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Table 1. Characteristics of Included Cohort Studies

Mean Mean  GFR Mean Mean Fasting ~ Mean Total  Current Follow-Up, y No. of Events
No. of Age,  Men, sCr, <B0, SBP/DBP, Biood Glucose,  Cholesterol, king,
Reglons Cohort Name  Population v %  pmoll® %t  mmHg mmolL mmolL % Start-End  Mean CVD Stoke M Death
Hokkaido Tanno/Soubetsu 2066 601 439 896 194 13378 51 5.0 259 1991-1999 55 120 93 27 136
Akila 2 lkawa 2696 56.1 436 76.0 26 135/81 6.6 49 28.5 1985-1999 107 44 41 3 14
Ibaraki Kyowa 4479 548 428 76.9 53 137/82 69 5.0 304 1986-1999 101 168 128 51 350
Niigata Tokamachi 8480 58.0 331 796 7 127173 NA 5.1 188 1993-2003 78 NA NA 29 400
Osaka Yao 3855 540 348 787 67 132/80 6.0 52 27.2 1985-1998 96 79 62 18 19
Minami-lakayasu
Shiga 1 Shigaraki 2934 566 411 813 10.5 13278 60 5.0 294 1992-2001 73 ® 69 13 260
Hiroshima Hiroshima 2222 721 287 84.0 238 136/78 6.2 56 154 1992-2000 36 73 63 12 350
Ehime Ohzu 5300 595 339 69 6.2 13076 53 53 15.2 1996-2003 55 99 89 10 184
Fukuoka 1 Hisayama 77 60.8 395 83.1 95 133778 54 5.4 211 19902000 99 &7 45 14 88
Kumamoto biE 2465 470 700 65.4 02 127/80 57 54 46.4 1999-2003 4.2 5 2 3 1
Total - 35153 576 380 T8.6 8.2 131/78 6.0 52 24.5 1985-2003 T4 727 592 180 2104

sCr indicates serum creatinine; SBP/DBP, systolic or diastolic blood pressure; MI, myocardial infarction; and NA, not available.

*Serum creatinine was measured by Jaffe's method in 8 cohorts, by enzymatic method in the Ehime cohort, and by either method in the Niigata cohort. The values
of serum creatinine measured by the enzymatic method were corrected by the addition of 18.3 jumol/L.

+GFR (unit: mL - min~" - 1.73 m~?) was estimated by the Modification of Diet in Renal Disease formula.

those with a GFR <90 mL » min~' - 1,73 m™ (all P<0.01).
Subjects with a GFR <60 mL - min™' - 1.73 m™* showed a
significantly higher age- and sex-adjusted incidence of myo-
cardial infarction and all-cause mortality than those with a
GFR =90 mL - min~' - 1.73 m™ (P<0.001). The age-
adjusted incidences of CVD, stroke, and all-cause mortality
were significantly higher in subjects with a GFR <60 mL -
min~' - 1.73 m™? than in those with a GFR =90 mL - min™" -
1.73 m~’ in both sexes (all £<<0.05).

The risks of CVD, stroke, myocardial infarction, and
all-cause death increased progressively with declining GFR

Table 2. Baseline Characteristics of the Study Population
by Sex

Men Women

Risk Factors (n=9574) (n=13 459)
Age, ¥ 56.9(11.1) 58.2(11.4)
Serum creatinine, wmol/L 87.3(16.7) 71.6(13.6)
GFR, mL-min '+ 1.73m ? 87.3(20.2) 81.0(19.1)
GFR levels (mL - min~' - 1.73 m™%), %

=90 39.0 271

60-89 55.9 62.8

<60 52 10.1
Systolic bloed pressure, mm Hg 133.6 (19.1) 132.3 (19.8)
Diastolic blood pressure, mm Hg 81.1(11.5) 77.9(11.0)
Blood pressure levels, %

Normal 19.6 243

Prehypertension 418 41.0

Stage 1 hypertension 26.0 243

Stage 2 hypertension 126 104
Diabetes, % g5 5.2
Serum total cholesterol, mmol/L 5009 5.4 (1.0)
Body mass Index, kg/m’ 23.2(3.0 23.2(3.3)
Current smoking, % 56.2 i

Values are means (SD) or frequencies.

levels in the overall population after adjustment for age and
sex (Table 4). Even after adjustment for potential confound-
ing factors, specifically age, sex, cohort, systolic blood
pressure, diabetes, serum total cholesterol, body mass index,
and current smoking status, the risks of CVD, myocardial
infarction, and all-cause death were significantly higher in
subjects with a GFR <60 mL - min~' - 1,73 m~? than in the
overall population. There was no evidence of heterogeneity in
these associations among study cohorts (all P for heteroge-
neity >0.6; Q=2.46, I'=0% for CVD; Q=4.06, '=0% for
stroke: Q=3.75, F=0% for myocardial infarction; and
Q=1.14, F'=0% for all-cause death). Subjects with a GFR
<60 mL - min~" - 1.73 m™ had a significantly greater risk of
myocardial infarction and death in men and of CVD, stroke,
and death in women.

The Figure shows the log-linear relationship between
blood pressure levels at bascline and the hazard of CVD,
stroke, and all-cause death regardless of kidney function
status after adjustment for potential confounding factors (all
P for trend <0.01). There was no evidence of heterogeneity
of the patterns in the association of blood pressure levels with
the risk of outcomes between subgroups of kidney function
status (all P for heterogeneity >().7). The age- and sex-
adjusted HR of myocardial infarction increased in a log-linear
tashion with increasing blood pressure levels in the normal,
prehypertension, stage 1 hypertension, and stage 2 hyperten-
sion groups in subjects with a GFR =60 mL - min™' - 1.73
m~? (HR 0.56 |95% CI 0.33 to 0.95], 1.00 [reference], 1.60
[1.08 to 2.37], and 1.75 [1.06 to 2.87]; P for trend 0.03) and
in those with a GFR <60 mL - min™' - 1.73 m™ (0.19 [0.02
to 1.47), 1.00 [reference], 1.72 [0.80 to 3.70], and 2.36 [1.02
to 5.44]; P for trend 0.04). The number of myocardial
infarctions in subjects with normal blood pressure levels was
too small to assess reliably for multivaniate-adjusted analysis.

