Table 2. Risks for the development of cardiovascular disease, total stroke and coronary heart disease according to smoking status

* Events/ . Age-and sex-adjusted " Multivariate-adjusted
population  HR  95%ClI o o HR - 95%CI p

Cardiovascular disease

Never smoker 137/1,477 1.00 1.00

Former smoker 50/332 1.26 0.83-1.91 0.29 1.25 0.80-1.93 0.32

Current smoker (<20 cigarettes/day) 54/348 1.60 1.09-2.34 0.02 1.80 1.21-2.66 0.004

Cuzrent smoker (220 cigarettes/day) 40/264 1.88 1.20-2.95 0.006 2.04 1.29-3.24 0.003
Total stroke

Never smoker 104/1,477 1.00 1.00

Former smoker 34/332 1.52 0.91-2.52 0.11 1.53 0.90-2.61 0.12

Current smoker (<20 cigarettes/day) 34/348 1.70 1.07-2.71 0.02 1.90 -1.18-3.06 0.009

Current smoker (220 cigarettes/day) 22/264 1.87 1.05-3.32 0.03 2.01 1.11-3.65 0.02
Coronary heart disease

Never smoker 43/1,477 1.00 1.00

Former smoker 23/332 1.19 0.63-2.26 0.60 1.10 0.56-2.15 0.78

Current smoker (<20 cigarettes/day) 25/348 1.61 0.88-2.93 0.12 1.88 1.02-3.47 0.04

Current smoker (220 cigarettes/day) 21/264 2.07 1.07-4.01 0.03 2.31 1.17-4.57 0.02

Multivariate-adjusted: adjusted for age, sex, systolic blood pressure, diabetes, total cholesterol, body mass index, electrocardiogram

abnormalities, alcohol intake and regular exercise.

Table 3. Risks for the development of stroke subtypes according to smoking status

HR

Eg

k p

95%Cl

Ischemic stroke

Never smoker 69/1,477 1.00 1.00

Former smoker 26/332 1.72 0.95-3.12 0.08 1.70 0.90-3.20 0.10

Current smoker 37/612 1.78 1.05-3.01 0.03 2.03 1.18-3.49 0.01
Intracerebral hemorrhage

Never smoker 24/1,477 1.00 1.00

Former smoker 7/332 1.00 0.34-2.91 >0.99 1.11 0.37-3.33 0.85

Current smoker 12/612 1.20 0.48-3.00 0.70 1.21 0.47-3.15 0.70
Subarachnoid hemorrhage

Never smoker 11/1,477 1.00 1.00

Former smoker 1/332 0.86 0.09-8.32 0.89 0.92 0.09-9.08 0.95

Current smoker 71612 3.39 1.00-11.54 0.051 3.85 1.05-14.13 0.04

Multivariate-adjusted: adjusted for age, sex, systolic blood pressure, diabetes, total cholesterol, body mass index, electrocardiogram

abnormalities, alcohol intake and regular exercise.

cholesterolemia significantly increased the risks of total
stroke and CHD, and their interactions were statistically
significant. In regard to stroke subtypes, similar findings
were observed in the risks of ischemic stroke and sub-
arachnoid hemorrhage, although interaction was signifi-
cant only for subarachnoid hemorrhage.
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Discussion

In the present study of a population-based cohort in
Japan, current smoking was an independently signifi-
cant risk factor for the development of stroke and CHD.
In regard to stroke subtypes, current smoking was clear-
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Table 4. Combined and separate effects of smoking and each risk factor on the development of cardiovascular disease

Events/ . Multivariate-adjusted
population g 959% CI P

Hypercholesterolemia

Current smoking (-)/hypercholesterolemia (-) 108/1,099 1.00

Current smoking (-)/hypercholesterolemia (+) 791710 1.08 0.80-1.47 0.60

Current smoking (+)/hypercholesterolemia (-) 57/435 1.36 0.96-1.93 0.08

Current smoking (+)/hypercholesterolemia (+) 37/177 2.68 1.81-3.95 <0.001

p for interaction 0.001
Hypertension

Current smoking (-)/hypertension (-) 67/1,103 1.00

Current smoking (-)/hypertension (+) 120/706 1.87 1.36-2.57 <0.001

Current smoking (+)/hypertension (-) 44/388 1.83 1.22-2.76 0.003

Current smoking (+)/hypertension (+) 50/224 2.97 1.98-4.45 <0.001

p for interaction 0.22
Diabetes

Current smoking (-)/diabetes (-) 142/1,602 1.00

Current smoking (-)/diabetes (+) 45/207 1.74 1.23-2.46 0.002

Current smoking (+)/diabetes (-) 73/524 1.70 1.24-2.34 0.001

Current smoking (+)/diabetes (+) 21/88 2.83 1.73-4.63 <0.001

p for interaction 0.82
Obesity

Current smoking (-)/obesity (-) 139/1,348 1.00

Current smoking (-)/obesity (+) 48/461 0.93 0.66-1.30 0.66

Current smoking (+)/obesity (-) 68/480 1.49 1.07-2.07 0.02

Current smoking (+)/obesity (+) 26/132 2.10 1.34-3.28 0.001

p for interaction 0.07
Alcohol intake

Current smoking (-)/alcohol intake(-) 138/1,402 1.00

Current smoking (-)/alcohol intake (+) 49/407 0.81 0.55-1.19 0.29

Current smoking (+)/alcohol intake (-) 39/250 1.19 0.79-1.80 0.40

Current smoking (+)/alcohol intake (+) 55/362 1.15 0.75-1.75 0.52

p for interaction 0.58
Regular exercise

Current smoking (-)/regular exercise (-) 166/1,622 1.00

Current smoking (-)/regular exercise (+) 20/185 0.81 0.51-1.29 0.38

Current smoking (+)/regular exercise (-) 89/556 1.83 1.36-2.48 <0.001

Current smoking (+)/regular exercise (+) 5/56 0.57 0.23-1.42 0.23

p for interaction 0.08

Current smoking (-) includes both never and former smoking. Multivariate-adjusted: adjusted for age, sex, systolic blood pressure,
diabetes, total cholesterol, body massindex, electrocardiogram abnormalities, alcohol intake and regular exercise. The variable relevant

to the subgroup was excluded from each model.

ly associated with the development of ischemic stroke
and subarachnoid hemorrhage, but not with intracere-
bral hemorrhage. These findings are concordant with
previously reported meta-analyses based mainly on
Caucasian populations [1, 2]. In addition, we demon-
strated that hypercholesterolemia strengthened the
harmful effects of smoking on these outcomes, but such
effects were not observed for other risk factors: hyper-

Smoking and Cardiovascular Disease in
Japan

tension, diabetes, obesity, alcohol intake and regular ex-
ercise.

Several injurious effects of cigarette smoking on arter-
ies have been demonstrated. Smoking causes direct in-
jury to endothelial cells [16], oxidation of low-density
lipoprotein [17], and acceleration of thrombus forma-
tion through increased plasma fibrinogen [18}, increased
platelet aggregability [19] and decreased fibrinolytic ac-

Cerebrovasc Dis 2011;31:477-484 481
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Table 5. Combined and separate effects of smoking and hypercholesterolemia on the development of stroke and coronary heart disease

