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increases the risk of mortality from all causes in men and
women, from CVD in men, and from cancer in women. The
results partially contradict those of previous studies
conducted mainly in Western countries, which repeatedly
reported that diabetic women have a higher risk of CVD and
that they lose their advantages over men regarding cvD.A23-
01 owas reported in a review of previously conducted
epidemiological studies that the age-adjusted mortality rates
for CHD were 2 to 3 times higher among diabetic men and 3
to 7 times higher among diabetic women in population-based
studies.”” However, since 1996, 4 meta-analyses were
conducted on the topic of the higher risk of CHD among
women than among men, and the results were rather
contradictory: Three studies concluded that compared with
men, women with diabetes were at increased risk of mortality
from CHD, and 1 study found no difference between men and
women J4-31,32

A previous study in Japan compared data from patients
with diabetes and population statistics and showed that the
risk of heart disease among diabetic women did not exceed
that among diabetic men. The ratio of the observed number
of deaths from heart disease among diabetic patients to the
number expected on the basis of population statistics was
1.93 (P < 0.01) in men and 1.58 (not significant) in women.?
A study that assessed the association between random blood
glucose levels and the risk of ischemic stroke also did not
show a distinct difference in the risk between diabetic men
and women; the relative risk was 1.8 (95% CI 1.0-3.2) for
men and 2.2 (95% CI 1.2-4.0) for women.*® These 2 studies
were not included in the above meta-analyses; they might not
meet the inclusion criteria because of their study design or
because the participants were not selected from the general
population. Other prospective cohort studies in Japan did not
assess the relationship between diabetes and the risk of
mortality for men and women separately; instead, sex was
adjusted in the model, presumably because of the limited
number of participants or because the studies were not
originally concerned about the sex differences in the
magnitude of risk.””

The previously reported higher risk of CVD among women
with diabetes relative to that among men with diabetes might
be due to obesity, since obesity has been observed to be more
prevalent among diabetic women than diabetic men in several
studies conducted in the US3%3*35 In our cohort, the mean
BMI among women with diabetes (22.0 kg)mz] was nearly
equal to the mean BMI among women without diabetes (22.4
kg/m?), but the difference between the two was nevertheless
statistically significant. We considered the possibility that
women with lower BMIs were more likely to report diabetes.
Consistent with the findings of the current study, the findings
of previous studies showed that the BMIs of people with
diabetes were similar to those of the general population in
Japan.’® The average BMI was 23.1 kg/m” among male and
female participants with diabetes in the Japan Diabetes

Complications Study,’” while the average BMI among a
similar age group in the general Japanese population ranged
between 22.90-23.70 kg/m2.3® The smoking status may also
have influenced the association between diabetes and
mortality from CVD among women since it had been
previously reported that cigarette smoking increased the risk
of CVD mortality among women with diabetes*? However,
only about 15% of women were current or former smokers in
our study. Our stratified analysis by smoking status failed to
show any differences of the risks between the stratum with
regard to the mortality from CVD among diabetic women
compared to that among non-diabetic women (data not
shown). Nonetheless, we cannot eliminate the possibility that
as compared to men, women in the current study had less
severe diabetes, and that this was responsible for the smaller
risk of CVD observed among women. Information on the
severity of diabetes was unavailable in the current study.

In the current study, diabetic women had increased risk of
mortality from cancer. This may be partly attributable to the
increased risk of colon and colorectal cancer observed among
diabetic women. In contrast, an association between diabetes
and mortality from cancer was not found among men. The
results of a previous prospective cohort study that assessed
the risk of mortality from colon/colorectal cancer were
inconsistent in terms of variation by sex. 14041

The risk of mortality from causes other than CVD and
cancer was higher among diabetic women than among non-
diabetic women. Of the causes of mortality other than cancer
and CVD, diabetes was the most frequently observed among
diabetic women. A total of 12 diabetic women died as a
result of diabetes (ICD-10 codes: E10-E14), and the age-
standardized mortality rate from all causes other than cancer
and CVD was 27.27 per 10000 person-years, which was
relatively higher than the equivalent rate among diabetic men,
14.06 per 10000 person-years. Further detailed information
on mortality was not available; however, mortality as a result
of diabetes may be caused by acute complications, and we
speculate that this might have overtaken the mortality from
CVD.

The current study has several advantages. The study was
conducted in a community-based cohort selected from the
general Japanese population, and the participation rate was
relatively high. Mortality within the cohort was prospectively
followed up, and deaths from all causes were confirmed using
the data from the Ministry. Potential multiple confounders of
the association between the status of diabetes and mortality
were adjusted for the analysis.

Nevertheless, the current study has several limitations.
The diagnosis of diabetes was reported in a questionnaire, and
the validity and reliability of the report was undetermined.
Fortunately, the positive predictive value for self-reported
diabetes among Japanese subjects in a previous study was
high (82%), and substantial agreement was found between the
diabetic patients identified using questionnaires and those
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identified using confirmed medical records*? Nevertheless,
it is possible that a certain proportion of men and women who
had diabetes did not report it in the current study. A study
conducted by the Japanese Ministry of Health, Labour and
Welfare estimated that the prevalence of diabetes among
Japanese people who were 50 years or older was more than
14.2% in men and more than 7.1% in women in 1997. These
values are considerably higher than those estimated at the
baseline of the current study for both men and women,
although in the study by the Health Ministry, the estimations
were made using the hemoglobin Alc test, and this study was
conducted 5 years after the initiation of the current sludy.'u
Such underreporting could introduce bias in the estimation of
the association between diabetes and mortality. Despite the
limitations of self-reported diabetes, as in the current study,
several previous large-scale epidemiological studies among
the general population used self-reported diabetes to assess its
association with the risk of cancer or other conditions.'>*?
Further, some other studies assessed this association and did
not use the oral glucose test or medical record review to
validate self-reported diabetes.!!**4¢  Such misclassification,
caused by the underestimation of the true prevalence of
diabetes, would bias the analysis of the association toward the
null when true association exists, and thereby attenuate the
association. Furthermore, information on diabetes was only
available at the baseline, and diabetes that may have
developed during the follow-up period was not considered.
Data on hyperlipidemia, a traditional risk factor of CVD,
were not available in our study. In a recent report from the
Asia Pacific Cohort Studies Cnllnboralinn.n the mean total
cholesterol level was 5.34 mmol/L in people with diabetes
and 5.11 mmol/L in people without diabetes, and these levels
are relatively similar. The risk of CHD increased both for
persons with diabetes and for persons without diabetes; an
approximately 2-fold increase was observed when the highest
fourth of the total cholesterol (approximately 6.3 mmol/L)
was compared to the lowest fourth (approximately 4.5 mmol/
L).*7 Considering the 3-fold increase in the risk of mortality
from CHD in men with diabetes observed in the current study,
the positive association would not be negated even after
taking the effect of total cholesterol into account. Moreover,
the size of the cohort may not have been sufficiently large to
assess the risk of mortality, especially considering the
mortality from some diseases with relatively low mortality
rates.

