958 Hypertens Res Vol. 27, No. 12 (2004)

Table 3. Odds Ratio of Low Ankle Brachial Index
Associated with Cardiovascular Disease Risk Factors

Odds ratio 95% CI p

Age (5 years) .23 0.91-1.67 0.18
Sex (male=1) 1.77 0.74423 020
Current smoker 310 1.16-8.32 0.02
Ex-smoker 1.5  0.62-3.71 0.50
Alcohol consumption
(23 g/day) 1.01  0.79-1.29 0.97
Body mass index (kg/m?) 0.89 0.80-099 0.03
Hypertension 429  1.60-11.50 «<0.01
Diabetes 373 1.82-766 <0.01
Hypercholesterclemia 110 0.56-2.14  0.79
Low HDL cholesterol 339 1.69-6.81 <0.01
Use of statin drugs 351 1.71-7.19 <0.01
History of cardiovascular
diseases 1.74 0.89-340 0.10
CRP

—0.9mg/l ‘ 1.00

1-2.9mg/l 220 1.10-441 0.03

3-mg/ 206 090-475 009
p for trend 0.03
CRP log-transformed
(continuous) 215 1.21-3.82 <001

CI, confidence interval. Hypertension: home systolic blood pres-
sure (BP) was at least 135 mmHg and/or home diastolic BP was
at least 83 mmHg, or they were using antihypertensive agents.
Diabetes: non-fasting blood glucose level was at least 200
mg/dl, or if they currently used antidiabetic medication. Hyper-
cholesterolemia: level of total cholesterol was at least 220 mg/dl,
or they currently used non-statin lipid-lowering agents. Low
HDL cholesterol: Ievel of high density lipoprotein cholesterol
below 40 mg/dl.

ate CRP group and the highest CRP group had a two-fold
higher OR. The p-value for the trend across CRP groups was
statistically significant (p=10.03). Furthermore, when we re-
peated the regression by treating the log-transformed CRP
value as & continuous variable, a positive trend between log-
transformed CRP and low ABI was also observed { p<0.01).

The following relationships between other cardiovascular
disease risk factors and low ABI were found (Table 3). Cur-
rent smoking, low HDL cholesterol, and history of hyperten-
sion, diabetes and statin use were related significantly to low
ABI Lower BMI as a continuous variable was significantly
related to low ABIL A- history of cardiovascular diseases
tended to be related to lower ABI, although the relationship
was only marginally significant. Age, sex, alcohol consump-
tion and history of hypercholesterolemia were not signifi-
cantly related to low ABI.

When we excluded the subjects who were statin users, a
significant positive relationship between log-transformed
CRP and low ABI remained ( p<0.01).

Association of OR of Low ABI with a Combination of
Cardiovascular Disease Risk Factors and CRP

Table 4 shows that the OR of low ABI was associated with
the combination of a number of cardiovascular disease risk
factors and CRP. In this analysis, according to the results of
Table 3, we treated hypertension, diabetes, current smoking
and low HDL cholesterol as dichotomous cardiovascular dis-
case risk factors, We also treated the subjects with a CRP
level higher than 1.0mg/l as high-CRP subjects, because
both CRP groups above 1.0mg/l showed a similar associa-
tion with low ABL

Irrespective of the number of cardiovascular disease risk
factors, a higher CRP level was related to a higher risk of
low ABI (p for interaction=0.70). Even among the subjects
without high CRP levels, the clustering of cardiovascular
disease risk factors was related to low ABI. In a multiple lo-
gistic regression that included as covariates sex, age, BMI,
statin use, and history of cardiovascular disease, the OR for
low ABI, compared to (-1 risk factors, was 5.79 (95% confi-
dence interval [CI]: 2.99-11.20) for 2 risk factors and 17.45
(95% CI: 6.78-49.91) for 3 or more risk factors: the OR for
CRP>1.0mg/l was independently 2.10 (5% CI: 1.13-3.88)
compared to the lower CRP values.

Discussion

In this study, we have demonstrated that, in Japan, CRP is
related to low ABI independently of other cardiovascular
disease atherosclerosis risk factors, and also reconfirmed the
impact of the clustering of traditional cardiovascular disease
risk factors on low ABT among the Japanese population.

CRP is a circulating acute-phase reactant that is increased
many-fold during the inflammatory response to tissue injury
or infection. CRP is synthesized primarily in the liver and its
release is stimulated by interleukin 6 and other proinflamma-
tory cytokines. This protein has received substantial atten-
tion in recent years as a promising biological predictor of
atherosclerotic disease (38). In Western countries, some
prospective studies have investigated the relationship be-
tween CRP and cardiovascular diseases, including PAD
(I-14, 21, 22).

However, no studies have investigated the relationship be-
tween CRP and PAD in Japan, and only a few studies have
investigated the relationship between PAD and classical fac-
tors in a large sample (23, 24).

Shinozaki et al. reported the relationship between low
ABl (ABI<1.0) and cardiovascular disease risk factors
among 446 male workers (23). Multiple logistic regression
analyses for low ABI showed that low BMI, high SBP, and
current smoking were related positively to low ABI and cur-
rent drinking was related negatively to low ABL

Cui er al reported the relationship between low ABI
(ABI<0.9) and cardiovascular disease risk factors among
1,219 elderly men (24). They found that low BMI, hyperten-
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Table 4. Odds Ratio of Low ABI Associated with a Combination of Number of Cardiovascular Disease Risk Factors and CRP

) CRP (—0.9mg/) CRP (1.0 mg/-)
Numbers of risk factors - -
Odds ratio 95% CI r 0Odds ratio 95% CI p
0-1 1.00 1.91 0.74-4.92 0.18
2 5.74 2.39-13.80 <0.01 11.21 4.46-28.20 <0.01
3~ 12.46 2.89-53.69 <0.01 42.40 12.72-141.17 <0.01

ABI, ankle brachial systolic bloed pressure (BP) index; CRP, C reactive protein; CI, confidence interval, Risk factors: hypertension:
home systolic BP was at least 135 mmHg and/or home diastolic BP was at least 85 mmHg, or they were using antihypertensive agents;
diabetes: non-fasting blood glucose level was at least 200 mg/dl, or if they currently used antidiabetic medication; current smoking; low
high density lipoprotein (HDL) chelesterol: level of HDL cholesterol below 40 mg/dl; adjusted for sex, age, body mass index, statin

using and history of cardiovascular diseases.

sion, low HDL cholesterol, history of stroke, major electro-
cardiogram abnormality, and current smoking were signifi-
cantly related to low ABI

Our results were mostly consistent with these reports, but
in our study, unlike those of Shinozaki et al. (23) and Cui er
al. (24}, diabetes was related independently and significantly
to low ABI.