- Events/ - Multivariatefadjusted
popu1§t1on : HR " 95% CI o pi

Total stroke

Current smoking (-)/hypercholesterolemia (-) 83/1,099 1.00

Current smoking (-)/hypercholesterolemia (+) 55/710 0.92 0.65-1.31 0.64

Current smoking (+)/hypercholesterolemia (-) 36/435 1.34 0.87-2.06 0.19

Current smoking (+)/hypercholesterolemia (+) 20/177 2.08 1.25-3.45 0.005

p for interaction 0.048
Ischemic stroke

Current smoking (-)/hypercholesterolemia (-) 54/1,099 1.00

Current smoking (-)/hypercholesterolemia (+) 41/710 1.14 0.74-1.74 0.55

Current smoking (+)/hypercholesterolemia (-) 23/435 1.37 0.80-2.33 0.25

Current smoking (+)/hypercholesterolemia (+) 14/177 2.24 1.21-4.14 0.01

p for interaction 0.15
Intracerebral hemorrhage

Current smoking (-)/hypercholesterolemia (-) 19/1,099 1.00

Current smoking (-)/hypercholesterolemia (+) 12/710 0.87 0.41-1.85 0.72

Current smoking (+)/hypercholesterolemia (-) 10/435 1.29 0.55-3.03 0.56

Current smoking (+)/hypercholesterolemia (+) 2/177 0.86 0.19-3.80 0.84

p for interaction 0.83
Subarachnoid hemorrhage

Current smoking (-)/hypercholesterolemia (-) 10/1,099 1.00

Current smoking (-)/hypercholesterolemia (+) 2/710 0.25 0.05-1.15 0.08

Current smoking (+)/hypercholesterolemia (-) 3/435 1.54 0.35-6.72 0.57

Current smoking (+)/hypercholesterolemia (+) 4/177 5.31 1.52-18.54 0.009

p for interaction 0.005
Coronary heart disease

Current smoking (-)/hypercholesterolemia (-) 34/1,099 1.00

Current smoking (-)/hypercholesterolemia (+) 32/710 1.59 0.96-2.65 0.07

Current smoking (+)/hypercholesterolemia (-) 26/435 1.63 0.95-2.81 0.08

Current smoking (+)/hypercholesterolemia (+) 20/177 3.72 2.09-6.63 <0.001

0.01

p for interaction
&

Current smoking (~) includes both never and former smoking. Multivariate-adjusted: adjusted for age, sex, systolic blood pressure,
diabetes, body mass index, electrocardiogram abnormalities, alcohol intake and regular exercise.

tivity [20], all of which are associated with the develop-
ment of atherosclerotic diseases such as ischemic stroke
and CHD. Smoking is also considered to cause the forma-
tion, growth and rupture of intracranial aneurysms [21,
22], probably due to an elastase/a,-antitrypsin imbalance
in the artery wall [23], leading to an elevated risk of sub-
arachnoid hemorrhage [21, 22, 24].

While smoking is an established risk factor for CHD
[4, 5], there is no consensus on whether or not smoking
raises the risk of ischemic stroke in Japanese [4-8]. Using
the first cohort of the Hisayama study, established in
1961, we previously reported that smoking was not a risk
factor for ischemic stroke [4]. Similarly, no obvious rela-
tionship between smoking and ischemic stroke was ob-

482 Cerebrovasc Dis 2011;31:477-484

served in some old cohort studies in Japan that started
their follow-up in the 1960s [6, 7]. On the other hand,
some other recent cohort studies in Japan [5, 8], as well as
our present study, showed statistical associations between
smoking and the risk of ischemic stroke. We consider that
these different conclusions can be explained in 2 possible
ways. One is a secular change in the prevalence of hyper-
cholesterolemia. According to our cross-sectional sur-
veys in Hisayama, the prevalence of hypercholesterol-
emia was very low in 1961 (2.8% in men, 6.6% in women)
but increased greatly in the following 4 decades (to 25.8%
in men and 41.6% in women in 2002) [25]. Therefore, the
harmful effect of smoking on the development of isch-
emic stroke might be obscured in studies in which the
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population prevalence of hypercholesterolemia was low.
The other possible reason is a change in the distribution
of ischemic stroke subtypes. In Hisayama, while the pro-
portion of lacunar infarctions among all ischemic stroke
events has decreased during the past 4 decades, the pro-
portions of atherothrombotic and cardioembolic stroke
have increased [25]. These changes might affect the influ-
ence of smoking on the development of ischemic stroke.
In previous studies, the relationship between smoking
and the risk of intracerebral hemorrhage has been report-
ed to be inconsistent. A few cohort studies [26, 27] showed
that current smoking increased the risk of intracerebral
hemorrhage, while other studies [5-8, 12, 28], including
a meta-analysis [1] and ours, found no discernible asso-
ciation between the two. The reasons for these inconsis-
tent conclusions are unknown. However, because smok-
ing increases hypercoagulability rather than bleeding
tendency [18-20], the effect of smoking on the risk of in-
tracerebral hemorrhage seems to be weak, if any.
Because smoking oxidizes low-density lipoprotein
[17], it is reasonable to think that the combination of
smoking and hypercholesterolemia may accelerate the
progression of atherosclerosis and the development of
ischemic stroke and CHD. Some studies have evaluated
the interaction between smoking and hypercholesterol-
emia in relation to CVD outcomes. However, the conclu-
sions have not been consistent [4, 9-13]. In the present
study, the synergistic effect of smoking and hypercholes-
terolemia on the development of CHD was significant,
and a similar tendency was observed for ischemic stroke.
Another Japanese cohort study [9] also demonstrated
positive interactions between smoking and cholesterol
for ischemic stroke and CHD mortality. On the other
hand, the first cohort of the Hisayama study, established
in 1961 [4], as well as the Asia Pacific Cohort Studies Col-
laboration [10], confirmed a positive interaction for CHD
but not for ischemic stroke. Two Korean cohort studies
[11, 12} and a meta-analysis of mainly Caucasian studies
[13] did not find any interactions for CVD outcomes.
These inconsistent conclusions may be explained in part
by ethnicity and differences in average cholesterol levels.
The effects of smoking and cholesterol on CVD outcomes
may differ between Asiansand Caucasians. Among Asian
studies, the average cholesterol levels were lower in the
first cohort of Hisayama [4], Pacific Cohort Studies Col-
laboration [10] and 2 Korean studies [11, 12] compared
with the present study. We have no clear explanation of
the synergistic effect of smoking and hypercholesterol-
emia on the risk of subarachnoid hemorrhage. In any
case, we cannot draw any conclusion from the present

Smoking and Cardiovascular Disease in
Japan

results because of the small number of subarachnoid
hemorrhages in our study. Our finding should be con-
firmed in larger cohort studies.

The advantages of the present analyses include accu-
rate measurement of risk factors at baseline, the longitu-
dinal population-based study design, the long duration of
follow-up, perfect follow-up of study subjects and accu-
rate diagnoses of CVD. However, a possible limitation
should be discussed. Because we did not consider chang-
es in smoking habits and other risk factors or treatments
that occurred during the follow-up, our results may un-
derestimate the effects of smoking and other risk factors
on the risk of CVD.

In conclusion, we demonstrated that current smoking
increases the risk of ischemic stroke, subarachnoid hem-
orrhage and CHD, especially in individuals with hyper-
cholesterolemia. Although the smoking rates in Japanese
men and women have been decreasing in the past 4 de-
cades [25], Japanese men still have a higher smoking rate
than people in Western countries [3]. Our findings high-
light the importance of smoking cessation to reduce the
burden of CVD in Japan, where the prevalence of hyper-
cholesterolemia is escalating rapidly [25].
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130 mmHg 7>/ % 7213 DBP=85 mmHg #*2/ % 72135
MEHBES), M#E=EE (110 mg/d! <FPG<126 mg/d
1), BE/ARMREE (TG=2150 mg/d14*2/% 7213 HDL-
C<40 mg/d I 2/ F 72\ Z B E LR B I R) OfaRE
FoHbIolER D OBRLEREE, ZoKitIEER
L L, WEEORKRETOERDFEINERBREBRIC
52 2 BCOVnTHERE - ERIENICHRE 21To
7z,

F7:2003 - 04 EEDBL T ZZEIFMAEA X)) VB

(FIRD dPWEL TV 2720, BHREOMEREDL S LR
35 o 4 4 & HOMA-R (=FPGxFIRI/405) #% fRiZ &
L7cA v A VikdutE & o S - EmimE i
BE L7z, B IOBICBWTIIBETOELEDT:
WRREZBN L THREEZT-oTwb. 1 VA Yk
HOFME LTI HERROM R X Y HOMA-RZ173
EAVAY VEFAED Y, HOMARLLTIZA4 2
YEPUEL LEHEL, BiEmE - FREIER, AO - Non-
AQBETOA YA YIRS OFEE % HEMRET L /-
MEEHENT I IBMSPSS ver. 17.0 245/ L7z, #aH4EM
HEKYEZ p<005 & L, HIZFHME+BRFEETEL
7o, EBEBOEOKEIZIL unpaired  t-test %, $HE
DEDKEIZ (P HREL V72, $722003 - 04 SE D
ZROFBMRFOFMELERERE LoV AT 4y
7R E AT, EHEGrERETEROAED
F v AWEER L7, SSHERE UTIIER, %5, »
B, BERRFEEE, T.chol, SBP 2&@E L7

AR FRILAIRER KRG HEBZR RO KREHTHED,
FEBRRHEERRAT 2oL, XHICLD
FAEFEOHAEHEDORENRE L.