Despite the limitations, the current study provides valuable
information regarding the risk of mortality among diabetic
men and women. For both men and women, an increased risk
of mortality from all causes was suggested. Among men with
self-reported diabetes, an increased risk of death from CVD
was observed, and among women with self-reported diabetes,
an increased risk of death from cancer was observed. The
observed variation in the risk by sex was not fully explained
in the current study, but with further investigation, a distinct
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pattern of the risk of mortality among people with diabetes in
the Japanese population may emerge.
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ABSTRACT

Background: There are no strong and consistent predictors of dietary habits although some associations have
been shown with psychological factors. The purpose of the present study was to examine the relationships between
the rationality and anti-emotionality (R/A) personality and dietary consumption in a Japanese community.
Methods: The Takayama study is a community-based cohort study on diet and cancer in Gifu, Japan, and was
initiated on September 1, 1992. Cross-sectional analyses were conducted on dietary and lifestyle data. The
consumption of 169 food and beverage items was measured along with portion size by using a food frequency
questionnaire, Questions regarding the R/A-personality scale and lifestyle habits were included in the
questionnaire. The participants were 28077 adults (13082 males and 14995 females) aged 35 years and over.
Results: Both males and females with high R/A-personality scores (i.e., high degree of rational thought and
emotional repression) consumed more soy products, green and yellow vegetables, other vegetables, and seaweed
than the other participants. Males with high R/A-personality scores drank fewer alcoholic beverages, and females
with high scores were found to snack less on sweet and salty foods than the other participants. Males with high R/
A-personality scores showed higher consumption of meat and dairy products, and females with high scores showed
higher consumption of fish, shellfish, and eggs than those with low R/A-personality scores.

Conclusion: The R/A-personality scale may differentiate dietary habits in males and females in a Japanese com-
munity.

Key words; Personality, Rationality, Repressed Emotion, Dietary Habits, Lifestyle

no strong and consistent predictors of dietary habits although

INTRODUCTION factors such as sex, age, ethnicity, weight, mental stress, and

Dietary habits are related to nutritional intake and are the
predictors of several diseases and health conditions, such as
obesity, cardiovascular disease, cancer, and osteoporosis.H
Research on the relationship between diet and disease has
frequently yielded inconclusive results due to small sample
sizes and the corresponding lack of diversity with regard to
previous diet and lifestyle data. Nevertheless, some general
relationships between diet and disease are currently known,
including those between selenium, carotenoids, and cancer;
vitamin E, w-3 fatty acids, and coronary heart disease; dietary
fat and obesity; dietary sodium and hypertension; and alcohol
intake and stroke.’!! To prevent these chronic diseases,
modification of dietary habits is often required, but this may
be hindered by an individual’s food preferences, health
consciousness, and other psychological factors,'2 There are

personality characteristics show associations with dietary
habits.!+16

The rationality and anti-emotionality (R/A) personality
(blocked emotion and conscious suppression of emotion
during interpersonal communication) is considered a cancer-
prone personality.!”?! In contrast, results from Japanese
studies have demonstrated an inverse association with
chronic diseases, indicating that higher scores on the R/A-
personality scale were associated with lower prevalence of
stroke in males and females and lower prevalence of diabetes
in males®® and with a lower risk of death from all causes in
females.?® Thus, conflicting data exist regarding the
relationship between personality traits and mortality in
Western and Japanese societies. In addition, several Western
and Japanese studies have reported that such personality traits
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are not associated with cancer risk.**27 Thus, not only are the
findings regarding the relationships between personality traits
and chronic diseases inconsistent, but there are only a few
studies that have examined whether personality traits are
related to dietary habits, which are believed to be one of the
risk factors for chronic diseases.

The purpose of the present study was to examine the
relationships between R/A personality and diet consumption
in the residents of a Japanese community. It was predicted
that individuals who scored high on the R/A-personality scale
would have more health-oriented dietary habits than those
who scored low on this scale. For example, it was predicted
that individuals with high scores would show higher
consumption of vegetables and fruits and lower consumption
of alcoholic beverages than those who had low scores.

METHODS

Participants

The Takayama study is a community-based cohort study on
diet and cancer in Gifu, Japan, and was initiated on
September 1, 1992. Questionnaires were distributed to all the
36990 residents of Takayama City, Gifu, Japan who were
aged 35 years and over. The final response rate was 90.3%
(33399/36990). After eliminating participants for whom data
regarding sex, age, R/A-personality scale, medical history,
and/or smoking habits were missing, questionnaires from
13082 males and 14995 females (mean ages: 54.2 and 55.1
years, respectively) were obtained. The participants classified
according to their individual medical histories are as follows:
163 males and 463 females with cancer, 802 males and 758
females with cardiovascular diseases, 2679 males and 2775
females with hypertension, 824 males and 441 females with
diabetes mellitus, 3149 males and 2059 females with internal
diseases, and 910 males and 1427 females with allergies.

The participants were divided into 3 groups based on the R/
A-personality score tertile that was used in a study by
Hirokawa et al.** The 0-5 group (33.7% males and 26.6%
females) comprised the lower level; the 6-8 group (37.7%
males and 39.2% females) comprised the middle level; and
the 9-11 group (28.6% males and 34.2% females) comprised
the higher level. The distribution of age, body mass index
(BMI), weight, physical activity, marital status, years of
education, smoking habits, and medical history by sex and the
R/A-personality scores are shown in Table 1.

Questionnaires

The R/A-personality scale consists of 11 items (Appendix).
The scale was developed by Grossarth-Maticek et al'®2° (o
assess characteristics such as rational thought and emotional
repression, Participants were asked to answer either “1* for
yes or “0” for no. A high score indicated a tendency for
thinking rationally and repressing emotion, while a low score

J Epidemiol 2008; 18(4) 183-190

indicated a tendency for thinking less rationally and
expressing emotion. The questions were translated into
Japanese by Mizunuma et al.>® The internal consistency of
the R/A-personality scale was tested in preceding
studies.>?3 Cronbach’s alpha coefficients for the present
study were 0.71 for both males and females.

In this cohort study, dietary consumption was assessed
using a food frequency questionnaire (FFQ), and the validity
and reproducibility of the FFQ have been reported.?? In the
FFQ, 169 food and beverage items commonly used in Japan
for FFQs were included along with information on portion
size. The frequencies of most items were assessed using 8§
response categories, ranging from never or hardly ever to 2 or
more times a day over the past year. The quantities of dietary
consumption were estimated in g/d for 12 arbitrarily selected
food categories, which were the typical food groups
consumed regularly by Japanese residents. Among the food
categories, soy products were included because they are
known to be associated with a reduced risk of certain cancers
and cardiovascular diseases ™ For alcoholic beverages,
frequencies were assessed using 9 categories, and the range
was extended to 4 or more times a day over the past year. The
consumption of 4 alcoholic beverages was estimated in terms
of the amount (g) of pure ethanol/d. Participants who
answered “never or hardly ever consume alcohol” were
considered to consume 0 g pure ethanol/ d. The FFQ, like all
methods of dietary assessment, is subject to measurement
error. However, in the present study, the guestionnaire had
been validated by comparison with 12 daily diet records
maintained over | year. Spearman’s correlation coefficients
between the questionnaire and the 12 daily diet records
maintained over a 1-year period for grains and potatoes, soy
products, fish and shellfish, meat and meat products, eggs,
milk and dairy products, green and yellow vegetables, other
vegetables, fruit, snacks (sweet and salty), seaweed, and
alcohol were 0.20, 0.75, 0.61, 0.18, 0.23, 0.90, 0.47, 0.66,
0.38, 0.57, 031, and 0.87 in males, respectively. The
corresponding values in females were 0.49, 0.62, 0.33, 0.62,
0.51, 0.77, 0.53, 023, 048, 0.74, 0.53, and 0.78
respectively.>*35 The nutritional values of the items were
obtained from the Standard Tables of Food Composition in
Japan, 4th edition.*®