We also performed sensitivity analyses to assess the risk of
CVD according to GFR levels estimated by the MDRD
formula corrected according to the Japanese coefficient of
0.881.'5 The correction shifted the GFR distribution to a
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Table 3. Incidence Rate of CVD According to Kidney Function Status
Overall Men Women
GFR Levels, Incidence Rate Incidence Rate Incidence Rate
mL - min~" - No. of No. of PY at per 1000 PY No. of No. of PY at per 1000 PY No. of No. of PY at per 1000 PY
1.73m? Events  Participants Risk (5% Cy* Events  Participants Risk (95% C)* Events  Participants Risk {85% CI)*
cvD
GFR =90 105 7199 51203 291-386) 78 3672 23964 44(3.356) 27 3527 27238 18(09-28)
GFR 60-88 489 13 967 104334 43039471 245 5404 39794 554862 244 8563 64540 35(31-39t
GFR <60 133 1867 12012 65(5.0-8.01% 49 498 3018 9.1 (5.7-12.5¢ 84 1369 8995 4.7{(3.6-5.8)1
Stroke
GFR =90 84 7206 51315 2.2(1.6-28 61 %676 24033 35(25-4.5 23 3530 27281 1.4{06-2.1)
GFR 60-89 404 14 003 104808 35(3.2-39¢ 192 5433 40160 42(3648) 212 8570 64648 3.0 (2.6-3.4)F
GFR <60 104 1875 12092 5.0(3.7-6.4% 33 501 3048 6.6(3.5-9.7% n 1374 9044  4.0(3.0-5.0)4
Myocardial infarction
GFR =90 25 8350 60807 06(0.2-09 21 4179 28164 0.5(04-1.4) 4 an 32643 04(-02-09
GFR 60-89 16 19786 151527 0.7 (0.6-0.8) 72 7345 54 855 1.1(09-1.4) 44 12 441 96672 0.4(03-0.5)
GFR <60 30 2521 16 926 14 0.919% 21 643 4039 24(1.3-3.6¢ 18 1878 12887 0.7(04-1.1)
All-cause death
GFR =90 289 8445 62754 766487 ar 4225 20119 11.4(97-13.1) 72 4220 33635 51(35-686)
GFR 60-89 1388 20 280 161 168 101(6.7-7.4) 809 7529 58344 104(97-11.1) 579 12751 102824 48(44-52)
GFR <60 427 2649 18935 129(10.2-16.51¢ 184 681 4540 213 (149-27.7)% 243 1968 14385 7.3(5.9-8.6

PY indicates person-years.

“Incidence rates were adjusted for age by the direct standardized method. Qverall results were additionally adjusted for sex.

+P<0.01, $P<0.001, §P<0.05 vs GFR =80 mL - min~" - 1.73 m™%.

lower level. Consequently, more participants (21%) were
assigned to the group whose GFR was <60 mL - min™" - 1.73
m™, and the age- and sex-adjusted risk of CVD among these
subjects relative to those with a GFR =90 mL - min™" - 1.73
m * was attenuated by 85% (95% CI 32% to 160%), although
it was still significant. Similarly, a log-linear relationship
between blood pressure levels and the risk of CVD was still
observed in the subgroup whose GFR was <60 mL - min~'
1.73 m™’, even after correction with the Japanese coefficient
(Data Supplement Figure).

Discussion

In the present study, we demonstrated a clear association
between reduced GFR and high risk of CVD. To the best of
our knowledge, this is the first overview of this issue in a
Japanese community-based longitudinal study. Furthermore,
the relationship between blood pressure levels at baseline and
CVD risk was found to be strong and continuous, regardless
of kidney function status.

There have been few studies showing the association of
reduced GFR with an increased risk of CVD or mortality in
the general Japanese population.® ¥ The findings of the
Hisayama study revealed that a GFR <60 mL - min™' - 1.73
m~? was a significant risk factor for the development of
coronary heart disease in men and of CVD and stroke in
women.® In a large cohort study conducted by Irie et al’
reduced GFR was strongly associated with mortality due to
CVD or stroke. A report from NIPPON DATA 50 also
showed an association between a GFR <30 mL - min™" - 1.73
m~ and 2 high risk of cardiovascular death.® In the present
study, we demonstrated a clear association between reduced
GFR and the risks of CVD, stroke, myocardial infarction, and
death in an overview of 10 Japanese cohort studies. These

results, therefore, highlight the importance of taking kidney
function status into consideration in trying to reduce the
burden of CVD in the general Japanese population.

There are several possible explanations for the association
of reduced GFR with CVD." First, reduced GFR is associated
with a high prevalence of traditional CVD risk factors, such
as aging, hypertension, diabetes, smoking habits, and dyslip-
idemia.' In the present study, reduced GFR was found to be
a significant risk factor for the development of stroke after
adjustment for demographic factors, but not after adjustment
for potential traditional CVD risk factors, which suggests that
an accumulation of traditional CVD risk factors in individuals
with reduced GFR increases the risk of stroke. In contrast, the
risks of CVD, myocardial infarction, and all-cause death in
individuals with reduced GFR were also attenuated, although
still significant, after adjustment for traditional CVD risk
factors. Reduced GFR has been shown to be associated with
increased levels of novel CVD risk factors. such as inflam-
mation, asymmetric dimethylarginine, oxidative stress, and
thrombogenic factors.!?20 Second, reduced GFR may be a
marker of vascular disease; it is well recognized that renal
arteriosclerosis and glomerular sclerosis are closely related to
systemic atherosclerosis.”’