Because statins affect the CRP level (34, 35), we treated
statin use as an independent variable. In this study we also
found that statin use was related to low ABI. These relation-
ships might have been observed because the statins were
used specifically to treat PAD or because the statin users
were those with the highest pre-treatment serum cholesterol.

These risk factors, ie., low BMI, hypertension, low HDL
cholesterol, and current smoking, have also been associated
with low ABI among Western subjects (39—-417). Therefore,
in this study, we confirmed that similar correlations of low
ABI and cardiovascular disease risk factors exist among
Japanese subjects and subjects in Western countries.

The CRP level was related to low ABI independently of
these cardiovascular disease risk factors, and the relationship
also remained when we excluded the statin users.

Since Albert ef al. reported that CRP level is related posi-
tively to risk clustering (37), we atternpted to investigate the
relationship between ABI associated with a combination of
number of cardiovascular disease risk factors and CRP, The
results also showed that CRP was related independently to
low ABI independent of the number of traditional cardiovas-
cular diseases. Furthermore, the results confirmed the impor-
tance of clustering traditional cardiovascular disease risk fac-
tors; even those subjects who had multiple risk factors with-
out high CRP levels had a higher OR. Measuring CRP to-
gether with traditional cardiovascular disease risk factors
may improve our ability to identify individuals with low ABI
in the Japanese population.

Our study had some limitations. First, most of the partici-
pants were sufficiently active and healthy to participate in the
survey, therefore, we have likely underestimated the preva-
lence of low ABL Secondly, since this was a cross-sectional
study, we cannot conclude that CRP causes PAD or that ath-
erosclerosis leads to higher CRP. Therefore, a prospective

study should be undertaken to confirm the relationship be-
tween CRP and low ABI in the Japanese population.

In conclusion, we have demonstrated that CRP is related
to low ABI. This is the first study to clarify the relationship
between CRP and low ABI among Japanese elderly.
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ELSEVIER

The Relationship between Body Mass Index and a Plasma Lipid
Peroxidation Biomarker in an Older, Healthy Asian Community

KAORI OHMORI, MD, SATORU EBIHARA, MD, SHINICHI KURIYAMA, MD,
TAKASHI UGAJIN, Bsc, MIKIKO OGATA, Bsc, ATSUSHI HOZAWA, MD,
TOSHIFUMI MATSUI, MD, YOSHITAKA TSUBONO, MD, HIROYUKI ARAI, MD,
HIDETADA SASAKI, MD, AND ICHIRO TSUJI, MD

PURPOSE: To examine the association between body mass index {BMI) and the plasma level of a lipid
peroxidation biomarker in a large sample of elderly healthy Asian population. This cross-sectional study
included 1150 communiry-dwelling Japanese aged 70 years or older in 2002.

METHODS: We measured the lipid peroxidation biomarker 8-iso-prostaglandin F1, (8-iso-PGF;,) using
the ELISA method. We also measured the weight and height and calculated the BMI as weight (kg)/height

{m)?

’ RESiJLTS: After adjustment for potential confounders, the mean =+ SE plasma 8-iso-PGF;, level was

significantly higher in subjects with higher BMI: 21.1 £+ 0.8 pg/ml in those with BM1 of 30.0 or more; 20.5 +
0.3 pg/ml in those with BMI between 25.0 and 29.9; 20.0 % 0.2 pg/ml in those with BM! between 18.5 and
24.9; and 19.0 £ 0.7 pg/ml in those with BMI of less than 18.5 {p for trend = 0.011).

CONCLUSIONS: Qur results demonstrated that in the healthy Asian population, there was a modest but

significant relationship berween BMI and the plasma lipid peroxidation level.
Ann Epidemiol 2005;15:80-84. © 2004 Elsevier Inc.  All rights reserved.

xey worDs: Obesity, Body Mass Index, Oxidative Stress, Isoprostanes, Asia, Aged.

INTRODUCTICN

Although obesity is an established risk factor for athero-
sclerotic cardiovascular diseases (1-3), its pathomechanism
has been unclear {4). On the other hand, there has been
considerable progress in understanding the role of lipid
peroxidation in the formation and progress of atherosclero-
sis. Recent stucies have identified isoprostane compounds as
a biomarker of lipid peroxidation, and examined the
association between atherosclerotic cardiovascular diseases
_ and oxidized lipids. An association between obesity and
high oxidative stress has been demonstrated by two
observational epidemiologic studies of large sample pop-
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ulations of healthy humans in the United States (5, 6).
Since ethnic variability in the level of oxidative stress was
suggested (6}, this finding needs to be confirmed for other
ethnicities such as Asians. These previous studies dealt
mainly with Caucasian populations. Given the possible
ethnic variability in such factors as genetic variability and
nutritional status, it is necessary to determine whether
obesity is a risk factor for oxidative stress among Asian
populations.

The aim of the present study was to test the hypothesis
that obesity is associated with increased oxidative stress in
a healthy Asian population. To estimate the oxidative stress
status, we used a lipid peroxidation biomarker, 8-iso-
prostaglandin Fp- (8-iso-PGFs,), because it is one of the
most reliable indices for assessing oxidative stress status
in vivo (7). 8-150-PGF;, is one of the four known classes of
Fz-isoprostanes, which are lipid peroxidation products of
arachidonic acid (8).

METHODS
Study Population

The Tsurugaya Project was a community-based Compre-
hensive Geriatric Assessment (CGA) (9, 10) of elderly
Japanese individuals living in Tsurugaya district, a suburban
area of Sendai City in northern Japan, between July and
October 2002. At this time, there were 2730 people aged 70

1047-2797/05/$~see front marter
doi:10.1016/j.annepidem.2004.04.001
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years or older living in Tsurugaya. We invited all of these
individuals to participate, and 1179 {43.2%) of them did so,
and gave their written informed consent for analysis of the
data. The subjects also responded to interviews on the
questionnaire included in the CGA. The protocol of this
study was approved by the Institutional Review Board of
Tohoku University Graduate School of Medicine.

