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may have decreased in Japan throughout the period
surveyed in this study'®. Improvements in blood pres-
sure control during this period are a possible reason
for this reduction'®; however, the increase in HDL
demonstrated in this study may be an additional fac-
tor causing this change. If there is a prolonged effect
of HDL elevation in reducing CHD, further effects of
this trend may become apparent in the near future. It
is important to confirm whether this increasing tread
is a reality in Japan, determine what caused this large
change and identify the possible consequences for Jap-
anese public health.
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Supplementary Table 1. Number of case samples (n) for HDL-C in each study

NHNS SRL Hiroshima Niigata BQ NCUH NCVCH CIRCS MHLW]
Year Male Female Male  Female Male  Female Male  Female Male Female Male  Female Male  Female Ref. 6 i:g 2
1984 983 983
1985 1205 1071
1986 1168 935
1987 1242 980
1988 848 882
1989 2750 4167 4056 5393
1990 3371 4745 6352 7215
1991 3521 5033 8062 8512
1992 2940 4303 10960 11274
1993 2618 3917 10321 10632 23492 27772
1994 2083 3279 11597 11180 181782 86779 24007 27857
1995 1823 2975 7080 7980 178522 85308 22372 26210
1996 2209 3431 5461 6006 181103 88378 9194 9169
1997 2503 3797 5444 6999 1337 660 185679 88719 9142 7827
1998 2691 4029 6401 9142 1360 598 176125 86221 7845 7446
1999 2293 3591 7767 9449 1525 749 170871 82774 7813 7483
2000 2316 3326 3584 3199 1444 653 168874 83892 7820 7671
2001 2126 3357 2324 1802 1490 703 169774 82827 8514 8647
2002 2124 3183 2708 2640 1473 681 162309 78926 8967 9153
2003 2078 3151 2041 2375 1505 704 146517 72089 11874 13171
2004 1220 1912 1629 1384 1577 751 145241 71123 9396 10154
2005 1521 2273 1447 1280 1523 711 146498 69303 9952 10199 20833 13451
2006 1703 2504 1184 941 1687 714 143343 69010 14187 14575 21264 14629
2007 1602 2368 918 952 1560 777 144260 71409 17417 18000 13934 10447
2008 1817 2630 1192 952 1368 547 150931 79452 19652 19806 32969 20856
2009 1738 2558 905 727 1130 415 145893 79337 23289 23033 35307 20378
2010 1097 824 1102 411 142370 78465 36 26 26149 26095 37175 20724
2011 869 614 141558 79224 26749 26369 39423 22589
2012 28980 27858 27696 16261
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Supplementary Table 2. Number of case samples (n) in the

apoA-I study
SRL apoA-I
Year
Male Female

1984 286 227
1985 512 525
1986 650 723
1987 983 1185
1988 1203 1339
1989 1568 1881
1990 2363 2890
1991 3226 3472
1992 3458 4005
1993 3130 3439
1994 3152 3519
1995 3563 3500
1996 3355 3402
1997 2562 2376
1998 2902 2904
1999 2625 2615
2000 2748 2618
2001 1994 2114
2002 2008 2021
2003 1554 1541
2004 1727 1589
2005 1932 1595
2006 1699 1514
2007 2103 1888
2008 2078 1681
2009 2411 1931
2010 2619 1870
2011 2772 1866
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Supplementary Table 3. Assay systems, Reagents and CDC or other Standardization