T S

Non-AO # & AO BRlo S - FEE#MEOERE R
F (% 1). Non-AO B TILEHHLISMC SBP, DBP, FPG
FEHEIIBVWTHEHRE IR TEFECLEMETH-
7o, AOBTIIERE - FalE M CHERIIOEE IS
HEREIAON DT

B - FEEEE D ICWEEO IO H &> H 0
WERFREEEZRB LA, FEHEHICBYT
13 Non-AO BEIZH L AO B2 & OB R SSIE B AT
FICEBRTH o7 (Non-AO FE54% vs. AO B 169%,
p<0.0001) 7%, ERGHEIEIZ BV TIE Non-AO BEIZH L
TAOHDLSOMERBEEEEIIBVEEICIED - 72
HRE I EEZRD SN h o 72 Non-AO B 7.1%
vs. AO BE127%) (K 1).

F A WAE B O BEBHAE & Fr BN RS & o B & MET
T5L, EEHETIIERZOBRE &b ICHRRE
HESHEML (B :p for trend=0.008, %t :p for
trend =0.021), 80 cm BLEIZ7 5 L BEMT AMEEICH B
P, EESE TS MEIC B VT 80 cm R 0KV I
PAfED & § CICHERBRIEF OEMA A SR, HETHIZ
BAEEZEmIRD SN 2oz (M2)., S5ICHR
WRFRELRBERE Lo V2T 4 v 7 MBI
BWT, E#h, MBI, T. chol, SBP, BEDALE, HER
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£1 NEER (1994 4)
Non-AO HECIZAERESHE SBP, DBP, FPG A5l 1= 8\ CI ML T/RIIHTTH Y, A0
WCEEIRY - ERRE N TR ERUS OB IS RER RO LA o 12

Non-AO AO
(n=654) (n=173)
n=484 n=170 n=118 n=>55

Age 54970 636+32*%* 565+72 692+41**
Male/Female 136/348 65/105 103/15 43/12
WC (cm) 745+6.8 763+65%* 918%56 91.8+49
SBP (mmHg) 1287+173 1409+19.1** 1359+168 1396189
DBP (mmHg) 76.5%9.6 79.0£87** 82087 799+93
T.chol (mg/dl) 194.0=33.1 192.1+30.1 192.1+£305 189.0+25.2
TG (mg/dD) 117.8+81.3 1254+79.0 167.3+130.7 1534 +83.1
HDL-C (mg/dl) 578+134 56.0+4.0 503+121 495+138
FPG (mg/dl) 922+90 938+95* 982+94 975+105

*p<005, **p<001 vs. FFHhE

WC: M, SBP: {UHEMIME, DBP : IR MIE,
HDL-C : HDL o L A5 0 — ), FPG : 2o K fniifi

®) p < 0.0001
18
16
14
12
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8

6 7.1%

(12/170)

4 5.4%

2 (26/484)

o |

Non-AO AO Non—-AO AO
kERE ERE AO: HRERAE

1 Bi#E - S5 oEIREHOF ETOMRRES
SEEE D R
FEEEREBEIZB VT Non-AO BEICH L AO B S D
HRFBEHENEBEICEE Tho72ds, HRERFIC
BUWTiE Non-AO BizH LT AO B & OHERFARAE
FEIEWEAICED > 2F BERRD O b o7

EMEHICBLTHEBEHIEERIAZ LR ELT
FEEMEBTIZA v A1 268 (95%CI : 1.05~690) &
PHBERBEY A2 Lol (E2).
FLEREHORE L ERETEROAELRRKICE
FIA AN SE, E#, TR, T chol, BEDHE,
BERFREEOFECREL/T v XX, FEiEt
WBWTIEEER ARG T 310 (95%CI @ 1.26~7.63), fabk
HFEED300 (95%CI : 1.89~4.76) & #NF ML
LCHEBERBRBRIED Y A 7 Lo 7225, BB HIC
BOWTEREMIAELRIA 2 L3256, BRETE

Tchol: oLV AFu—i, TG: Y1)ty F,

D HA 370 (95%CI : 1.65~8.72) & AERIFIEA DA
BV A2 kol (RI).

ERE L EERE COREREROERFREIIN T
FEOBVWORRZIRET 2 BT, 2003 - 04 £ OHF
MFAA S Non-AO - AO FlICEE - EEmEHICE
AL VR VU OBE % RBURET 35 &, Non-
AO BCIHIEBREICHEHETOA ¥ X Y #EHHE
HEOEEFAEICEHBEEZR LY (BT 86%vs EE
W 28%, p=0015), AOWTREWMEILBVTHER
WE IV OEEIEVENICH L 0D, HEt¥MIcE
BRERREDON Lo (EEE 238% vs. EEEE
194%) (X 3).

z B

SREOBFHNIBWT, FEEEE T HAREEDEITE
WAERIFED VAT L BH, BEECIEELRVAY
Lidhshhol, TNETEIBBHEZERKBEO) A
ELTERIE - AR THE LKITFZETIE, BMI2S
PLF - 25~30 - 30 BLEd w3t du & b o R 3 B AR A
ol b WEY, 17 VT TORRKEENE T,
2 BISE RIS a0 L, Bkih bl
A5 4E G 7 © D FSAE RV BMI 20 & O FHE A4S T
HorLFHEINTVEY, WHEEDERIEHENLER
Tid%l, ZHERE L TR TREIR TV 12D,
EihE L IEEEGE CRBIMLL TESEROBEEDEN
FRE LB EAEA LR,

F A SEORICB VTSR TIIEREoRAL
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HAREZFEZRPSS 48% 1% (2011:1)

(%)
18 16.3% 16.7%
16 14.1% (8/49) (2/12)
1 B4t p for trend = 0.008 (14/99)
JE L% p for trend = 0.021 10.3%
= 12 (7/68)
%EZ 10 D8
%ﬂ 8 3.6% 3.9% 48% BxiE
6 070 J% (7/145)
4 (5/138) (3/76)
i R
0
0
~69cm 70-79cm 80-89cm
(%)
i e
16 B p for trend = 0.056
14 Zit§: p for trend = 0.360
= 12
=
B 10 8.3% 8.1%
. (4/48) (3/37) oBf
gk
6 3.8%
(1/26) 2.4%
4 (1/41)
2 .
0
0
~69cm 70-79 ¢ m 80-89cm 0Vecm~

H2 HEE - FRinE RO &I 50 b O 55 AR

WNEEDOBRED L OHPMRRBEOBELRETToL, EEHE CIIEBAEOHAL & b ITHERRK
SIS L, 80 cm LA I 2 LN ABIRICH A A, HEE TIAFICREICB VT80 em
KEDOEWIEFED 5§ TICHERRISER OBMAA S

F£2 OYRT A4 v 7 ERSNICE BEEE - FEE il B O BARAL T o
PRIRFEAE IS B A4 » XL
PSRRI 2 R AR E LT Y AT 4 v 7 RSB VT, Fif
P50, T. chol, SBP. MO, MERMAMREOA M, HF LD MU fH
OFEWMTIET 5 &, HHEHCBVUERILEEEEZ ) A7 L3 b,
A T CICH R LIRSS ) A 7 Lo T,

