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Findings of the Japan Collaborative Cohort Study

Sadao Suzuki,! Masayo Kojima,! Shinkan Tokudome,

1 Mitsuru Mori,® Fumio Sakauchi,’

Yoshihisa Fujino,® Kenji Wakai,? Yingsong Lin,” Shogo Kikuchi,” Koji Tamakoshi,
Hiroshi Yatsuya,* and Akiko Tamakoshi? for the Japan Collaborative Cohort Study Group

'Department of Public Health, Nagoya City University Graduate School of Medical Sciences, and Departments of 'Preventive Medicine/
Biostatistics and Medical Decision Making, *Nursing, and ‘Public Health, Nagoya University Graduate School of Medicine, Nagoya,
Japan; *Department of Public Health, Sapporo Medical University School of Medicine, Sapporo, Japan; ‘Department of Preventive

Medicine and Co

Abstract

Purpose: This study aimed to examine prospectively the
association between physical activity and breast cancer
risk in a non-Western population.

Methods: We analyzed data from the Japan Collabora-
tive Cohort Study, which included 30,157 women, ages
40 to 69 years at baseline (1988-1990), who reported
no previous history of breast cancer, and provided
information on their walking and exercise habits. The
subjects were followed prospectively from enrollment
until 2001 (median follow-up period, 12.4 years). Breast
cancer incidence during this period was confirmed
using records held at population-based cancer regis-
tries. The Cox proportional hazards model was used to
estimate the hazard ratio (HR) for the association of
breast cancer incidence with physical activity.

Results: During the 340,055 person-years of follow-up,
we identified 207 incident cases of breast cancer. The

r ity Health, University of Occupational and Environmental Health, Kitakyushu, Japan; and "Department
of Public Health, Aichi Medical University School of Medicine, Nagakute, Japan

most physically active group (who walked for =1 hour
per day and exercised for >1 hour per week) had a
lower risk of breast cancer (HR, 0.45; 95% confidence
interval, 0.25-0.78) compared with the least active group
after adjusting for potential confounding factors. The
inverse association of exercise on breast cancer was
stronger among those who walked for 21 hour perday
than those who walked for <1 hour per day (P = 0.042).
These results were not significantly modified by
menopausal status or body mass index (BMI).
Conclusions: Our analysis provided evidence that
physical activity decreased the risk of breast cancer.
Walking for 1 hour per day and undertaking additional
weekly exercise both seemed to be protective against
breast cancer, regardless of menopausal status or
BMI. (Cancer Epidemiol Biomarkers Prev 2008;17(12):
3396-401)

Introduction

Since the early 1990s, breast cancer has been the most
commonly diagnosed cancer, even among Japanese
women (1). The continuous increase in breast cancer
incidence during recent decades has been an important
public health concern in Japan, and there has been
growing interest in physical activity as a means of
primary prevention. Worldwide, numerous epidemio-
logic studies have reported associations between phys-
ical activity and cancer risk, with most observing a
protective effect. Reviews published in 2002 concluded
that there was sufficient evidence to support the role of
physical activity in preventing breast cancer (2, 3). A
systemalic review published in 2007 (4) showed a
decreased relative risk (<0.8) associated with leisure
activities in 8 of 17 cohort studies (3-12), whereas the
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remaining 9 reported no association {13-21). Three more-
recent cohort studies supported the risk reduction
(22-24), whereas one found no evidence of a protective
effect of physical activity on breast cancer (25) In
addition to the 20% to 40% overall risk reduction of
breast cancer among the more physically active women
(2), the effects of menstrual characteristics, obesity, use
of sex hormones, hormone-receptor status, and immune
function have also been discussed in previous reports
(24, 26, 27). However, these have been based on data
from Western populations, and to our knowledge there
have been no prospective reports from Asia, Different
factors might influence Asian populations, as their
characteristics (such as breast cancer incidence, physical
activity, and body size) tend to differ from those of
Western populations. Here, we analyzed data from a
large-cohort study, the Japan Collaborative Cohort
(JACC) Study, to examine the relationship between
physical activity and breast cancer with a particular
emphasis on the interactions with other risk factors,
such as menopausal status and obesity.

Materials and Methods

Study Population. The present analysis was based on
data from the JACC Study. This prospective cohort study
evaluated the cancer risk associated with lifestyle factors

Cancer Epidemiol 8iomarkers Prev 2008;17(12). December 2008
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among the Japanese population. At baseline (1988-1990),
110,792 subjects (46,465 men and 64,327 women), ages 40
to 79 y, were enrolled from 45 areas throughout Japan.
All of the participants were subsequently followed up for
all-cause mortality. Of the women in the baseline coﬁort,
34,086 lived in the 22 areas where data on both cancer
incidence and physical activity were available. The JACC
Study has been described in detail elsewhere (28, 29).
Informed consent for participation was obtained from all
individuals, with the exception of those in a few study
areas where informed consent was provided at the group
level, after the aims and data confidentiality had been
explained to community leaders. The Ethics Board of
Nagoya University School of Medicine, Japan, approved
the JACC Study protocol.

Physical Activity Assessment. A self-administered
questionnaire was used to obtain information on physical
activity at baseline (30). The items covered included
amount of time spent walking, amount of time spent
exercising, and ;;hysical achvity at the work place. Time
spent walking daily was classified into three categories
{<30 min, 30-59 min, and >1 h), as was time spent
exercising (never or seldom, 1-2 h/wk, 23 h/wk). The
validity of the estimates of time spent participating in
sports and leisure activities was examined in a sample
of the baseline subjects, suggesting that measuring
physical activity level with the single-item gquestion
may be appropriate for establishing baseline data that
reflect long-term lwyﬁ‘:al activity in a large-scale cohort
study (30, 31). We did not analyze the metabolic
equivalent intensity, because of a lack of information
on the strength of the exercise.

Other Variables. Information on additional potential
breast cancer risk factors, such as family history, body
mass index (BMI), tobacco and alechol use, age at
menarche, marital status, parity, age at birth of first
child, menopausal status, and hormone use, was collected
via the baseline questionnaire,

Follow-up and Identification of Breast Cancer Cases.
The study participants were followed up from the time
of enrollment until 2001, excluding five areas in which
they were halted earlier. During this period, population
registry data from each municipality were used to
ascertain the residential and vital status of the partic-
ipants. In Japan, the registration of death is required by
the Family Repistration Law, theoretically providing
complete mortality data. Breast cancer incidence was
confirmed mainly through the records of the population-
based cancer registries in each area. During the study
period, on'l! 1,189 (3.9%) of the subjects were lost to
follow-up due to moving out of the given study areas.
The proportion of death-certificate-only cases was 6.3%
(13 of 207). The mortality-to-incidence ratio for breast
cancer was 0.26 (50 of 194) in the cohort covered by the
cancer registries, which was within the range calculated
using the available data from population-based cancer
registries in Japan (0.20-0.30; ref. 32). We expect 374
breast cancer incidence cases who cannot be found from
the cancer registries. The present analysis excluded 246
women who reported a previous diagnosis of breast
cancer and 3,683 women who did not provide informa-
tion on physical activity at baseline. Thus, a total of
30,157 women were included in the present analysis.