SRL Niigata NCUH
Y HDL-C ApoA-] HDL-C HDL-C
car (CDO) (International Standardization) (CDC) (CDC)
Reagent System Standard Correlation® Reagent System Correlation Reagent Reagent
1984 WMnCL ~cchnl SRID
con AA
ApoA-T Auto y=0.96x+1.13,
1985 Daiichi Cobas r=0.974
. Preiset y=0.96x+1.02,
1986 Heparin-Ca Cholestin ~~ 7=0992
y=1.04x-1.37,
1987 H705 +=0.995
y=0.98x+ 1.0,
1988 H7150 0974
1989
1990
y=0.97x+2.06,
1991 H7150 r=0.998
1992
1993
1994
y=0.99x+2.5,
1995 H7170 r=0.988
HDL-C HDL-C y=0.95x+4.9,
1996 Auto Daiichi H7170 Auto CAL r=0.994
1997 Choles Choles Test  y=0.99x-0.1, ApoA-T AutoN y=0.82x-0.55, Choles Test
Test HDL HDL CAL r=0.992 Daiichi r=0.998 HDL
y=1.01x~0.554,
1998 BM12 7=0.998
1999
2000 ColesTest  y=1.01x-0.0, Choles Test
Calibrater r=0.992 NHDL
2001 Choles y=0.98x+1.18, Choles-Test
Test N HDL r=0.997 N HDL
Determi-ner
2002 LHDL
2003
2004 Denka EX-N
2005
2006
y=1.003x+ 118,
2007 BM8060 099
y=1.03x-3.87,
2008 BM8040 7=0.999
2009
2010
2011
2012

The NCVCH and CIRCS data are qualified by CDC standardization.

*Validation for changing assay systems/. reagents.
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compute rg0=1.919.

compute rg1=0.0004.

compute rg2=0.009.

compute rg3=-0.007.

compute rg4=0.009.

compute rg5=-0.009.

compute rg6=0.019.

compute pscore =rg0+ rgl* ) +rg2* (MBI +rgd* (EDOHFLE) +rgs*H20q9
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compute rg0=1.755.

compute rg1=0.013.

compute rg2=-0.287.

compute rg3=0.219.

compute rg4=-.316.

compute rg5=-0.304.

compute rg6=-0.598.

compute pscore =rg0+ rgl* (4Fih) +rg2* (MBI) +rgd* (WEDHH) + rga*H20q9
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compute pscore =1/(1+exp(-pscore)).
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compute cnum=999999.

if(casen>0) cnum=casen.

compute pnum=0.

execute.

compute mscore=0.
compute msex =0.

compute mecasen=0.
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compute mage =0,
compute object =0.
compute dscore =0.
compute mgroup=0.

execute.

HBREDBDT YT ARE

*RBE RGN = e — LR T 5,

delete variable mcasen mscore msex mage object dscore mgroup.
sort cases by cnum,
compute object=999999.

if cnum=1) object=1.
execute.

if (cnum=999999) object=$casenum.
execute,

sort cases by object.
execute.

if(cnum=1) mgroup=group.
Jeave mgroup.

iflenum=1) mcasen=casen.
leave mcasen.

if(cnum=1) mscore=pscore.
leave mscore.

iflcnum=1) mage=age.
leave mage.

if(cnum=1) msex=sex.
leave msex.

execute.

If(object>0)  dscore=abs(pscore mscore) + trunclabs(mage age)/5)*100+
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if (object=999999) dscore=999999.

execute.

sort cases by dscore.
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execute.
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yGT (IU/L) —5.10 (68.43) —1.87 (40.38) 0.011
FBS (ms/dL) -0.21 (21.92) 0.13 (19.55) 0.592
HbAlc (JDS, %) 0.004 (0.57) 0.068 (0.52) 0.005
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HEREEEZ BENXE) SMOFEZENERELAOV T« v VEBEICE S SEEHEN

R (EREDE) . SEEFAES v X, 5% ERERE. FEEE (PE), BEXEHFATEET
&> 7-1RE EFhp. HHEBAZRICEKRAL = (FR0ERERSERLY)

Odds Lt 95% ERXE P&
(EBO <0.001
2 ) (1.003~1.025) 0.012
M3 E=1. %=2) (1.035~1.816) 0.028
BEH Y (0.699~0.922) 0.002
20D 50 10kg L EDEEESH Y (1.161~1.620) <0.001
HREKS ZEHB 3T LD S (0.632~0.863) <0.001
REIEEDHFLESY (1.578~2.097) <0.001

EXRD BERERE EENXE) SNOEE) ENERELABRERRECLISEERITER (X
RomdiE) . BIRERE. BREEXE. FEEE PE). BXEERITEETH-HE EFMH. M
MEBBAERICEAL 2 (FRROEHERBRERLY)