Weight and height of the subjects were measured at the
baseline survey. Body mass index (BMI) was calculated as
the weight (kg)/height (m)? and then classified into four
categories: less than 18.5 kg/m?, between 18.5 kg/m? and
24.9 kg/m’, between 25.0 kg/m? and 29.9 kg/m?, and 30.0
kg/m?® or more. Smoking and drinking status were classified
into three groups: curtent smokers/drinkers, past smokers/
drinkers, or never smokers/drinkers. Definition for hyper-
tension included a self-reported history of hypertension or
use of oral hypotensive drugs, and that for hyperlipidemia
included a casual serum total cholesterol level greater
than or equal to 220 mgfdl or casual serum triglyceride
level greater than or equal to 150 mgfdl, or use of hypo-
lipidemic drugs, or a self-reported history of hyperlipidemia,
and that for diabetes included a casual plasma glucose level
greater than or equal to 200 mg/dl, or use of oral
hypoglycemic drugs or insulin, or a self-reported history of
diabetes.

Plasma &iso-prostaglandin F;, Measurements

Among the 1179 subjects, plasma 8-iso-PGF,, data were
obtained from 1130 (mean age, 75.7 & 4.8 years; men,
41.3%). For 8-iso-PGFy, measurement, peripheral venous
blood was collected in EDTAZNa (Ethylenediaminetera-
acetic acid 2Na)- and EDTA4Na-coated cold polyethylene
tubes containing 1 mmol indomethacin, an inhibitor of
cycloxygenese, and aprotinin, an inhibitor of kellikreins, to
prevent any in vitro formation of 8-iso-PGE;,,. After collec-
tion, blood samples were cooled immediately at 4°C and
transferred to the laboratory within 4 hours. In the labora-
tory, the samples were centrifuged at 3000 x g at 4°C for 10
minutes. The plasma fraction was removed and stored at
—80°C for later 8-is0-PGF,,, assay. A specific enzyme im-
munoassay kit (Cayman Chermnical, Ann Arbor, MI) (11) was
used to measure the 8-iso-PGF;, concentration in plasma
samples. The assay was validared directly by gas chromatog-
raphy/mass spectrometry. The antiserum used in this assay
has 100% cross-reactivity with 8-iso-PGFy,, 0.2% with
prostaglandin (PG) F;-a, PGFs-ot, PGFI, and PGF;, and
0.1% with 6-keto PGF;-«l. The intra-assay and interassay
variabilities were within 6% for both. Data obtained in this
manner correlate well with those obtained using electro-
spray-negative ionization gas chromatography-mass spec-
troscopy (GC/MS) (12). The detection limit of the assay was
4 pgfml.
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Statistical Analysis

The association between plasma 8-iso-PGF,, levels and
baseline characteristics was examined and the standard error
(SE) of plasma 8-is0-PGF;,, level was estimated using ¢ test
or ANOVA, as appropriate. Then plasma 8-iso-PGF;,
levels were compared with BMI categories, adjusting for
potential confounders using ANCOVA and trend tests were
performed by including the ordinal variable in a linear
regression analysis. Since previous studies have shown that
Fs-isoprostane levels might be elevated under conditions
such as the use of multivitamin/vitamin Clvitamin E sup-
plements (13, 14), non-steroidal anti-inflammatory drugs
(NSAIDs) (14), smoking (5, 6, 15}, hyperlipidemia (5, 16),
and diabetes (5, 17), we used the following confounders
as covariates in these analyses, First, we regarded the fol-
lowing data as covariates: sex, age (continuous variable),
physical function status (being able to perform vigorous or
moderate activities, being independent in activities of daily
living, or being dependent in activities of daily living),
consumption frequencies of soy beans products such as tohu
{daily, 1-6 times per week, or less than 1 time per week) and
Japanese green tea (more than 4 cups per day, 1-3 cups per
day, or less than 1 cup per day), use of multivitamin/vitamin
C/vitamin E supplements, use of NSAIDs, and smoking
(never, former, current smoking), and alcohol drinking
(never, former, current drinking). Second, we adjusted for
the obesity-related comorbid conditions; hypertension,
hyperlipidemia, and diabetes.

All seatistical analyses were performed wsing SAS soft-
ware, version 8.02 (18). We used approximate variance
formulae to calculate the 95% confidence intervals {CI). All
the statistical tests reported here were two-sided. Differences
at p < 0.05 were accepted as statistically significant.

RESULTS

Table 1 shows the baseline characteristics and plasma 8-iso-
PGF;y, levels of the study subjects. The mean age of the
subjects was 75.7 years (standard deviation [SD] 4.8), and
20.6% were aged 80 years or older. Sex and BMI were
significantly associated with the plasma 8-iso-PGF, level
{p = 0.0158 and 0.0173, respectively). The plasma 8-iso-
PGF;,, levels were higher among past/current smokers than
never smokers, although not statistically significant.

Table 2 shows the association between BMI and plasma
8-is0-PGFy,. After adjustment for sex, age, physical
funcrion status, use of multivitamin/vitamin Cfvitamin E
supplements, use of NSAIDs, consumption frequencies of
soy beans products and Japanese green tea, smoking, and
aleohol drinking, significant dose-response relationships
between BMI and the plasma 8-iso-PGF;, level were
observed (Model 1: p for trend = Q.0082). Even after
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TABLE 1. Characteristics of the subjects and 8-is0-PGFz,
levels

8-iso-PGF;,
N Mean SE p-value
BMI
<18.5 63 1894 068 0016
18.5-24.9 684 19.96 0.21
25.0-29.9 354 20.46 0.29
300< 49 20.98 .77
Sex
Male 475 20.55 0.25 0017
Female 675 19.79 0.21
Age {years)
70-74 563 10.18 0.23 Q.86
75-19 350 19.80 0.29
80+ 237 2038 Q.35
Smoking
Current smoking 144 20.21 0.44 0.28
Past smoking 338 2043 0.29
Never smoking 646 19.87 0.21
Drinking
Current drinking 441 20.40 0.25 032
Past drinking 144 20.38 .45
Never drinking 510 19.91 .24
Consumnption frequencies
of soy beans products
Daily sa7 2007 0.2 0.99
1-6 times per week 511 20.06 0.24
Less than 1 time per week 34 1992 0.92