Statistical Analysis. For all participants, the person-
years of follow-up was calculated as the time from
enrollment until the diagnosis of breast cancer, death
from any cause, moving out of the study area, or the end
of follow-up, whichever occurred first. For the breast
cancer cases ascertained by death-certificate-only, the
person-years of follow-up were calculated from the time
of enrollment until the ime of death from breast cancer.
Those individuals who died from causes other than
breast cancer (1 = 2,518) or who moved out of the study
areas were ftreated as censored cases. We used Cox
proportional hazards models to estimate the hazard
ratios (HR} and 95% confidence intervals (95% CI) for the
association of breast cancer incidence with physical
activity. We evaluated the relationship using two
models: an age-adjusted model {using 5-y age groups),
and a multivariable model with adjustments for age,
BMI (<220 kg/m? 22.0-239 kg/m® 24.0-259 kg/m’,
226.0 kg/m?, or unknown), aleohol drinking (never, i:ast,
current, or unknown), a§e at menarche (<15 y, 15-16 y,
217 y, or unknown), education level (attended school
until the age of <16 y, 16-18 y, 219 y, or unknown), parity
(nulliparous, 1 birth, 2-3 births, =4 births, or unknown),
age at birth of first child (<22 y, 22-23 l{’ 2425y, 226 y,
or unknown), use of exogenous female hormone (yes, no,
or unknown), family history of breast cancer in a first-
degree relative (yes, no, or unknown), menopausal status
{premenopausal or postmenopausal), and menopausal
age for postmenopausal women (<45 y, 45-49 y, 250 y, or
unknown). In this study, those who provided meno-

ausal age or who were at the average age at menopause,
-e., 249 y at baseline, were treated as postmenopausal
women, and only those who were <49 y without
information of menogausal age were treated as premen-
opausal women. Bach “unknown'’ category included 5%
to 9% of all women. All analyses were stratified by six
study areas (Hokkaide and Tohoku, Kanto, Chubuy,
Kinki, Chugoku, and Kyushu). Trend tests were done
for category-based scores, which were assessed by
allocating values ranging from 1 to 3 to each individual
according to the selecteg physical activity variables.

To estimate the interaction of time spent walking and
time spent exercising, we recategorized the subjects into
four groups using the following cutoff points for physical
activity: daily walking for <1 h or 21 h, and weekly
exercising for <1 h or =1 h. Furthermore, the HR for the
most active group (those wha walked for 21 h/d and
exercised for 21 h/wk) compared with the other groups
was estimated according to menopausal status and BMI
(<24 or 224 kg/m?®), and we examined the interaction
between physical activity and these facters (Table 5). We
used a BMI of 24 kg/m” instead of 25 kg/m? as a cutoff
point for overweight. That was because there were only
47 cases for BMI >24 kg/mz, which were too few to
discuss interaction. For instance, we estimated the two
HRs for physical activity among women who were
premenopausal and postmenopausal at baseline, and
then the P value for the interaction term of menopausal
status and physical activity was calculated to test the
difference between these HRs. We repeated the analysis
after excluding the initial 2 y of follow-up, during which
37 cases of breast cancer were diagnosed. All of the
P values were two-sided, with P < 005 indicating
statistical significance. All of the analyses were done
with SAS version 9.1 (SAS Institute, Inc.).

Cancer Epidemiol Biemarkers Prev 2008;17(12). December 2008
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Table 1. Baseline characteristics associated with age in the JACC Study
Characteristics

Age group Total
4049y 5059 y 60-69 y 70-79 y
Number, n (row %) 7,561 (25.1 9,361 (31.0 9,098 (30.2 4,137 i 00.0
Tl st vlking et dey (.0) /361 (31.0) (30.2) 37 (13.7) 30,157 (100.0)
Never or seldom, n (%) 868 (11.5) 1,013 (10.8) 807 (8.9) 403 (9.7) 3,091 (10.2)
Amund_30 min, n (%) 1,393 (18.4) 1,650 17.6; 1,794 (19.7) 876 (21.2) 5,713 (18.9)
30-59 nu::, n (%) 1,584 (20.9) 1,989 (21.2 1,945 (21.4) 956 (23.1) 6,474 (21.5)
>1h,n (%) 3,716 (49.1) 4,709 (50.3) 4,552 (50.0) 1,902 (46.0) 14,879 (49.3)
Time spent exercising per wk
Never or seldom, n (%) 5,890 {77.9} 7,365 (78.7) 6,591 (72.4) 2,842 (68.7) 22,688 (75.2)
12 h, n (%) 1,176 (15.6 1,298 (13.9) 1,412 (15.5) 617 (14.9) 4,503 (14.9)
3-4 h, n (%) 338 (4.5) 399 (4.3) 572 (6.3) 306 (7.4) 1,615 (5.4)
25 h, n (%) 157 (2.1) 299 (3.2) 523 (5.7) 372 (9.0} 1,351 (4.5)

NOTE: Mean {SD} or %, calculated for participants with complete physical activity data.

Results

The average age at baseline was 57.6 + 10.1 years, and
the median follow-up time was 12.4 years, During the
340,055 person-years of follow-up, we identified 207
incident cases of breast cancer. The annual incidence of
breast cancer in the cohort per 1,000 women was 0.61.
Table 1 shows the distributions of physical activity
according to age. Time spent walking was distributed
similarly in the four age groups, with ~50% of the
subjects walking for 21 hour per day. By contrast, for
time spent exercising and physical activity at the work
place, the older the subjects, the more physically active
they tended to be. Regardless of the age group, more
than two thirds of the participants never or seldom
exercised.

Table 2 presents the risk of breast cancer in relation to
physical activity, After adjusting for potential confound-
ing factors, the HR was marginally decreased among
those who walked for =1 hour per day (HR, 0.73; 95% CI,
0.53-1.01). However, those whao exercised for 23 hours
per week were not statistically decreased (HR, 0.85; 95%
CI, 0.51-1.40). The P value for the linear trend of time
spent walking was 0.043, which indicated that the dose-
response effect of time spent walking and breast cancer
risk was significant. The adjusted HR for those who
walked for =21 hour compared with the rest of the
women was significantly different (HR, 0.70; 95% CI,
0.53-0.93), although that for those who exercised for

=3 hours per week was not significant (HR, 0.83; 95% CI,
0.59-1.16).

To investigate the joint effect of walking and exercise,
we recategorized the data using the following cutoff
points for physical activity: daily walking for <1 hour
and exercising for <1 hour per week. Table 3 shows the
mean values and distributions of risk factors for breast
cancer according to the walking and exercise time
categories. The subjects who walked and exercised more
tended to be older and to drink mere alcohol. The BMI
values did not significantly differ between categories
(range, 22.7-22.8 kg/m?).

Table 4 shows the HRs of breast cancer associated with
the joint effect of time spent walking and time spent
exercising. The most physically active group (those who
walked for =1 hour per day and exercised for 21 hour
per week) had a lower risk of breast cancer (HR, 0.45;
95% CI, 0.25-0.78) compared with the least active group
after adjusting for potential confounding factors. A
significant interaction (P = 0.042) was observed between
time spent walking and fime spent exercising, meaning
that the combined effect of exercise and walking on
breast cancer was significant.