In a self-administered questionnaire, age, height, weight,
current marital status (“married” categorized as 1 or “without
partner” categorized as 0), years of education, and major
medical history (cancer, cardiovascular diseases, internal
diseases, diabetes mellitus, hypertension, and allergy) were
polled. Physical activity based on metabolic equivalents
(METs), which measure daily energy expenditure, was
assessed using the questionnaire,*”** Information concerning
current smoking habits was also sought. Participants were
asked if they currently smoked, had stopped smoking, or had
never smoked. If they reported to have ever smoked, they
were asked the number of cigarettes they smoked per day.
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Statistical Analysis

Age, smoking, and toial energy intake were selected as
confounders based on a previous study.’® Medical history,
which was considered to be associated with R/A
personality,” was also selected as a confounder. In addition,
the following correlations were determined based on
Spearman’s correlation coefficients (for men and women
respectively) for each food consumed. BMI was significantly
correlated with many food groups, for example, soy products
(r = 0.03 and 0.05), green and yellow vegetables (r = 0.02 and
0.06), and other vegetables (r = 0.08 and 0.09). Physical
activity was significantly correlated with soy products and
green and yellow vegetables (r = 0.10 and 0.07) and other
vegetables (r = 0.14 and 0.12). Years of education was also
significantly correlated with soy products (r = -0.05 and -
0.02) and seaweed (r = -0.05 and 0.02). These parameters
were selected as confounders. To examine differences
between the 3 groups classified according to the R/A-
personality scores (i.e., higher, middle, and lower levels),
analysis of covariance (ANCOVA) was performed,
controlling for age, BMI, the number of cigarettes smoked
per day, physical activity (METs), years of education, medical
history, and total energy intake as covariates. Multiple
comparisons using the Dunnett-Hsu test were also conducted
as post hoc analyses. A P value less than 0.05 was used to
indicate statistical significance of the results of ANCOVA.
All statistical analyses were performed using the computer
program PC-SAS™, version 6.12.3

RESULTS

Table 1 shows that R/A personality was linearly associated
with age, marital status, years of education, smoking,
cardiovascular diseases, hypertension, and allergy in the case
of both males and females. Participants in the higher level of
the R/A-personality scale were older and were more likely to
be non-smokers, suffer from cardiovascular diseases and
hypertension, and have fewer allergies than those in the lower
level. A high percentage of males in the higher level of the R/
A-personality scale were married, whereas a low percentage
of females in the higher level of the R/A-personality scale
were married. The R/A-personality scale was also linearly
associated with BMI, physical activity, and internal diseases
in the case of males and with cancer and diabetes mellitus in
the case of females. Males in the higher level of the R/A-
personality scale had a lower level of physical activity and
lower BMI and a higher percentage of internal diseases. The
percentage of cancer and diabetes mellitus was higher in
females in the higher level of the R/A-personality scale than
in those in the lower level.

Table 2 shows the adjusted means of food consumption.
Both males and females in the higher level of the R/A-

J Epidemiol 2008; 18(4) 183-190

personality scale showed higher consumption of soy
products, green and yellow vegetables, other vegetables, and
seaweed than that shown by participants in other levels of the
R/A-personality scale. Males in the higher level of the R/A-
personality scale consumed 6.2-13.4% more of these
vegetables and seaweed than males in the lower level did, and
females in the higher level consumed 7.0-10.7% more of
these foods than females in the lower level did. Males in the
higher level of the R/A-personality scale consumed 4.0%
more meat and meat products and 6.8% more milk and dairy
products than that consumed by males in the lower level.
Males in the middle level of the R/A-personality scale
consumed 1.5% more grain and potatoes than that consumed
by males in the lower level. Females in the higher level of the
R/A-personality scale consumed 4.2% more fish and shellfish
and 2.9% more eggs than those in the lower level did and
consumed 10.2% fewer sweet snacks and 9.0% fewer salty
snacks than those in the lower level did.

With regard to nutrient intake, as compared to participants
in the lower level, both males and females in the higher level
of the R/A-personality scale consumed more of the following
foods (values in the parentheses are adjusted means in the
case of males and females, respectively): protein (96 and 84
g), calcium (736 and 735 mg), iron (14 and 13 mg), carotene
(3925 and 4204 pg), vitamin E (9 and 8 mg), vitamin C (121
and 125 mg), and dietary fiber (16 and 16 g). The
corresponding nutrient values for males and females in the
lower level of the R/A-personality scale were: 93 and 81 g,
696 and 700 mg, 13 and 12 mg, 3558 and 3771 pg, 8 and 8
mg. 109 and 116 mg, and 14 and 15 g, respectively (F <
0.01). Participants in the higher level of the R/A-personality
scale consumed 2.8-11.5% more of the abovementioned
nutrients than that consumed by participants in the lower
level. Furthermore, both males and females in the higher level
of the R/A-personality scale consumed more fat (62 and 56 g)
and cholesterol (358 and 311 mg) than that consumed by
participants in the lower level. The corresponding nutrient
values for those in the lower level of the R/A-personality
scale were: 60 and 56 g and 350 and 302 mg, respectively (P
< (,05). No difference in the consumption of salt was found
among the 3 R/A-personality groups.

Table 3 shows the adjusted means of alcohol consumption.
Males in the lower level of the R/A-personality scale drank
10.8% more alcoholic beverages, including sake, beer, and
whisky, than those in the higher level did.

DISCUSSION

Both males and females with high R/A-personality scores
showed higher vegetable consumption, including that of soy
products and seaweed, than that shown by participants with
low R/A-personality scores, Females with high R/A-
personality scores showed higher fish and shellfish
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consumption than that shown by females with low R/A-
personality scores. Males with high R/A-personality scores
showed lower alcohol consumption than that of males with
low R/A-personality scores. Snacking on sweet and salty
foods was also reduced in females with high R/A-personality
scores compared with that in females with low R/A-
personality scores. Accordingly, males and females with high
R/A-personality scores showed higher consumption of a
variety of nutrients, including protein, calcium, iron,
carotene, vitamin E, vitamin C, and dietary fiber than that in
participants with low R/A-personality scores.

These results support previous Japanese studies,”2>> which
suggested that individuals who show high degrees of
emotional repression and rational thought are at reduced risk
for disease. [t appears that in Japan at least, an individual with
a rational and unemotional personality may not be cancer-
prone. For instance, soy products are reputed to be associated
with a lower risk for certain cancers, cardiovascular diseases,
and other adverse health outcomes,’®*? and they are also
reported 1o prevent hot flashes and other menopausal
symptoms in Japanese females*!#> High consumption of
green, yellow, and other vegetables is also associated with
reduced risks of cardiovascular diseases and many cancers.*¥
47 Seaweed consumption, being particular to Japanese culture,
appears to be linked to the prevention of cancers, including
breast canocr.‘s"g and cardiovascular diseases.’’ Fish
consumption has been demonstrated to have a protective effect
on mortality from cardiovascular diseases®' and colorectal
cancer, which is predominantly seen in females.> Alcohol
consumption, on the other hand, is repontediy associated with
a higher risk for certain cancers and cardiovascular
diseases. %55

In the present study, males in the higher level of the R/A-
personality scale consumed more meat and meat products and
milk and dairy products, and females in the higher level of the
R/A-personality scale consumed more eggs than that
consumed by participants in the lower level of the R/A-
personality scale. Participants in the higher level of the R/A-
personality scale showed higher cholesterol and fat intake than
those in the lower level of the R/A-personality scale did. To
our knowledge, no study has found an association between
egg consumption and coronary heart disease, even though egg
consumption  increases  total  serum  cholesterol
concentrations.’® Although meat and dairy products are
considered risk factors for cancer and cardiovascular diseases,
the results obtained are inconsistent.*”"*? Further studies on
personality characteristics and their relationship to dietary
habits are required to confirm these findings.

