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Increased Plasma 8-Isoprostane Levels in Hypertensive
Subjects: the Tsurugaya Project

Atsushi HOZAWA ™, Satoru EBIHARA *2, Kaori OHMORI™*!, Shinichi KURIYAMA *!,

Takashi UGAJIN*, Yayoi KOIZUMI*!», Yoshinori SUZUKI*!, Toshifumi MATSUT*?,
Hiroyuki ARAI*3, Yoshitaka TSUBONO*!, Hidetada SASAKI*?, and Ichiro TSUJI*!

To examine the relationship between 8-isoprostane and blood pressure, we measured plasma 8-isoprostane
concentration and home blood pressure levels in an elderly Japanese population. Our study population
comprised 569 subjects aged 70 years and over who were not receiving antihypertensive medication. On the
basis of their blood pressure values, the participants were classified into three groups: normotensive (home
blood pressure <135/85 mmHg), hypertensive (home blood pressure 135/85-160/90 mmHg), and severely hy-
pertensive (home blood pressure =160/90 mmHg). The mean plasma 8-isoprostane level in the severely hy-
pertensive group (21.115.2 pg/ml) was significantly higher than that in the normotensive (20.21+4.9 pg/iml) or
hypertensive (19.715.1 pg/ml) group, and this result was unchanged when we adjusted for possible con-
founding factors such as age, sex, use of vitamin A, C or E supplements, smoking status, drinking status,
body mass index, use of non-steroidal anti-inflammatory drugs, history of diabetes, hypercholesterolemia,
home heart rate and serum creatinine level. Thus, the level of plasma 8-isoprostane appears to be elevated

in older subjects with severe hypertension. (Hypertens Res 2004; 27: 557-561)

Key Words: hypertension, oxidative stress, isoprostanes, home blood pressure measurement, elderly

Introduction

Data from a number of animal experiments and in vitro stud-
ies in humans support the hypothesis that increased oxidative
stress may be related to elevated blood pressure (BP) (Z, 2).

However, few studies have investigated the relationship
between 8-isoprostane and hypertension in a large sample of
human subjects (3).

Isoprostanes are chemically stable lipid peroxidation prod-
ucts of arachidonic acid, and their quantification provides a
novel approach to the assessment of oxidative stress in vivo

(4). Tsoprostanes are detectable in plasma and urine under
normal conditions (5), and their levels increase during oxida-
tive stress (6).

Recently, self-measurement of BP at home (home BP
measurement) has been reported to have better reproducibiti-
ty (7, 8) and prognostic value (9) than BP measurement in
clinics.

Our objective was to clarify the relationship between plas-
ma 8-isoprostane concentration and home BP measurement
in elderly people.
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Methods

Study Participants

Our study population comprised subjects aged 70 years and
older who were living in the Tsurugaya area of Sendai, one
of the major cities in the Tohoku area of Japan. At the time
of the study, there were 2,730 individuals aged 70 years and
older living in Tsurugaya. We invited all of these individuals
to participate in a comprehensive geriatric assessment, which
included medical status, physical function, cognitive func-
tion and dental status, and 1,179 of them did so, giving their
informed consent for analysis of the data. The protocol of
this study was approved by the Institutional Review Board of
Tohoku University Graduate School of Medicine. We ex-
cluded subjects whose plasma 8-isoprostane levels had not
been measured (n=29). Home BP data were obtained from
968 of the remaining subjects, who collected their own data
on more than 3 days during the 4-week study period. This
criterion was based on our previous observation that average
BP values for the first 3 days did not differ significantly from
those obtained during the entire study period (7). Further-
more, since antihypertensive medication per se would affect
the degree of oxidative stress, we excluded subjects who
were receiving antihypertensive medication (/0). Therefore,
the study population comprised 569 subjects (mean age
75.214.6 years; men: 45%)).

Home BP Measurements

We used the following procedure to ascertain the accuracy of
the home BP measurement. First, physicians informed the
population about home BP recording and taught them how to
measure their own BP. The daily measurement was made
within 1 h of awakening and before breakfast, with the sub-
ject seated and having rested for at least 2 min. In subjects
receiving antihypertensive drugs, home BP was measured
before taking the drugs. The home BP of an individual was
defined as the mean of all measurements obtained for that
person. The mean (SD) number of home BP measure-
ments was 15.3110.2 (range, 3-48).

BP-Measuring Device

Home BP was measured with an HEM7471IC device (Omron
Life Science Co. Ltd., Tokyo, Japan), which uses the cuff-
oscillometric method to generate a digital display of systolic
and diastolic pressures. This device has been validated previ-
ously (11), and satisfies the criteria of the Association for the
Advancement of Medical Instrumentation (12).

8-Isoprostane Measurement

Total (esterified plus free) 8-iso-prostaglandin (PG) F2x con-

centrations were assayed in plasma by a specific enzyme im-
munoassay (EIA) kit (Cayman Chemical, Ann Arbor, USA)
(13, 14).

For total 8-is0-PGF2« measurement, peripheral venous
blood was collected in ethylenediaminetetraacetic acid 2Na
(EDTA2Na)- and EDTA4Na-coated cold polyethylene tubes
containing indomethacin, an inhibitor of cyclooxygenase,
and aprotinin, an inhibitor of kallikreins, to prevent any in
vitro formation of 8-iso-PGFze. After collection, blood sam-
ples were immediately cooled at 4°C and transferred to the
laboratory within 4 h. In the laboratory, the samples were
centrifuged at 3,000 X g at 4°C for 10 min. The plasma frac-
tion was removed and stored at —80°C for later 8-iso-
prostane assay. The antiserum used in this assay has 100%
cross-reactivity with 8-isoprostane, 0.2% with PGF2a, PGF3q,
PGFI, and PGF: and 0.1% with 6-keto PGF2a. Both the intra-
assay and interassay variabilities were within 6%. The detec-
tion limit of the assay was 4 pg/ml .