The HR of the most physically active group compared
with the rest of the women was estimated for the
subgroups according to menopausal status and BMI in
Table 5, to examine the effects modification of these
factors on the association between physical activity and
breast cancer onset. The marginal inverse association was

Table 2. HR of breast cancer associated with physical activity in the JACC study

Physical activity Cases Person-years Age adjusted Multivariate*
HR (95% CT) HR (95% CT)
Time spent walking per day
min 69 96,752 1.00 (Reference) 1.00 (Reference)
30-59 min 56 71,411 1.14 (0.71 - 1.84) 1.13 (0.80 - 1.61)
21h 82 171,892 0.70 (0.51 - 0.57) 0.73 (0.53 - 1.01)
P for trend 0.021 0.043
Time spent exercising per week
Never or seldom 161 255,829 1.00 (Reference) 1.00 (Reference)
1-2h 29 51,043 0.87 (0.59 - 1.30) 0.83 (0.56 - 1.23)
23 h 17 33,183 0.87 (0.53 - 1.45) 0.85 (051 - 1.40)
P for trend 0.45 0.33

*Adjusted for age, BMI, alcehol drinking, age at menarche, education level, parity, age at birth of first child, use of exogenous female hormone, family
history of breast cancer in a first-degree relative, menopausal status, and menopausal age for postmenopausal women
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Table 3. Baseline characteristics associated with physical activity in the JACC study

Characteristics Time spent exercising <1 h/wk Time spent exercising 21 h/wk
Time spent walking per day Time spent walking per day
<1h 21h <lh 21h
Number, n (row %) 11,864 (39.3) 10,824 (35.9 3414 (11.3 4
BMI, mean * SD (kg/m?) 228 +32 22.7 153.0) z'g.s i( 3.0) 2'.2,5?5 fi‘?
Age at baseline, mean + SD, y 575 £ 10.3 56.8 k9.6 585 + 10.3 582 + 104
Age at menarche, mean + SD, y 148 + 1.8 149 + 1.8 148 + 1.8 149 + 1.8
Age at birth of first child, mean % SD, y 2/2+%33 250 £33 251 + 3.2 249 £ 31
Age at menopause, mean + 5D, y 48.7 + 4.8 486 £ 46 438 + 4.7 489 £ 45
Age of the end of education, mean + 5D, y 16.6 + 2.1 16.5 + 2.1 169 + 2.2 167 + 2.1
Postmenopausal, n (%) 8,946 (75.4) 8,176 (75.5) 2,657 (77.8 3,225 (79.5)
Nulliparous, n (%) 612 (5.2) 387 (3.6) 142 (4.2) 163 (4.
Not married, n (%) 223 (2.0) 120 (1.2} 65 (2.1 42 (11
Exogenous female hormone use, 1 (%) 380 (5.4) 474 (4.8) 191 (6.2) 207 (5.7)
Family history of breast cancer,* n (%) 191 (1.6 159 (1.5) 63 (1.9 65 (1.6)
Current smoker, i (%) 606 }5.6 556 (5.7) 133 (43 183 (5.0)
Current drinker, n (%) 2,594 (23.1) 2,447 (24.0) 906 (27.9) 1,122 (29.4)

NOTE: Mean (SD) or %, calculated for participents with complete physical activity data,

*In a first-degree relative.

observed in each subgroup, and no significant interaction
was observed. This suggests that the inverse association
was not modified by these factors. Similar results were
found after excluding the initial 2 years of follow-up,
during which 37 cases of breast cancer were diagnosed.

Discussion

Our prospective analysis of the relationship between
physical activity and breast cancer in Japanese women
revealed a significant inverse association. In particular,
the combined effect of walking and exercise was stronger
than that expected based on the individual effects.
Moreover, the combined protective effect of walking
and exercise was not modified significantly by meno-
E::sa] status or BMI. This suggests that physical activity

a protective effect regardless of menopausal status or
weight, Previous studies of Western populations have
provided convincing evidence of an inverse association
between physical actvity and breast cancer risk (2, 3),
as supported by a recent systematic review (4). Adding
more recent cohort studies (22-25), 10 of 21 showed
a significantly decreased breast cancer risk associated
with physical activity. Despite the comparatively lower
incidence of breast cancer in Japan (1), an inverse
association between physical activity and breast cancer
incidence has also been observed, which was consistent
with the findings of previous case-control studies in
Japan (33-35).

The present study showed an interactive effect of
walking and exercise. This could be explained in several
ways. For instance, mulliple types of exercise might
work more effectively than a single type of exercise, the
effect of physical activity might be quadratic, or walkers
might tend to exercise more intensely. Whatever the
reason, our results indicate that walking for 21 hour per
day should initially be recommended, and additional
weekly exercise should be undertaken to improve the
protective effect against breast cancer.

In the present study, menopausal status and BMI did
not affect the relationship between physical activity and
breast cancer. Of the two, the modifying effect of
menopausal status is the more controversial. Among
the previous cohort studies that have analyzed this
association according to menopausal status, only two
have observed a significantly decreased breast cancer
risk among premenopausal women (11, 22), and the
evidence is weaker among premenopausal women (5, 10,
17). This difference might be partly due to the way in
which menopause has been treated in the analyses. All
of the studies, including the present one, reporting a
protective effect of physical activity among premeno-
pausal women have used only baseline menopausal
status and have not updated this measure. By contrast,
a study that found no association did update the
menopausal status (19), and menopause was included
as one of its end points.

Compared with menopausal status, the effect
medification of BMI on the association between physical

Table 4. HR of breast cancer associated with physical activity in the JACC study

Physical activity Cases Person-years Age adjusted Muitivariate*
Time spent walking (h/d)  Time spent exercising (h/wk) HR (95% Cl) HR (95% CI)
<1 <1 93 130,279 1.00 {Reference) 1.00 (Reference)
=1 <1 68 125,550 1.18 (0.79 - 1.77) 1.13 (0.75 - 1.69)
<1 21 32 37,885 0.76 (0.56 - 1.04) 0.52 (0.60 - 1.12)
=1 =21 14 46,342 042 (0.24 - 0.74) 0,45 (0.25 - 0.78)

P for interaction

0.035 0.041

*Adjusied for age, BMI, alcohol drinking, age at menarche, education level, parity, age at birth of first child, use of exogenous female hormone, family
history of breast cancer in a first-degree relative, menopausal status, and menopausal age for postmenopausal wemen.
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Tablg 5. HR of breast cancer among the most
physically active group compared with the rest of
the women by subgroup of menopausal status and

BMI in the JACC study

Subgroup Age adjusted Multivariate*
HR (55% CI) HR (95% CI)

Menopausal status
Premenopausal 0.14 (0.02 - 0.97) 0.13 (0.02 - 0.91)
Postmenopausal 053 (0.29 - 0.96) 0.53 (0.29 - 0.98)
P for interaction 0.524 0.528

BMI (kg/m’
<24 043 (0.20 - 091) 042 (0.19 - 0.90)
>24 045 (0.18 - 1.10)  0.44 (0.18 - 1.09)
P for interaction .940 0.949

*Adjusted for age, BMI, alcohol drinking, age at menarche, education
level, parity, age at birth of first child, use of exogenous female hormone,
family history of breast cancer in a first-degree relative, menopausal
status, and menopausal age for postmenopausal women.

activity and breast cancer risk has been more consistent,
as previous studies have failed to show general effects
(5, 6, 8-10, 13, 14, 16, 18, 19, 21). These findings suggest
that the effect of physical activity is independent of
menopausal status (despite the possibility of a less

recise effect among premenopausal women) and
BML. Therefore, the recommendation to undertake
physical activity to prevent breast cancer does not
need to be altered according to differences in these
factors.