Consumption frequencies
of Japanese green tea
More than 4 cups per day 522 19.75 0.24 0.16

1-3 cups per duy n 2045 0.28
Less than 1 cup per day 231 2011 0.35

Use of vitamin supplement*
Yes 155 19.87 0.43 0.56
No 995 20.14 0.17

Use of NSAIDs!
Yes 250 10.35 0.34 0.42
No 900 20.04 0.18

*Multivitamin/vitamin Clvitamin E.
"™Num-stervidal anti-inflammarory drug.

adjustment for obesity-related confounding factors such as
hypertension, hyperlipidemia, and diabetes there was no
change in the linear relationship between plasma 8-iso-

PGF;, level and BMI. The mean % SE plasma 8-iso-PGF,,
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level was significantly higher in subjects with higher BMI:
21.1 £ 0.8 pg/ml in those with BMI of 30.0 or more; 20.5 +
0.3 pg/ml in those with BMI between 25.0 and 29.9; 20.0 =
0.2 pg/ml in those with BMI berween 18.5 and 24.9; and
190 £ 0.7 pg/ml in those with BMI of less than 18.5
{Model 2: p for trend = 0.011). The gender difference that
was significant in the unadjusted analysis was no longer so
after adjustment (data not shown).

Furthermore, stratified analyses of obesity-related co-
morbid states such as hypertension, hyperlipidemia, and
diabetes did not change the main findings {(data not shown).
The most significant linear relationship between plasma 8-
is0-PGF;, level and BMI was observed among the subjects
with hyperlipidemia.

DISCUSSION

In this population of elderly Japanese individuals, we
observed a modest but significant dose-response relation-
ship between a higher BMI and a higher plasma 8-iso-PGF,,,
level, after adjustment for a variety of potential confounders.
To our knowledge, this is the first study to examine the
association between BMI and oxidative stress in an Asian
population.

The present study has a number of strengths. First, our
sample size was large enough (N = 1150) to detect
a positive, negative or null association. Second, we adjusted
for a variety of possible confounders that would affect the 8-
iso-PGF;, level or BMI: age, sex, use of vitamin Afvitamin
C/vitamin E supplements, use of NSAIDs, consumption
frequencies of soy beans products and Japanese green tea,
smoking, drinking, and physical function. Furthermore,
even when we stratified the subjects according 1o the
complications of diabetes, hypercholesterolemia, and hy-
pertension, the finding of a positive association berween
obesity and the B-iso-PGF,, level was unchanged.

The present results indicated that the 8-iso-PGF,, level
was significantly associated with a higher BMIL Our results
are consistent with previous studies of a USA population (5,
6) and 2 small intervention study of obesity {19) in the
USA. Keaney et al. examined 2828 subjects aged 33 to 88
years from the Framingham Heart Study and measured

TABLE 2. The relationship between 8-is0-PGFz, and body mass index

BMI [weight (kg)/height (m)?]

8-isoprostane (x SE) <18.5 18.5-25.0 25.0-30.0 >30.0 p for trend
Model 1 19.04 £ 0.69 1994 £0.21 2056 £0.29 21.16 3 0.77 - 0.0082
Model 2 1901 £0.70 19.95 £ 0.21 20.54 £ 029 21.14 £ 0.77 0.011

Mode] 1: Adjusted for sex, ape, multivitaminfvitamin Clvitamin E supplement use, non-stemid anti-inflammatory drug use, physical funceloning staus, smoking statws {current-
smoking, cx-smoking, and never smoking), drinking status (current-drinking, ex-drinking, and never drinking), consumption frequencics of sy bean produces (daily, 1-6 times
per week, o less than 1 time per week), and consumption frequencies of Japanese green bea (more than ¢ cups per day, 1-3 cups per d.ly. or less than | cup per day).

Made] 2: Adjusted for variables above and history of hypertension, diabetes mellitus, and hyperlipidemin
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urinary creatinine-indexed 8-epi-PGF;, as a marker of
systemic oxidative stress (3). Block et al. measured urinary
plasma B-epi-PGF,;,, among 298 subjects aged 19 to 78 years
(6). Those two studies of healthy populations indicared
that BMI was associated with a higher plasma level of
8-epi-PGF;,. Davi et al. conducted an intervention study of
obese women aged 24 to 63 years and demonstrated the
possibility that successful weight loss may be adequate for
minimizing oxidative stress in obese subfects with a BMI of
28 or more (19}. QOur study confirmed the positive asso-
ciation between BMI and plasma 8-epi-PGF;, in this Asian
population, which is largely different from Caucasian in
terms of genetic background and nutritional intake. The
role of lipid peroxidation in the formation and progress of
atherosclerosis has been well understood. The present
results support the hypothesis that oxidative stress is one
of the mechanisms responsible for atherosclerosis in obesity.

Several hypotheses for the association between oxidative
stress and obesity have been proposed. Obesity is associated
with insulin resistance and several mechanisms have been
suggested to explain the association between oxidative stress
and insulin resistance (5). For example, insulin itself pro-
motes hydrogen peroxide formation in human fat cells (20).
Nutritional intake is also suggested to explain the asso-
ciation between obesity and oxidative stress. Glucose
intake increases more reactive oxygen species generation
from leukocytes in obese subjects than in normal subjects
(21). The results of the present study support these basic
tesearches.

Previous studies have sugpested a relationship between
isoprostanes level and smoking (5, 6, 15). In this study, we
confirmed the relationship between the plasma 8-iso-PGF;,
level and smoking, although not statistically significant.

Our study also had some limirations. The study popula-
tion aged 70 years or older might tepresent healthy aging
resistance to oxidative stress. Most of the eldedy partic-
ipants were active and healthy enough to participate in the
survey, and this might have led to small inter-individual
differences in the study data. However, despite this limira-
tion, we detected a modest but significant dose-response
relationship among the population. We used ELISA rather
than GC/MS because we had to process large numbers of
samples in a timely manner. To minimize autoxidation, care
was raken with plasma sample preparation and also to avoid
artificial autoxidation.