Japanese culture is characterized by a strong emphasis on
harmony and the suppression of individual emotion.®” In
Japanese culture, there are negative connotations associated
with the expression of emotion and lack of empathy. The
expression of emotions focused on internal attributes such as
anger and frustration is reinforced more in Western

J Epidemiol 2008, 18(4) 183-180

societies.%! Personality traits may be a reflection of cultural
differences, which may influence social behavior, emotion,
and health. Maladaptation to a cultural environment may
undermine health-oriented dietary habits, and the expression
of anger and hostility in interpersonal communication may
cause mental distress, possibly resulting in an increase in
alcohol intake, especially in males. In this study, mental
distress and other psychological factors were not measured,
and the existence of a mechanism linking personality
characteristics and dietary habits could not be confirmed.

The limitations of this study were as follows: First, because
tools for the measurement of personality had not been
sufficiently validated when the present study was conducted,
there was no standard available against which the R/A
personality scale could be measured. In addition, although a
certain degree of measurement error might have occurred
while calculating the R/A personality score in our cohort, the
factorial validity of this scale was confirmed in a previous
study.?” In this study, the R/A-personality score was positively
correlated with age. A Japanese study reported that anger
expression decreased with increasing age.? A tendency
toward repressing emotion may be related to aging, and
repressed emotion among the older population does not seem
to be an exclusive characteristic of the Takayama cohort. It
remains unclear whether the R/A-personality score changes
with age, or whether generational differences are responsible
for the variances in the scores. Second, the present study was
conducted in 1992, and the dietary habits of Japanese people
may have changed since that time. Nevertheless, according to
the National Nutrition Survey by the Ministry of Health,
Labour and Welfare,®® the trends in Japanese nutritional intake
during the past decade have not dramatically changed. Third,
even though the data in the current study were obtained from a
large community sample, and the reliability and validity of
food consumption has been well studied,”® due to the fact that
the R/A-personality score was positively correlated with age,
lapses in time should not be ignored. In addition, there could
be a recall bias regarding food consumption that may have
affected the R/A-personality score. For example, participants
in the higher level of the R/A-personality scale tended to
remember what they ate during the past year; therefore, their
responses showed a higher consumption of a variety of foods
than that observed in the case of participants in the lower
levels of the R/A-personality scale. However, male
consumption of alcoholic beverages and female consumption
of sweet and salty snacks were higher in participants in the
lower level of the R/A-personality scale than in the other
groups.

The results of the present study suggest that psychological
personality traits are related to dietary habits. Both males and
females in the higher level of the R/A-personality scale
consumed more soy products, green and yellow vegetables,
other vegetables, and seaweed. Males in the higher level
consumed more meat and dairy products and fewer alcoholic
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beverages, and females consumed more fish, shellfish, and
cggs and fewer sweet and salty snacks than those in the lower
level of the R/A-personality scale did. Whether psychosocial
factors play a role in the prevention of diseases is an issue that
should be explored in future studies.

Am ] Clin Nutr 1998.68:1157-73.

10. Kaplan NM. The dietary guideline for sodium: should we shake
it up? No. Am J Clin Nutr 2000;71:1020-6.
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Appendix. Rationality/anti-emotionality personality questions.

1. Do you always try to do things reasonably?

2. Do you always iry to understand other people?

3.Do you Iry to behave rafionally in the arena of human
relationships?

4.Do Jnuu try not to express emotions in the arena of human
relationships?

5.Do you fry not to blame, criticize, or get angry at someone who
condemns you?

6.Can Imw::u always get on with relationships by repressing your
emotion?

7.00 you Wy to understand someone whose behavior is
contradictory to your wishes?

8. Does your behavior often change on an impulse? *
8. Do you often condemn others for being emotional? *
10. Do you try to understand someone whom you do not like?

11. Do you think rationally and try not to criticize others whom you
think are mean?

rnrudpua,n!s were Instructed to answer aither “yes” (score 1) or “no”
score 0).

* . Reversed item. If the participants answered “yes.” then they scored
0, and if they answered I:l'lar.i.“ they scored 1.
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Abstract

Some epidemiological studies undertaken in Western countries have demonstrated that high intake of fruit and vegetables
results in decreased risk of cardiovascular disease (CVD). The objective of this study was to examine the hypothesis that
high intake of fruit and vegetables lowers CVD mortality in a population-based cohort of Japanese subjects. In 1992, fruit
and vegetable intake was assessed in 13,355 men and 15,724 women In Takayama, Gifu, Japan using a validated FFQ.
During the follow-up (1892-99), 200 men and 184 women died from CVD. For women, the highast quartile of vegetable
intake compared with the lowest was marginally significant and inversely associated with CVD mortality after adjusting for
total energy, age. and nondietary and dietary covariates |hazard ratio (HR) = 0.62; 95% Cl, 0.36-1.08; Ptrend = 0.007). An
inverse trend with borderline significance was also observed in fruit intake, excluding CVD deaths in the first 2y of this
study. after adjusting for the above-mentioned covariates (HR = 0.83; 95% CI, 0 51-1.34; Ptrend = 0.10). In men, CVD
death was not associated with fruit (HR = 1.16; 956% Cl, 0.77-1.74, Ptrend = 0.61) and vegetable (HR = 0.81. 95% Ci
0.49-1.34; P-trand = 0.47) intake. These data suggest that higher intake of vegetables is associated with reduced risk of

death frorm CVD for women,  J. Nutr. 138: 1129-1134, 2008

Introduction

Cardiovascular disease (CVD)® is the main cause of death in
Western countries and in the Asia-Pacific region, including Japan
(1), In many epidemiological and clinical studies, it has been
suggested thar the risk factors for CVD, including hypertension,
obesity, insulin-resistance diabetes, and hypercholesterolemia,
are essentially influenced by diet (2-10). Because dietary habits
are correctable, it is possible for individuals to adopt healthy
cating habits that have a protective effect against CVD, Several
laboratory studies have shown that compounds in fruit and
vegetables, which have an antioxidant effect, provide beneficial
effects on atherosclerosis and CVD (11-16). On the other
hand, a diet high in fruit and vegetables has another advantage,
namely, that of lowering the dietary glycemic load and energy
density (17).