A major strength of the present study is its prospective
design, which might avoid the recall bias that is possible
in case-control studies. Moreover, information on other
risk factors for breast cancer was included, and potential
confounding factors were controlled for in the analyses
when examining the association.

Our study had some limitations that should be
considered when interpreting the results. First, because
we used only a simple questionnaire at baseline, neither
metric equivalent nor updated values were available to
evaluate physical activity. In general, assessing physical
activity in epidemiologic studies is difficult, which might
explain the heterogeneous results observed across
studies of its association with breast cancer (36).
Although it is possible that the reported levels might
have overestimated or underestimated the actual phys-
ical activity, the information was collected before
diagnosis and should not have differed according to
the end point status. Thus, the misclassification of
physical activity in the present study for both reasons
is nondifferential. It means the estimated HRs tend to
be close to the null, and true HRs should be smaller due
to the misclassification. In addition, because more than
two thirds of the women in our cohort never cor seldom
exercised, we expect less serious misclassification.
Second, updated information on menopausal status
was lacking, which could modify the relationship
between physical activity and breast cancer. Thus, from
an etiologic viewpoint, the misclassification of meno-
pausal status at the onset of breast cancer should be
important. However, from the viewpoint of cancer
prevention, the menopausal status at cancer onset is
comparatively less important, and the HR could be

naturally interpreted for premenopausal women at
baseline. Third, misclassification of menopausal status
at baseline should also be considered. However, the
point estimate of the HR among premenopausal women
was smaller than that among postmenopausal women,
which could not be explained from misclassification. In
addition, the results were not essentially changed when
we removed women who were 47 to 50 years old from
the premenopausal group. More studies are needed of
premenopausal women in larger subjects.

In summary, our analysis provided evidence that
physical activity decreased the risk of breast cancer
among Japanese women. Another encouraging finding
of this study is that the effect of physical activity on
breast cancer risk is not modified by menopausal status
and BMI. We recommend walking for 1 hour per day
along with additional weekly exercise to protect against
breast cancer, regardless of menopausal status and BML
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Appendix 1. The Japan Collaborative Cohort
Study Group

The present members of the JACC Study and their
affiliations are as follows: Dr. Akiko Tamakoshi (present
chairman of the study group), Aichi Medical University
School of Medicine; Dr. Mitsuru Mori, Sapporo
Medical University School of Medicine; Dr. Yutaka
Motohashi, Akita University School of Medicine;
Dr. Ichire Tsuji, Tohoku University Graduate School of
Medicine; Dr. Yosikazu Nakamura, Jichi Medical School;
Dr. Hiroyasu Iso, Institute of Community Medicine,
University of Tsukuba; Dr. Haruo Mikami, Chiba Cancer
Center; Dr. Yutaka Inaba, Juntendo University School
of Medicine; Dr. Yoshiharu Hoshiyama, University of
Human Arts and Sciences Graduate School; Dr. Hiroshi
Suzuki, Niigata University Graduate School of Medical
and Dental Sciences; Dr. Hiroyuki Shimizu, Gifu
University School of Medicine; Dr. Hideaki Toyoshima,
Nagoya University Graduate School of Medicine;
Dr. Shinkan Tokudome, Nagoya City University Grad-
uate School of Medical Sciences; Dr. Yoshineri Ito,
Fujita Health University School of Health Sciences;
Dr. Shuji Hashimoto, Fujita Health University Schoel of
Medicine; Dr. Shogo Kikuchi, Aichi Medical University
School of Medicine; Dr. Kenji Wakai, Nayoga University
Graduate School of Medicine; Dr. Akio Koizumi,
Graduate School of Medicine and Faculty of Medicine,
Kyoto University; Dr. Takashi Kawamura, Kyoto
University Center for Student Health; Dr. Yoshiyuki
Watanabe and Dr. Tsuneharu Miki, Kyoto Prefectural
University of Medicine Graduate School of Medical
Science; Dr. Chigusa Date, Faculty of Human Environ-
mental Sciences, Mukogawa Women’s University;
Dr. Kiyomi Sakata, Wakayama Medical University;
Dr. Takayuki Nose, Tottori University Faculty of Med-
icine; Dr. Norihiko Hayakawa, Research Institute for
Radiation Biology and Medicine, Hiroshima University;
Dr. Takesumi Yoshimura, Institute of Industrial Ecolog-
ical Sciences, University of Cccupational and Environ-
mental Health, Japan; Dr. Akira Shibata, Kurume
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University School of Medicine; Dr. Naoyuki Okamoto,
Kanagawa Cancer Cenfer; Dr. Hideo Shio, Moriyama
Municipal Hospital; Dr. Yoshiyuki Ohno (former chairman
of the smdéngroup), Asahi Rosai Hospital; Dr. Tomoyuki
Kitagawa, Cancer Institute of the Japanese Foundation for
Cancer Research; Dr. Toshio Kuroki, Gifu University; and
Dr. Kazuo Tajima, Aichi Cancer Center Research Institute.
The past investigators of the study group were listed
in ref. 28 except for the following eight members
(affiliations are those at the time they participated in
the study): Dr. Takashi Shimamoto, Instifute of Commu-
nity Medicine, University of Tsukuba; Dr. Heizo Tanaka,
Medical Research Institute, Tokyo Medical and Dental
University; Dr. Shigeru Hisamichi, Tohoku University
Graduate School of Medicine; Dr. Masahiro Nakao,
Kyoto Prefectural University of Medicine; Dr. Takaichiro
Suzuki, Research Institute, Osaka Medical Center for
Cancer and Cardiovascular Diseases; Dr. Tsutomu
Hashimoto, Wakayama Medical University; Dr. Teruo

Ishibashi, Asama General Hospital; and Dr. Katsuhiro
Fukuda, Kurume University School of Medicine.
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Abstract

Aim: To clarify sex and seasonal variations of plasma antioxidant concentrations among middle-aged Japanese.
Subjects and Methods: We investigated sex and seasonal variations of plasma antioxidant concentrations,
including retinol, t-tocopherol, and carotenoids (®t-carotene, f-carotene,p-cryptoxanthin, lutein and lycopene),
in 55 middle-aged dietitians (46 women and 9 men) in Aichi Prefecture, Central Japan, who took no supplements
from autumn 1996 to summer 1997. Reversed-phase high performance liquid chromatography was used fo
measure plasma antioxidant concentrations in overnight-fasting blood samples. Results: Plasma levels of o-
tocopherol, 0-/B-carotene, B-cryptoxanthin and lutein were significantly influenced by sex, being significantly
higher for women than men in each corresponding season; retinol and lycopene, however, showed no such
difference. For women, winter values of t-focopherol, 0-/B-carotene, lutein and lycopene were significantly
lower than corresponding summer values, and had reached their annual lowest. Retinol failed to show any
significant seasonal variation, whereas the winter value of f-cryptoxanthin had reached its annual highest. For
men, f-cryptoxanthin exhibited significant seasonal changes and was also highest in winter. Winter values of ¢-
tocopherol, 0-/B-carotene and lycopene were lower compared with other seasons, but not statistically significant,
probably due to the small sample size. Conclusions: The findings indicate that sex and seasonal variations of
plasma antioxidant concentrations should be taken into account in nutritional epidemiologic studies.

