Medical Science (No. 17—19, 17—-83).

A total of 243 men were excluded from this analysis for the
following reasons: history of CVDs (n = 103), use of lipid-lowering
medications (n = 119), missing information for lipid parameters
(n = 9), and participants with a triglyceride (TG) level at or above
400 mg/dl (n = 12). The last criterion was used to adequately

estimate low-density lipoprotein (LDL) cholesterol (LDL-C) levels
following Friedewald's formula {22—24]. Therefore, 851 partici-
pants were finally included in the present analyses (mean [SD] age,
63.4 [10.0] years).

2.2. CAC

We assessed CAC either by electron-beam computed tomogra-
phy (EBCT) (n = 593, 75.1%) using a C-150 scanner (Imatron, South
San Francisco, CA, USA) or 16-channel multidetector-row computed
tomography (MDCT, n = 258) scans using an Aquilion scanner
(Toshiba, Tokyo, Japan). Images were obtained from the level of the
root of the aorta through the heart at a slice thickness of 3 mm, with
a scan time of 100 ms (EBCT) or 320 ms (MDCT). We acquired
images at 70% of the cardiac cycle, using electrocardiogram trig-
gering, during a single breath-hold. Quantification of CAC was
performed using a DICOM workstation and Acculmage software
(Acculmage Diagnostics, South San Francisco, CA, USA). The pres-
ence of CAC was defined as a minimum of 3 contiguous pixels
(area = 1 mm?) with a density > 130 Hounsfield units (HU). We
placed a region of interest around each high-density lesion in the
epicardial coronary arteries. Peak density (HU) and area (mm?) of
the individual coronary calcifications were measured, and then the
CAC score was calculated according to the Agatston method {251
All computed tomography (CT) images were read by one physician
who was trained in CT reading at the Cardiovascular Institute of the
University of Pittsburgh, and who was blinded to participants' de-
mographics. The protocol described above was adopted from a
separate cohort study performed by our research group {21}, in
which the reproducibility of the scans showed an intraclass cor-
relation of 0.98 {11]. In stratified analysis by type of CT, we found
that trends were similar between participants assessed by EBCT and
those by 16-channel MDCT (data not shown). Additionally, CAC
assessment by EBCT and MDCT has been reported to be comparable
[26]. Therefore, we presented the combined resuits. To define the
presence of CAC, a CAC score >0 was used [71.

2.3. Assays for lipids, lipoproteins, and other variables

Venipuncture was performed early in a clinical visit after a 12-h
fast. We separated serum by centrifugation (3000 revolutions per
min, for 15 min) at 4 °C within 90 min. Samples were sent for
routine laboratory tests, including those for lipids and glucose.
Plasma glucose levels were determined from NaF-treated plasma
using a hexokinase glucose-6-phosphate-dehydrogenase enzy-
matic assay. Serum TC and TG were determined using enzymatic
assays, and HDL-C was measured using a direct method (Deter-
miner-C-TC, Determiner-C-TGL, Determiner-L HDL-C, respectively;
Kyowa Medix, Tokyo, Japan). Serum lipids were determined at a
single laboratory (Shiga Laboratory; MEDIC, Shiga, Japan) that has
been certified for standardized lipid measurements according to
the protocol of the Centers for Disease Control and Prevention/US
Collaborating Center for Reference Method Laboratory Network
Research in Blood Lipids (CDC/CRMLN) [27]. We used Friedewald's
formula to estimate LDL-C levels [28]. Non-high-density lipopro-
tein cholesterol (non-HDL-C) was calculated by subtracting HDL-C
from TC.

Serum samples were stored at —80C° and shipped on dry ice to
LipoScience Inc, (Raleigh, NC) for lipoprotein particle analysis. NMR
spectroscopy [1] was performed to quantify the particle concen-
trations of very-low-density lipoprotein (VLDL), LDL, and HDL [29].
Additionally, particle concentrations were further determined for 3
VLDL subclasses (large, >60 nm; medium, 35—60 nm; and small,
27—-35 nm), 3 LDL subclasses (intermediate-density lipoprotein
[IDL], 23—27 nm; large, 21.3—23 nm; small, 18.3—21.2 nm), and 3

—217—



T. Hisamatsu et al. / Atherosclerosis 236 (2014) 237—243 239

HDL subclasses (large, 8.8—13 nm; medium, 8.2—8.8 nm; and small,
7.3—8.2 nm) {30]. We calculated weighted average particle sizes of
VLDL, LDL, and HDL.