Classification of Subjects

On the basis of BP values, participants were classified
into three groups: normotensive, home BP <135/85 mmHg;
hypertensive, home BP 135/85-160/90 mmHg; and severely
hypertensive, home BP =160/90 mmHg,

Data Analysis

Variables were compared by the #-test, analysis of variance,
the x* test, or analysis of covariance, as appropriate.

We used the following confounders as covariates: age,
sex, use of vitamins A, C or E, use of non-steroidal anti-in-
flammatory drugs (NSAIDs), smoking habit, drinking habit,
body mass index (BMI), history of diabetes or hypercholes-
terolemia, home heart rate (HR) and serum creatinine level.
These factors were chosen because it is known that some
lifestyle-related factors, such as obesity (3), smoking (/5),
supplementation with vitamins A, C or E (/6), or use of
NSAIDs (17), and disease conditions such as diabetes (/8)
or hypercholesterolemia (/9) can affect the plasma 8-iso-
prostane level. We defined diabetes as a free blood glucose
level of 200mg/dl or over, or current use of antidiabetic
medication. Similarly, we defined hypercholesterolemia as a
level of total cholesterol of 220 mg/d! or over, or current use
of lipid-lowering agents. The drug information was con-
firmed by a well trained pharmacist. The level of statistical
significance was set at p<0.05. Data are given as the mean®
SD. All statistical analyses were performed with SAS soft-
ware, version 8.02,

Results

Descriptive Data for Plasma 8-lsoprostane

Table 1 shows the descriptive data for plasma 8-isoprostane.
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Table 1. Descriptive Data for Plasma 8-Isoprostane
N Plasma 8-isoprostane p value
Sex Men 258 204149 0.09*
Women 311 19.75.0
Age 70-79 years 462 20.0£5.0 0.43*
80 years— 107 20.47+5.1
Use of vitamins A, C With 74 19.7£5.1 0.47*
or E supplements Without 495 20.1+5.1
Smoking Current 76 20.7+4.9 0.046**
Ex 165 20.61+4.8
Never 319 19.6+5.2
Drinking Current 227 20.0£5.0 0.63*
Ex or Never 337 20.0+5.1
Diabetes With 46 21.0+4.4 0.16*
Without 523 20.0+5.1
Hypercholesterolemia With 243 o 197152 0.11*
Without 326 20.31+4.9
Use of NSAIDs With 92 20,7149 0.18*
Without 477 19.945.1
NSAIDs, non-steroidal anti-inflammatory drugs. * t-test; ** ANOVA.
Table 2. Baseline Characteristics
Normotensive Hypertensive  Severely hypertensive p value
N 286 205 78
Age 74.614.0 76.11t5.1 75.1+4.8 0.002*
Sex (% men) 47.6 42.0 46.2 0467
Use 23;%’32&?&% 14.7 117 10.3 0461
Current smokers (%) 12.2 14.2 154 0.821
Current drinkers (%) 374 41.5 44.9 0.181
Diabetes (%) 8.0 7.8 9.0 09571
Hypercholesterolemia (%) 40.9 42.9 48.7 0.0371
BMI 229431 24.11+3.5 24.5+3.1 <0.001*
Systolic blood pressure (mmHg) 120.6+9.7 144.1+7.0 1673+12.4 <0.001*
Diastolic blood presure (mmHg) 70.5+6.5 71.5+7.7 90.81+8.1 <0.001*
Home heart rate (beat/min) 65.217.9 65.2138.1 67.81+8.9 0.03*
Use of NSAIDs 15.7 17.6 14.1 0.7571
Serum creatinine (mg/dl) 0.760.20 0.761-0.44 0.7310.15 0.71*

Normotensive: home blood pressure <135/85 mmHg; Hypertensive: home blood pressure 135/85-160/90 mmHg; Severely hyperten-
sive: home blood pressure = 160/90 mmHg. BMI, body mass index; NSAIDs, non-steroid anti-inflammatory drugs. * ANOVA; T p*test.

The plasma 8-isoprostane level tended to be higher in men,
elderly subjects and subjects with diabetes. Similarly, sub-
jects who were using vitamin A, C or E supplements showed
a lower plasma 8-isoprostane level than those who were not.
Current smokers and ex-smokers showed higher levels of
plasma 8-isoprostane than subjects who had never smoked.

Baseline Characteristics

Table 2 shows the baseline characteristics of the subjects.