Key Words: Sex - season - variation - plasma antioxidants - retinol - o-tocopherol - carotenoids
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Introduction Asian countries, including Japan, where host and

environmental factors are known to be fundamentally

According to epidemiologic observations, many
antioxidants are inversely associated with the nisk or
prevalence of chronic diseases (Goodman, 1984 Cutler,
1991; Mobarhan et al., 1991; Byers et al., 1992).
Antioxidants are thought to play an important role in
disease prevention, in particular, such as vitamin E in the
prevention of heart disease (Rimm et al., 1993: Stampter
et al., 1993), and retinoids, tocopherols and carotenoids
in the prevention of cancer (Moon et al., 1976; Suda et
al., 1986; Bertram et al., 1991; Knekt et al., 1991; Rimm
et al., 1993).

Plasma concentrations of antioxidants may fluctuate
according to host and environmental factors. Sex (Shibata
etal., 1989), smoking/drinking habits (Stryker etal., [988)
and season (Cantilena etal., 1992) have also been observed
to impact on plasma antioxidant levels. However, in the

different from those in the Western world, few studies
have been conducted to investigate the etfects of sex and
seasonal changes on plasma antioxidant concentrations.

Here we examined the influence of sex (a host factor)
and season (an environmental factor) on vanations in
plasma antioxidant levels in Japanese dietitians living in
Aichi Prefecture, Central Japan who participated in our
previous nutritional studies (Tokudome et al., 2001:
Imaeda et al., 2002; Kuriki et al., 2002; Tokudome et al.,
2002).

Materials and Methods

Study Subjects
One hundred and six middle-aged dietitians (85
women, 21 men), who were members of the Aichi

"“Dept of Science Research, *Dept of Chemotherapy, Jiangsu Cancer Hospital and Research Institute, Nanjing, China, “Dept of
Public Health, Nagova City University Graduate School of Medical Sciences, Miziho-ku, Nagova 467-8601, *Aichi Cancer Center;
Chikusa-ku, Nagova, *Nagova Women s Upiversity, Mizuho-kn, Nagova, ‘Nagova University of Arts and Sciences, Nisshin, “Deptof
Greneral Medicine, Nagova University Hospital, Showa-ku, Nagova, "Aichi Kiwami College of Nursing, Ichinomiva, *Aichi Prefectiral
Dietitians " Association, Kita-ku, Nagova, Japan *For correspondence: tokudomei@med nagova-cu.acjp
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Prefectural Dietitians’ Association residing in Aichi
Prefecture, Central Japan voluntarily participated in this
study, as reported elsewhere (Tokudome et al., 2001). In
brief, 97 subjects were enrolled after excluding those with
chronic diseases. Among them, 86 whose four-season
blood samples (Autumn 1996 - Summer 1997) were
available, entered the current investigation. Information
on demographic characteristics, drinking and smoking
habits, regular exercise, and intake of supplements,
including vitamins, was obtained from a self-administered
questionnaire. Finally, 55 subjects (46 women and 9 men)
who regularly took no supplements were eligible for in-
depth analysis.

This protocol was approved by the Ethics Committee
of the Nagoya City University Graduate School of Medical
Sciences, and written informed consent was secured from
each study participant,

Methods

Overnight-fasting venous blood was sampled using a
tube with EDTA-2Na, and separated into plasma, buffy
coat, and RBC clot. The samples were stored at -80° C
until analysis.

Seven plasma antioxidants, including retinol, -
tocopherol and five carotenoids (o-/B-carotene, f-
cryptoxanthin, lutein and lycopene) were assessed by
reverse-phase high performance liquid chromatography
(HPLC) according to a modification of Talwar’s method
(Talwar et al., 1998). At the time of analysis, samples were
thawed at room temperature. As an internal standard, 0.1
ml retinol acetate and 0.1 ml tocopherol acetate were added
to 0.1 ml plasma. The total volume was raised to 1.3 ml
with distilled water. After protein was precipitated by
adding 0.9 ml ethanol, fat-soluble substances were
extracted twice with 1.2 ml hexane.

Samples were mixed and centrifuged for 15 min. The
hexane layer was gathered and evaporated under a nitrogen
atmosphere. The residue was reconstituted with
tetrahydrofuran making up to 0.3 ml with a mobile phase,
and 0.2 ml was injected into Shimadzu HPLC with a
Nucleosil C18 column. The mobile phase, which consisted
of methanol, acetonitrile and tetrahydrofuran in the ratio
of 75 : 20 : 5, flowed at 0.6 ml/min. Using an SPD-M10
Avp Shimadzu diode array detector, retinol and retinol
acetate were detected at 325 nm, @-tocopherol and
tocopherol acetate at 292 nm, «-/B-carotene, p-
cryptoxanthin and lutein at 450 nm, along with lycopene
at 473 nm.

Laboratory accuracy and precision in the
measurements of seven plasma antioxidants (retinol, o-
tocopherol, and five carotenoids) were maintained and
assessed by using pooled plasma. Concentrations of
antioxidants in the plasma were calculated with the aid of
commereially available lyophilized serum from NIST (the
National Institute of Standards and Technology). Two
pooled plasma samples were analyzed at the beginning
and the end of each run. Coefficients of variation for the
antioxidants ranged from 3.3% (o-tocopherol) to 13.7%
(B-crytoxanthin) for the same day determination, and from
5.0% (retinol) to 14.6% (B-crvtoxanthin) for day-to-day
reproducibility.
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Table 1. Baseline Demographic and Lifestyle
Characteristics of 55 Japanese Dietitians Not Taking
Supplements

Characteristics Women (n=46) Men (n=9)  p value®
Age(y) mean(SD) 46.4(7.8) 47.7(10.2) 0.67
BMI(kg/m?)® n (%) 0.11
<19.8 12 26.1 1 11.1
19.8-24.2 30 652 3 55.6
>24.2 4 8.7 3 333
Smoking habit <0.001
Current 1 22 2 222
Ceased 1 22 A 33.3
Never 44 957 4 44 4
Drinking habit <0.05
Current 9 19.6 6 66.7
Ceased 1 22 0 0
Never 36 783 3 333
Regular exercise 0.3
With 29 630 4 444
Without 17 37.0 5 55.6

*By Chi-square test or Student t-test, "Categorization was made according
to obesity asscssment standards set by Japan Obesity Association.
Table 2. Plasma Concentrations of Retinol, o-
Tocopherol, and Carotenoids in Japanese Dietitians
Not Taking Supplements

Women (n=46)

Men (n=9)

Retinol Autumn 2.12 (1.18-3.60)  2.33 (1.47-2.86)
@molL)  Winter 2.25(0.77-3.45) 2.41(1.82-2.75)
Spring  2.16 (1.23-4.18)  2.80 (1.86-2.97)
Summer 225(134-3.88) 237 (1.66-3.11)

o-Tocopherol Autumn

31.8 (18.4-65.3)

21.8(18.2-39.1)