In the present study, reduced GFR was associated with a
high risk of stroke in men after adjustment for demographic
factors but not after adjustment for potential confounding
factors; however, this relationship was still observed in
women even after adjustment for confounding factors. This
sex difference may be a consequence of the effects of residual
confounding factors, specifically, hypercoagulable states?? or
gonadal steroids,” in women. Furthermore, the lack of a
significant association between reduced GFR and a high risk
of myocardial infarction is probably due to the relatively
small number of events.
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Table 4. Effects of Kidney Function on Development of CVD

Age- and Sex-Adjusted" Multivariate-Adjustedt
HR (95% CI) P HR (35% CI) P
Overall
CVD
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 60-89 1.41 (1.13-1.75) 0.002 1.24 (0.98-1.58) 0.07
GFR <60 226 (1.71-2.99) <0.001 1.57 (1.14-2.15) 0.005
Stroke
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 6089 1.40 (1.10-1.79) 0.007 1.24 (0.95-1.61) 0.11
GFR <60 2.06 (1.51-2.81) <0.001 1.41 (0.99-2.00) 0.06
Myocardial infarction
GFR =80 1.00 (Reference) 1.00 (Reference)
GFR 60-89 1.32 (0.84-2.08) 0.22 1.26 (0.77-2.05) 0.35
GFR <260 3.35(1.94-5.79) =0.001 2.37 (1.29-4.34) 0.005
All-cause death
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 6089 1.01 (0.88-1.15) 0.94 1.10 (0.96-1.27) 0.17
GFR <60 1.70 (1.44-2.00) <0.001 1.65(1.38-1.97) <0.001
Men
CvD
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 60-89 1.21 (0.93-1.58) 0.16 1.01 (0.75-1.35) 0.95
GFR <60 2.13(1.45-3.11) <0.001 1.47 (0.94-2.29) 0.09
Stroke
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 60-89 1.17 (0.86-1.57) 0.32 0.99 (0.71-1.38) 0.95
GFR <60 1.69 (1.08-2.65) 0.02 1.10(0.64~1.89) 0.72
Myocardial infarction
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 60-89 1.25 (0.75-2.07) 0.39 1.05(0.61-1.81) 0.85
GFR <60 3.95(2.07-7.55) <0.001 2.56 (1.24-5.27T) 0.01
All-cause death
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 60-89 0.97 (0.83-1.14) 0.72 1.06 (0.90-1.25) 0.48
GFR <60 1.75(1.42-2.16) =<0.001 1.73(1.37-2.17) <0.0M
Women
CvD
GFR =90 1.00 (Reference} 1.00 (Reference)
GFR 60-89 1.93 (1.28-2.92) 0.002 1.81 (1.17-2.79) 0.008
GFR <60 2.84 (1.794.52) <0.001 1.97 (1.19-3.29) 0.009
Stroke
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 6089 2.01(1.28-3.14) 0.002 1.81 (1.14-2.89) 0.01
GFR <60 2.89 (1.754.79) <0.001 1.98 (1.15-3.42) 0.01
Myocardial infarction
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 60-89 1.60 (0.55—4.60) 0.39 2.14 (0. 63-7 24) 0.22
GFR <260 293 (0.93-9.23) 0.07 2.79(0.74-10.56) 0.13
All-cause death
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 6089 1.13 (0.87-1.47) 0.35 1.23(0.94-1.62) 013
GFR <60 1.79 (1.34-2.38) <0.001 1.68 (1.24-2.30) <0.001

GFR was measured inmL - min~' + 1.73 m™2,

*Sex was remavec from maodel for the analysis stratified by sex.

tEstimatas were adjusted for age, sex, cohort, systolic blood pressure, diabetes, serum total cholesterol, body mass index, and current smoking status. Sex was
removed from model for the analyses stratified by sex.
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Blood pressure N of Incidence Decreasa| Increase p for p for
levels Events PYS (10°PYs)  inrisk in risk HR (95% ClI) trend  hetero.?
Cardiovascular disease
GFR260 Normal 50 35,376 1.4 [ ] 1.00 ( Reference)
PreHT 200 65475 34 —- 174124243
<(.
Stage 1HT 205 37604 54 — 2.65(1.89- 3.72)
Stage 2HT 138 17,077 8.1 —.— 3.35(2.34- 4.79)
0497
GFR <60 Normal 10 1,847 55 A 1.00 (Reference)
PreHT 35 4392 80 - 2.62(0.91- 7.55)
0.001
Stage 1HT 46 3655 126 = 3.77(1.33-10.7)
Stage 2 HT 42 2115 199 ——— 5.22{(1.83-15.0])
Stroke
GFRs60 Normal 35 35433 1.0 . 1.00 (Reference )
PreHT 164 65609 25 —— 2.03(1.37-3.01) -
<0.001
Stage 1 HT 166 37,809 4.4 i 2.99(2.01- 4.45)
Stage2HT 122 17,188 741 - 4.27(2.82- 6.45)
0.77
GFR <60 Normal 9 1847 49 L 1.00 ( Reference )
PreHT 25 4399 57 - 1,88 (0.63- 5.59)
0.004
Stage 1 HT 35 3697 95 - 2.86(0.99- 8.27)
Stage 2 HT 35 2146 163 ———— 88— 433(1.47-127)
All-cause death
GFR280 Normal 267 55,952 4.8 1.00 (Reference)
PreHT 628 94,164 6.7 1.08 (0.93- 126)
<0.001
Stage 1HT 501 51735 9.7 = 1.28(1.08- 151)
Stage 2HT 281 22,045 127 E 1.46(1.22- 1.76)
0.99
GFR <60 Normal 48 3236 14.8 L 1.00 (Reference )
PreHT 153 6,836 224 —il— 1.39(0.97- 1.98)
0.004
Stage 1HT 126 5866 215 i 1.39 (0.97- 2.00)
Stage 2HT 100 2,891 334 —— 1.80(1.22- 2.65)
| | | |
0.5 1.0 10.0