The normotensives were the youngest subjects, and the
prevalence of diabetes was highest among the severely hy-
pertensive subjects. The proportions of subjects who were
taking antihypertensive medication were higher among sub-
jects with severe hypertension or hypertension than among
normotensive subjects. Among the three subject groups, the
mean BMI was the highest in severe hypertensives. The
plasma 8-isoprostane level in severely hypertensive subjects
(21.1 pg/ml) was significantly higher than that in hyperten-
sive (20.2 pg/ml) or normotensive (19.7 pg/ml) subjects.
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Table 3. Relationship between Plasma 8-Isoprostane Level
and Home BP Levels

N Plasma 8-isoprostane

(95% C.1)

All subjects (N=1569)
Normotensive 286 19.7 (19.1-20.3)*
Hypertensive 205 20.1 (19.4-20.8)
Severely hypertensive 78 21.0 (19.9-22.2)
p for trends 0.041

Men (N=258)
Normotensive 136 20.4 (19.5-21.2)
Hypertensive 86 20.0 (18.9-21.0)
Severely hypertensive 36 21.7 (20.0-23.4)
p for trends 0.402

Women (N=311)
Normotensive 150 19.1 (18.3-19.9)
Hypertensive 119 20.2 (19.2-21.1)
Severely hypertensive 42 20.6 (19.0-22.2)
p for trends 0.054

Limited population** (N=294)
Normotensive 156 20.3 (19.5-21.0)
Hypertensive 95 20.0 (19.0-21.0)*
Severely hypertensive 43 - 21.9(20.4-23.4)
p for trends 0.149

* p<0.05 vs. Severely hypertensive. ** Subjects without HDL
<40mg/dl, total cholesterol =220mg/dl, triglyceride =300
mg/dl or free blood glucose =200 mg/dl. Normotensive: home
BP <135/85mmHg; Hypertensive: home BP 135/85-160/90
mmHg; Severely hypertensive: home BP =160/90 mmHg. Ad-
justed for age, sex, use of vitamin A, C or E supplements, smok-
ing habit, drinking habit, body mass index, home heart rate, dia-
betes, hypercholesterolemia, use of non-steroid anti-inflammato-
ry drugs and serum creatinine level. N, number of subjects; C.I.,
confidence interval; BP, blood pressure; HDL, high-density
lipoprotein.

Adjustment for Possible Confounders

Even after adjustment for confounding factors, there was no
change in the finding that the plasma 8-isoprostane level in
severely hypertensive subjects was higher than that in hyper-
tensive or normotensive subjects (p for trend=0.041) (Table 3).

When we performed separate analyses for men and
women, the finding that the plasma isoprostane level among
severely hypertensive subjects was higher than that in nor-
motensives or hypertensives was unchanged. Furthermore,
evenn when we excluded the subjects with a high-density
lipoprotein (HDL) cholesterol level <40mg/dl, or with a lev-
el of total cholesterol =220 mg/dl, or with a high triglyc-
eride level 2300 mg/dl or a free blood glucose level =200
mg/d] , the tendency for the plasma isoprostane level in se-
verely hypertensive subjects to be higher than that in nor-
motensive or hypertensive was also unchanged.

Discussion

The plasma 8-isoprostane level in elderly subjects with se-
vere hypertension was modestly but significantly higher than
that in normotensive or hypertensive subjects, even when we
adjusted for possible confounders.

Our study had several methodological advantages. First,
the use of home BP measurement made it possible to obtain
multiple measurements over a long observation period under
well-controlled conditions. This approach has been reported
to have better reproducibility (7, 8) and prognostic value (9)
than casual BP measurement, because it avoids observer
bias, regression dilution bias (8) and the white-coat effect.
Second, we adjusted for possible confounders such as age,
sex, use of vitamin A, C or E supplements, smoking habit,
drinking habit, BMI, use of NSAIDs, history of diabetes, his-
tory of hypercholesterolemia, home HR, and serum creati-
nine level, since these factors could affect the level of 8-iso-
prostane or BP.

Although many animal experiments have indicated a posi-
tive relationship between high BP levels and 8-isoprostane,
few studies have supported such a relation in humans (3).
Keaney et al. examined 2,828 subjects in the Framingham
Heart Study and measured urinary creatinine-indexed 8-iso-
prostane as a marker of systemic oxidative stress (3). How-
ever, they did not find any meaningful positive association
between oxidative stress and hypertension.

The difference between their findings and ours may be ex-
plained as follows. First, their diagnosis was based on clinic
BP measurements, whereas we used home BP measure-
ments. Therefore, our approach may have reduced the num-
ber of misclassifications (8).

Second, Keaney et al. considered that the proportion of in-
dividuals with oxidative-mediated hypertension, such as salt
sensitivity, may have been too small to drive an association
between hypertension and oxidative stress in their sample
(3). On the other hand, our population comprised elderly
Japanese individuals. The proportion of individuals with
sodium sensitivity is known to be higher in Japanese than in
Caucasian populations (20). Similarly, BP becomes salt-sen-
sitive with age (20). Therefore, the proportion of subjects
with salt sensitivity might have been higher in our subjects
than in theirs, and this might have at least partly accounted
for the difference between our results and those of Keaney et
al. (3).

Our study also had some limitations. First, most of the
participants were sufficiently active and healthy to partici-
pate in the survey, and this might have led to small inter-in-
dividual differences in the study effects. Second, since this
study was a cross-sectional study, we cannot conclude that
oxidative stress causes hypertension or that higher BP leads
to increased oxidative stress. Third, we used EIA rather than
gas chromatography/mass spectrometry, the gold standard
for isoprostane analysis, and plasma obtained by centrifuga-



tion was stored at —80°C within 1 to 4 h—rather than im-
mediately—after collection, because large numbers of sam-
ples had to be processed in a timely manner. Finally, we
used plasma samples rather than urine samples. Although the
plasma samples were prepared carefully (peripheral venous
blood was collected in polyethylene tubes containing 1
mmol/ml indomethacin, cooled immediately at 4°C and
transferred to the laboratory within 4 h; plasma obtained by
centrifugation was aliquoted and stored at —80°C for later
8-isoprostane assay in the laboratory), some autoxidation
might have occurred.