QiFFRE 95% fERXE P&
EH (1.8%6~ 1.943) <0.001
g G 0.0004 (0.000~ 0.001) 0.039
3 (E=1. %=2) 0.0087 (0.000~ 0.017) 0.051
BEH Y —0.0073 (—0.012~-0.003) 0.002
20w N 50 10kg L EDFEZINEG Y 0.0096 (0.004~ 0.015) <0.001
PRERLIEHBIONULEDS —0.0094 (—0.014~—0.005) <0.001
REEBOFESY (0.014~ 0.023) <0.001

F 4 v 7 RS XL B R Z5H130.021 T - 720
R I EFERRIAT o BRGSO RERL
720 FERIIT VAT 4 v 7 BURDHT & IZIZFE CER
IR L7z RERE~OSMOER IIFEERHIH < &
Bl BMTHEI LR EABRLRERIIFALT
Holze —HREIETFT NV OBEEMEERT R ZFfHEIT
0.005& 2T RAF 4 v 7 HiELVECEmEAS R
7o ZEBUIV AT 4 v 7N SEERENRES
MEDITREHRCTERICHETSZ DD h o
770
RAFOVAT 4 v 7 EFVIEDEMER 2
TEREELC, XD 1 LTH—EE» 5
R 3BIONTE LGIBRLE) 2ER LD
IZoWTC, XBOFEFNICELZDDTHE, X
Bd 0 EEL114% 120 LT LG B4 L#ES3, 0084 0°
BIRENTzo TED VB CTREBFRLRAEICE
Moiz (P=0.037), BUEEIZLG B4R LR L K
LTERID otz TLRHEZHIEEBID
PMEFREICN T ARLEIZEH ) & LGB LE
WCEDD BBERBRONIVEETIE b o7 B
ERAETIX GPT. ZBEREMIEE, B XU HbAle A%
B BECTHEBIE o720 TN TREER
IR SN ole, BFEOMEMRRL OZETIIL,
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HERBIEBOFM S E

REREBRE BEOXE) 2NFE KEHVE) COVAT 1 v 7ERMIICEL ) EERER
A7ERVTERLARBSE LGXELUE) OEMHECEFORBEREOE (FH205E.

NERTEEZHER)

SiEHY LG ZERL P&

B 1.114 3,008
EANSE
S 90.7% 92.5% 0.061
. B (R 51.8 (6.4) 51.3 (6.2) 0.037
BRELR (BNE) &Y 0.0% 0.0% -
BRESLE (TR Y 0.0% 0.0% -
REAm (RERE) 5Y 0.0% 0.0% -
BREE (BNmE) HY 0.7% 0.5% 0.428
BERE (DNn®) sY 1.6% 2.2% 0.307
B (BR2ALSEN) HY 0.1% 0.2% 0.564
amasy 2.9% 2.4% 0.353
EEa Y 56.1% 59.6% 0.041
208D 50 10K L EDKE B0 Y 79.3% 78.2% 0.471
BSOS LOBEBES Y 17.9% 17.3% 0.627
— BRI O RESEEB B Y 25.4% 24.0% 0.351
B & LB L THRTREN R0 42.5% 43.3% 0.663
ZO—ELARIC 3Kg LI EDFREEL{L 30.1% 30.2% 0.94
AEHBRUTBNZEENED 37.4% 38.6% 0.526
REN—BELAORESY 40.6% 40.9% 0.869
HARBODEEDY 18.8% 19.8% 0.483
HRAR< CEME I EU LSS 24.1% 26.9% 0.071
BRATHENTOS 67.0% 64.9% 0.222
REIEEDHFEDH Y 68.2% 65.3% 0.081
—BH-UKES (5/8) 114 (0.99) 1.16 (0.98) 0.559
BMI (kg/m?) 26.20 (2.61) 26.16 (2.70) 0.661
BE  (cm) 91.80 (5.69) 91.86 (6.03) 0.744
SBP (mmHg) 134.17 (17.41) 134.25 (18.03) 0.907
DBP (mmHg) 83.39 (11.7D 83.51 (12.25) 0.768
HDLC (me/dL) 52.15 (12.89) 51.45 (12.12) 0.104
LDLC (ms/dL) 136.31 (32.04) 136.34 (33.75) 0.980
TG (msg/dL) 195.27 (120.76) 197.16 (148.29) 0.705
GOT (/L) 25.95 (13.90) 26.83 (13.91) 0.072
GPT (U/L) 32.17 (20.26) 34.16 (21.41) 0.007
yGT (U/L) 67.28 (82.27) 69.57 (81.15) 0.422
FBS (mg/dL) 106.03 (23.52) 107.56 (28.79) 0.014
HbAlc (JDS, %) 5.45 (0.81) 5.56 (1.04) 0.020
BEORERREOE