Model 1 Model 2 Model 3
Elg-9 3.67** 3.72%* 2.68*
(1.67 ~ 827) (1.59 ~ 867) (1.05 ~ 6.90)
TR 147 1.60 0.67
(047 ~ 4.59) (049 ~ 5.19) (0.16 ~ 2.34)

*p<0.05, **p<00l. ( ) & 95% XM

T.chol : I LV AFu—b, SBP: IUHMIME, FPG : 228 (U
Model 1 : 4Ef, B Cilild

Model 2 : Model 1+ T. chol, SBP, WB24l, i FRARE I T
Model 3 : Model 2+ FPG=110 mg/d! D #ECTHHEE

SRR SIEHEE AN 5 0%, SilHE TIIFICK ROONTz b bk T O R R TR
HIZ BV TR I DR EERED SRR FEREE O INA i & B S N WEED O D REIRRFHEN R E £ Y
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F£3 UVRTF4 v ZEURSITIC KL AEEE - FFSEE OIELRRN - &
R TR ORI/ RIS T 54 v A
BB A EREFEROAREZAKICEFVICARZT VR
F 4 v 2 EURDHTCILAER, TR T chol, MO, MERRKEED

FHIETHEE LA v XM,

T BTSSRI, EhRE e

WMTENZNMY L CHBEMRBRIED Y A7 &l o7ohs, BREFTC
BOTEIBLIEA SR U A7 Eidle 57, fEBRETHRA{ D R H5H BUITR

IREDHER) A e,

Model 1 Model 2
Eiat ey TSR IR i 2.54* 3.10*
(1.07 ~ 6.02) (1.26 ~ 7.63)
RS 268** 3.00%*
(1.72 ~ 417) (1.89 ~ 4.76)
A T ER iR 0.84 081
(023 ~311) (0.22 ~ 308)
e Siny 372** 370**
(1.69 ~ 8.19) (1.65 ~ 8.72)

*p<0.05, **p<001, ( ) 13 95% EFX[H

T.chol : aVAFT—
Model 1 : 4Ffk, 5 CHEE

Model 2 : Model 1+T. chol, W28, HERBHRIRE TR

LELBDOLNAHRTH- 72,
ARAERBEREZNZ L LEATHETIE, BHE
TRIFEHZE B TH A v 2 VIR OEER
MERTFERZOFEOMMAHRE SN THEY., Zof
TIEEAR & 1 A VI ORI OV TEEICHE
S EmAA SN, EEE A AU CIEEUE IR 2 BEAR
Bhot. RELAYR) VOB KB A%
59, AF XY v 7y Fu—2xiRT 5 EMRETFE
s EHEmES 2 WEFATIALRILMEL TW
5. REFRICBWCH, BMEHRICBVY CIkEanE
HEEE DN R VIEPUESBER LT 572,
FEFEFEFE Tho THEME TIIMIIZ L 2E DD
DA YA VBT R ERE LTHRBREFERL W
BEVHEEHELIYDELEINIRHRTH LD
5, BiRoBEETHFETE 0L EL LRI,
FEAFRY v r vy Fu—MINBIET S % L3
A4 v A PR —-o0FR L L CHREMLARK
FHRERTARETDH), LOFEEIXVIOY RS
DR STHERBREED VAT ER B EDMEINT
WaY AW T, AFF v sy Fa—ad
2 53 B T v 8 & ST L 7oA IR R RS E O PR F & L
TERTHLERELTVAEY, ZoRETHEA SN
AFEYw Iy Fu— A0S Wi ATPII Th
DIERMBEEEIVETIEESIVAZDLIDE LTERHS N
Twsn, KRB TRBREFERIERREDOT
HMERTFE o2, COBBEFELRZV DLE

Zohb,

FEEEHE BV TIPSR 25E B L MR ST
HFCTHoo0IIH L, BMEICBVWTIIAEELZTUE
FeidebhdoBBE LT, —2iEEHmEICBY
TRIEHEHZ LEHESREEICLA VA Vil
FEEL LERRTFEREFERREICHTEE
INTBY, BHEHOFET2EHIITLEE, R
SRNEGETEC D AT & FIAR IR ) R 7 A9 <
BADW 2HOEFET S THEERELLTHEDLR
Lo leTREREZ OGNS, T2, b —D20WhEH
LLTC, SROBREFICB W THEEIC T CICHERKO 2
DBENLZEBED) B 6 EF S LU LOBHETHY,
B LI ZORHPHPEREHE CHo2Zth b, BR
EHEFLEP» SMEEN 2RO TV 20 LI %
PERFFEDNA Y A7 HFI1L 65 T TITIES R
FERELTWAEZD, 5RO ETHRFRTEVE
ERLREE O ZF OBOFRFIAE Y A 7 FITEEH
Lhho 2T EEEDEZONRS.

ZOoHOHEHE LT, BEBEOMREROEILE LT,
HREOREHEEDRAMZ, BUHHEE T ETIE
GBS HAR B IR L C BRI 2SN 35 & w9 Bk %
RTE WL, SEOWEECTOREE DI HIE R
Hod|id, BEEE LTEERCEL L2V 00
SRR EREF S WEFEINA I, FE
TRIEE T & I L oI ERESBO LML
Pol-MEREEDEZONS.

— 250 —



48:76 BAREZEEZSHFE 485175 (2011:1)

(%)

25
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p=0015 19.4%
15 (13/67)
10
2.8%
5 (4/141)

EEmEME BinE
Non-AOE# AOH
K3 HOMA-R2173 THIE L7z ¥ A Y Y #EHEOHIL
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BB ERIC BT B4 v A Y VR H O BUE & Hlk
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HHLOD, MEFMCEEZEIRDOONEd o7

BT BihE
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2003 - (4 SEDTHESZDHE 2 MR & L2720, BT
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7 L B 1400=219, p<00l), DBP (2003- 04 % # &
D 778+97, 7% LEE79.6+101, p<0.01), FPG(2003 -
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WIS RGP T ATTE 2 1T L, FBTR AKD 5
WIEEFEE TOMEREEILEL 2o TI0EEZD
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I 10EBRD B ZH TR BB ERRESL S,
I - BIICRE % 52T A R ERO B AL & T
BB TOMNTH Y, HEZ BN L T2 TRk
EZ LN

7z, SEIWEEOMBEE L 10 FHEOMRFER
LA R LA, BROBATORBEEME SN
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ThHHH, BHEOTANZOBOPERRBBICE LS
WEARHT AL REETHY, SHOMFRETDH
LEZOLNA.
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Comparison of the effect of abdominal obesity on new onset of type 2 diabetes in a general Japanese
elderly population with that in a non-elderly population-The Tanno and Sobetsu study

Mizue Fujii”?, Hirofumi Ohnishi®¥, Shigeyuki Saitho”, Mitsuru Mori” and Kazuaki Shimamoto®

Abstract

Aim: We investigated the effect of abdominal obesity (AO) on new onset of type 2 diabetes (NODM) in a general Japanese
elderly population compared with that in a non-elderly population.

Methods: The subjects were 827 people aged 29-84 who underwent medical examinations in the towns of Tanno and
Sobetsu in Hokkaido, first in 1994 and subsequently in either 2003 or 2004, after the exclusion of individuals with preexisting
type 2 diabetes at baseline. The subjects were divided into 2 groups according to waist circumference (WC) at baseline: an
AO (WC =85 cm for men and =90 cm for women) group and a non-AO group. The percentages of subjects with NODM re-
corded in either in 2003 or 2004 were compared between these 2 groups, and the AO odds ratio in NODM was calculated
separately for elderly (=65 years) and non-elderly (<65 years) subjects, using multiple logistic regression analysis.