HR (95% Cl)

Figure. Effects of blood pressure levels on the development of CVD according to kidney function status. Estimates were adjusted for age,
sex, cohort, diabetes, serum total cholesterol, body mass index, and current smoking status. Solid boxes represent estimatcs on the risk of
outcomes for sach blood pressure level. Areas of the boxes are proportional to the number of events. “P for trend” tested the log-linear rela-
tionship between blood pressure levels at baseline and the nsk of outcomes by kidney function status. “P for hetero.” tested the heterogene-
ity of the association of blood pressure levels with the nsk of outcomes between kidney function status subgroups. HT indicates hyperten-
slon; PYs, person-years.
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In the present study, we demonstrated a clear log-linear
association between blood pressure levels and the risks of
CVD, stroke, and all-cause death, regardless of kidney
function status. These findings are consistent with the results
of other studies conducted in the general population.®'©
Recent publications of prospective cohort data suggest, how-
ever, that individuals with a reduced GFR and a systolic
blood pressure below 120 mm Hg may be at increased risk of
stroke or death.'>!> Other post hoc analyses of trials con-
ducted on individuals with coronary heart disease™ and with
diabetic nephropathy>s suggest an increased risk of coronary
events at the lower achieved blood pressures. In the present
study, however, no evidence of an increased risk of myocar-
dial infarction was observed at the lower blood pressure level.
One possible explanation for the J-curve association observed
in the previous studies may be the phenomenon of reverse
causality,?® in which extensive vascular disease or subclinical
cardiac dysfunction is associated with lower blood pressure
levels and reduced GFR and is associated independently with

a relatively high risk of CVD, rather than with any adverse

effects of low blood pressure itself.

Several limitations of the present study should be noted.
First, the generalizability of our findings to some populations
at high risk for CVD may be limited. The participants
excluded from the analysis due to missing baseline examina-
tion data or event data were likely to have a higher cardio-
vascular risk, because they were older (mean 63 years), had
higher blood pressure levels (mean 138/80 mm Hg), and had
a greater prevalence of diabetes (8.7%) than the study
population. This bias has the potential to alter our findings,
which may therefore be conservative. Second, the present
GFR estimates, which were made with a simplified prediction
equation, may not be sufficiently correct, which possibly
could lead to a certain number of misclassifications of
estimated kidney function status. Such misclassifications
would weaken the association found in the present study,
biasing the results toward the null hypothesis. Third, we were
unable to obtain information regarding the use of antihyper-
tensive drugs, medication compliance, or blood pressure
control during the follow-up period. The lack of this infor-
mation may reduce the accuracy of our findings to some
extent. Fourth, the applicability of the present results to
populations with severe kidney dysfunction is limited, be-
cause very few of our subjects (0.1%) had a GFR <30 mL -
min ' - 1.73 m™". Moreover., the absence of data on protein-
uria in the present study makes it impossible to assess the
effects of the earliest stages of kidney disease on the risk of
CVD. Finally, creatinine measurement was conducted locally
rather than at a central laboratory, which introduces a certain
amount of variability that may reduce the reliability of the
results.

In conclusion, the present findings suggest that a reduced
GFR is associated significantly with a high nsk of CVD in the
gencral Japanese population. Furthermore, we observed a
continuous relationship between blood pressure levels at
baseline and the risk of CVD, regardless of kidney function
status. The optimization of blood pressure control in individ-
uals with kidney dysfunction is therefore likely to substan-
ually reduce the burden of CVD in the general population.
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CLINICAL PERSPECTIVE

There have been several studies reporting a strong association between reduced kidney function and cardiovascular risk.
The findings, however, have been inconsistent in Asian populations, and there has been no attempt to date to review the
evidence. Hence, we conducted an overview of individual participant data from Japanese community-based cohort studies
to reliably assess the impact of reduced kidney function on cardiovascular risk in the general Japanese population. Our
findings suggest a clear association between reduced kidney function and a 57% greater risk of cardiovascular disease in
the Japanese population, as well as a log-linear relationship between blood pressure levels and cardiovascular risk in
individuals with reduced kidney function. The optimization of blood pressure control in individuals with reduced kidney
function is therefore likely to substantially reduce the burden of cardiovascular disease in the general population. Given
that the prevalence of reduced kidney function is =~10% in the general population, we believe that these novel findings are

significant in the areas of clinical and public health.

Go to http://cme.ahajournals.org to take the CME quiz for this article.
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Original Article

Incidence of Hypertension in Individuals with
Abdominal Obesity in a Rural Japanese Population:
The Tanno and Sobetsu Study

Hirofumi OHNISHI"*, Shigeyuki SAITOH", Hiroshi AKASAKA",
Kaneto MITSUMATA", Mizue CHIBA", Makoto FURUGEN",
Tetsuaki FURUKAWA", Mitsuru MORI”, and Kazuaki SHIMAMOTO"

Although abdominal obesity (AQ) assessed by waist circumference (WC) is an important component of the
metabolic syndrome (MetS), the usefulness of AQ as a predictor of hypertension (HT) is not known. In this
study, we investigated the incidence of HT in residents of two rural communities in Japan. The subjects
were 187 men and 209 women selected from 712 residents who had undergone medical examinations in the
towns of Tanno and Sobetsu, Hokkaido, in 1994 and 2002. Participants with HT in 1994 were excluded. Par-
ticipants with AQO were determined according to the WC criteria in the Japanese definition of MetS (=85 cm
for men, 290 cm for women). The participants were divided into two groups: a non-AQ group and an AO
group. We compared the incidence of HT between the two groups and found a significantly higher incidence
in the AQ group. The results of logistic regression analysis showed that the relative risk of developing HT
in individuals with AO was 2.33 (p=0.017; 95% confidence interval [CI], 1.17-4.63) and that the risk per 1-
cm increase in WC from 1994 to 2002 was 1.06 (p=0.003; 95% CI, 1.02-1.10), both adjusted for several con-
founding factors. The results of this study suggest that, to prevent HT in Japanese, it is important to manage
abdominal obesity and to monitor WC in individuals with or without abdominal obesity. (Hypertens Res
2008; 31: 1385-1390)