In conclusion, we have demonstrated that plasma 8-iso-
prostane levels are elevated in elderly subjects with severe
hypertension. This is the first study to clarify the relationship
between isoprostanes and hypertension in elderly individu-
als. However, as the difference in plasma 8-isoprostane lev-
els among the three groups was modest, further study will be
needed to clarify the clinical significance of this difference.

Acknowledgementis

The authors are grateful to all the participants of the Tsurugaya
Project, and to Yoshiko Nakata, Mika Wagatsuma, and Reiko
Taneichi for their secretarial assistance.

References

1. Ortiz MC, Sanabria E, Manriquez MC, et a/: Role of en-
dothelin and isoprostanes in slow pressor responses to an-
giotensin 1. Hypertension 2001; 37: 505-510.

2.. Haas JA, Krier JD, Bolterman RJ, et al: Low-dose an-
giotensin Il increases free isoprostane levels in plasma. Hy-
pertension 1999; 34: 983-986.

3. Keaney JF Jr, Larson MG, Vasan RS, er al: Obesity and
systemic oxidative stress: clinical correlates of oxidative
stress in the Framingham Study. Arrerioscler Thromb Vasc
Biol 2003; 23: 434-439.

4, Roberts LI, Morrow JD: Measurement of F(2)-isoprostanes
as an index of oxidative stress in vivo. Free Radic Biol Med
2000; 28: 505-513.

5. Bachi A, Zuccato E, Baraldi M, ef al: Measurement of uri-
nary 8-Epi-prostaglandin F2alpha, a novel index of lipid
peroxidation in vivo, by immunoaffinity extraction/gas
chromatography—mass spectrometry: basal levels in smok-
ers and nonsmokers. Free Radic Biol Med 1996; 20:
619-624

6. Tesar V, Zima T, Jirsa M Jr, ef al: Influence of losartan and
enalapril on urinary excretion of 8-isoprostane in experi-
mental nephrotic syndrome. AMed Sci Monit 2002; 8:
BR69-BR74.

7. Sakuma M, Imai Y, Nagai K, ef al: Reproducibility of
home blood pressure measurement over a 1-year period.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hozawa et al: Plasma 8-Isoprostane Increases in Hypertensives 561

Am J Hypertens 1997; 10: 798-803.

Imai Y, Ohkubo T, Hozawa A, et al: Usefulness of home
blood measurements in assessing the effect of treatment in
a single-blind placebo-controlled open trial. J Hypertens
2001; 19: 179-185.

Ohkubo T, Imai Y, Tsuji I, e a/: Home blood pressure
measurement has a stronger predictive power for mortality
than does screening blood pressure measurement: a popula-
tion-based observation in Ohasama, Japan. J Hypertens
1998; 16: 971-975.

Yasunari K, Maeda K, Nakamura M, Yoshikawa IJ:
Carvedilol inhibits pressure-induced increase in oxidative
stress in coronary smooth muscle cells. Hypertens Res
2002; 25: 419-425.

. Chonan K, Kikuya M, Araki T, ef al: Device for the self-

measurement of blood pressure that can monitor blood
pressure during sleep. Blood Press Monit 2001; 6: 203—
205.

Association for the Advancement of Medical Instrumenta-
tion: American National Standards for Electronic or Auto-
mated Sphygmomanometers. Washington, DC, AAMI,
1987.

Collins CE, Quaggiotto P, Wood L, et al: Elevated plasma
levels of F2 alpha isoprostane in cystic fibrosis. Lipids
1999; 34: 551-556.

Dillon SA, Lowe GM, Billington D, Rahman K: Dietary
supplementation with aged garlic extract reduces plasma
and urine concentrations of 8-isoprostaglandin Fza in
smoking and nonsmoking men and women. J Nutr 2002;
132: 168-171.

Morrow JD, Frei B, Longmire AW, et al: Increase in circu-
lating products of lipid peroxidation (F2-isoprostanes) in
smokers: smoking as a cause of oxidative damage. N Engl J
Med 1995; 332: 1198-1203.

Huang HY, Appel LJ, Croft KD, ef al: Effects of vitamin C
and vitamin E on ir vivo lipid peroxidation: results of a
randomized controlled trial. Am J Clin Nutr 2002; 76:
549-555.

Clarke R, Harrison G, Richards S: Vital Trial Collaborative
Group: Effect of vitamins and aspirin on markers of platelet
activation, oxidative stress and homocysteine in people at
high risk of dementia. J Intern Med 2003; 254: 67-75.

Davi G, Ciabattoni G, Consoli A, ef al: In vivo formation of
8-iso-prostaglandin f2alpha and platelet activation in dia-
betes mellitus: effects of improved metabolic control and
vitamin E supplementation. Circulation 1999; 99: 224-229,
Reilly MP, Pratico D, Delanty N, ef al: Increased formation
of distinct F2 isoprostanes in hypercholesterolemia. Circu-
lation 1998, 98: 2822-2828.

Luft FC, Miller JZ, Grim CE, et al: Salt sensitivity and
resistance of blood pressure: age and race as factors in
physiological responses. Hypertension 1991; 17 (Suppl 1):
1102-1108.