Results: The percentage of non-elderly subjects with NODM was significantly higher in the AO group than in the non-AQ
group (16.9% vs. 54%, p<0.0001), but there was no statistically significant difference in the elderly subjects. Multiple logistic
regression analysis showed that there was a significant relationship between AO and NODM (AO odds ratio in NODM =
2.68,95% confidence interval (CI): 1.05-6.90) in the non-elderly subjects, but not in the elderly subjects.

Conclusion: Consideration of the different effects of AO on NODM in elderly and non-elderly people may be important for
the prevention of type 2 diabetes.

Key words: Elderly, Diabetes mellitus, Abdominal obesity, Insulin resistance, Tanno and Sobetsu study

(Nippon Ronen Igakkai Zasshi 2011; 48: 71-77)

1) Department of Public Health, Sapporo Medical University School of Medicine
2) School of Nursing, Sapporo City University
3) Second Department of Internal Medicine, Sapporo Medical University School of Medicine

— 252 —



ORIGINAL ARTICLE

Journal of Human Hypertension (2011), 1-9
© 2011 Macmillan Publishers Limited  Alf rights reserved 0950-9240/11

www.nature.com/jhh

Matsuda—DeFronzo insulin sensitivity
index is a better predictor than HOMA-IR
of hypertension in Japanese:

the Tanno-Sobetsu study

M Furugen, S Saitoh, H Ohnishi, H Akasaka, K Mitsumata, M Chiba, T Furukawa,

Y Miyazaki, K Shimamoto and T Miura

Second Department of Internal Medicine, Sapporo Medical University School of Medicine, Sapporo, Japan

Here we examined whether the Matsuda-DeFronzo
insulin sensitivity index (ISI-M) is more efficient than
the homeostasis model assessment of insulin resis-
tance (HOMA-IR) for assessing risk of hypertension.
Cross-sectional and longitudinal analyses were con-
ducted using normotensive subjects who were selected
among 1399 subjects in the Tanno—-Sobetsu cohort. In
the cross-sectional analysis (n=740), blood pressure
(BP) level was correlated with HOMA-IR and with ISI-M,
but correlation coefficients indicate a tighter correlation
with ISI-M. Multiple linear regression analysis adjusted
by age, sex, body mass index (BMI) and serum tri-
glyceride level (TG) showed contribution of ISI-M and
fasting plasma glucose, but not of HOMA-IR. In the

longitudinal analysis (n=607), 241 subjects (39.7%)
developed hypertension during a 10-year follow-up
period, and multiple logistic regression indicated that
age, TG, systolic BP and ISI-M, but not HOMA-IR, were
associated with development of hypertension. In sub-
jects <60 years old, odds ratio of new-onset hyperten-
sion was higher in the low ISI-M group (ISI-M, less than
the median) than in the high ISI-M group for any tertile of
BMI. In conclusion, ISI-M is a better predictor of
hypertension than is HOMA-IR. Non-hepatic IR may be
a determinant, which is independent of TG, BP level and
BMl, of the development of hypertension.

Journal of Human Hypertension advance online publication,
17 March 2011; doi:10.1038/jhh.2011.23

Keywords: insulin resistance; Matsuda—DeFronzo insulin sensitivity index; HOMA-IR; epidemiology

Introduction

Hypertension, diabetes and dyslipidemia are life-
threatening risk factors of cardiovascular events
worldwide™ and these lifestyle-related diseases
tend to co-exist in the same individuals.*” Insulin
resistance (IR) is not only a hallmark of type 2
diabetes mellitus and metabolic syndrome but
also frequently present in non-diabetic patients
with hypertension. Accumulating evidence to date
indicates that IR significantly contributes to accel-
erated atherosclerosis and development of cardio-
vascular events.®** However, in contrast to its role
in atherosclerosis, the role of IR in development of
hypertension remains unclear. Acute hyperinsuli-
nemic glucose clamp has been shown to induce
sodium retention and activation of the sympathetic
nervous system and renin—angiotensin system in
humans.***s However, results regarding the associa-
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tion of IR with hypertension in previous population
studies are inconsistent.*®*°

Although the inconsistency cannot be -easily
explained, use of different indices for assessment
of IR might be responsible for the apparent contra-
diction between results of earlier studies. Insulin
resistance in skeletal muscle is thought to contribute
to the development of hypertension.?*** On the
other hand, recent studies have shown that IR can
occur separately in the liver and in skeletal
muscles.®* Current clinical indexes of insulin sensi-
tivity (IS) are not specific to IS in the liver or that in
the skeletal muscle.

The aim of the present study was to determine
whether the Matsuda—DeFronzo index (ISI-M)®*? is a
better predictor of hypertension than the home-
ostasis model assessment of IR (HOMA-IR).®® To this
end, we performed both a cross-sectional analysis
and a longitudinal analysis using the same Japanese
cohort, Tanno—Sobetsu cohort.****3” HOMA-IR®® is
easily calculated from fasting insulin and glucose
levels and has thus been used in numerous clinical
and epidemiological studies. However, this index
basically represents IS of the liver and possibly
underestimates IR of the skeletal muscle. On the
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other hand, ISI-M incorporates plasma insulin and
glucose levels after oral glucose loading, both of
which depend on not only hepatic but also skeletal
glucose disposition. We postulated that IR detected
by ISI-M is more closely associated with elevation
of blood pressure (BP) than is that by HOMA-IR.
Results of the present study suggest that ISI-M is a
better index of IR in terms of prediction of new-
onset hypertension and that its contribution to
development of hypertension is independent of
serum triglyceride (TG) and BP level per se.

Subjects and methods

Study subjects

The protocol of the present study was approved by
the Ethics Committee of Sapporo Medical Univer-
sity, and all of the study subjects gave informed
consent for inclusion in the present investigation.

A total of 1399 residents of the towns of Tanno
and Sobetsu in Hokkaido, Japan, who underwent
health examinations in 1991 or 1992, (Residents of
Tanno and those of Sobetsu attended the examina-
tions in 1991 and 1992, respectively.) participated in
the present protocol. To examine the relationship
between IR and new-onset hypertension, we ex-
cluded subjects receiving treatment for hyperten-
sion, diabetes or dyslipidemia and those with
untreated hypertension at the baseline examination.
Hypertension was defined by criteria described
below (BP determination and diagnosis of hyperten-
sion). An additional 10 subjects whose serum TG
level at the baseline examination was >400mgdl™*
were excluded, because that level of TG makes
calculation of low-density lipoprotein cholesterol
(LDL-C) concentration, by use of the Friedewald
equation, invalid.®® After the exclusion, 740 subjects
remained and their data were used for cross-
sectional analyses in the present study.

The study cohort was followed up by biannual
health examinations, and data at 10 years after the
baseline examination (that is, data in 2001 or 2002)
were used for longitudinal analyses of new onset of
hypertension and associated factors. As 133 subjects
did not show up to receive a health examination at
the 10-year follow-up, data from 607 subjects {254
males and 353 females, aged 57.6 + 10.3 years) were
used for the longitudinal analysis.

Blood pressure determination and diagnosis of
hypertension

After a 5-min rest, BP was measured twice in the
sitting position using a mercury sphygmoman-
ometer. Patients were advised to refrain from
smoking before BP determination and blood sam-
pling. The average of two measurements was used
for analysis. Subjects with systolic BP (SBP)
>140mm Hg and/or diastolic BP (DBP) >90 mm Hg
or those who were treated for hypertension were
defined as individuals with hypertension. This
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definition was used for diagnosis of hypertension
at the baseline examination and during a 10-year
follow-up. Information on medications, which study
subjects were taking, was thoroughly collected by
public nurses.