Key Words: abdominal obesity, hypertension, waist circumference, metabolic syndrome, community-based
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survey

Introduction

In 2003, the Japanese Society of Internal Medicine and cight
related scientific societies jointly announced new Japancsc
diagnostic criteria for the metabolic syndrome (MetS) (/).
The new criteria include abdominal obesity as defined by
waist circumference (WC).

The Ministry of Health, Labour and Welfare started a new
program of health examinations in Japan in April 2008
(Health Service Bureau, Ministry of Health, Labour and Wel-

fare: Standard program of medical examination and health
guidance (fixed version). http://www.mhlw.go.jp/bunya/
kenkou/seikatsuw/index.html [accessed February 7, 2008; in
Japanese]). This program adopts the Japanese diagnostic cri-
teria for MetS in order to identify individuals at high risk for
lifestyle-related and atherosclerotic diseases. Although the
WC criterion will also be used to identify high-risk individu-
als 1n the new system, the usefulness of the criterion’s defini-
tion of abdominal obesity as a predictor of hypertension (HT)
is not known.

In this study, we investigated the incidence of HT in resi-
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dents of two rural communities in Japan to determine the rela-
tionship between HT and abdominal obesity.

Methods

Of the 1,525 residcnts who were aged 30) years or older when
they received medical examinations in the towns of Tanno
and Sobetsu, Hokkaido, in 1994, 712 also underwent medical
examinations in 2002. We excluded the following individuals
from those 712 rcsidents: 14 individuals without data on
blood pressure (BP) or WC, 140 individuals who were
defined as having HT (systolic BP [SBP]> 140 mmHg and/or
diastolic BP [DBP|=90 mmHg) without medication, 146
individuals who were on medication for HT, and 16 individu-
als who had received medical treatment for coronary heart
disease or cerebral vascular disease. The remaining 396 indi-
viduals were participants in this analysis. We received written
informed consent from all participants.

WC, body mass index (BMI), SBP, DBP, fasting plasma
glucose (FPG), total cholesterol (T.chal), triglyceride (TG),
and HDL cholesterol (HDL-C) were measured in each sub-
ject. Blood samples were collected carly every morning when
the subjects felt hungry, at least 10 h after they had last eaten.

Participants with abdominal obesily were determined
according to the ncw Japanese diagnostic criteria for MetS
(7). Abdominal obesity is defined as WC =85 cm for men and
290 ¢m for women.

The participants were divided into two groups: an abdomi-
nal obesity (AO) group and a non-AO group. The measured
items were compared between the groups. We also compared
the incidence of HT between the groups [or subjects who
were newly determined as having HT (subjects with
SBP=140 mmHg and/or DBP=90 mmHg or subjects who
were on medication for HT) on the basis of the 2002 medical
examination data. Moreover, we estimated and compared the
relative risk of developing HT between the groups.

SPSS Ver.12.0J (SPSS, Chicago. USA) was used for statis-
tical analysis. All numerical values are expressed as
means+SD. The unpaired r-test and the y* test were used for
the examination of intergroup differences and for frequency
comparison, respectively. Multiple logistic regression analy-
sis was used to estimatc the relative risk of HT. The relative
risk was adjusted for age, sex, and high-normal BP
(SBP=130 mmHg and/or DBP=85 mmHg) in 1994, smoking
(yes/no), FPG, and T.chol. In the same model, we assessed
the effect of an increasc in WC on the development of HT by
using AWC (=WC [em] in 2002 — WC [cm] in 1994). The
significance level in all analyses was set at p<0.05.

This study was approved by the Ethics Committee of Sap-
poro Medical University.

Results

Table | shows the characteristics of the subjects in the non-
AO and AO groups in 1994. Age, percentage of men, BMI,

Table 1. Basal Characteristics in the Non-AO Group and
the AO Group in 1994

Non-AQO group AQ group
(n=312) (n=84)

Age 57.249.3 59.5+8.8+
Men/women 112/200 75/9*
BMI (kg/m*) 224123 25.5+3.0*
SBP (mmHg) 121.3£10.5 126.3+9.5*
DBP (mmHg) 73.5£6.9 77.41+6.6*
1.chol (mg/dL) 188.4130.1 193.8+29.0*
I'G (mg/dL) 110.1£68.5 159.8+82.1*
HDL-C (mg/dL) 58.1+£138 48.6+12.2*
FPG (mg/dL) 92.1£11.7 105.1+27 8*

Age, percentage of men, BMIL SBP, DBP, TC, TG, and FPG
were higher in the AO group than in the non-AO group. HDL-C
was significantly lower in the AO group than in the non-AO
group. *p<0.05, unpaired r-test, "p<0.05 x* test. AQ, abdominal
obesity; BMI, body mass index: SBP. systolic bload pressure;
DBP, diastolic blood pressure; T.chol, total cholesterol: TG, tri-
glyceride; HDI.-C, HDL cholesterol; FPG, tasting plasma glu-
cose.

SBP, DBP, TC, TG, and I'PG were higher in the AO group
than in the non-AQ group. HDL-C was significantly lower in
the AO group than in the non-AO group.

In the 1994 data, there are significant positive correlations
between WC and SBP and between WC and DBP in both men
and women. Therc are also significant positive correlations
between WC in 1994 and SBP in 2002 and between WC in
1994 and DBP in 2002 in both men and women (Fig. 1).