Our study focusing on elderly Asian individuals demon-
strated a statistically significant dose-response relationship
between BMI and a lower plasma level of 8-is0-PGF;,. The
impact of obesity upon the risk of atherosclerotic cardio-
vascular diseases (22-24) and medical care costs {25) in
Asia are as large as those in Western countries. Obesity has
been increasing rapidly in Asia (26, 27); the prevalence of
obesity in Japanese men doubled berween 1976 and 1995
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(27). Thus, obesity isan urgent issue not only in Western but
also in Asian countries. The present results confirm the
hypothesis that oxidative stress is one of the pathomechan-
isms responsible for the association between obesity and
atherosclerosis in Asians.
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Hisamichi, Dr. M. Watannbe, Dr. H. Fukuda, Dr. R. Nagatomi, Dr. H.
Haga, Dr. M. Nishikori; Dr. S. Awata for the valuable comments; to Y.
Nakara, M. Wagatsuma, R. Taneichi, and T. Mogi for their helpfut
secretarial nssistance.
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Abstract

The aim of the present study was to investigate the association between blood groups and life expectancy. We compared frequencies of
ABO blood group in 269 centenarians (persons over 100 years) living in Tokyo and those in regionally matched controls (n=7153).
Frequencies of btood types A, O, B, and AB in centenarians were 34.2, 28.3, 29.4, and 8.2%, respectively, while those in controls were 38.6,
30.1, 21.9, and 9.4%, respectively. Blood type B was observed more frequently in centenarians than in controls (x> =8.41, P=0.04). This
tendency also was true in comparison between centenarians and 118 elderly old individuals of the 7153. Approximate one-third of the
centenarians were free from serious diseases such as malignancy. However, blood types were not associated with such medical records. Our
findings suggest that blood type B might be associated with exceptional longevity. Responsible mechanisms need to be investigated.

© 2004 Elsevier Inc. All rights reserved.

Keywords: Centenarian; Blood group; Longevity

1. Introduction

A variety of medical literature has been concerned with
blood groups. However, only a small number of issues have
been proven to be of clinical importance; the ABO blood type
in transfusion, the Rh antigen in incompatible pregnancy, and
the Duffy antigen in malarial infection. Recently, blood type O
individuals have been reported to have lower plasma
concentrations of von Willebrand factor (VWF), a marker of
blood ceagulability, than persons with other blood types
{O’Donnell and Laffan, 2001). Since elevated VWF
carries increased risk for ischemic heart disease, cardiovas-
cular events might be less frequent in individuals with blood
type O. In other words, associations are possible between

* Corresponding authot., Tel.: 481 3 3272 6111x430; fax: +81 3 3271
5296.
E-mail  address:
(K. Shimizu).

shimizu_kenichiro@1986.jukuin.keio.ac.jp

0531-5565/% - see front matter © 2004 Elsevier Inc. All rights reserved.
doi:10.1016/.exger.2004.08.004

blood groups and life expectancy. We therefore investigated
frequencies of ABO blood groups in the very old, specifically
centenarians.

2. Methods

Of 1206 centenarians living in Tokyo at the time of our
study, 268 individuals, 202 women and 67 men, in ages from
100 to 109 years (Mean 101.2 [Std Dev 1.8]) gave informed
consent and agreed to a visit for our medical examinations, We
identified the ABO blood group using their blood samples and
examined their medical records with respect to hypertension,
cardiovascular disease, apoplexy, diabetes, femoral fracture,
malignancy, and chronic lung disorder. As a regionally
matched control group, we selected 7153 individuals (1673
women and 5480 men) aged 17-93 years (mean 54.8 [Std Dev
11.0]) who came to the Keio Health Consulting Center for
annual medical check-ups in 2003. Of the 7153, the following
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Table 1
Comparison of blood group frequencies

Blood type

A 0 B AB
Qbservation
Centenarians (n=269) 92 (34.2) 76 (28.3) 79 (29.4) 22 (8.2)
Controls (n=7153) 2759 (38.6) 2153 (30.1) 1570 21.9) 671 (9.4)
Old controls {(n=740) 288 (38.9) 219 {29.6) 159 (21.5) 74 (10.0)
Elderly old controls (n= 48 {40.7) 34 (23.8) 27 (22.9) 9 (7.6)
118)
Expectation
General population® 109 (38.7) 83(29.3) 63(22.2) 28 (10.0)
Tokyo area® 108 (38.3) 83(29.1) 63 (22.4) 29 (10.2)

Data are numbers followed by percentages in parentheses. Differences between centenarians and controls and berween observed and expected frequencies wete
investigated by y*-tests. Obsarvation in centenarians was significantly different from that in controls (x? [d.f, =3}=8.41, P=0.04) and from expectations (x°
{d.f.=3]=12.68, P=0.005 for Japan; ¥ [df.=3]=1151, P=0.007 for metropolitan Tokyo). Notably, blood type B was observed more frequently in
centenarians. This predominance of blood type B, although not being statistically significant, was observed in comparison between centenarians and old
controls {x? [d.f.=3]=7.17, P=0.06) and between centenarians and ¢lderly old controls (xz |d.f.=3]=2.25, P=0.52).

* Calculated from data for 4464349 individuals in a 1978 survey throughout Japan.

b Calculated from data for 293688 Tokyo-area individuals among the above 4464349,

two subgroups were constituted: Old control group consisting
of 740 individuals over 70 years (mean 74,8 {Std Dev 4.4]) and
elderly old control group of 118 over 80 years (mean 82.8 [Std
Dev 2.8)). Differences in frequencies were investigated by x’-
tests. A P<0.05 was considered to be statistically significant.

3. Results

Frequencies of blood types A, O, B, and AB in the
centenarian group were 34.2, 28.3, 294, and 8.2%,
respectively; those in the control group were 38.6, 30.1,
21.9, and 9.4%, respectively (Table 1). Observed frequen-
cies differed significantly between these two groups (x°
[df.=3]=8.41, P=0.04). Notably, blood type B was
observed more frequently in centenarians than in controls,
This predominance of blood type B, although not being
statistically significant, was observed in comparison
between centenarian group and old control subgroup (x°
[df.=31=7.17, P=0.06) and between centenarian group
and elderly old control subgroup (x* [df.=3]=225, P=
0.52). We next compared the frequencies of ABO blood
groups in the centenarians with those in a general Japanese
population as calculated from a 1978 survey conducted in
4464349 individuals throughout Japan (Fujita et al., 1978).
A similar result showing an increased frequency of blood
type B in centenarians was obtained (x* [d.f.=3]=12.68,
P=0.005). This also was true when the centenarians were
compared with 293688 Tokyo-area individuals among the
4464349 (x* [d.f.=3]1=12.02, P=0.007). The frequency
distribution of blood types in the 1978 survey was almost
the same as that in a 1933 survey of 121200 individuals
(Furuhata, 1933) and that for 5819007 blood donors profiled
in an annual report of the Japanese Red Cross (year 2000)
(The Japanese Red Cross Society, 2002). Our findings

suggest that to some degree blood type B might be
associated with exceptional longevity,