Oral glucose tolerance test and blood analyses

In the morning after a 10- to 12-h overnight fast, all
participants underwent a 75-g oral glucose tolerance
test (OGTT). Blood samples were taken for the
determination of plasma glucose and insulin con-
centrations before and at 60 and 120 min after taking
75 g glucose solution (TRELAN-G75, 225 ml, Ajino-
moto Pharmaceutical Co. Ltd., Tokyo, Japan). Plas-
ma glucose and insulin levels were measured using
the glucose oxidase method and the RIA beads
method (Dainippon Sumitomo Pharma, Osaka,
Japan), respectively. Fasting levels of serum total
cholesterol, high-density lipoprotein-cholesterol
and TG were determined by the cholesterol-
oxidase-dimethoxy-aniline hydroxy-3-sulfopropyl
(DAOS) method, dextran-sulfate magnesium-hydro-
chloride precipitation method and glycerol-3-phos-
phate-oxidase-DAOS method, respectively. LDL-C
was calculated from the Friedewald equation.

Indices of insulin resistance

HOMA-IR*® was calculated using the equation
HOMA-IR =fasting glucose [mmol d1~*] x fasting in-
sulin [mU1-']/22.5. ISI-M?®® was calculated based
on the results of OGTT: ISI-M=10000/
(Go x Iy X Giean X Lnean)’?, where G and I represents
plasma glucose [mmoldl™'} and insulin [mUI1]
concentrations, respectively, and ‘0’ and ‘mean’
indicates fasting value and mean value during
OGTT, respectively.

Statistical analysis

Statistical analyses were conducted using JMP soft-
ware version 7.0.1 for Windows (SAS Institute, Cary,
NC, USA) and SPSS ver.12.0] for Windows (SPSS,
Chicago, IL, USA). Numerical values are presented
as means+ts.d.’s. Pearson correlation coefficient
was calculated to evaluate correlations between the
two variables. Differences in parameters between
two study groups were tested by use of the unpaired
t-test. The Meng-Rosenthal-Rubin method was
used for testing difference in correlation coefficients
between HOMA-IR and BP and those between
ISI-M and BP. In cross-sectional analysis of the data,
multiple linear regression analysis was carried out
to assess the relationships between BP and IR
indices. In longitudinal analysis of the data, odds
ratio (OR) of new-onset hypertension was calculated
by multiple logistic regression analysis. The y*-test
was used for analyzing trend of incidence of
hypertension across quartiles of HOMA-IR or ISI-M
and between subgroups of HOMA-IR or ISI-M.
Because of the skewed distribution of data, natural
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logarithmic transformation was performed for glu-
cose concentrations, insulin  concentrations,
HOMA-IR, ISI-M, and TG, high-density lipopro-
tein-cholesterol and LDL-C levels for regression
analysis. P-values <0.05 were considered to be
statistically significant.

Resulis

Cross-sectional analyses

Baseline characteristics of the study subjects are
shown in Table 1. There was no significant differ-
ence between the male and female subjects in body
mass index (BMI)}, HOMA-IR or ISI-M (P=0.9, 0.7
and 0.06, respectively), whereas levels of high-
density lipoprotein-cholesterol and LDL-C were
lower, and TG level was higher in the male subjects
than in the female subjects. BMI values were low by
Western standards but were comparable with BMI
values in earlier population studies in Japan.*>*
As shown in Figure 1, both SBP and DBP were
significantly correlated with HOMA-IR (r=0.12 and
r=0.21, P<0.01 for both) and with ISI-M (r=-0.18
and r=-0.25, P<0.01 for both). However, absolute
values of correlation coefficients were significantly
larger for ISI-M than for HOMA-IR (by Fisher’s z-
transformation; z values =5.21 and 7.40 for SBP and
DBP, respectively). SBP had significant correlation
also with the level of fasting plasma glucose (FPG)
(r=0.16, P<0.0001), plasma glucose at 120min
after glucose loading (r=0.19, P<0.001), fasting
plasma insulin (FPI) (r=0.09, P=0.02) and plasma
insulin at 120min after glucose loading (r=0.11,
P=0.004). In multiple linear regression analysis
adjusted by age, sex, BMI and TG (Table 2), there
was a weak association between SBP and ISI-M, but
there was no significant association between SBP
and HOMA-IR. A stronger association was observed

Table 1 Baseline characteristics of study subjects
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between DBP and both ISI-M and HOMA-IR. A
significant contribution to SBP and/or DBP varia-
tions was detected also for fasting plasma glucose,
plasma glucose at 120 min after glucose loading and
FPI but not for plasma insulin at 120min after
glucose loading.

Longitudinal analyses
Table 3 shows a comparison of baseline parameters
between subjects who developed hypertension dur-
ing the 10-year follow-up period and those who
remained normotensive during the follow-up peri-
od. New-onset hypertension during the follow-up
period was observed in 241 subjects (39.1% of total
subjects). Subjects who developed hypertension
were significantly older and their BMI, SBP, DBP,
LDL-C, plasma glucose at 120min after glucose
loading and FPI levels were higher at baseline
examinations compared with those who remained
normotensive. However, baseline plasma level of
plasma insulin at 120 min after glucose loading was
not different between the two groups. Both HOMA-
IR and ISI-M indicate lower IS at the baseline
examination in subjects who developed hyperten-
sion during the follow-up period than in those with
normal BP. In contrast to elevation of SBP and DBP,
changes in BMI and TG during the 10-year follow-up
period were not different between the group of
subjects with new-onset hypertension and the group
of normotensives (Table 3). After adjustment for
both age and sex, the difference in baseline HOMA-
IR between the two groups was statistically insig-
nificant, though inter-group differences in baseline
ISI-M, BMI, SBP, DBP, FPI, ASBP and ADBP
remained significant.

To examine the relationship between level of IR
and risk of hypertension, we compared incidences
of hypertension during the 10-year follow-up in

Cross-sectional analysis (n = 740) Longitudinal analysis (n=607) Male* Female* P-value
Age, (years old) 58.0+10.2 57.61+10.3 58.7+10.7 56.8+10.2 0.02
Male/female 316:434 254:353
BMI, kgm"z 23.3+2.7 23.1+2.7 23.1+2.6 23.1£2.7 0.9
SBP, mm Hg 124.8+16.0 119.2+10.9 120.0+10.7 118.9+11.1 0.3
DBP, mm Hg 74.9+9.1 72.5%7.5 73.2+7.8 72.0+7.3 0.07
TG, mgdl‘1 126.3+95.4 113.6+57.2 124.7 £59.9 105.6 £53.9 <0.0001
HDL-C, I‘ﬂgdl"1 55.6 +£13.8 55.9+13.9 52.4+14.1 58.5+13.2 <0.0001
LDL-C, mg dl-? 109.2+32.6 110.1+28.2 103.8+26.9 114.5+28.3 <0.0001
FPG, mmol 1! 4.88+0.58 4.8+ 0.6 4.9+0.6 4.81+0.6 0.03
PG40, mmol I 5.76 £1.06 5.7+1.0 5.8+1.1 5.6+ 1.0 0.007
FPI, mU1-* 5.6+3.2 5.5+3.2 5.41+3.5 5.6+3.1 0.4
Plyyg, mU1-1 27.5+18.6 26.7+18.2 24.6+19.5 28.2+17.0 0.02
HOMA-IR 1.23+0.75 1.20+£0.75 1.19+0.82 1.21£0.69 0.7
ISI-M 11.4+6.3 12.3+6.7 13.0+7.3 11.9+£6.3 0.06

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; FPI, fasting plasma insulin; HDL-C, high-
density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment index of insulin resistance; ISI-M, Matsuda—DeFronzo insulin
sensitivity index; LDL-C, low-density lipoprotein cholesterol; PG,z,, plasma glucose at 120 min after 75-g glucose loading; Pl,,,, plasma insulin
level at 120 min after 75-g glucose loading; SBP, systolic blood pressure; TG, serum triglyceride.

All values are shown as mean *s.d.
“Subgroups in Longitudinal analysis.

w
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Figure 1 Relationship between blood pressure and an index of insulin sensitivity. Correlations between blood pressure levels with
log HOMA-IR (panels a, b) and correlations between blood pressure levels with log ISI-M (panels ¢, d). DBP, diastolic blood pressure;
HOMA-IR, homeostasis model assessment of insulin resistance; ISI-M, Matsuda-DeFronzo index; SBP, systolic blood pressure.