Figure 2 shows the percentage of HT in 2002 in each 1994
WC category. The higher the WC category, the higher the
incidence of HT in both men and women. p for the trend was
significant in both men and women.

The results of 10-11 years of follow-up are shown in Fig. 3.
There were 312 individuals in the non-AQO group and 84 in the
AO group. Of the 312 individuals in the non-AO group, 177
remained in the non-AQ category in 2002, but the remaining
79 individuals werc changed to the AO calegory in 2002.
Sixty-nine of the 84 individuals in the AO group remained in
the AO category in 2002, but the remaining 15 individuals
changed to the non-AO category. We divided the participants
into these four groups (non-AQ to non-AQ, non-AO to AO,
AOQ to non-AO and AO to AO) and compared the incidence of
HT among them.

Figure 4 shows the incidences of HT in the four groups.
The incidence was higher in the non-AO to AO group than in
the non-AQO to non-AQ group (45.6% vs. 31.8%. p=0.019).
It was also higher in the AO to AO group than in the AO to
non-AQ group (58.0% vs. 26.7%, p=0.027). There was no
significant difference in the incidence of HT between the non-
AO to non-AO group and the AO o non-AO group
(p=0.782), or between the non-AO to AO group and the AO
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Fig. 1. Correlations of waist circumference in 1994 with SBP and DBP in 2002. Upper: for men; lower: for women. Graphs on
the left are relationships between waist circumference and SBP, and graphs on the right are relationships between waist circum-
ference and DBP. Waist circumference shows significant positive correlations with SBP and DBP in both men and women.

to AO group (p=0.142).

Table 2 shows the results of multiple logistic rcgression
analysis. The relative risk of developing HT in individuals
with AO was 2.33 (p=0.016; 95% confidence interval [CI].
1.17-4.63), and the risk per [-cm increase in WC from 1994
to 2002 was 1.06 (p=0.003. 95% Cl, 1.02-1.10), both
adjusted for age. sex. high-normal BP in 1994, smoking (yes/
no). FPG, and T.chol. When we additionally adjusted for
BMI 225 (ves/no) in the logistic regression model. the signif-
icance of AO disappeared (data not shown).

Discussion

The main findings of this study are 1) the incidence of HT
was higher in the AO group than in the non-AO group.
2) increased WC. which may indicate the accumulation of
visceral fat. increased the incidence of HT. 3) AQ asscssed
by WC was significantly related to the development of
HT (relative risk of HT: 2.33), 4) increasing WC was signifi-
cantly related to the development of H1 after adjustment

for 1994 AQ.

The Japanese Society of Internal Medicine and eight related
scientific societies in Japan jointly announced new Japanese
diagnostic criteria for MetS in April 2005 (/). According to
the new criteria. the definition of MetS must include abdomi-
nal obesity, because the accumulation of visceral fat in indi
viduals with MelS is considered to be important for the
mechanism underlying the accumulation of risk factors for
cardiovascular disease. Accumulation of visceral fat leads to
insulin resistance and disorder of adipocytokines, and these
factors in turn lead (o high BP via mechanisms such as an
increase in reabsorption of sodium in the renal tubule, hyper-
activity of the sympathetic nervous system, proliferation of
vascular smooth muscle cells and development of athero
sclerosis. The results of this study show that abdominal obe
sity is significantly related to the development of HT and that
an increase in WC, which may indicate the accumulation ot
visceral fat, is a risk factor for the development of HT.

It is well known thal obesity is significantly related to HT,
and many reports show relationships between BP levels and
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Fig. 2. Percentage of hypertension (HT) in 2002 in each
1994 waist circumference (WC) category. The higher the WC
category, the higher the incidence of HT in both men and
women. p for the (rend is significant in both men and women.
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Fig. 3. Follow-up results. There were 312 individuals in the
non-AQ group and 84 in the AO group. Of the 312 individu-
als in the non-AO group, 177 remained in the non-AQ cate-
gory in 2002, but the remuaining 79 individuals changed 1o
the AO category in 2002, Sixty-nine of the 84 individuals in
the AO group remained in the AQ category in 2002, but the
remaining 15 individuals changed to the non-AO category in
2002. AO, abdominal obesity. Hypertension (HT): SBP =140
mmHg and/or DBP 290 mmHg and/or receiving medication
for HT.

various anthropometric parameters (2-/2). We also have
rcported a strong correlation between obesity assessed by
BMI and the development of HT according to our cohort dala
(13), as well as a correlation between ultrasound-assessed vis-

(%) p=0.027
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Fig. 4. Incidences of hypertension (HT) in participants in the
four groups. The incidence of HT is higher in the non-A0 to
AQ group than in the non-AQ to non-AQ group (45.6% vs.
31.8%, p=0.019). The incidence of HT is also higher in the
AO ta AO group than in the AO to non-AO group (38.0% vs.
26.7%, p=0.027). There is no significant difference in the
incidence of HT between the non-AQ) to non-AQ group and
the AO to non-AQ group (p=0.782). or between the non-AO
to AQ group and the AO to AO group (p=0.142). AO,
abdominal obesity.

ceral fat accumulation and BP levels (/4).

It is also known that a reduction in body weight leads to a
decrease in BP levels (/5-20). In the present study, no signif-
icant difference was found between the incidences of HT in
the non-AQ to non-AQ group and the AO to non-AO group.
Although this study was not interventional, the results suggest
that weight reduction is effective for the prevention of HT.
These results suggest that, to prevent hypertension, lifestyle
modification is important for individuals with AO as well as
for individuals with high-normal BP.