The following important diagnoses were recorded in
centenarians: hypertension (n="78), cardiovascular disease
(n=51), apoplexy (n=37), diabetes (n=19), femoral
fracture (n=66), malignancy (n=24), and chronic lung
disorder (n = 29). Approximate one-third of the centenarians
were free from these important diseases. However, blood
types were not associated with such medical records
(Table 2) (x* [df.=31=4.16, P=0.25). This finding
implies that blood type B might be related to surviving
serious diseases rather than escaping them,

4, Discussion

One would expect an abundance of centenarians with
blood type O, since plasma concentrations of VWF, a
cardiac risk factor, are lower in blood type O individuals.
However, the frequency of blood type O in centenarians
tended to be lower than expected. Instead, we found

Table 2
Relationship between blood groups and medical history

Blood groups Medical history of important diseases
Absence Presence
A(n=97) 32(34.8) 60 (65.2)
O{n=76) 19 (25.0) 57(75.2)
B (n=79) 18 ¢22.8) 6t (77.2)
AB (n=22) 8 (36.4) 14 {63.6)
Total (n=269) 77 (28.6) 192 (71.4)

Data are numbers followed by percentages in parentheses. Relationship
between blood groups and medical history was investigated by ¥ -tests (x*
[df.=3]=4.16, P=0.25),
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a possible association of blood type B with exceptional
longevity, Differences in ABO blood groups are determined
by antigens in the glycocalyx on the surface of the
erythrocyte. These antigens are present in most tissues as
well as on erythrocytes. Therefore, differences in the
glycocalyx expressed by cells might elicit differing
responses in biomedical phenomena apart from hemagglu-
tination. Henry et al. summarized patterns in which blood
types may be associated with various diseases, stating that
bacterial infections tend to artack individuals with blood
type A, while viral infections tend to be associated with
blood type O. Also, cancers and clotting disorders tend to
be associated with blood type A, while autoimmune
diseases and bleeding disorders are associated with blood
type O (Henry and Samuelsson, 2000). According to these
tendencies, blood type B individuals might be more likely
to escape serious illnesses, and therefore show longevity.
On the other hand, our findings imply that blood type B
might contribute to longevity via biomedical mechanisms
favorable for surviving serious diseases rather than

escaping them. In future, blood groups will need to be
investigated from an aspect of glyconomics, or the study of
sugar-modifications to proteins that affect structure and
function.

References

Furuhata, T., 1933. On the serological position of the Japanese. Proc.
Jpn. Acsd, Soc, 8, 564-573.

Fujita, Y., Tanimura, M., Tanaka, K., 1978, The distribution of the ABO
blood groups in Japan, Jpn. J. Human Genet. 23, 63-109,

Henry, §., Samyelsson, B., 2000. ABO polymorphisms and their putative
biological relationships with disease, in: King, M.-J. (Ed.), Human
Blood Cells: Conseguences of Genetic Polymorphisms and Variations.
Imperial College Press, London, pp. 15-103,

O'Donnell, J,, Laffan, M.A., 2001, The relationship between ABO histo-
blood group, factor VIII and von Willebrand factor. Transfus. Med. 11,
343-351, )

The Japanese Red Cross Society, 2002. Annual report. The Japanese Red
Cross Society, Tokyo.



Available online at www.sciencedirect.com
CGIINGI@DIHIQT'

Experimental Gerontology 39 (2004) 1595~1598

Experimental
Gerontology

www.elsevier.com/locate/expgero

Association analysis between longevity in the Japanese population
and polymorphic variants of genes involved in insulin
and insulin-like growth factor 1 signaling pathways

Toshio Kojima™*, Hidehiko Kamei™®, Tomoyuki Aizu®, Yasumichi Arai, Michiyo Takayama®,
Susumu Nakazawa®, Yoshinori Ebihara®, Hiroki Inagaki?, Yukie Masui®, Yasuyuki Gondo?,
Yoshiyuki Sakaki®, Nobuyoshi Hirose® -
*Human Genome Research Group, Genomic Sciences Center, RIKEN, 1-7-22 Suehiro-cho, Tsurumi-ku, Yokohama 230-0045, Japan
*Department of Periodontology, School of Denristry, Aichi-gakuin Universiry, Nagoya, Japan

“Department of Geriatric Medicine, Keio University School of Medicine, Tokyo, Japan
4 Dementia Intervention Group, Tokyo Metropolitan Institute of Gerentology, Tokyo, Japan

Received 3 May 2004; accepted 17 May 2004
Available online 5 October 2004

Abstract

Recent studies have demonstrated a significant association between mutations in genes involved in the insulin/IGF1 signaling pathway and
extension of the life span of model organisms. In this study which compared 122 Japanese semisupercentenarians (older than 105) with 122
healthy younger controls, we examined polymorphic variations of six genes which are involved in insulin/IGF1 signaling. These genes were
FOXO!A, INSR, IRS1, PIK3CB, PIK3CG, and PPARGCIA. We investigated the possible association of each gene locus and longevity by
haplotype-based association analyses using 18 SNPs from public databases and the published literature. One INSR haplotype, which was
comprised of 2 SNPs in linkage disequilibrium, was more frequent in semisupercentenarians than in younger controls.

© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Recent studies using model organisms have demon-
strated a significant association between mutations in genes
involved in the insulinfinsulin-like growth factor 1 (IGF1)
signaling pathway and extension of the life span. The first
examples of such genes were found in Caenorhabditis
elegans (Kenyon et al., 1993). They include daf-2, an
ortholog of the insulin/IGF1 receptor gene family, and
daf-16, an ortholog of the forkhead transcription factors
which regulate insulin/lGF1-induced gene transcription,

Another exampleis age-J whichisthe C. elegans ortholog
of the gene encoding the catalytic subunit of phosphoinosi-
tide-3-kinase, a protein involved in insulin/IGF1 signal

* Corresponding author. Tel.: +81 45 503 9174; fax: +81 45 503 9170.
E-mail address: tkojima@gsc.riken,jp (T. Kojima).