Table 2 Regression between blood pressure levels and indices of
insulin sensitivity in multiple linear regression analysis adjusted
by age, sex, BMI and TG in cross-sectional analysis (n=740)

SBP DBP
B-value P-value B-value P-value

FPG, mmol 1~ 0.12 0.006 0.06 0.03
PG, 30, mmol1? 0.08 0.001 0.04 0.01
FPI, mU1? 0.05 0.7 0.20 0.04
Pl mUl-? 0.01 0.6 0.02 0.2
HOMA-IR 0.72 0.3 1.42 0.006
ISI-M -1.91 0.03 -2.13 0.001

Abbreviations: DBP, diastolic blood pressure; HOMA-IR, homeostasis
model assessment index of insulin resistance; ISI-M, Matsuda—
DeFronzo insulin sensitivity index; FPG, fasting plasma glucose;
FPI, fasting plasma insulin; PGy, plasma glucose at 120min after
75-g glucose loading; Ply,o, plasma insulin level at 120 min after 75-g
glucose loading; SBP, systolic blood pressure; TG, serum triglyceride.

each quartile of HOMA-IR and ISI-M. As shown
in Figure 2a, there was no significant difference
in hypertension incidence between HOMA-IR sub-
groups. In contrast, incidences of hypertension were
significantly higher in lower quartiles of ISI-M than
in higher ISI-M quartiles (Figure 2b).

Multiple logistic regression analysis was used to
identify factors significantly involved in the devel-
opment of hypertension during the 10-year follow-
up period. By use of the stepwise method, age, sex,
TG and SBP, ISI-M, HOMA-IR and BMI were
selected as independent variables from parameters
that were significantly different between the groups
with and without hypertension (Table 3) for the
multiple logistic regression analysis. As IS is closely
related to BMI, we used a model with an index of IS
without BMI and a model with both an index of IS
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and BMLI. In model 1, an index of IR (that is, ISI-M or
HOMA-IR), age, sex, TG and SBP were used as
independent variables. In model 2, BMI was added
to independent parameters incorporated into model
1 (Table 4). In model 1, ISI-M was significantly
associated with development of hypertension
(P=0.029, 8=-0.37) as were TG and SBP, whereas
a significant association of HOMA-IR with hyper-
tension development could not be demonstrated. In
model 2, significant association with hypertension
was detected for age, TG, SBP and BMI but not for
ISI-M or HOMA-IR.

As the regression dilution bias (that is, ‘flattening’
of the slope of the line describing the relation
between an exposure variable and an outcome of
interest by random measurement error in the
exposure variable) might have underlain the lack
of association between ISI-M and hypertension
in model 2, we assessed the effects of IR on risk
of hypertension development in different levels
of BMI. Considering the effect of baseline age
on hypertension development (Table 2), we first
divided subjects into a group of <60 years old and a
group of >60 years old and then subjects in each age
group were further divided by 3 x 2 factors (tertile of
BMI and high or low IS) as shown in Figure 3. To
divide subjects into insulin-sensitive and -insensi-
tive subgroups, HOMA-IR of 1.73 and median value
of ISI-M were used as cutoff values. The value of
HOMA-IR (that is, 1.73) was based on our previous
studies showing that HOMA-IR >1.73 predicts IR
defined by the M-value determined by euglycemic
glucose clamp (M <167.3 mgm~? per min) and that
by insulin levels during 75-g OGTT.?5*¢ As shown in
Figure 3a, in subjects <60 years old, increase in OR
of hypertension by IR was indicated in the first and
third tertiles of BMI. However, such an effect of BMI
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Table 3 Comparison of baseline parameters between study subjects who developed hypertension during the 10-year follow-up period
and those who remained normotensive during the follow-up period

Hypertension (+) n=241) Hypertension (—) (n = 366) P-value P-value after adjustment*
Sex (male/female) 101:140 153:213 0.9 —_
Age, (years old) 59.4+9.1 56.4+10.9 0.0006 —
BMI, kgm™* 23.612.7 22.7%£2.6 <0.0001 <0.0001
SBP, mm Hg 123.7+10.1 116.2+10.5 <0.0001 <0.0001
DBP, mm Hg 745175 71.2+7.2 <0.0001 <0.0001
TG, mgdl™ 117.3 £56.6 111.2£57.6 0.2 0.4
HDL-C, mgdl* 55.3+13.2 56.4+14.3 0.3 0.2
LDL-C, mgdl-* 112.3+28.8 108.6 +27.8 0.02 0.1
FPG, mmol 17! 4.9%+10.3 5.3+3.1 0.4 0.7
PGy, mmol 17 5.8+19.2 5.6+17.5 0.04 0.08
FPL, mU1* 5.9+3.4 5.3+3.1 0.02 0.03
Pl 50, mU1-? 27.6%16.5 26.1+19.1 0.3 0.4
HOMA-IR 1.28+0.78 1.14+0.72 0.03 0.08
ISI-M 11.4+6.4 13.0£6.9 0.004 0.005
ASBP, mm Hg 246+17.1 6.1+12.2 <0.0001 <0.0001
ADBP, mm Hg 9.0%£9.0 0.8+8.7 < 0.0001 <0.0001
ABMI, kgm™* 0.46%1.6 0.32+1.8 0.3 0.2
ATG, mgdl™ —13.0%54.6 ~10.6 £60.9 0.6 0.6

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; FPI, fasting plasma insulin; HDL-C, high-
density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment index of insulin resistance; ISI-M, Matsuda-DeFronzo insulin
sensitivity index; LDL-C, low-density lipoprotein cholesterol; PG, ,,, plasma glucose at 120min after 75-g glucose loading; PI,;,, plasma insulin
level at 120 min after 75-g glucose loading; SBP, systolic blood pressure; TG, serum triglyceride.

All values are shown as mean +s.d.

*P-values adjusted for age and sex by multiple regression are presented in addition to unadjusted P-values.

p value for trend = 0.22 p value for trend < 0.01
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Figure 2 Incident rates of hypertension during the 10-year
follow-up period in subjects with different levels of insulin
sensitivity at the start of follow-up. Incidence of hypertension is
shown for each quartile of ISI-M and HOMA-IR levels. HOMA-IR
quartiles: Q1 —0.59, Q2 0.60-1.05, Q3 1.06—~1.67, Q4 1.68—. ISI-M
quartiles: Q1 6.9, Q2 7.0-10.2, Q3 10.3-15.5, Q4 15.6—.

on OR of hypertension was not detected in subjects
>60 years old (Figure 3b). Interestingly, increased
OR of hypertension in low ISI-M groups <60 years
old was consistently observed for any level of BMI
tertiles (Figure 3c). In subjects =60 years old, influ-
ence of IR on OR of hypertension was not shown by
ISI-M, regardless of BMI level (Figure 3d).