EE  (cm) —1.93 (4.22) —0.48 (4.79) <0.001
#E  (Ke) —1.49 (3.00) —0.31 (2.56) <0.001
BMI (kg/m®) —0.50 (1.08) —0.09 (0.89) <0.001
SBP (mmHg) —2.38 (14.65) —1.20 (14.82) 0.025
DBP (mmHsg) —1.40 (9.78) -0.77 (10.11) 0.070
HDLC (ms/dL) 0.96 (6.91) 0.32 (7.04) 0.009
LDLC (mg/dL) —1.46 (22.80) —0.55 (22.44) 0.255
TG (mg/dL) —22.48 (116.89) —16.35 (132.73) 0.174
GOT (U/L) —1.20 (11.27) —0.57 (11.09) 0.137
GPT (U/L) -3.92 (15.71) —2.10 (37.06) 0.1
yGT (U/L) —5.10 (68.43) —2.74 (46.34) 0.206
FBS (ms/dL) —0.21 (21.92) 0.99 (21.70) 0.142
HbAfc (JDS, %) 0.00 (0.57) 0.03 (0.60) 0.357
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BEREEE BENXE) shE KBHUEH) CRPEERMTICEUELEREII7 & L
TEIRUHBE (LN ZBE UH) OEREHEBFORBEREOE (FR20E. 21F5ER

PR
*HEHY LN =5 P&
Bl 1,114 2,992
B
BlEOE 90.7% 92.5% 0.052
Fin 51.8 (6.9 51.3 (6.3) 0.031
FREEAR (BlE) oY 0.0% 0.0% -
BRSRAR (HERRR) &Y 0.0% 0.0% -
BREAR (BBEER) oY 0.0% 0.0% -
BEERE (BNMmE) &Y 0.7% 0.6% 0.729
BEEE (DmE) HY 1.6% 1.8% 0.694
BARE (BREALEM &Y 0.1% 0.3% 0.350
BmapY 2.9% 2.6% 0.598
BEDH Y 56.1% 58.5% 0.175
20mH S50 10Kg LU EDEFEENS Y 79.3% 78.4% 0.552
BIZ30DBA EDESBES Y 17.9% 18.6% 0.617
— R EOHTRISEHEEE Y 25.4% 25.5% 0.949
B e B L THRTREHRN 42.5% 44.2% 0.344
ZO—FLIRIC 3Kg M EDEREZEAE 30.1% 29.6% 0.742
AEHBLUTENDRENEN 37.4% 39.3% 0.317
e _REURORESH Y 40.6% 41.3% 0.698
HRBOERDY 18.8% 20.9% 0.138
HRERZEHBE=EL EHY 24.1% 22.2% 0.176
BRSO ENTOS 67.0% 64.4% 0.132
REEEORESY 68.2% 66.8% 0.381
—BaicuEE (6/8) 1.14 (0.99 1.18  (1.000 0.195
BMI (kg/m® 26.20 (2.61) 26.17 (2.78) 0.746
BEE  (cm) 91.80 (6.69) 91.87 (6.04) 0.735
SBP  (mmHg) 134.17 (17.41) 134.61 (18.12 0.490
DBP (mmH$) 83.39 (11.7D 83.60 (12.27) 0.608
HDLC (mg/dL) 52.15 (12.89) 51.65 (12.12) 0.162
LDOLC (mg/dL) 136.31 (32.04) 136.35 (33.13) 0.408
TG (mg/dL) 195.27 (120.76) 195.24 (136.46) 0.995
GOT (U/L) 25.95 (13.90) 26.92 (14.01) 0.049
GPT (U/L) 32.17 (20.26) 34.24 (2314 0.008
yGT U/L) 67.28 (82.27) 70.73 (81.44) 0.229
FBS (mg/dL) 105.03 (23.52) 107.72  (28.17) 0.008
HbAtlc (JDS, %) 5.45 (0.81) 5.59 (1.08) 0.006
BFEORERREDE