0531-5565/% - see front matter © 2004 Elsevier Inc. All rights reserved,
doi: 10.10165.exger.2004.05.007

transduction (Morris et al., 1996), A long-lived mutant of the
insulin-like receptor gene (InR) was also reported in
Drosophila melanogaster (Tatar et al., 2001). At almost the
same time, the ablation of the D. melanogaster gene chico,
which encodes an insulin receptor substrate, was reported to
extend the life span of the fly (Clancy et al., 2001),
Regulations of life span by insulin receptor and IGF1 receptor
were also reported in mice (Bluher et al., 2003; Holzenberger
et al., 2003). Based on these studies, genes involved in the
insulin/IGF1 signaling pathway are believed to play arolein
longevity throughout evolution. In fact, polymorphic vari-
ations of the genes for insulin-like growth factor 1 receptor
(/GFIR) and phosphoinositide-3-kinase have been reported
to affect human longevity (Bonafe et al., 2003).

In this study, we compared 122 Japanese semisupercen-
tenarians (SSCs) (older than 105) with 122 healthy younger
controls. We examined polymorphic variations of the genes
for six proteins, forkhead box OlA (FOXOQIA), insulin
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Table 1

Subjects

Group Number Mean age £ SD
(male/female)

88C : 122 (15/107) 1068+ 1.0

Control 122 (17/105) 3331114

$8C, semisupercentenarian.

receptor (INSR), insulin receptor substrate 1 (IRSI),
phosphoinositide-3-kinase, catalytic, beta polypeptide
(PIK3CB), phosphoinositide-3-kinase, catalytic, gamma
polypeptide (PIK3CG), and peroxisome proliferative acti-
vated receptor, gamma, coactivator 1, alpha (PPARGC1A),
all of which are involved in insulin/IGF1 signaling.

2. Materials and methods

2.1, Subjects

A total of 122 Japanese SSCs (107 female, 15 male,
mean age 106.8 1+ 1.0 years) were recruited from 2002 to

present for this study (Table 1). Forty-six SSCs were living
at home and 76 were institutionalized. None were in an
acute care situation and none were receiving tube feeding.
The gender matched control subjects comprised 122 healthy
volunteers (105 female, 17 male, mean age 33.3+114
years, range 19-63) recruited from hospital and institutional
workers, medical and nursing school students, and bank
clerks. The control subjects were free from diseases such as
coronary artery disease, stroke, diabetes, and cancer.
Smoking and alcohol consumption was moderate to nil.
All subjects enrolled in this study were Japanese. Twenty
milliliters of non-fasting venous blood was collected from
all subjects, and genomic DNA was prepared from
peripheral leukocytes according to standard protocols.
Written informed consent was obtained from all participants
directly, or by proxy. This study was approved by the ethics
committees of the medical school of Keio University and
RIKEN Yokohama Institute.

2.2, Single nucleotide polymorphisms (SNPs) typing

Twelve SNPs in the FOXOIA, INSR, IRSI, PIK3CB and
PIK3CG geneloci (3, 6, 1, 1, and 1 SNPs, respectively) were

Table 2
Polymorphisms in six genes and association study of 5SCs and controls using allelic frequencies
SNPID Location Minor allele frequency +« P dbSNP rs# Contig Reference
(function) S50 Control position
FOXO!IA (NT_024524)
FOI Intron 0.357 (87/244)  0.385 (94/244) 0.430 0.512 2297626 22214002
FO2 Intron 0.299 (737244)  0.328 (80/244) 0467 0.495 2297627 22213931
FO3 Intron 0.131 (327244)  0.1860 (39/244)  0.808 0.369 - 22123190 Bonafe et al.
(2003)
FO4 Intron - 0.332 (61/184) - - 3751436 22115038
INSR (NT_011255)
INI Intron 0.230 (56/244)  0.201 (497244  0.595 0.441 3745544 7207939
IN2 Intron 0.102 (25/244)  (.143 (35/244) 1900 0.168 3745546 7151816
IN3 Intron 0.430 (105/244)  0.516 (1261244)  3.625 0.057 3745548 7092703
IN4 Intron 0.234 (57/244)  0.303 (74/244) 3.016 0.083 2252673 7090418
IN5 Exon (syn) 0.340 (83/244) 0287 (70/244)  1.609 0.205 1799817 7065297
ING Intron -0.459 (112/244)  0.508 (124/244) 1.182 0277 2288404 7064986
IRS 1 (NT_005403)
IR1 Exon (syn) 0.344 (847244)  0.332 (81/244)  0.082 0.774 1301123 77870455
IR2 Exon 0.045(117244)  0.029 (7/244) 0923 0.337 1801278 77869956 Bonafe et al,
(RI71G) (2003)
PIK3CB (NT_005612)
3B1 Promoter 0.037 (9/242) 0.041 (107244)  0.047 0.829 351072 44973698 Bonafe et al.
(2003)
iB2 Promoter - - - - - 44973642 Bonafe et al,
(2003)
3B3 Intron 04751167244y 0434 (1067244) 0.826 0.363 2305268 44879227
PIKICG (NT_079596)
3Gl Intron 0.270 (66/244)  0.332 (817249  2.190 0.139 3779501 5908409
PPARGCIA (NT_006316)
PP! Exon - 0.492(119/242) 0525 (128/244) 0.525 0.469 8192678 14491020 Ek et al.
(S482G) (2001)
PP2 Exon 0.169 (41/242)  0.148 (367244) 0436 0.509 3736265 14490065 Ek et al.
(M612T) ) (2001)

Syn, synonymous change.
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selected from the ISNP database (http://snp.ims.u-tokyo.
ac.jp/) using the criteria that minor allele frequencies were
more than 10% in the Japanese population. Five SNPs in the
FOXOIA,IRSI and PIK3CB gene loci (1, 1, 1, and 2 SNPs,
respectively) were from Bonafe et al. (2003). Additionally 2
non-synonymous SNPs in the PPARGCIA gene locus were
selected from Ek et al. (2001) (Table 2). The genomic DNA
sequences of FOXOIA, INSR, IRS!, PIK3CB, PIK3CG, and
PPARGCIA were obtained from the National Center for
Biotechnology Information (NCBI, USA) (accession num-
bers NT_024524, NT_011255, NT_005403, NT_005612,
NT_079596, and NT_006316, respectively). For each
polymorphism not obtained from JSNP, we ensured that
there was a sufficiently high frequency in our subjects by
testing 24 control subjects. Polymorphisms were typed by
DNA sequencing using the BigDye Terminator cycle
sequencing kit and an ABI Prism 3700 DNA analyzer
(Applied Biosystems, Foster City, CA, USA) or by real-time
pyrophosphate DNA sequencing (Ronaghi et al., 1996, 1998)
using a2 PSQ 96 system (Pyrosequencing AB, Uppsala,
Sweden) according to the manufacturer’s instructions.