In some epidemiological studies, the direct association berween
fruit and vegetable intake and the risk of CVD has been studied
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extensively and the results have shown a relationship between high
fruit and vegetable intake and reduced risk of stroke and ischemic
heart disease (18-25). However, most of these studies have been
conducted in Western countries. To our knowledge, there have
been only 2 prospective cohort studies that examined the rela-
tionship between the estimates of fruit and vegetable intake and
CVD in Asian countries, both conducted in Japan (24,25). One
study demonstrated that the risk of CVD was inversely associated
with fruit, but not vegetable, intake. In the other study, CVD
mortality was inversely associated with leafy vegetable intake, A
prospective study that was conducted using dietary patterns in
China examined the association between vegetable intake pattern
and CVD mortality (26). However, vegetable intake was not
assessed in the study. Studies on the relationship between fruit and
vegetable intake and CVD in Asian countries are too few 10
compare the findings with those of studies conducted in Western
countries. We examined the association between fruit and vege-
table consumption and mortality from CVD inacohort of men and
women in a community in Japan (Takayama Study).

Materials and Methods

Study population. Subjects were cohort members from the Takayama
Study, which was a population-based cohort study conducted in Takayama,
Gifu, Japan in September of 1992. A detailed description has been reported
clsewhere (27). Eligible participants were nonhospitalized residents of
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Takayama aged =35 y. At baseline, a self-admini

ed quest

designed to obtain information on demographic characteristics, smoking
and drinking habits, diet, exercise, and reproductive and medical histories
was distributed to 36,990 residents. Subjects who left pages blank and/or
inappropriately completed the questionnaire were excluded from the cohort
|eriteria shown in (27)]. The final number of subjects in the Takayama
Study was 31,152 (14,427 men and 17,125 women). The participation
rate was 85.3%.

Assessment of diet and exercise. Dietary history was dusing a

study (September 1, 1992) until the date of death from CVD or any other
cause, the date when an individual moved out of Takayama, or the final
date of the study (December 31, 1999), whichever came first. Estimates
of food and nutrients were adjusted for individual total energy by using
the residual method proposed by Willett (31). The energy-adjusted
intake of fruit and vegetables was categorized by the quartiles on the
basis of their distribution among the total study population at the
baseline. The HR and their 95% CI for CVD mortality in the 2nd, 3rd,
and highest catcgory of intake of fruit and vegerables were computed
compared with the lowest one.

semiquantitative FFQ that included 169 food items. Participants reported
average consumption frequency and usual serving size for each food in the
previous year. The individual intake of food and nutnients was estimated
from the frequency of intake and portion size using the Standard Tables of
Food Composition in Japan (28). Fourteen items for vegetables [cucum-
ber, tomato, lettuce, celery, broceoli, cauliflower, cabbage, green vegeta-
bles (including spinach and pepper), carrot, pumpkin, mountain plant,
Jap radish, leg , and other vegetables (including eggplant and
onion)), 12 items for fruits (orange, grapefruit, melon, banana, kiwi,
mandarin orange, peach, watermelon, apple, pear, Japanese persimmon,
and strawberry), and other foods including fruits and vegetables as
ingredients were taken into account to estimate the individual intake. Soy
products were not included as vegetables. The validity and reproducibility
of the FFQ were demonstrated by comparing it with other dietary
assessment methods, including 3-d food records, 4 24-h diet recalls, and
12 1-d diet records over 1 y (29). The Spearman correlation coefficients
between the questionnaire and the 12 1-d diet records over 1 y for the
intake of fruit and vegetables were 0.57 (P < 0.05) and 0.51 (P < 0.05) in
men and 0.74 (P < 0.001) and 0.41 (P = 0.069) in women, respectively.
Our questionnaire was designed 1o measure an individual's relative
intake of food and nutnents rather than absolute values, The estimares
calculated for fruit and vegetables may have been overestimated by our
guestionnaire, because these estimates were ~5-12% higher for fruit and
44-45% higher for vegetables on the FFQ than the those based on the diet
records.

Exercise was assessed by asking study participants 1o specify the
average number of hours per week that they had spent performing various
kinds of activities during the previous year. The reported time spent at
each activity weekly was multiplied by its typical energy expenditure
requirements, expressed as a metabolic equivalent (MET) and added to
yield a MET h/wk score. The details are described elsewhere (30).

Follow-up and outcomes. All deaths in Takayama and their causes
during the follow-up period (1992-99) were ascertained using data from
the office of National Vital Staustics. The Statistics and Information
Department of the Japanese Ministry of Health and Welfare obrains
information on death and codes the causes of death using the International
Classification of Diseases, Tenth Revision (ICD10). Permission to inspect
the data regarding dates and causes of death was received from the
Ministry of Internal Affairs and Communications, Japan, Information on
subjects who had moved away from Takayama during the study period
was ob d from the residential registers of the city. During the follow-
up period, 640 (4.5%) men and 506 (3.0%) women moved out of
Takayama. This study was approved by the ethics board of the Gifu
University School of Medicine.

The primary endpoint for our analysis was CVD mortality, For the
category of CVD-related atherosclerosis, we selected ischemic heart
disease (ICD10 codes 120, 121, 124, and 125) and cerebrovascular disease
(ICD10 codes 160-64, 167, and 169). For this analysis, we excluded
subjects who had reported on the baseline questionnaire that they had a
past history of cancer (186 men and 540 women|, stroke (253 men and
154 women), or ischemic heart disease (633 men and 707 women). Thus,
the final analytic population at the baseline consisted of 29,079 subjects
(13,355 men and 15,724 women).

Statistical analysis methods. To evaluate the association of the intake
of fruit and vegetables with death from CVD, we computed the hazard
ratios (HR) and their 95% Cl of death from CVD during the period of
our study using Cox proportional hazard models. For each subject,
person-years of follow-up were accumulated from the beginning of the
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To identify any potential confounders, we adopted not only the
variables that changed the risk estimate of CVD mortality in the univariate
analysis but also those that have the obvious and well-known effect of fruit
and vegetables on CVD. In the multvanate analysis of model 2, the
associations of fruit and vegetable intake with CVD monality were ex-
amined by adjusting for age, total energy, and nondietary factors, including
marital status, years of education, BMI, smoking status, alcohol consump-
tion, exercise (MET-h/wk), menopausal age, and history of diabetes and
hypertension, Saturated fat was a potential confounder in previous studies
(32,33). In our cohort, sodium intake was significantly and positively
associated with deaths from stroke (34) and protein intake was marginally
and inversely associared with the rate of CVD in the present analysis.
Therefore, in the analysis of model 3, rotal protein, saturated fat, and
sodium intakes were further included in the model as covariates. Statistical
testing for linear trends was performed on continuous variables of intake.
All statistical analyses were performed using SAS programs (version 9.1.3.;
SAS Institute). Because latent CVD might have contributed to changes in
dietary habits, we further repeated the analysis after excluding the subjects
who had died from CVD (66 men and 70 women) during the first 2 y of
follow-up.

Results

At baseline, participants with the highest consumption of fruits
and vegetables tended to be older and were less likely to be
tobacco and alcohol users and more likely to be married and
educated and to have hypertension and diabetes (Table 1), During
201,156 person-years of follow-up over 7 y (median follow-up
period of 7.33 y), 384 deaths (200 men and 184 women) occurred
due to CVD, i.e, 269 cases of cerebrovascular disease (137 men
and 132 women) and 115 cases of ischemic heart disease (63 men
and 52 women). In Table 1, we show the servings per day for the
consumption of fruit and vegetables. The serving size was
determined as 77 g for vegetables and 80 g for fruits (35).