Original Article

955

C-Reactive Protein and Peripheral Artery Disease among
Japanese Elderly: the Tsurugaya Project

Atsushi HOZAWA, Kaori OHMORI, Shinichi KURIYAMA, Taichi SHIMAZU, Kaijun NIU*,
Aya WATANDO**, Satoru EBIHARA **,| Toshifumi MATSUI**, Masataka ICHIKT***,

Ryoichi NAGATOMI*, Hidetada SASAKI**, and Ichiro TSUJI

We investigated the cross-sectional relationship between ankle brachial index and cardiovascular disease
risk factors, including C-reactive protein (CRP), among Japanese elderly, a topic which has had little prior
epidemiologic study. Our study population comprised 946 subjects aged at least 70 years in whom both
CRP and ankle brachial index were measured. The participants were classified info a low (ankle brachial in-
dex<0.9) and normal ankle brachial index group. We found that current smoking, high-density lipoprotein
cholesterol <40 mg/dl, a low body mass index (continuous variable), hypertension, diabetes and statin use
were all significantly related to a lower ankle brachial index. Higher log-transformed CRP level was signifi-
cantly related to a lower ankle brachial index after adjustment for the cardiovascular risk factors mentioned
above ( p<0.01). The odds ratios for low ankle brachial index compared to 0—1 risk factors were 5.79 (95%
confidence interval [Cl]: 2.99-11.20) for 2 risk factors and 17.45 (95% Cl: 6.78—49.91) for 3 or more risk fac-
tors; independently of other risk factors, the odds ratio for CRP>1.0 mg/l was 2.10 (95% Cl: 1.13-3.88) com-
pared to lower CRP values. Thus, a high level of CRP is related to a low ankle brachial index among Japan-
ese elderly as well as Western subjects. This is the first study to report the relationship between CRP and

low ankle brachial index among Japanese elderly. (Hyperiens Res 2004; 27: 955-961)

Key Words: C-reactive protein, cardiovascular risk factors, ankle brachial index, Japanese, elderly

Introduction

In recent years, C-reactive protein (CRP) has become estab-
lished as a risk factor for cardiovascular diseases (I—I4).
Higher levels of CRP predict future myocardial infarction
and stroke independently of other cardiovascular disease risk
factors, and it has been suggested that the measurement of
CRP, in addition to cardiovascular disease risk factors, may

improve our ability to predict cardiovascular diseases (10, 13).

Peripheral artery disease (PAD) is a severe atherosclerotic
condition causing intermittent claudication and is associated
with higher incidence of future cardiovascular and cere-
brovascular diseases (15—19). The low ankle brachial sys-
tolic blood pressure index (ABI) has been used as a measure
of lower limb PAD (20). In Western countries, some
prospective studies have demonstrated a positive relationship
between CRP and low ABI (21, 22) as well as a relationship
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between CRP and cardiovascular diseases (I—14).

In Japan, however, epidemiological data about risk factors
for low ABI among Japanese have been limited (23, 24).
Furthermore, no studies have investigated the relationship
between CRP and low ABI. Therefore, in the present study,
we investigated the relationship between ABI and cardiovas-
cular disease risk factors, including CRP, among Japanese
elderly.

Methods

Study Participanis

Our study population comprised subjects aged 70 years and
older who were living in the Tsurugaya area of Sendai, one
of the major cities in the Tohoku area of Japan. At the time
of the study, there were 2,730 people aged 70 years and old-
er living in Tsurugaya (25, 26). We invited all of these indi-
viduals to participate in a comprehensive geriatric assess-
ment, which included medical status, physical function, cog-
nitive function and dental status, and 1,178 of these people
agreed to participate and give their informed consent for
analysis of the data. The protocol for this study was ap-
proved by the Institutional Review Board of Tohoku Univer-
sity Graduate School of Medicine. We excluded subjects
whose CRP had not been measured (n=29) and subjects
whose ABI had not been measured (n=21). We assessed hy-
pertension using home blood pressure (BP) data, and sub-
jects who did not measure their BP on at least 3 days during
the 4-week study period were excluded (n=176). This crite-
rion was based on our previous observation that the average
BP values for the first 3 days did not differ significantly from
those obtained during the entire study period (27). Further-
more, we excluded subjects who did not complete the ques-
tionnaire about alcohol consumption (n=6). Therefore, the
study population comprised 946 subjects (mean age 752
4.6 years, men: 45%).

CRP Measurement

We collected the blood sample under non-fasting conditions.
Serum CRP levels were determined using an immunotech-
nique on a Behring BN 1I analyzer (Dade Behring, Tokyo,
Japan). The BN II high sensitivity assay utilizes a monoclon-
al antibody coated on polystyrene particles and fixed-time
kinetic nephelometric measurements (28). The BN II neph-
elometer makes a 1:400 dilution to measure CRP concentra-
tions between 3.5 and 210mg/l. The assay has been ap-
proved by the US Food and Drug Administration for use in
assessing the risk of cardiovascular and peripheral vascular
disease.

ABI Measurement

Bilateral ABI was measured in all subjects using a new de-

vice, the FORM ABI/PWV (Colin Co., Komaki, Japan),
which incorporates an automatic oscillometer (29). The
FORM ABI/PWYV is a device with four cuffs that can mea-
sure BP levels simultaneously in both arms and both legs,
and automatically calculates the ABIL. This device is useful
for mass medical examinations and population-based studies
because it enables measurements of ABI and brachial ankle
pulse wave velocity in a short time and is not affected by the
operator’s technique. This device has been used in other
Japanese epidemiological studies (24, 30, 31).

Classification of Subjecis

We treated the lowest ABI in either leg as the ABI value. We
defined the subjects with an ABI<0.90 as the “low ABI”
subjects, and we classified serum CRP levels into three
groups, <lmg/l, 1 to 2.9 mg/l and 3 mg/l and over, according
to the previous reports (10, 13).