(umol/L) Winter  28.2 (17.0-49.0)** 21.7 (18.3-41.6)
Spring  33.3(23.2-68.9F 27.2(19.2-42.9)

Summer 33.1(21.6-60.1F 26.0(18.4-41.9)

o-Carotene  Autumn 0.30(0.11-0.71)*  0.20 (0.10-0.72)
(umol/L) Winter  0.25 (0.09-0.58%¢ 0.13 (0.08-0.40)
Spring  0.26 (0.11-0.63)*¢ 0.14 (0.07-0.59)

Summer 036 (0.12-1.17¢  0.16 (0.09-1.04)

B-Carotene  Autumn 1.33 (0.42-2.53)° 0.60(0.27-2.08)
@molL)  Winter 1.10(0.21-3.12)*% 0.55 (0.26-1.60)
Spring 127 (047-3.16F 0.67 (0.13-1.61)

Summer 140 (0.48-3.74F 0.60 (0.30-1.92)

B-Crypto-  Autumn 0.55 (0.10-1.70)**¢ 0.24 (0.11-0.56)
xanthin =~ Winter 106 (0.14-3.20)** 0.73 (0.13-2.10)¢
(umol/L) Spring 049 (0.10-2.02)*¢ 0.18 (0.11-0.57)
Summer 0.39 (0.08-1.07¢ 0.22(0.08-0.32)

Lutein Autumn  0.85(0.36-1.217 0.50(0.32-0.74)
(umol/L) Winter  0.73 (0.30-1.09)*< 0.53 (0.31-0.70)
Spring  0.81(0.39-1.66F 0.61(0.31-0.76)

Summer 0.87(0.37-1.71¢ 0.57 (0.26-1.50)

Lycopene Autumn 049 (0.12-1.49¢  0.53 (0.10-1.08)
(umol/L) Winter 0.32 (0.11-1.67y* 0.33(0.10-0.71)
Spring  0.51 (0.09-1.83F  0.49 (0.11-0.70)

Summer 0.71(0.18-2.17) 0.55(0.12-0.97)

*Medians: ranges (minimum-maximum) in parentheses.Significantly
different:*from women in winter, p<0.01,*from women in summer,
p<0.05. “from women in spring, p<0.05, *from men in summer. p<0.05,
‘between women and men in the same season, p<0.05

Staristical analysis

The normality of distribution of seasonal antioxidant
measurements in each sex group was determined by the
Shapiro-Wilk test. If not normally distributed, distribution-
free (non-parametric) methods were adopted for further

(\



Sex and Seasonal Variations of Plasma Antioxidant Concentrations in Japanese Dietitians

statistical analyses. The Kruskal-Wallis test was adopted
for an analysis of variance with the seasons by sex, and
the Wilcoxon 2-sample test for variance between men and
women. Procedures of FREQ, UNIVARIATE, or
NPARIWAY in the SAS package were used for statistical
calculations (SAS Institute, Inc., 1990). Differences were
considered to be statistically significant at p<0.05.

Results

Baseline demographic and lifestyle characteristics of
55 Japanese dietitians (46 women and 9 men) who took
no supplements are summarized in Table 1. There were
no statistical differences between women and men in age,
BMI or physical exercise. However, smoking and drinking
rates were significantly higher in men.

The Shapiro-Wilk test showed that few distributions
of plasma antioxidant values in each sex and season
appeared normally distributed. Therefore, non-parametric
methods were adopted for statistical analyses. Table 2
shows sex- and season-specific medians and ranges of
respective antioxidants. Retinol and lycopene did not
significantly differ between men and women. «-
Tocopherol was significantly higher in women than men
in all seasons, and reached its highest in spring for all
subjects. The Kruskal-Wallis test showed that there were
statistically significant seasonal variations in o-/p-
carotene, f-cryptoxanthin, lutein and lycopene in women,
as well as f-cryptoxanthin in men. Both t-carotene and
B-carotene were higher in women than men in each
corresponding season. A gher level was noted in women
in summer, and in men in autumn or spring. The
concentrations of f-cryptoxanthin were higher in women
than men in each corresponding season with the highest
value appearing in winter for both groups. Lutein was
highest in summer in women, while it was highest in spring
in men. Women showed higher lutein than men,
urespective of the season,

Discussion

Plasma levels of d-tocopherol, u-/B-carotene, B-
cryptoxanthin and lutein were significantly higher for
women than men in each corresponding season; but no
sex difference was observed for retinol and lvcopene. For
women, winter concentrations of o-tocopherol, -/3-
carotene, lutein and lycopene were significantly lower than
their comresponding summer values, and were the lowest
of the entire year. Retinol demonstrated no significant
seasonal variation; however, the winter level of j3-
cryptoxanthin was found to be the highest of the whole
vear. For men, P-cryptoxanthin showed significant
seasonal changes and was also highest in winter. Winter
concentrations of d-tocopherol, tt-/B-carotene and
lycopene tended to be lower compared with other seasons.
Plasma concentrations of tt-tocopherol, tt-/B-carotene, f-
cryptoxanthin and lutein in women were higher than in
men throughout the year.

The present findings are in harmony with the

observations of healthy Tapanese students, umversity staff

and general local inhabitants (Tto et al.. 1990), a Spanish

clinical staff (Olmedilla et al., 1594), and the US general
population (Krasinski et al., 1989), as well as in a US
hospital-based study (Stacewicz-Saquntzakisetal., 1987).
That may be explained by the fact that Japanese women
consume more fruit and vegetables (Inoue et al., 1997),
smoke less and drink less alcohol than Japanese men
(Tsubono et al., 1997, Health Promotion and Nutrition
Division 1998). It has been proven that fruit and vegetables
are major sources of these micronutrients (Resources
Counecil 1982; Willett, 1990; Resources Council 1992,
Tokudome et al., 1998), while smoking and drinking risked
diminishing the reserves of antioxidants (Russell-Briefel
etal., 1985; Stryker et al., 1988), Interestingly, however,
our results are also consistent with the reports that the
retinol level in men may be slightly higher than in women
(Stacewicz-Saquntzakis et al., 1987; Krasinski et al., 1989;
Itoetal., 1990; Olmedilla et al., 1994). Although 1t 1s still
mmpossible to fully elucidate the mechanism underlying
why plasma antioxidant concentrations differ by sex, this
variation should be taken into account in the assessment
as well as the planning of any nutritional epidemiologic
research; otherwise it could impose a bias due to the sex
predominance in the study population.

In the present study, the seasons did not significantly
alfect retinol in either men or women. However, there
were statistically significant seasonal changes of -
tocopherol, -/B-carotene, B-cryptoxanthin, lutein and
lycopene in women, but stafistical power did not appear
sufficient to detect such seasonal variations in men. For
all study subjects, higher t-tocopherol occurred in spring,
and higher B-cryptoxanthin in winter, whereas, o-/B-
carotene and lycopene tended to be higher in summer or
n auturmn. This could be attributable to dietary variations
by season, since all study participants come from central
Japan (longitude around 136°~137° K., latitude around
357 N.), where there are distinct seasonal changes in the
temperature and hours of sunlight. It is noteworthy that
from September to later October Japanese enjoy an
abundance of agricultural products, including fruit, and
green and vellow vegetables. Our previous study of the
same dietitian cohort showed that the dietary intakes of
selected vitamins and minerals measured by weighed diet
records were greater in autumn and winter than those in
spring and summer (Tokudome et al., 2002). Similar
seasonal changes have also been observed by Olmedilla
(Olmedilla etal., 1994), and in studies on c-carotene (Van
Staveren et al., 1986; Ziegler, 1989; Rautalahti et al.,
1953). In the case of retinol, seasonal variations are not
as remarkable as with other micronutrients, compatible
with other studies (Olmedilla et al., 1994; Cooney et al.,
1995); however, the reason remains obscure, suggesting
that adjustments for seasonal effects should be allowedat
least for t-tocopherol and the above-mentioned
carotenoids in nutritional epidemiologic studies.