In model 1, after adjustment for age and toral energy, mortality
from CVD was not associated with total fruit or vegetable intake
for men (Table 2). In a multivariate analysis after controlling for
nondietary factors (model 2) or after additional controlling for
dietary factors (model 3), the results were not substantially altered.

In women, HR decreased for the highest compared with the
lowest quartile of total vegetable intake (HR = 0.68; 95% Cl,
0.44-1.07) in model 2. Although the estimate was not significant
(P = 0.09), the linear trend for vegetable intake and the risk of
death from CVD was significant (P-trend = 0.02). In the analysis
after exclusion of the subjects who had died due to CVD within
the first 2 y of this study, the association of vegetable intake with
CVD dearh was somewhat attenuated, burt the linear trend was
still significant (P-trend = 0.04).

In the stratified analysis according to tobacco use, vegetable
intake was somewhat more inversely associated with CVD
mortality in men who had never smoked; the HR and 95% Cl of
CVD deaths in men with the lowest intake were 0.48 (95% CI,
0.13-1,73),0.91 (95% CI, 0.32-2,65), and 1.19 (95% Cl, 0.62-
3.59) for the 2nd to the highest quartiles of vegetable intake,
respectively, after excluding CVD dearhs during the first 2 y of
follow-up. On the other hand, in smokers, the corresponding



TABLE 1

Baseline characterstics of study subjects according to quartile of fruit and vegetable intake'

Man Women
Fourths of intake P for Fourths of intake Plor
Group (fourth): 1 1 3 4 heterogeneity 1 1 3 4 heterogeneity
Fruit
Median intake, g/ u1 622 11086 m7z B 770 1225 2136
Servings,? n/d 03 07 13 26 04 09 15 27
n 1339 3339 139 1338 ke ke k< ko <)
Age. y 538 541 538 542 038 555 548 547 555 0003
BMI, kg/m’ 224 224 15 s 004 ali:] ns 0 an <0.0001
Alcohol intake, g/ 571 435 749 24 <0001 106 17 87 59 <0.0001
Exercise, MET hfwk 02 265 216 70 080 s 188 02 187 0.0009
Married. % 904 %09 821 924 oo 138 76.9 769 732 <0.0001
Education =15y, % 89 109 115 135 <0.0001 38 51 50 L5} «(0.0001
Current smoker, % 618 543 431 484 «<0.0001 167 107 98 98 <0.000
Former smoker, % 240 68 287 21 <0.0001 38 41 41 35 05
History of hypertension, % 203 183 185 176 004 170 174 169 181 0.54
History of diabetes, % 57 56 6.2 6.4 044 8 25 27 in 053
Postmenopausal, % - - - - 585 573 511 615 0.00
Total energy,” keal/d 2686 2609 2650 2600 o 210 2143 2166 2088 <0.0001
Total protein, g/d 895 9315 965 9.7 <0.0001 80.0 836 BB 798 <0.0001
Saturated fat, g/d 151 165 175 173 <0.0001 147 15.7 160 183 <0.0001
Sodiwm, g/d 54 56 59 58 <0.0001 50 53 54 52 <{.0001
Vegetable
Median intake, g/df 1764 2637 3601 5536 1955 iR 56 57138
Ssmnqs,' n/d 22 34 46 71 25 36 48 74
n 1319 3339 1339 3338 Ian 38N | 3931
Age. y 508 523 544 58.4 <(0.000 528 538 556 584 <(0,0001
BMI, lg/ﬁ'r' 228 225 25 225 o037 218 20 ns 21 =<0.0001
Aleohol intake, g/d 523 24 95 k<l <0.0001 99 BO 15 57 <0.0001
Exercise MET, hviwk 270 6.7 78 67 0.69 177 194 190 182 0.05
Married, % 881 9.0 928 947 <0.0001 752 76.9 754 733 0.004
Education =15y, % 104 128 122 4 <0.0001 42 58 45 40 <0.0001
Current smoker, % 620 56.0 513 443 <0.0001 157 125 7 82 <0.0001
Former smoker, % 230 61 282 23 <0.0001 42 39 40 is 0’
History of hypertension, % 182 175 187 na 0.0005 147 168 174 2086 <{.0001
History of diabetes, % 45 50 B B2 <0.0001 15 X2 24 47 =0.000
Postmenopausal, % = = - - 50.3 536 610 705 <0,0001
Total enelg\f,’ kcal/d 2604 2584 632 2620 022 2142 2088 2118 2141 0.03
Total protein, g/ 832 90.7 %9 1022 (10001 758 802 838 817 <0.0001
Saturated fat, g/d 153 165 173 173 <0000 151 154 187 1585 0.009
Sodium, g/d 45 53 59 10 <0.0001 42 49 54 63 <10.0001

' Values are meens, n, or %
71 Sarving: 77 ¢ for vegetable or 80 g for fruit
1 kcal = 4.184 kJ

HR were 0.89 (95% CI, 0.48-1.63), 1.14 (95% (I, 0.65-2.00),
and 1.24 (95% CI, 0.73-2.11), respectively. However, the
interaction between smoking and vegetable intake for the risk of
death from CVD was not significant (P = 0.53).

We repeated the analysis between premenopausal and post-
menopausal women. The HR of CVD death for the top quartile
of fruit and vegerable consumption compared with the lowest
was 0.60 (0.15-2.67) and 0.88 (0.15-5.30) in premenopausal
women and 0.90 (0.57-1.43) and 0.70 (0.43-1.13) in postmen-
opausal women, respectively.

We also conducted a subgroup analysis in younger (<60 y)
and older (260 y) subjects, because there were relatively few
older people who ate few vegetables and relatively many who ate
more vegetables. In men, the HR (95% CI) of the risk of CVD
with the highest compared with the lowest quartile of vegetable

intake were 0.45 (0.16-1.23) and 1.16 (0.74-1.83) in younger
and older subjects, respectively. In women, the HR (95% CI) of
CVD with the highest compared with the lowest quartile of
vegetable intake were 0.34 (0.06-1.55) and 0.65 (0.40-1.05) in
younger and older subjects, respectively.

Discussion

In this population-based prospective cohort study, we observed a
significant trend berween vegetable intake and risk of death due
to CVD in women but not in men. Compared with women who
consumed the lowest amount of vegetables, those women who
consumed the highest were at a lower risk of CVD mortality. The
inverse association between fruit and deach from CVD in women
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HR and 95% C| of mortality from CVD according to fruit and vegetable intake

Fourth Median intake CVD deaths Person-years

HR (95% C1)
Mode! 2* Model 3°

Model 1* Modsl 3*°

Men

Total fruit
1 {low) 03
2 07
3 13
4 [high) 6
Perend'?

Total vegetable
1 [low)
2
3
4 (high)
Ptrond'?

Women

Total fruit
1 flow]
2
3
4 (high)
Ptrand'?