BB (cm) —1.93 (4.22) —0.54 (5.09) P<0.001
#wE (Ke) —1.49 (G.08 -0.39 (2.62) P <0.001
BMI (kg/m® —0.50 (1.08) —0.12 (0.92) P <0.001
SBP (mmHg) —2.36 (14.65) —0.94 (14.77) 0.006
DBP (mmHg) —1.40 (9.78) —0.67 (10.11) 0.036
HDOLC (mg/dL) 0.96 (6.91) 0.39 (6.76) 0.015
LDLC (mg/dL) —1.46 (22.80) —0.43 (22.22) 0.192
TG (mg/dL) —22.48 (116.89) —17.93 (124.4D 0.290
GOT (U/L) -1.20 (11.27m) —0.65 (12.10) 0.221
GPT (U/L) -3.92 (15.71) —2.84 (19.78) 0.101
yGT (U/L) —5.10 (68.43) —4.01 (47.49) 0.563
FBS (mg/dL) -0.21 (21.92) 0.89 (21.72) 0.178
HbAlc (JDS, %) 0.004 (0.57) 0.019 (0.63) 0.620
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Method for Evaluating Health Promotion Programs Using
Propensity Score

Akira Okayama” Nagako Okuda”, Koshi Nakamura®, Katsuyuki Miura®,
Seiji Yasumura®, Kiyomi Sakata®, Hideki Hidaka”, Tomonori Okamuras)
Kunihiro Nishimura?
1) The first Institute for Health promotion and practice, JATA
2) National Institute of Health and Nutrition
3) Department of Public Health, Kanazawa Medical University
4) Department of Public Health, Shiga University of Medlical Sciences
5) Department of Public Health, Fukushima Medical University
6) Department of Public Health and Hygrene, lwate Medical University
7) Department of Internal Medicine, Shiga University of Medical Sciences
8) Department of Public Health and Hygiene, Keio University Medlical School
9) National Cardiovascular Research Center

Evaluating the performance of a health promotion program to lower the risk of cardiovascular
disease requires comparison with a suitably selected reference. Typically, the reference includes easily
accessible participants who declined or were not enrolled in the intervention program. Unfortunately,
the selected reference often fails to be comparable for many of the risk factor attributes that might
determine the success or failure of the intervention. In response, we developed a propensity score
that results in a reference sample with features that are similar to those enrolled in the health
promotion program.

Participants who received repeat physical examinations in Japan from 2008 to 2009 were identified
as candidates for enrollment in an intensive health promotion program to lower the risk of
cardiovascular disease (N = 33,009). Those who attended at least one session of the health
promotion program were selected as the intervention group (N = 1,114). The remainder were
selected as reference group | (N = 31,895). Among the latter, those with a high propensity for
enroliment into the intervention group based on a logistic regression model were selected as reference
group Il (N = 3,008). A group Il reference was similarly defined based on a linear regression
propensity score (N = 2,992). Characteristics of the intervention and reference groups were
compared.

In the intervention group, subjects were younger and less likely to smoke cigarettes or eat breakfast
than reference group | (P<0.001). Declines in body weight, waist circumference, and blood pressure
between the repeated examinations from 2008 to 2009 were significantly greater in the intervention
versus reference group I. Other than age, differences between the intervention and reference groups
Il and 111 failed to persist.