In conclusion, although mechanisms of sex and
seasonal variations n plasma retinol, ¢-tocopherol and
five carotenoids need to be further elucidated in different
ethnic groups and areas, such changes in blood antioxidant
levels should also be taken into account to determine any
associations with disease prevention and health promotion
in nutritional epidemiologic research.

Asian Pacific Journal of Cancer Prevention, 1ol 9, 2008 415



Jin Xiang et al
Acknowledgements

This work was supported in part by a Grant-in-Aid
for Scientific Research from the Ministry of Education,
Culture, Sports, Science, and Technology of Japan, while
Dr. Xin-En Huang was supported by the Japan Society
for the Promotion of Science and its Postdoctoral
Fellowships for Foreign Scientists from April 2000 to
March 2004, and a research grant from “Lin Da Gao Fen
Ren Cai” project of Jiangsu Province, China. The authors
are also grateful to Ms. Y. Kubo, Ms. Y. Ito, Ms. K. Higuchi
and Dr. Malcolm A. Moore for their technical and language
assistance in preparing the manuscript.

References

Bertram JS, Pung A, Churley M, etal (1991). Diverse carotenoids
protect against chemically induced neoplastic
transformation. Carcinogenesis, 12, 671-8.

Byers R, Perry G (1992). Dietary carotenes. vitamin C, and
vitamin E as protective antioxidants in human cancers. Annu
Rev Nutr, 12,139-59.

Cantilena LR, Stukel TA, Greenberg R, et al (1992). Diumnal
and seasonal variation of five carotenoids measured in human
serum. An J Clin Nuir, 55, 659-63.

Cooney RV, Franke AA, Hankin JH, et al (1993). Seasonal
variations in plasma micronutrients and antioxidants, Cancer
Epidemiol Biomarkers Prev, 4, 207-15.

Cutler RG (1991). Antioxidants and aging. Am J Clin Nutr, 53
(Suppl). 3738-98.

Goodman DS (1984). Vitamin A and retinoids in health and
disease. N Engl J Med, 310, 1023-31.

Health Promotion and Nutrition Division, Health Service Bureau,
Ministry of Health and Welfare (1998). Status of National
Nutrition. Results of National Nutrition Survey in 1996,
Tokyo: Daiichi Shuppan (in Japanese).

Imaeda N, Fujiwara N, Tokudome Y. et al (2002). Reproducibility
of a semi-quantitative food frequency questionnaire in
Japanese female dietitians. J Epidemiol, 12, 45-53.

Inoue M, Tajima K, Hirose K, et al (1997). Epidemiological
features of first-visit outpatients in Japan: comparison with
general population and variation by sex. age, and season. J
Clin Epidemiol. 50, 69-77.

Ito Y. Ochiai J, Sasaki R, et al (1990). Serum concentrations of
carotenoids, retinol, and o-tocopherol in healthy persons
determined by high-performance liquid chromatography.
Clin Chim Acta, 194, 131-44.

Knekt P. Aromaa A, Maatela J, et al (1991). Vitamin E and cancer
prevention. Am.J Clin Nutr, 53 (Suppl 1), 2838-68.

Krasinski SD, Russell RM, Otradovez CL., et al (1989).
Relationship of vitamin A and vitamin E intake to fasting
plasma retinol. retinol-binding protein. retinyl esters,
carotene. (~tocopherol. and cholesterol among elderly
people and young adults: increased plasma retinyl esters
among vitamin A-supplement users. Am J Clin Nuir, 49.
112-20.

Kuriki K, Nagaya T. Imaeda N. et al (2002). Discrepancies in
dietary intakes and plasma concentrations of fatty acids
according to age among Japanese female dietitians. Fur J
Clin Nutr, 56, 524-31.

Mobarhan S, Hupert J, Friedman H (1991). Effects of aging on
beta-carotene and vitamin A status. Age Ageing, 14, 13-6.

Moon RC. Itr1 LM (1976). Retinoids and cancer. In: The
Retinoids. Vol. 2, Chapter 14. New York: Academic Press.

Olmedilla B. Granado F, Blanco I. et al (1994). Seasonal and
sex-related variations in six serum carotenoids, retinol, and

416 Asian Pacific Journal of Cancer Prevention, 1ol 9, 2008

t-tocopherol. Am J Clin Nuir, 60, 106-10.

Rautalahti M, Albanes D, Haukka J, et al (1993). Seasonal
variation of serum levels of B-carotene and ¢-tocopherol.
AmJ Clin Nutr, 87, 551-6.

Resources Council, Science and Technology Agency, Japan
(1982). Standard Tables of Food Composition in Japan, 4th
ed. Tokyo: Resources Council, Science and Technology
Agency. Japan (in Japanese).

Resources Council, Science and Technology Agency, Japan
(1992). Follow-up of Standard Tables of Food Composition
in Japan, Tokyo, Ishiyaku Shuppan, (in Japanese).

Rimm EB, Stampfer MJ, Ascherio A, et al (1993). Vitamin E
consumption and the risk of coronary heart disease in men.
N Engl J Med, 328,1450-6.

Russell-Briefel R, Bates MW, Kuller LH (1985). The relationship
of plasma carotenoids to health and biochemical factors in
middle-aged men. Am.J Epidemiol, 122, 741-9.

SAS Institute Inc (1990). SAS/STAT Users Guide, Version 5,
Volume 2, Cary, NC: SAS Institute Inc.

Shibata A, Sasaki R, Ito Y, et al (1989). Serum concentration of
beta-carotene and intake frequency of green-yellow
vegetables among healthy inhabitants of Japan. Int.J Cancer,
44, 48-52.

Stacewicz-Saquntzakis M, Bowen PE, Kikendall JW. et al
(1987). Simultaneous determination of serum retinol and
various carotenoids: their distribution in middle-aged men
and women. J Micronutr Anal, 3, 27-45.

Stampfer MJ, Hennekens CH, Manson JE, et al (1993). Vitamin
E consumption and the risk of coronary disease in women.
N Engl.J Med, 328, 1444-9.

Stryker WS, Kaplan LA, Stein EA, et al (1988). The relation of
diet, cigarette smoking, and alcohol consumption to plasma
beta-carotene and alpha-tocopherol levels. Am.J Epidemiol,
127, 283-96.

Suda D, Schwartz J, Shklar G (1986). Inhibition of experimental
oral carcinogenesis by topical B-carotene. Carcinogenesis,
7. 711-5.

Talwar D, Ha TK, Cooney J, et al (1998). A routine method for
the simultaneous measurement of retinol, ti-tocopherol and
five carotenoids in human plasma by reverse phase HPLC.
Clinical Chimica, 270, 85-100.