Total vegetable
1 flow)
2
3
4 (high)
Ptrend'?

senings/d n n

100
1.08 {D.73-162)
0.85 (0.56-1.29)
116 (0.78-1.71)
n&1

100
1.11 (0.75-1.65)
090 10.59-1.39)
120 (0.80-1.78)
0.49

100
1.09 10.73-1 62
0,80 (0.56-1.38)
1.16{0.77-1.74)
061

1.00
110 (0.70-1.74)
0.83 {0.57-152)
127 (081-2.01)
053

100
D68 {0.43-1.08)
0.87 0.57-1.32
0.84 {0.56-1.25)
060

100
0.70 [0.44-1.11)
0.69 (0.58-1.36)
0.91 0.60-1.36)
093

100
0.8 (D.46-1.43)
1.08 (0.63-1.85)
1.02 (0.57-1.82)
099

100
0.68 (0.42-1.09)
0.83 {0.52-1.32)
0.81 (0 48-1 34)
047

1.00
0.97 (0.65-145)
0.75 (0.48-1.14)
1.05 {0.71-1.55)
048

1.00
0.89 {0.65-1 50}
0.74 (047-1.18)
0.99 {0.66-1501
D48

100
0.95 (0.58-152)
0.71 (0.42-1.18)
083 (0.51-134)
on

1.00
098 (0.64-1.48)
074 (0.47-117)
1.01 0.67-153)
052

1.00
089 (0.59-1.35)
0.82 (0.54-1.23)
0.66 (0.44-1.01)
om

100
084 (0.54-131)
082 (0.53-1.26)
068 (0.44-1.07)
002

100
0.80 (050-1.28)
0.76 (D.47-1.25)
0,62 {0.36-108)
0.007

1.00
0.84 (0.43-1 45)
083 (0.47-1.47)
077 (0.41-1.48)
0.04

' Highest vs, lowest quartile.
7 Using continuous variables.
* Adjusted for sge and total energy.

* Adjusted for Bge, 10tal energy, marital status, years of education, BMI, smoking status (never, lormer, current), alcohol intake. exercise, history of hypenension or diabetes

malitus (nondietsry {actorsl, and manopausal status.

® Adjusted for the above nondietary confounders and distary confounders ltotal protein, saturated fat, and sodium intake)

* Excluded CVD deaths in the first 2 y of the study.

was not significant (P-trend = 0.11). In men, fruit or vegetable
consumption was not associated with CVD mortality, even after
excluding the cases in which individuals died from CVD in the
first 2 y of follow-up.

To our knowledge, there have been 6 prospective cohort
studies of dietary fruit and vegetable consumption in relation o
the risk of CVD in Western countries. In Japan, we found 2
prospective cohort studies in which the relationship between
dietary fruit and vegetable intake and CVD was assessed (24,25).
In 1 study conducted berween 1980 and 1998, the daily con-
sumption of green-yellow vegetables and fruit was associated
with a lower risk of stroke mortality in atomic bomb survivors.
However, the estimates of fruit and vegetable intake were based
on a limited number of foods listed in the questionnaire (24),
Another study conducted between 1995 and 2002 indicated that
high consumption of fruit, but not vegetables, was associated
with lower risk of CVD (25). In that study, as well as ours, a
validated questionnaire using various kinds and items as foods
was used. )

Three of the 6 studies conducted in Western countries
indicated that the intake of fruit and vegetables was significantly
and inversely associated with CVD mortality (19,21,23). In these
reports, the HR (95% CI) were 0.54 (0.34-0.86), 0.73 (0.58-
0.92), and 0.70 (0.55-0.89). The other 3 found that there tended
to be an inverse association between fruit and vegetable intake
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and the risk of CVD (P = 0.09-0.15) (18,20,22), These findings
suggested a modest inverse association between fruit and vege-
table intake and the risk of CVD. In our study, in which fruit and
vegetable intake were treated separately, there were modest
inverse associations with death of CVD in women, which are
consistent with the results from these previous studies. In men, we
did not find a significant association berween mortality from
CVD and fruit intake; however, vegetable intake reduced the risk
of CVD. Considering the modest strength of the associations
previously reported, our results of vegetable intake in men were
not contradictory with those from previous studies.

The difference in the results between men and women may
involve an interaction with cigarette smoking. In a previous
study (18), inverse associations between fruit and vegetable
intake and CVD mortality was stronger in individuals who had
never smoked; therefore, there might be an interaction berween
the fruit and vegetable consumption and smoking status in the
present analysis. Because in our cohort, the proportion of
smokers in men was larger than in women, this difference might
be responsible for the lack of significant differences in the former,
The interaction of smoking and serum carotenoid concentrations
with the development of diabetes has also been reported by
Hozawa et al. (36). They suggested that cigarette smoking mod-
ified carotenoid metabolism and may have influenced the nisk of
diabetes. Another possibility is that the significant inverse trend of



association between fruit and vegetable consumption and the risk
of CVD in women might be influenced by an interaction with a
sex hormone. Premenopausal women, who produce ovarian
hormones in abundance, are protected from CVD and the rates of
CVD for men exceeded those for women at all ages (37). In our
study, the HR of CVD deaths for fruit and vegetable intake in
premenopausal women were lower than those in postmenopausal
women.

We also considered the possibility that men had lower fruit
and vegetable intakes or reported their dier less accurately than
women. However, the intake of fruits as well as vegetables did
not differ greatly between men and women. As reported in
“Materials and Methods,” the results from the validity study of
our FFQ were similar for men and women.

Our current study has several methodological advantages.
The participants of our study were residents in a community in
Japan. In addition, the study was prospective. Thus, we were
able to reduce the likelihood of a recall bias and avoid a selec-
tion bias. Small loss of this cohort during the follow-up pe-
riod (3.9%), and high participation rate (85.3%) at the baseline
were also an advantage of our study.

On the other hand, our study had several limitartions: for
example, the use of mortality data rather than incidence data. We
could not determine whether fruit and vegetable intake was
related to incidence, survival, or both. Although our main interest
in this study was CVD mortality, it was desirable to examine
which type of CVD was related to dietary fruit and vegetable
intake. If this present study had been large enough, we could have
conducted a worthwhile analysis of fruitand vegetable intake and
the mortality from ischemic stroke, cerebral hemorrhage, and
ischemic heart disease separately.

The duration of follow-up may have been too short to assess
the relationship between diet and death from CVD. The FFQ,
like all methods of dietary assessment, is subject to measurement
error. In addition, the dietary assessment was conducted only at
baseline. Although we reported the analysis after excluding the
individuals who had died from CVD during the first 2 y of follow-
up, the change in diet during the follow-up may have affected the
results.

In conclusion, our results suggest that high fruit and vegetable
intake is associated with a modest reduction in CVD in Japanese
women. To more accurately assess the association of fruir and
vegetable consumption with death from CVD, larger studies that
can include more intake categories are needed.
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ABSTRACT

EEEEBEE

Background

Higher arlerial stiffness and greater peripheral vascular resisiance reduce bioad flow in lower-leg arlenes and contribute to
the development of ischaemic Emb in diabstic patients even withaut peripheral artery occlusive disease. The aim of this
study was fo clarify whether these vascular parameters are associated with long-term hypaerglycaemia in diabetic patients,

Methods

We examined 45 type 2 diabelic patients and 38 age-matched nondiabetic subjects without peripheral anery occiusive
disease assessed by ankle-brachial index consecutively admitted to our hospital, and followed them over a 3-year period
(3.7 7 0.7 years) wiln no vasadiative medication. Blood fiow and resistive index, a8 measure of peripheral vascular
resistance, al the popliteal artery were evaluated using gated two-dimensional cine-mode phase-conirast magnetic
resonance imaging. Brachial-ankie pulse wave velocity was measured to assess artenal stiffness.