There are grounds for controversy about the current Japa-
nese cutoff points for abdominal obesity (85 cm for men and
90 ¢m for women). The International Diabetes Federation
(IDF) recommends that Asian cutoff points (90 cm for men
and 80 em for women) should be used for diagnosing MetS in
Japanese people (The IDF consensus worldwide definition of
the metabolic syndrome. hup:/www.idf.org/webdata/docs/
MetS_def_update2006.pdf [accessed February 7, 2008]). In
the present study, the prevalence of abdominal obesity was
significantly lower in women than in men. According to Fig.
1, the incidence of HT in women increased continuously with
the increase of WC. We tried to plot the receiver operator
characteristic (ROC) curves for WC to predict the develop-
ment of HT in men and women separately. The areas under
the curves were 0.560 for men and 0.684 for women. Accord-
ing to the ROC curves, the cutoff levels yielding the maximal
sensitivity plus specificity for predicting the development of
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Table 2. Relative Risks for Hypertension (HT) in Individuals with Abdominal Obesity (AQ)
Wald p Rcelauve risk 95% CI
Age 11.28 0.001 1.05 1.02-1.08
Sex 1.07 0.301 1.47 0,71-3.02
High normal category in 1994 (yes/no)* 54.42 <0.0001 6.33 3.84-10.43
Smoking 0.78 0.379 1.34 0.70-2.56
FPG 0.22 0.64 0.99 0.98-1.0]
T.chol 0.68 0.41 0.99 0.98-1.01
Abdominal obesity in 1994 (yes/no)" 5.78 0.016 2.33 1.17-4.63
AWaist circumference (em) 8.59 0.003 1.06 1.02-1.10

The relative risk for development of HT in individuals with AO was 2.33 (p=0.016; 95% CI, 1.17-4.63) and the risk for HT in individu-
als with increase in waist circumference of 1 em from 1994 to 2002 was 1.06 (p=0.003: 95% CI, 1.02-1.10), both adjusted for age, sex,
high normal category of blood pressure in 1994 (yes/no). smoking. FPG and T.chol. *High normal category of blood pressure,
SBP=130 mmHg and/or DBP=85 mmHg. *Abdominal obesity, waist circumference =85¢m for men and =90cm for women. *AWaist
circumference = (waist circumference in 2002) — (waist circumference in 1994). CI, confidence interval; FPG, fasting plasma glucose;
T.chol. total cholesterol: SBP, systolic blood pressure; DBP. diastolic blood pressure.

HT were 84 ¢cm for men and 74 cm for women. These results
suggest that the current cutoff point in men is acceptable but
that a lower cutoff point is appropriate to identify women at
high risk for HT. Further studies are needed to establish
appropriate cutoff points of WC in the Japanese population.

Despite this controversy, in the present study we used the
current Japanese WC cutoff points because the Ministry of
Health, Labour and Welfare started a new program of health
examinations in Japan in April 2008 (Health Service Bureau,
Ministry of Health, Labour and Welfare: Standard program of
medical examination and health guidance [fixed version]).
The Japanese WC criterion is used to identify high-risk indi-
viduals in the new program. Therefore, an accumulation of
evidence using the current WC cutoff points is important for
medical staff who will be involved in the new health exami-
nation program, such as doctors in clinics, public health
nurses, and senior nutritionists in local governments. The
results of this study showed the usefulness of the current WC
cutoff points for identifying individuals at high risk for HT.
The results also indicated the possibility that many individu-
als, especially women, who are at high risk for HT will be
missed if attention is given to only abdominal obesity defined
by the current cutoff points.

In conclusion, our results suggest that, to prevent HT in
Japanese, it is important to manage abdominal obesity and to
monitor waist circumference in individuals with or without
abdominal obesity.
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ffl (FIRI)., “PERSAAHE (TC). L A7 0—)L{#
(T-chol), HDL a2 L A5 a—)L{li (HDL-C). Mk~
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1 MetSEELIEMetSEETONSRERER
T MetSBEICBWTIEMetSEBEL LEBIL T, B
Mok, BEFRTE, BMI, SBP, DBP. TG. FIRIL.
HOMA-R, @mMEHFOEBEARZICHMTHO.
HDL-C 3 ARICRIETH - 1=, BEZHOFEITT
D HRAE - MetS BFTIE MetS B & HEER L
TEEICED - T
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MetS BHICH L TH MetS BEEHERIL T, BEOLEE, BEE,
SBP. DBP. TG. FIRl. HOMA-R. BOEEOWE X EEICTE
WTHY). HOL-C ZHEICEBETH - 1=

MetS: X2 K1 v &L FO—L, SBP: UK M {.
DBP : HLIRMAMMAfA. FPG : ZFRESHMME. T-chol i #IL R
FO—JAE.TG: b+ ") Ffli. HDL-C:HDL LA FO—
JLfll, S-Cr:fEYL7F= M. BUN: REERE. FIRI:
TRBS A R Ml ACR: BRPZILT IV - HLT7F =
1. 4 :

MetS&? JEMetSBE
(n=67) (n=796)

FR (R 616+109* 5831132
B (%) 73.1° 334
HWEE(cm) 93.1%61° 816+96
SBP (mmMg) 149.1 +18.6* 12744201
DBP(mmHg) 857 +9.1* 732111
FPG (mg/dl) 1005+11.2¢ 920+9.0
T-chol(mg/dl) 206.1 £29.3 2002+316
TG (mg/dl) 1795 £88.1* 938+522
HDL-C(mg/dl) 510+9.7* 607 +139
S-Cr(mg/dI) 071+0.13 063+0.13
BUN (mg/d)) 160+35 156 +4.1
FIRIC p U/ml) 86+105* 4228
ACR(mg/g-Cr) 219+34.1* 16.1 =255
HOMA-R 2.16+2.76* 098073
R H D (%) 55.2* 37.3
AIEEDHEE (%) 716* 27.1

* p<0.05, inpaired t-test, #p<0 05, chi-squarc test
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OR & 2.71 (p=0.006, 95%CI: 1.32 - 5.54) THo Tz,