In conclusion, identifying a reference group based on a propensity score results in a group of
individuals with characteristics similar to those enrolled in a health promotion program. Comparison
of the reference and intervention groups could result in improved assessments of the performance

of health promotion programs.
(HEP. 2014;41:418-427.)

health promotion program, propensity score, SPSS, evaluation
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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

Daisuke Sugiyama' 2, Aya Higashiyama? 3¢, Ichiro Wakabayashi®, Yoshimi Kubota?®, Yoshiko Adachi?,
Akiko Hayashibe?, Kuniko Kawamura?, Kazuyo Kuwabara', Kunihiro Nishimura?®*, Aya Kadota??,
Yoko Nishida2, Takumi Hirata2, Hironori Imano? ¢, Naomi Miyamatsu? 7, Yoshihiro Miyamoto? 4,
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' Department of Preventive Medicine and Public Health, School of Medicine, Keio University, Tokyo, Japan
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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, 2015; 22: 499-508.

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-
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/

Introduction
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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-17, 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'?>'?, 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'V. 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 (»=26). The
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Table 1. The characteristics of the study participants

Men Women
Number of participants 310 205
Age (years) 61%9 63+8
BMI (kg/m?) 233 212
SBP (mmHg) 12317 117+18
DBP (mmHg) 78 =10 7110
HbAlc (%) 5.2%0.5 5.2%0.3
TC (mg/dL) 204+28 226+32
HDL-C (mg/dL) 6114 72£15
TG (mg/dL) 88 (63, 120) 74 (56, 96)
LDL-C (mg/dL) 12227 13729
HR (beat/min) 58%9 618
Current smoker (%) 10 1.5
Current drinker (%) 76.8 332

hs-CRP (mg/L)
LAB (ug/L)
sLOX-1 (ng/L)
CAVI

0.29 (0.14, 0.54)
© 22700 (18090, 30470)
113 (93, 141)
8.0x0.9

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, PWYV 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 CAVI.

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
CAVTI 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 CAVI.

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 2 value Coefficient 95%CI p value
Ln LAB 0.525 0.260 10 0.790 <0.001 0.112 —0.159 t0 0.383 0.415
Ln sLOX-1 0.212 -0.070 to 0.493 0.140 -0.133 -0.397 t0 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 to 0.001 0.056
SBP 0.015 0.009 o 0.021 <0.001 0.017 0.010 to 0.024 <0.001
HR 0.014 0.003 to 0.026 0.017 0.017 0.002 t0 0.032 0.024
HbAlc 0.420 0.228 t0 0.612 <0.001 0.556 0.182 to 0.930 0.004
Current smoker 0.235 -0.586t0 0.115 0.188 -0.845 —1.861t00.171 0.103
Current drinker -0.170 —-0.419 to 0.079 0.180 -0.114 —0.375 t0 0.146 0.388
LDL-C 0.001 —0.003 to 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 to 0.000 0.037 -0.009 =0.017 to —0.001 0.026

CAVTI: cardio-ankle vascular index, 95%CI; 95% confidence interval, LAB; lectin-like oxidized LDL receptor 1(LOX-1) ligand containing apolipo-
protein B, sSLOX-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 sSLOX-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 (pg/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
9
Coefficient 95%CI 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 0.015t0 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 to 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 to0 0.002 -0.031 0.550 1.334
Ln hs-CRP 0.081 0.000 to0 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 t0 0.253 0.019 0.727 1.092

Adjusted R-squared: 0.424
Model 2 Ln LAB 0.008 =0.235 10 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 to 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 t0 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 o —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). Moreover, 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

Standardized

Coeffcient 95%ClI X p value VIF
coefficient
Men

Model 1 Ln sLOX-1 -0.071 —0.299 10 0.158 -0.028 0.542 1.061

Adjusted R-squared: 0.381
Model 2 Ln sLOX-1 -0.066 =0.296 t0 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 t0 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 t0 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 t0 0.159 0.089 0.064 1.143
HDL-C =0.005 —0.011 to 0.002 -0.067 0.195 1.358

Adjusted R-squared: 0.388

Women

Model 1 Ln sLOX-1 —-0.091 ~0.294 t0 0.112 —0.048 0.376 1.026

Adjusted R-squared: 0.426
Model 2 Ln sLOX-1 —0.089 -0.2921t00.114 -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 to 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 0.012t0 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%ClI: 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 sLLOX-1 and the CAVI was observed in either
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