Results

At baseline, consistent with our previous report, diabetic patients showed higher brachiakankle pulse wave velecily (p <
C£.0001) and resistive index (o < 0.0001) and lower flow volume (p = 0.0044) than those of nondiabelic subjects. Stepwise
mulliple regression analysis revealed that duration of diabetes, mean HbA, . during the study, use of renin-angiolensin
system inhibitors and change per year in resistive index were identified as significan! independent variables predicting
ehange per yeer in blood flow (% = 0.733, p < 0.0001) in diabetic patients. Mean HbA,  during the study was pesitively
correiated with changes per year in brachial-ankl/e pulse wave velocity (p = 0.00007) and resistive index (p = 0.0014) and
was negatively correlated with that in blaod flow (p < £.0001) in diabefic palients.

Conclusions

Long-term hyperglycaemia is a major cause of impaired panpheral circulation in lower-leg arteries in diabetic patients
without peripheral artary occlusive disease. Copynght © 2009 John Wiley & Sons, Lid,
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Introduction

EEEFIEH

Lower extremily anerial disease is an important cause of ischaemic limt, de wound healing and lower extremity
ampulation in diabetic patients [1]. i is essential o amelicrate reduced blocd in lower-leg aneries in diabetic patients
before the onset of imb ischaemia. Disbetic palients have two major types of insufficient arterial blood flow 1o the lower
limbs associated with changes in vesse! wall properties. The diabetic condition increases atherosclerotic plague formation in
the vessel wall, which promotes peripheral antery scclusive disease (PADD) in the lower extramities, resutting in reduced
blood supply (o the lower limbs during exercise or at rest [2). To identify high-risk patients with PAOD, the ankle-brachial
index (ABI) is generally used [3]. The diabetic condition also causes higher anerial stiffness and greater peripheral vascular
resistance, resulting in recuced bicod supply in the lower-leg arleries even though the individual has no PACD [4).
Endothelial dysfunction (5], gradual accumulation of advanced glycation end products in the vessel wall (6], increased
intima-media thickness [7][8]. and vascular calcification (2][10) are respensible for the development of arterial rigidity in
diabelic patiants. Biopsy specimen from subcutaneous fat demonstrales thet diabetic patients have grealer peripheral
vascular resistance due to endcthelial dysfunction [11] o structural akeration [12] in small resistance arteries. Previous
studies found that endolhelial dysfunciien, increased intima-media thickness and arterial stiffness are retarded or reversed
by improvement of glycaemic control in diabetic patients [13)/14). However, the impact of lang-term hyperglycaemia on
peripheral circulation in lower-leg arteries in diabetic patients without PAOD has not been fully slucidated.

The present study was designed to clarify whether anterlal stifiness. peripheral vascular resistance, and blood fiow in lower-
leg arteries are associated with long-term hyperglycaemia in type 2 diabetic patients even without PAOD by using gated
two-dimensional cine-mode phase-contrast magnetic resonance imaging (2D-cine-PC MRI),

Subjects and methods

BEE

We examined 45 type 2 diabelic palients and 38 age-matched nondiabetic subjects ranging in age from 44 to 72 years who
hed been consecutively admitted to our hospital between September 1887 and September 2002. All patients were admitted
for strict glycaemic contral or assessment of long-term complications of diabetes including eye, renal, neurological, and
dirculatory disorders, No patients had aleohol zbuse, malignant nesplasm, aeute liness of urinary tract infections. Presence
of pyuria or hematuna was diagnosed by microscopic examination and counting of the number of white blood cells or red
blood cells per high-power field in a random spot urine collection. Patients with history of cardiovascular disease or foot
oedema caused by heart fallure, liver cirhasis, or nephropathy (serum creafinine >133 #mollL) were excluded from tha
study. Patlents were eonsidared to have cerebrovascular disease if they had a history of sudden focal neurologle deficit,
Diagnosis of coronary heart disease was made if the patients had a history of angina pectoris or myocardial infarction or
showed abnormal electrocardiographic findings. PAOD was diagnosed by observation of low ABI <0.8 [3). At study entry, all
diabetic patients showed ne symptoms of cardiovascular disease, and were then followed for 2.0 to 63(mean37T O
years with no vasedilative medications. The endpoint of the study in these diabetic patiants was the occurrence of ischaemic
limb symptoms such as sensations of fost coldness, numbness of rest pain, or lowar-extremity pain, discomfor or weakness
produced by walking [15]. Hydrexymethyigiutaryl cosnzyme A reductase inhibilors (statins) were used for the treatment of
dyslipidemia (total cholesterol »6.21 mmol/L) in diabelic patients and this medication can improve endothelial function [18).
All diabetic patients with hypenension (>140/60 mmtig) received angictensin canverting enzyme inhibitor (ACEI) or
angiotensin Il recepior blocker (ARB) for Ine management of high blood pressure and administration of tnese renin-
angiolensin system (RAS) inhibitors can also improve endathelial funclion [17)[18). The study was approved by the ethics
committee of our institution, and informed consent was cblained from @l patients before examinations, which were dane
during thelr stay in our hospital,

Ciinical data at entry were coliected during the stay in our hospital, Afler discharge, all of the diabetic patients regularly
visited the outpatient clinic in our hospital every 1-2 months during the study and diinical data were collected at every visit,
Systolic (sBP) and dlastolic (dBF) blood pressures were measured thiee times using a sphygmomanometer on the night arm
after a 5-min rest in the sitting position, and the mean of the las! two measurements was used, Blood samples were laken
from the cubital vein after ovemight fest, Diabetic patients taking insulln or oral hypoglycsemic drugs were aliowed 1o have 2
snack or drink containing sugar at any fime to raise the blood glucose level as quickly as possitie if hypoglycaemic
symplome appeared. Hemoglobin A1c (HbA, . ), total cholesterol (TC), and high-density lipoprotein cholesters! (HDL-C)
levels ware measured in our hospital laboratory. Total number of data to calculate the mean values of s3P, €BP. HbA,_, TC

and HDL-C during the study were ranged from 20 1o 57 (mean 38 7 6), An automatic device (BP-203RPE; Colin, Komaki,
Japan) was used to measure both ABI and brachial-arkle puise wave velogity (baPWV), as an index of anerial stifiness [19).
A trained ophthalmologist carried out fundus ophthalmoscopies and classified disbatic patients as withoul retinopathy or as
having simple, preproliferative, or proliferative retinopathy. During the stay in our hospital, diabetic patients were classified
by urinary albumin exeration In 24-h urine collection as having normoalburninuria, microalbuminuria, or macroalbuminuria
when at least two of three specimens showed less than the ciagnostic Ihresholds of less than 30, 30-300, or greater than
300 mg/24 h, respectively [20]. After discharge, the diabetic patients were classified by measurement of albumin-to-
creatinine ratio in random spot urine collections at our outpatient clinic within a 3- to 6-month period as having
normoalburmninuria, microslbuminuria, o macrealbuminuria when at least two of three specimens exhibited diagnostic
thresholds less than 30, 30-200 or greater than 300 #g/mg creafinine, respectively [20]. Diabetic patients were screened for
distal symmetric polyneuropathy using e 128-Hz tuning fork applied to the bony prominence at the dorsal surface of batn
great 1oes. just proximal to the nal bed [21]. If the patient required >10 5 to detedt vibration when the tuning fark was placed
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