2.3. Statistical analysis

The chi-square test was performed between SSCs and
control subjects for each allelic and haplotypic frequency.
Statistical significance was inferred when P <0.05. Pairwise
linkage disequilibrium (LD) was estimated as D=x,—p1q,
where xy;is the frequency of haplotype A|B,, and p, and 4, are
the frequencies of alleles A; and B; at locus A and B,
respectively. A standardized LD coefficient, r, is given by
Di(py pzq.qg)”2 where p; and ¢, are the frequencies of the other
alleles at locus A and B, respectively (Hill and Robertson,
1968). Lewontin’s coefficient D' is given by D/D,.,,
where Dy, =min[gp2,p142] when D>0 (Lewontin, 1964).
Haplotype frequencies for multiple loci were estimated by the
expectation-maximization method.

Computations were performed using SNPAlyze software
(Dynacom, Mobara, Japan). .

3. Results
3.1. Pairwise LD in 5 genes

Among the SNPs not from the JSNP database, 3B2 in
PIK3CB was not polymorphic in our 24 control samples
(Table 2). Consequently this SNP was excluded from further
experiments. The 92 healthy controls were genotyped for
each of the 17 selected SNPs. The strength of LD for each
SNP pair within each gene was measured using the |D’[ and
the #* values (Fig. 1). This figure shows that FO1 and FO4 in
FOXOIA locus are in very tight LD with each other (=
0.789). FO1 was selected as the representative SNP for this
SNP pair and was examined in further analysis. FO4 was
excluded from further analysis.

FoXoIA :
rol 1. 000] 1. 000] 1. 000 g1,
Foz2 [o. 254 1. §00) 1. 000 I
FO3 |0, QUYL 0, 384 1. 000
o3 [§; 788t 0, 2011 0. 078 T
Ol FU2Z  FO3 FOM r

o

o

INSR
IN1 0. 4211 0. 011]0. 047{0. 084] 0
IN2 [0, 117 0.524] 0. 4271 0. Y98} 0.
T3 0. 000§ 0. 037 6.899] 0. 342/0.
0
0

IN1 {0. 001] 0. 0611 0. 325 0.842
ING | 6. 00GH0. 004] 0. 046]0. 112
ING | 0. 003] 0. 001] 0. 020) 0. 003] 0. 347

INI  INZ  ER3 INd INA NG

IRSI
IRI 0.797
IR2 0. 010

Tk IR2
FPIK3CB
381 1000
383 [0.031

3Bl 93B3
FPPARGCIA
PP1 1.000
pP2 [0, 200

PPt P2

Fig. 1, Pairwise LD in FOXQ/A, INSR, IRSI, PIK3CB, and PPARGCIA
evaluated by |D'] and r* estimations. The LD between all pairs of SNPs was
evaluated by measuring [I'] and #* values. Designated SNF [Ds are shown
in Table 2. Pairwise LD was determined in 92 younger controls. SNP pairs
in high LD ([D'|>0.5, #>0.5) are shown as gray boxes. Upper right
triangles show values of || and lower left triangles show values of 1%,

3.2, Allele and haplotype frequency distributions in young
people and semisupercentenarians

An additional 122 SSCs and 30 healthy younger controls
were genotyped for an association analysis using 16 SNPs in
six genes (Table 2). Two SNPs (IN3 and IN4) in INSR
showed a weak difference between SSCs and controls.
These SNPs are in LD with each other (|D'] =0.899) and are
within 2.4 kb of each other (Fig. 1).

Haplotypes were constructed on the basis of the genotype
data from these SNPs in INSR. The expectation-maximiza-
tion algorithm, with phase-unknown samples, was used
to estimate haplotype frequencies, The MM haplotype
(M: major allele} was more frequent in 8SCs (57.0%) than
in controls (47.3%) (P=10.030) (Table 3).

Table 3
Case control study of S8Cs and controls wsing estimated haplotype
frequencies in INSR

Haplo- SNPID Frequency ol P
velD i me osse

Control

1 M M 0.570 0.473 4729 0.030
2 m M 0.197 0.224 0.603 0437
3 M m 0.000 o.on 3019 0.082
4 m m 0.234 0.292 2076 0.150

M, major allele; m, minor allele.
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4. Discussion

To date many genetic variations in the INSR locus have
been reported to be associated with diseases including
diabetes mellitus, leprechaunism, and Rabson-Mendenhall
syndrome (Online Mendelian Inheritance in Man # 147670).
To our knowledge this is the first report showing
associations between genetic polymorphisms of INSR and
human longevity. Through a study of Japanese centenarians,
we found the prevalence of diabetes mellitus in centenarians
to be significantly lower than that in the general population
(manuscript in preparation). A common variant in
the PPARGCIA gene has been reported to be associated
with type II diabetes mellitus (Ek et al., 2001). The
PPARGCIA protein interacts with FOXOI in an insulin-
regulated mechanism of gluconeogenesis (Puigserver et al.,
2003). The risk variant (PP1 in Table 2) present frequently
in both SSCs and controls (about 50%) and no association
with the commeon variation and longevity was found in this
study.

Although a significant association was observed between
the IN3-M/IN4-M haplotype in INSR and longevity, both
SNPs are located in introns and the functional implication of
this haplotype association remains uncertain. Very recently
a polymorphic variation of IGFIR was reported to affect
human longevity in the Italian population (Bonafe et al,,
2003) but the functional implication of the polymorphic
variation also remains to be elucidated. It is noteworthy that
both INSR and IGFIR are members of the insulin receptor
tyrosine kinase family. Further comprehensive studies of the
INSR locus, especially on the region including IN3 and IN4,
together with the /GFIR locus are needed to identify the
causal variations that enable or prevent human longevity
and to clarify the molecular mechanisms of human
longevity.,
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