Data Analysis

Variables were compared by the §? test, #-test or analysis of

. variance, as appropriate. The odds ratio (OR) of PAD was

calculated using multiple logistic regression analysis.

We used the following variables as confounding factors:
age, sex, smoking habit, drinking habit, hypertension, hyper-
cholesterolemia, a low level of high density lipoprotein
(HDL) cholesterol, body mass index (BMI), diabetes, prior
cardiovascular diseases and use of statin drugs.

Subjects were considered hypertensive if their home sys-
tolic BP (SBP) was at least 135 mmHg and/or home diastolic
BP (DBP) was at least 85 mmHg, or if they were using anti-
hypertensive agents (32, 33). Subjects were considered dia-
betic if their non-fasting blood glucose level was at least
200 mg/dl, or if they currently used antidiabetic medication.
Subjects were considered hypercholesterolemic if their level
of total cholesterol was at least 220 mg/dl, or they currently
used non-statin lipid-lowering agents. Low HDL cholesterol
was defined as a level of HDL cholesterol below 40mg/dl.
The information on smoking status, drinking status and his-
tory of prior cardiovascular diseases was obtained using
questionnaire surveys. Current drinkers were also asked
about drinking frequency, beverage types usually consumed,
and amount consumed on a single occasion. From these re-
sponses we calculated the average daily alcohol consumption
in grams. Since statins have been reported to lower CRP lev-
els (34, 35), we treated them as independent confounding
factors. When we analyzed the relationship between low
ABI and CRP as a continuous variable, we used the log-
transformed value (CRP value-+1), because the CRP distrib-
ution was skewed to the right among Japanese (36); we
added 1 before transformation because the log-transforma-
tion expands the scale for values below 1. Since the CRP
level has been reported to be related to risk clustering (37),
we analyzed the relationship between low ABI and a combi-



Table 1. Association between Lower Ankle Brachial Index
and Cardiovascular Disease Risk Factors, for 946 Subjects,
the Tsurugaya Project, Sendai, Japan, 2002

Ankle brachial index
<09 =09 D

Number of subjects 54 892
Age (years) 77 76 0.049*
Sex (male %) 67 43 <0.01**
Current smoker (%) 26 12 <0.01**
Ex-smoker (%) 43 30
Never smoker (%) 31 58
Mean alcohol consumption (g) 14 10 037*
Body mass index (kg/m?) 24 24 0.46*
Hypertension (%) 91 69 <0.01**
Diabetes (%) 26 9 <0.01*
Hypercholesterolemia (%) 31 36 0.49*
Low HDL cholesterol (%) 33 11 <0.01**
Use of statin drugs (%) 30 16 0.01*
History of cardiovascular diseases (%) 31 15 <0.01**

* t-test, ** y*-test. Hypertension: home systolic blood pressure
(BP) was at least 135mmHg and/or home diastolic BP was at
least 85 mmHg, or they were using antihypertensive agents. Dia-
betes: non-fasting blood glucose level was at least 200 mg/dl, or
if they currently used antidiabetic medication. Hypercholes-
terolemia: level of total cholesterol was at least 220 mg/dl, or
they currently used non-statin lipid-lowering agents. Low HDL
cholesterol: level of high density lipoprotein cholesterol below
40 mg/dl.

nation of cardiovascular disease risk factors and CRP level.
In this analysis, we treated hypertension, diabetes, current
smoking or low HDL cholesterol as cardiovascular disease
risk factors.

The drug information was confirmed by an experienced
pharmacist. The level of statistical significance was set at
p<0.05. All statistical analyses were performed with SAS
software, version 8.2 (SAS Institute, Cary, USA).

Results

Association between ABI and Atherosclerosis Risk
Factors

Table 1 shows the association between low ABI and cardio-
vascular disease risk factors. The mean age was significantly
higher in subjects with low ABI than those without low ABL.
The proportions of never smokers and females were lower in
low ABI subjects. Similarly, the proportions of subjects with
hypertension, diabetes, and low HDL cholesterol, and the
proportions of statin users or subjects with a history of prior
cardiovascular diseases, were higher in low ABI subjects.
The proportions of subjects with hypercholesterolemia did
not differ between subjects who had a low ABI and subjects

Hozawa et al: CRP and Low ABI among Japanese 957

Table 2. Association between C Reactive Protein (CRP)
and Cardiovascular Disease Risk Factors

CRP (mg/l)

09 1029 3.0- b
Number of subjects 637 201 108
Age (years) 76 76 76 0.70*
Sex (male %) 43 47 47 0.44*
Current smoker (%) 11 17 12 0.02%*
Ex-smoker (%) 29 32 40
Never smoker (%) 60 51 47
Alcohol consumption (g) 11 13 7 0.22*
Body mass index (kg/m?) 24 25 25 <0.01*
Hypertension (%) 68 74 81 0.01*
Diabetes (%) 8 i1 16 0.03**
Hypercholesterolemia (%) 33 42 40 0.047%
Low HDL cholesterol (%) 11 14 16 0.20*
Use of statin drugs (%) 18 13 19 0.27**
History of cardiovascular 15 17 24 0.051%

diseases (%)

* ANOVA, ** y2-test. Hypertension: home systolic blood pres-
sure (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. Hyper-
cholesterolemia: level of total cholesterol was at least 220 mg/dl,
or they currently used non-statin lipid-lowering agents. Low
HDL cholesterol: level of high density lipoprotein cholesterol
below 40 mg/dl.

who did not. Neither alcohol consumption nor BMI differed
between subjects with or without a low ABL

Association between CRP and Other Cardiovascular
Disease Risk Factors

The median (interquartile range) of CRP was 0.61 (0.17—
1.37)mg/l. Table 2 shows the association between CRP val-
ue and cardiovascular disease risk factors. The proportion of
never smokers was lower in subjects with high CRP, and the
proportions of ex-smokers or subjects with hypertension, hy-
percholesterolemia, diabetes or prior cardiovascular diseases
were higher in subjects with the highest CRP level. The pro-
portions of each gender, subjects with low HDL cholesterol
or statin users did not differ among the CRP groups. Mean
age or alcohol consumption also did not differ among the
CRP groups. BMI was lower in the subjects of the lowest
CRP group.