Discussion

The contribution of IR to development of hypertension
has been assessed in several cross-sectional and
longitudinal studies in the past two decades. How-
ever, significant association of IR with development

Table 4 Multiple logistic regression analysis of factors contribut-
ing to new-onset hypertension during the 10-year follow-up
period

Model 1 Model 2

B-value P-value B-value P-value
Age (y.o.) 0.026 0.003 0.027 0.003
Sex (female) —0.0080 0.930 0.0059 0.950
TG (mg dal-% 0.0023 0.044 0.0029 0.016
SBP (mm Hg] 0.070 <0.0001 0.0068 < 0.0001
HOMA-IR 0.24 0.094 0.095 0.540
BMI 0.099 0.008
Age (y.0.) 0.026 0.004 0.027 0.0030
Sex (female) 0.0051 0.960 0.0038 0.970
TG (mg dl-Y) 0.0026 0.004 0.0030 0.014
SBP (mm Hg) 0.069 <0.0001 0.068 <0.0001
ISI-M —-0.37 0.029 —-0.19 0.320
BMI 0.092 0.017

Abbreviations: BMI, body mass index; HOMA-IR, homeostasis model
assessment index of insulin resistance; ISI-M, Matsuda—DeFronzo
insulin sensitivity index; SBP, systolic blood pressure; TG, serum
triglyceride.

of hypertension has not been consistently demon-
strated either by cross-sectional studies or by long-
itudinal studies.’®* Use of different indices for
assessment of IS is one of the possible reasons for
the inconsistent results of earlier studies. Currently,
several indices are used for determination of IR in
human subjects: M-values determined by various
types of glucose clamp, HOMA-IR, ISI-M, quantita-
tive IS check index, Kqr (an index determined
by intravenous insulin tolerance test), FPI, XIRI
(that is, sum of plasma insulin levels during 75-g
OGTT), Belfiore index and Cederholm index.4?*4
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Figure 3 0Odds ratio (OR) of new-onset hypertension during the 10-year follow-up period. OR was calculated for subgroups divided by
an index of insulin sensitivity (ISI-M or HOMA-IR) and tertiles of BMI. Results are shown for subjects <60 years old (panels a and ¢) and
for those =60 years old (panels b and d). Low ISI-M and high ISI-M were classified by the median value of ISI-M (that is, 10.7). *P<0.05
vs OR in the same BMI tertile. BMI tertiles: T1 —21.8, T2 21.9-24.1, T3 24.2—.

Quantitative IS check index is, such as HOMA-IR, an
index determined by fasting plasma glucose and
insulin, which primarily indicates hepatic IS. Belfiore
index is based on the product of mean plasma glucose
concentration and mean insulin concentration during
OGTT. Cederholm index incorporates mean plasma
glucose concentration, mean insulin concentration
Go and Gy to reflect peripheral IS. The correlation
coefficient between M-value by euglycemic glucose
clamp and ISI-M is reportedly larger than the
coefficient between the M-value and Belfiore or
Cederholm index (0.732 vs 0.534, 0.623).%°

In the present study, we found that ISI-M
correlates more significantly with BP than does
HOMA-IR in cross-sectional analysis (Figure 1), and
cumulative incidence of hypertension was higher in
subjects with lower ISI-M (Figure 2). Furthermore,
multiple logistic regression analysis indicated that
ISI-M, but not HOMA-IR, was contributory to the
development of hypertension during the 10-year
follow-up period. HOMA-IR represents primarily IS
of the liver, as the liver is responsible for >75% of
endogenous glucose production. On the other hand,
ISI-M represents IS of the whole body (that is, liver
and skeletal muscles) and it more closely correlates
with the M-value than does HOMA-IR.***% Taken
together, the present findings suggest that extra
hepatic IR has a significant role in the development
of hypertension. We did not selectively assess
contribution of skeletal muscle IS to development
of hypertension in the present study. However, this
issue may be examined in future projects by use of
the Cederholm index and/or a recently devised
index of skeletal muscle IS (that is, the rate of
plasma glucose concentration decay from its peak to
its nadir during the OGTT divided by the mean
plasma insulin concentration).*®

Difference in characteristics of subjects (that is,
race and proportions of females and/or obesity)
recruited to the studies is also a possible reason for
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inconsistent association of IR with hypertension in
the literature. We performed a post hoc analysis to
examine gender difference in the correlation of ISI-
M or HOMA-IR with BP and in the relationship
between level of ISI-M or HOMA-IR and incidence
of new-onset hypertension. However, a signifi-
cant difference was not detected between male and
female subjects in any of the relationships. This lack
of gender difference might be attributable to the
relatively advanced age of female subjects at entry
to the present follow-up study. The mean age of
female subjects was 56.8+10.2 years and the
majority of them were post-menopausal at entry.
Thus, effects of estrogens on IS and BP might not
have been predominant and detectable in the
present female cohort.

The contribution of obesity and that of IR to
hypertension are very difficult to assess separately
as obesity is a major factor leading to the develop-
ment of IR and obesity per se activates multiple
mechanisms of BP elevation, including stimulation
of the central sympathetic nervous system.>*7¢
Thus, the finding that association of ISI-M with
new-onset hypertension in the multiple logistic
regression analysis was lost by incorporating BMI
as a dependent variable (Table 4) does not necessa-
rily exclude the possibility that IR per se contributes
to the development of hypertension. In fact, OR of
hypertension was higher in a subgroup with lower
ISI-M than in a subgroup with higher ISI-M for each
tertile of BMI in subjects <60 years old (Figure 3),
whereas higher BMI was associated with higher OR
of hypertension. Recently, Bonora et al.*® reported
that the M-value determined by hyperinsulinemic—
euglycemic clamp was significantly associated with
BP level after adjustment of age, sex, FPI and BMI in
a cross-sectional analysis of 1093 subjects. On the
other hand, such a BMI-independent association of
IR with BP was not found in a similar cross-sectional
analysis by Ferrannini et al?** In those cross-
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sectional studies, mean BP levels were within
normal ranges, and the impact of IR on BP might
be difficult to detect in subjects with normal ranges
of BP. Nevertheless, the observations in a study by
Bonora et al.?® and our results presented in Figure 3
suggest obesity-independent contribution of IR to
hypertension.

Increased renal sodium retention, enhanced acti-
vation of sympathetic nerve activity and renin—
angiotensin system, endothelial dysfunction and
microvascular remodeling have been proposed
as possible mechanisms of elevation of BP by
IR.5:13-15.47-50 Hawever, the contribution of any of
these mechanisms has not yet been unequivocally
demonstrated in human subjects. Acute hyperinsu-
linemia, induced by insulin infusion, has been
shown to reduce urinary sodium excretion and to
increase plasma norpeinephrine and renin activity,
but it does not consistently elevate BP.**~** In canine
models, with and without obesity or renal insuffi-
ciency, not only acute but also chronic infusion of
insulin failed to elevate BP, though it induced
transient renal sodium retention.®>** In contrast,
insulin infusion in salt-sensitive rats reportedly
induced hypertension with augmented sodium
retention, whereas BP was not changed by insulin
in salt-resistant controls.* Interestingly, a recent
clinical study showed that sodium reabsorption in
proximal renal tubules was significantly elevated in
subjects with IR and obesity.>> Furthermore, Bonora
et al?® showed that IR, but not hyperinsulinemia,
was associated with elevation of BP in non-diabetic
subjects. Taken together, these observations support
the notion that reduced IS in the kidney, which
modifies a set point of pressure natriuresis, has a
more predominant role in BP elevation by IR than
does hyperinsulinemia. This notion is consistent
with the present findings that ISI-M was a better
predictor than HOMA-IR and plasma insulin levels
(Table 3).

As a limitation in this study, we cannot totally
exclude the possibility of bias in results because of
exclusion of subjects from data analyses. We excluded
47% of subjects in the Tanno—Sobetsu cohort based on
exclusion criteria, and 18% of the subjects initially
included in the cross-sectional analysis dropped out
during the 10-year follow-up period. However, it is
unlikely that such bias, if any, is substantial for two
reasons. First, baseline characteristics of subjects used
for the analyses (Table 1) are comparable to those
reported for apparently healthy populations in Ja-
pan.®®55 Second, baseline parameters in subjects used
for the longitudinal analysis were similar to those for
the cross-sectional analysis.

In conclusion, ISI-M is a better index of IR
relevant to BP elevation than is HOMA-IR, and
lower ISI-M in non-elderly subjects is associated
with higher risk of hypertension, regardless of BMI
level. These findings support the notion that IR in
skeletal muscle has a significant role in the devel-
opment of hypertension.

Matsuda-DeFronzo insulin sensitivity index and hypertension
M Furugen et al

What is known about this topic
@ Results regarding the association of insulin resistance with
hypertension in previous population studies are
inconsistent.’®*%

What this study adds
e The Matsuda-DeFronzo insulin sensitivity index was
found to be a better predictor of hypertension than in
HOMA-IR, supporting the notion that insulin resistance in
skeletal muscle has a significant role in the development of
hypertension.
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