2.4. Statistical analysis

Analyses were performed using the Statistical Package for the
Social Sciences, version 18.0] (SPSS Inc., Chicago, IL, USA) and SAS
version 9.3 (SAS Institute, Cary, NC, USA). Two-tailed P values <0.05
were considered significant. Participants' characteristics are shown
using means and standard deviations (SDs) for continuous variables
with approximately normal distributions or medians and inter-
quartile ranges for continuous variables with skewed distributions,
and percentages for categorical variables according to the absence
or presence of CAC. Differences in characteristics were evaluated
using the unpaired Student's t test, Mann—Whitney U-test, or x*
test, as appropriate. We calculated age-adjusted Spearman's rank
correlation coefficients between the measured lipid levels. We
divided each index of lipid into quartiles, and conducted logistic
regression to estimate multivariable adjusted odds ratios (ORs) and
95% confidence intervals (Cls) for the presence of CAC (CAC score
>0) according to the quartiles. In most analyses, the adjusted
covariates were as follows: age, smoking status (former, current),
ethanol consumption (g/day), BMI, blood glucose, systolic blood
pressure, medication status (hypertension and diabetes), [above
these covariates were defined as “non-lipid risk factors”], and type
of CT. Further adjustment for exercise (defined as participants who
regularly exercised >1 h/week) and a family history of coronary
heart disease did not substantially affect the findings. Therefore, we
did not include these variables in the model. The P value for linear
trend across quartile was obtained with the median value for each
quartile. We also calculated adjusted ORs and 95% Cls per 1-SD
increase in lipid indices for the presence of CAC. The following
lipid indices were log-transformed due to their skewed distribu-
tions: TG, small LDL particle (LDL-P), IDL, large and medium HDL
particles (HDL-P), and total, large, medium, and small VLDL parti-
cles (VLDL-P). Furthermore, we analyzed non-HDL-C, total LDL-P
concentration, and TC/HDL-C ratio in multivariable logistic
regression models that were adjusted for other lipids according to
previous studies. [7,8].

3. Results

The characteristics of the participants according to CAC are
shown in Table 1. Participants with CAC tended to be older and to
have less favorable risk factor distributions than those without CAC,
including BM], blood glucose, systolic and diastolic blood pressure,
and medication status (hypertension and diabetes). Participants
with CAC had higher levels of TG, non-HDL-C, NMR-measured li~
poprotein particle concentrations of total LDL-P, small LDL-P, and all
of the ratios than those without CAC. Participants with CAC also had
lower levels of HDL-C, total and small HDL-P concentrations, and
had a smaller size of LDL-P compared with those without CAC.

Supplementary table 1 shows the age-adjusted Spearman's
correlation coefficients between NMR-based indices and standard
lipid-based indices. Total LDL-P concentration was strongly corre-
lated with LDL-C and non-HDL-C (r = 0.806 and 0.815, respec-~
tively). Large HDL-P concentration was positively correlated with
HDL-C (r = 0.877), but inversely correlated with TC/HDL-C ratio
(r = —0.813). Moreover, total and medium VLDL-P concentrations
were strongly correlated with TG (r = 0.856 and 0.804, respec-
tively). Additionally, LDL-P/HDL-P ratio was strongly correlated
with TC/HDL-C and LDL-C/HDL-C ratios (r = 0.828 and 0.872,
respectively).

Table 1
Characteristics of the participants according to the absence or presence of CAC in
apparently healthy Japanese men aged 40—-79 years: SESSA, Shiga, 2006—2008.