OR of Low ABI Was Associated with CRP and Cardio-
vascular Disease Risk Factors

Table 3 shows the results of the multiple logistic regression
analysis. Compared with the lowest CRP group, the moder-
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Table 3. Odds Ratio of Low Ankle Brachial Index
Associated with Cardiovascular Disease Risk Factors

Odds ratio 95% CI )/

Age (5 years) 123 091-1.67 0.18
Sex (male=1) 1.77 074423 0.20
Current smoker 310 1.16-832 0.02
Ex-smoker 151 0.62-3.71  0.50
Alcohol consumption
(23 g/day) 101 0.79-1.29 097
Body mass index (kg/m?) 0.89  0.80-099 0.03
Hypertension 429  1.60-11.50 <0.01
Diabetes 373 1.82-7.66 <0.01
Hypercholesterolemia 1.10  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 174 0.89-340 0.10
CRP

—0.9mg/l 1.00

1-2.9mg/l 220 1.10-441 0.03

3—mg/l 206 0.90-4.75 0.09
p for trend 0.03
CRP log-transformed
(continuous) 2.15 1.21-3.82 <0.01

CI, confidence interval. Hypertension: home systolic blood pres-
sure (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. Hyper-
cholesterolemia: level of total cholesterol was at least 220 mg/dl,
or they currently used non-statin lipid-lowering agents. Low
HDL cholesterol: level 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=0.03). Furthermore, when we re-
peated the regression by treating the log-transformed CRP
value as a 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 ABL 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 ABL

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-
ease 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

Trrespective 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 0—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 (95% 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 ABI 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
(1-14, 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
ABI (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 et 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/l)

CRP (1.0mg/1-)

Numbers of risk factors

Odds ratio 95% C1 14 Odds ratio 95% CI 4
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 blood 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) cholesterol: level of HDL cholesterol below 40mg/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 ABL

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

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 ABL 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, i.e., low BMI, hypertension, low HDL
cholesterol, and current smoking, have also been associated
with low ABI among Western subjects (39-41). 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 et al. reported that CRP level is related posi-
tively to risk clustering (37), we attempted 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 ABL This is the first study to clarify the relationship
between CRP and low ABI among Japanese elderly.
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The Relationship between Body Mass Index and a Plasma Lipid
Peroxidation Biomarker in an Older, Healthy Asian Community
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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 community-dwelling Japanese aged 70 years or older in 2002.

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

RESULTS: After adjustment for potential confounders, the mean £ SE plasma 8-is0-PGF;, level was
significantly higher in subjects with higher BML: 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 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: Our results demonstrated that in the healthy Asian population, there was a modest but

significant relationship between BMI and the plasma lipid peroxidation level.

Ann Epidemiol 2005;15:80-84. © 2004 Elsevier Inc.

All rights reserved.
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INTRODUCTION

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 studies 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 F-a (8-iso-PGF,,), because it is one of the
most reliable indices for assessing oxidative stress status
in vivo (7). 8-iso-PGF,, is one of the four known classes of
F,-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 matter
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
dara. 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: current 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 mg/dl or casual serum triglyceride
level greater than or equal to 150 mg/dl, 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 8-iso-prostaglandin F,, Measurements

Among the 1179 subjects, plasma 8-iso-PGF,, data were
obtained from 1150 (mean age, 75.7 + 4.8 years; men,
41.3%). For 8-iso-PGF,, measurement, peripheral venous
blood was collected in EDTA2Na (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-PGF,,. 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-iso-PGF,, assay. A specific enzyme im-
munoassay kit (Cayman Chemical, Ann Arbor, MI) (11) was
used to measure the 8-iso-PGF,, concentration in plasma
samples. The assay was validated directly by gas chromatog-
raphy/mass spectrometry. The antiserum used in this assay
has 100% cross-reactivity with 8-is0-PGF;,, 0.2% with
prostaglandin (PG) F,-a, PGFs-a, PGFI, and PGF,, and
0.1% with 6-keto PGF;-al. 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 pg/ml.
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Statistical Analysis

The association between plasma 8-is0-PGF,, levels and
baseline characteristics was examined and the standard error
(SE) of plasma 8-iso-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
petformed by including the ordinal variable in a linear
regression analysis. Since previous studies have shown that
F;-isoprostane levels might be elevated under conditions
such as the use of multivitamin/vitamin C/vitamin 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
Clvitamin 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,
hypetlipidemia, and diabetes.