Wald P-value Odds Ratio 95% C.1.
Age 471 0032 1.02 1.00-1.05
Sex 023 0631 1.21 055268
SCr 0.22 0.642 1.78  0.16-20.37
Smoking  0.0% 0877 1.05 0.56-1.87
T-chol 0.13 Q715 099 099101
MetS 7.42 0.006 271 1.32-5.54
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ERPHUET VT Z BEEOREE L ORME
FE Mets Bf & MetS BED 2 B{RIT U-Alb MtEE O SR %= L8
MetS HELEREFHFEROMME L& 1C U-Alb BIEEDH
ELEMT 2LV SHERALEET N, MetS | X 2K w7
v FO—A. U-Ab: RPHR7ILT = .
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BB EMEEORIEE LTREMET IV
TIVvHBHLIBZTEERABNTNAT EDS,
BAFE LTORMEE - &fn/Eic &2 E8NE
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ABSTRACT
Relationship of metabolic syndrome and accumulation of risk factors with microalbuminuria

in rural communities in Japan -The Tanno and Sobetsu Study-

Hirofumi Ohnishi*"*, Shigeyuki Saitoh*', Hiroshi Akasaka*',
Kaneto Mitsumata*', Mizue Chiba*', Makoto Furugen®’,
Tetsuaki Furukawa*', Mitsuru Mori** and Kazuaki Shimamoto*'
*'Second Department of Internal Medicine, Sapporo Medical University School of Medicine, Sapporo, Japan

*Department of Public Health, Sapporo Medical University School of Medicine, Sapporo, Japan

Aim: We investigated the relationship of metabolic syndrome (MetS) and accumulation of risk factors with
microalbuminuria in rural communities in Japan.
Method: The participants were 863 citizens who underwent medical examinations in the towns of Tanno and Sobetsu,
Hokkaido in 2005. The following participants were excluded: those with missing data, those with type 2 diabetes
(fasting plasma glucose (FPG) > 126 mg/dl and/or those who were on medication for diabetes), those who were on
medication for hypertension and those with macroalbuminuria (urinary albumin creatinine ratio (ACR) > 300 mg/g Cr).
The subjects were divided into two groups according to the Japanese criteria of Me(S: a MetS group and a non-MetS
group. The percentages of subjects with microalbuminuria (ACR > 30 mg/gCr) in the two groups were compared.
The relationship between number of risk factors (high blood pressure, high FPG, and dyslipidemia including high
triglyceride and low HDL cholesterol) and microalbuminuria was also investigated.
Result: The percentage of subjects with microalbuminuria was significantly higher in the MetS group than in the non-
MetS group. Multiple logistic regression analysis showed that there was a significant relationship between MetS and
microalbuminuria (Odds Ratio: 2.71, 95%CI: 1.32-5.54). The higher the number of risk factors was, the higher was the
QOdds Ratio for microalbuminuria for which the reference was a no risk group (1 risk factor group: 2.73, 95%CI: 1.14-
3.20; 2 risk factors group: 3.98, 95%CI: 1.78-8.87; 3 risk factors group: 9.16, 95%CI: 2.07-40.52).
Conclusion: It may be important for prevention of microalbuminuria in individuals with MetS not only to manage blood
pressure and blood glucose but also to manage insulin resistance, which is part of the background of accumulation of
these risk factors.

Key Words : Metabolic syndrome, Insulin resistance, Microalbuminuria, lTanno and Sobetsu Study,
accumulation of risk fuctors
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Original Article

Leptin Gene and Leptin Receptor Gene
Polymorphisms Are Associated with Sweet
Preference and Obesity

Einosuke MIZUTA", Yoshihiro KOKUBO?, Itaru YAMANAKA", Yoshihiro MIYAMOTO?,
Akira OKAYAMA?, Yasunao YOSHIMASA?Y, Hitonobu TOMOIKE?®,
Hiroko MORISAKI", and Takayuki MORISAKI"

Leptin is an adipocyte-secreted hormone that regulates food intake and body weight, and that was recently
reported to suppress sweet sensitivity in an animal model. We investigated the associations among sweet
preference, obesity, and polymorphisms of the leptin gene (LEP) or leptin receptor gene (LEPR). A total of
3,653 residents randomly selected from among the citizens of Suita City, Osaka, Japan were enlisted as sub-
jects, in whom we investigated sweet preference, clinical characteristics, including obesity and serum leptin
level, and the polymorphisms of LEP and LEPR (G-2548A and A19G for LEP; R109K, R223Q, and rs3790439
for LEPR). We determined the associations among the parameters using logistic regression analysis, in
order to consider potential confounding factors for sweet preference and/or obesity. The LEP A19G and
LEPR R109K polymorphisms were associated with sweet preference, whereas the serum leptin level was
not. Further, the LEPR 109KK genotype was found to be associated with obesity along with sweet prefer-
ence. In conclusion, our results are the first to show associations of LEP and LEPR polymorphisms with
sweet preference, and may provide useful Information for diagnosis and treatment of lifestyle-related dis-
eases. (Hypertens Res 2008; 31: 1069-1077)

Key Words: leptin, genetic polymorphism, obesity, taste

been numerous studies examining the association between

Introduction

Ohbesity is a risk factor for lifestyle-related and cardiovascular
diseases (/), while leptin is an adipocyte-secreted hormone
that regulates food intake, energy expenditure, and body
weight (2, 3), and is well known to be related to obesity based
on ils ability to activate the leptin receptor (4). There have

human leptin gene (LEP) or leptin receptor gene (LEPR)
polymorphisms and obesity (5-/0), with some of these stud-
ies reporting a positive correlation and some a negative corre-
lation between the two.

Leptin has been shown to suppress sweet preference in ani-
mal models (/7), and it suppressed neural and behavioral
responses to sweet substances through its action on the leptin
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