CAC(-)(n=328) CAC(+)(n=523) Pvalue
Age—years 584 (11.3) 65.9 (7.8) <0.001
Smokers—%
Current 329 338 0.783
Former 47.3 51.2 0.258
Ethanol 26.8 (28.0) 33.5(27.9) <0.001
consumption—g/day
Body mass index—kg/m? 22.9 (2.8) 23.6 (3.1) <0.001
Blood glucose—mg/dl 98.5(17.3) 103.9 (23.1) <0.001
Blood pressure—mmHg
Systolic 129.7 (17.4) 139.7 (19.6) <0.001
Diastolic 77.7 (10.6) 80.9 (11.1) <0.001
Exercise-—% 37.2 46.3 0.009
Medication for 131 314 <0.001
hypertension—%
Medication for 2.7 103 <0.001
diabetes—%
Family history of 113 11.1 0.932
coronary
heart disease—%
Standard lipids—mg/dl
TC 208.5 (32.6) 209.7 (35.0) 0.489
LDL-C 125.0 (31.2) 127.2 (31.9) 0.292
HDL-C 61.8 (16.2) 57.8 (17.6) <0.001
TG* 94.0 (70.0, 133.5)  105.0 (77.0, 152.0) 0.001
Non-HDL-C 146.6 (34.4) 152.0 (35.3) 0.019
Lipoprotein particle concentrations
LDL-P—nmol/l
Total 1242.7 (371.2) 1320.8 (391.6) 0.003
Large 645.6 (282.8) 635.1 (290.9) 0.673
Small® 471.0 (94.0, 756.3) 559.0 (107.0, 888.0)  0.007
DL? 100.0 (44.8, 169.0) 84.0 (40.0, 161.0) 0.276
HDL-P—pmol/l
Total 35.1(6.2) 33.5(6.7) <0.001
Large® 6.8 (4.8, 10.1) 6.4 (4.1, 9.6) 0.055
Medium? 7.4 (4.8, 10.6) 7.3 (4.9, 10.3) 0.566
Small 19.4 (5.3) 185 (5.1) 0.004
VLDL-P—nmol/l
Total* 47.3 (27.3, 76.4) 51.2 (275, 87.8) 0.064
Large® 0.6 (0.3, 1.6) 0.5 (0.2, 1.6) 0.151
Medium?® 16.7 (6.9, 33.6) 18.7 (9.1, 38.1) 0.184
Small® 24.1 (13.0,42.3) 27.2(12.2,48.2) 0.289
Lipoprotein particle size—nm
LDL-P 21.0(0.5) 20.9 (0.6) 0.013
HDL-P 9.3 (0.5) 9.3 (0.5) 0.717
VLDL-P 44.7 (5.9) 444 (5.8) 0.590
Ratios
TC/HDL-C 3.6(1.0) 39(1.1) <0.001
LDL-C/HDL-C 2.2(0.8) 24(0.9) 0.001
LDL-P/HDL-P 36.9 (14.2) 41.4(16.1) <0.001

Values are expressed as mean (standard deviation) for continuous variables with
approximately normal distributions and as % for categorical variables.
Abbreviations: CAC, coronary artery calcification; HDL-C, high-density lipoprotein
cholesterol; HDL-P, high-density lipoprotein particle; IDL, intermediate-density li-
poprotein; LDL-C, low-density lipoprotein cholesterol; LDL-P, low-density lipopro-
tein particle; non-HDL-C, non-high-density lipoprotein cholesterol; TC, total
cholesterol; TG, triglycerides; VLDL-P, very-low-density lipoprotein particle.

2 Continuous variables with skewed distributions are expressed as median
(interquartile range). The presence of CAC was defined as a CAC score >0. Partici-
pants who exercised were defined as those who regularly exercised >1 hfweek.

Table 2 shows the ORs of CAC across quartiles for each lipid
index adjusted for non-lipid risk factors and type of CT. Of the NMR
measures, the association of total LDL-P concentration with CAC
was strong, but not greater than associations of standard lipids or
ratios. Small LDL-P, but not large LDL-P, concentration was associ-
ated with CAC. None of the NMR-measured HDL-P concentrations
were significantly associated with CAC. Total, medium, and small
VLDL-P concentrations were significantly associated with CAC.
Among the three particle sizes that we studied (i.e., LDL-P, HDL-P,
and VLDL-P), only LDL-P size was significantly and inversely
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