All statistical analyses were performed using 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,, 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
function status, use of multivitamin/vitamin C/vitamin E
supplements, use of NSAIDs, consumption frequencies of
soy beans products and Japanese green tea, smoking, and
alcohol drinking, significant dose—response relationships
between BMI and the plasma 8-iso-PGF;, level were
observed (Model 1: p for trend = 0.0082). Even after
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TABLE 1. Characteristics of the subjects and 8-iso-PGF,,,

levels

8-iso-PGF;,,
N Mean SE p-value
BMI
<18.5 63 18.94 0.68 0.016
18.5-24.9 684 19.96 0.21
25.0-29.9 354 20.46 0.29
30.0< 49 20.98 0.71
Sex
Male 475 20.55 0.25 0.017
Female 675 19.79 0.21
Age (years)
70-74 563 20.18 0.23 0.86
75-79 350 19.80 0.29
80+ 237 20.38 0.35
Smoking
Current smoking 144 20.21 0.44 0.28
Past smoking 338 20.43 0.29
Never smoking 646 19.87 0.21
Drinking
Current drinking 441 20.40 0.25 032
Past drinking 144 20.38 0.45
Never drinking 510 19.91 0.24
Consumption frequencies
of soy beans products
Daily 587 20.07 0.22 0.99
1-6 times per week 511 20.06 0.24

Less than 1 time per week 34 19.92 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 day 377 20.45 0.28
Less than 1 cup per day 231 20.11 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 20.35 0.34 0.42
No 900 20.04 0.18

#Multivitamin/vitamin C/vitamin E.
"Non-steroidal anti-inflammatory 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 BMIL The mean + SE plasma 8-iso-PGFy,,
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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 between 18.5 and 24.9; and
19.0 £ 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-
iso-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
Clvitamin 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 to the
complications of diabetes, hypercholesterolemia, and hy-
pertension, the finding of a positive association between
obesity and the 8-is0-PGF;, level was unchanged.

The present results indicated that the 8-iso-PGF,,, level
was significantly associated with a higher BML. Our results
are consistent with previous studies of a USA population (5,
6) and a 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-iso-PGF,, and body mass index

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

8-isoprostane (= SE) <18.5 18.5-25.0 25.0-30.0 >30.0 p for trend
Model 1 19.04 + 0.69 19.94 £0.21 20.56 +0.29 21.16 £0.77 0.0082
Model 2 19.01 £ 0.70 19.95 £0.21 20.54 +0.29 21.14 £ 0.77 0.011

Model 1: Adjusted for sex, age, multivitamin/vitamin Cfvitamin E supplement use, non-steroid anti-inflammatory drug use, physical functioning status, smoking status (current-
smoking, ex-smoking, and never smoking), drinking status (current-drinking, ex-drinking, and never drinking), consumption frequencies of soy bean products (daily, 1-6 times
per week, or less than 1 time per week), and consumption frequencies of Japanese green tea (morte than 4 cups per day, 1-3 cups per day, or less than 1 cup per day).

Model 2: Adjusted for variables above and history of hypertension, diabetes mellitus, and hyperlipidemia.



AEP Vol. 15, No. 1
January 2005: 80-84

urinary creatinine-indexed 8-epi-PGF,, as a marker of
systemic oxidative stress (5). Block et al. measured urinary
plasma 8-epi-PGF,, among 298 subjects aged 19 to 78 years
(6). Those two studies of healthy populations indicated
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 subjects with a BMI of
28 or more (19). Our 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
researches.

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

Our study also had some limitations. The study popula-
tion aged 70 years or older might represent healthy aging
resistance to oxidative stress. Most of the elderly 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 limita-
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 taken 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 between 1976 and 1995
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(27). Thus, obesity is an 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.

The authors are grateful to all the participants of the Project; to Dr. S.
Hisamichi, Dr. M. Watanabe, Dr. H. Fukuda, Dr. R. Nagatomi, Dr. H.
Haga, Dr. M. Nishikori; Dr. S. Awata for the valuable comments; to Y.
Nakata, M. Wagatsuma, R. Taneichi, and T. Mogi for their helpful
secretarial assistance.
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Abstract

Background: Past studies have measured and described
the length of life with disability before death, but there
has been no study of the relationship between modifi-
able lifestyle factors and duration of disability. Objec-
tive: To examine whether there are modifiable factors
influencing the length of life with disabi!ity before death.
Methods: The study was designed as a retrospective
observation of the deceased who had earlier been en-
rolled in a prospective cohort study. During the follow-
up period (1996-1999), we documented 781 deaths
among those who were 70-79 years of age at the base-
line survey in 1994 (n = 10,216). In 2000, we interviewed
family members of the deceased about the duration of
the subjects’ disability before death (n = 655). Results:
The median duration of disability before death was ap-
proximately 6 months. Both higher Body Mass Index
(BMI) and shorter time spent walking were significantly
associated with an increased risk of long-term disability
{more than 6 months). The odds ratios of long-term dis-
ability were 1.3 in those with BMI 20-25 and 2.1 in those
with BMI >25, compared with BMI <20. The odds ratios

of long-term disability were 1.3 in those walking for 0.5-
0.9 h/day and 1.7 in those walking for <0.5 h/day, com-
pared with those walking for >1.0 h/day. These relation-
ships were unchanged after stratification for causes of
death. Conclusion: Weight control and walking in later
life may shorten the length of life with disability before
death.

Copyright © 2005 S. Karger AG, Basel

introduction

In an era when human life expectancy is approaching
its biological limits [1], increasing attention is being paid
to the quality of the last months of life [2]. Fear of death
is often joined by fears of disability or institutionalization
[3]. We would all like to remain independent until the
very last days of our lives, and thus decrease the length of
life with disability.

To provide strategies for disability prevention among
the elderly, past epidemiological studies have identified
a number of risk factors for the incidence of disability in
later life [4—10]. Although a lower incidence of disability
may imply postponement of its onset [11], it has not been
proven whether lowering the incidence of disability leads
to a shortening of the period of disability.
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