Tokudome 8, Tkeda M. Tokudome Y, et al (1998). Development
of data-based semi-quantitative food frequency questionnaire
for dietary studies in middle-aged Japanese. Jpn J Clin
Oncol, 28, 679-87.

Tokudome S. Imaeda N, Tokudome Y, et al (2001). Relative
validity of a semi-quantitative food frequency questionnaire
versus 28 day weighed diet records in Japanese female
dietitians. EurJ Clin Nuir, 55, 735-42.

Tokudome Y, Imaeda N, Nagaya T. et al (2002). Daily, weekly,
seasonal, within- and between-individual variation in
nutrient intake according to four season consecutive 7 day
weighed diet records in Japanese female dietitians. J
Epidemiol, 12, 85-92.

Tsubono Y, Kobayashi M, Takahashi T, et al (1997). Within-
and between-person variations in portion sizes of foods
consumed by the Japanese population. Nufr Cancer, 29, 140-
5

Van Staveren WA, Deurenberg P. Burema J, et al (1986).
Seasonal variation in food intake, pattern of physical activity
and change in body weight in a group of young adult Dutch
women consuming self-selected diets. /nf J Obes. 10, 133-
45.

Willett W (1990). Nutritional Epidemiology. New York: Oxtord
University Press.

Ziegler RG (1989). A review of epidemiologic evidence that
carotenoids reduce the risk of cancer. J Nufr, 119, 116-22.




Original Paper

Urologia

Internationalis

Received: January 18,2007

Eicosapentaenoic Acid Has a Preventive
Effect on the Recurrence of Nephrolithiasis

Takahiro Yasui? Sadao Suzuki® Yasunori Itoh?
Shinkan Tokudome® Kenjiro Kohri?

Keiichi Tozawa?

Departments of *Nephro-urology and "Public Health, Nagoya City University Graduate School of Medical Sciences,

Nagoya, Japan

Key Words
Eicosapentaenoic acid + Nephrolithiasis - Calcium oxalate -
Recurrent stone formation

Abstract
Background: With a westernized diet the oxygenated prod-
ucts of renal prostaglandin synthesis are metabolites of the
n-6 series and these are known to play important roles in
several pathophysiological processes involved in calcium
stone formation. As eicosapentaenoic acid (EPA) administra-
tion is effective for the prevention of hyperlipidemia and
athelosclerosis, we suggest the use of EPA as a possible
method of preventing calcium stone formation. Methods:
We administered a highly purified preparation of 1,800 mg/
day EPA to 29 patients for 36.4 £ 22.0 months after therapy
for nephrolithiasis. We observed the urinary stone recur-
rence in these patients over the course of 8 years (before,
during and after medication) and studied the preventive ef-
fect on the recurrence of nephrolithiasis. We analyzed the
effect of EPA administration and compared the findings to
those before and after administration. Results: The inci-
dence rates of nephrolithiasis {times/year) before, during
and after the administration of EPA were 0.2283, 0.0693 and
0.1742, respectively. The incidence rate of nephrolithiasis
during the administration of EPA was significantly lower
compared the findings to those before and after its admin-
istration (p < 0.05). Conclusion: The results suggest that EPA
might reduce the risk of calcium stone formation.

Copyright & 2008 S, Karger AG, Basel

introduction

Nephrolithiasis is a common, costly and painful dis-
ease. Although modification of the diet remains a main-
stay in the treatment of nephrolithiasis [1], the effect of
many dietary factors on the development of lkidney stones
is unknown.

Evidence that fatty acid intake may modulate the uri-
nary excretion of calcium and oxalate has led to specula-
tion that increased consumption of n-3 polyunsaturated
fatty acids (PUFAs), found in fish or fish oil supplements,
may reduce the risk of kidney stone formation [2, 3]. The
Greenland Eskimos and coastal Japanese are reported to
have a very low incidence of diseases common to Western
man, including renal stones [4, 5]. This has been attrib-
uted to their diet, which is rich in eicosapentaenoic acid
(EPA, one of the main n-3 PUFAs in fish oil) [6]. Recent-
ly in Japan, with the adoption of a more Western diet, the
incidence of urolithiasis has increased [7]. Buck et al. (6]
showed that urinary calcium and urinary oxalate excre-
tion in recurrent, hypercalciuric stone formers was sig-
nificantly reduced with fish oil treatment. From these re-
sults, they suggested that the incorporation of EPA into
the diet could be an effective way to correct hypercalci-
uria.

We have reported that the administration of EPA 1,800
mg/day reduces the urinary excretion of calcium in the
long term [8]. It was reported that n-3 PUFAs, for exam-
ple EPA, may reduce the risk of kidney stone formation
[6, 8], but there are few reports of clinical studies. We ex-
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Fig. 1. The study period was divided into the following three
phases: the period between the initiation of the study (time of ini-
tial consultation at the outpatient clinic) and the initiation of EPA
administration (T1); the period during the administration of EPA
(T2), and the period between discontinuation of EPA administra-
tion and the end of the follow-up study (T3). The frequencies of
stone formation during T1, T2 and T3 are indicated by number of
stone events/year, individually.

amined the preventive effect of EPA toward nephrolithi-
asis in Japanese patients in whom we confirmed the stone
recurrence incidents before, during and after the admin-
istration of EPA.

Methods

The subjects were Japanese patients with calcium oxalate
nephrolithiasis who had been treated with EPA for more than 24
months since January 1995. These 29 patients (22 males and 7 fe-
males) had a mean age of 53.3 £ 13.6 years at the initiation of this
study and were attending our Stone Clinic due to idiopathic cal-
cium oxalate stone disease. The EPA preparation applied was
highly purified EPA (Epadel®; Mochida Pharmaceutical Co., To-
kyo, Japan). A dose of 600 mg was taken orally immediately after
each meal, totaling 1,800 mg/day. Although the diet of the pa-
tients was not controlled, they were encouraged to maintain the
recommended fat-reduced diet, avoid medication if possible, and
drink plenty of fluids. Patients who demonstrated a plasma total
cholesterol of =220 mg/d] or >150 mg/d] of plasma triglycerides
were classified as hyperlipemic. This was the case for 12 patients,
8 men and 4 women. None of the patients had primary hyperpara-
thyroidism, renal tubular acidosis or other conditions known to
cauge abnormal metabolism. Individuals with urinary tract infec-
tion or renal insufficiency were excluded. All gave their informed
consent to this study, according to the Helsinki Declaration,

Patients’ history of medical treatment was investigated, and
those who fulfilled the following inclusion criteria were enrolled
for retrospective evaluation: having received ambulatory treat-
ment in our hospital since the time before the administration of
EPA, confirmation of nephrolithiasis treated with EPA for more
than 24 months, and the presence or absence of stone formation
confirmed during the observation period after discontinuation of
EPA administration. The development of nephrolithiasis was in-
vestigated before, during and after the administration of EPA to
evaluate the preventive effect of EPA on stone formation.

" The study period was divided into the following three phases:
the period between the initiation of this study (time of initial con-

136 Urol Int 2008;81:135-138

sultation at the outpatient clinic) and the initiation of EPAadmin-
istration (T1), the period during the administration of EPA (T2),
and the period between discontinuation of EPA administration
and the end of the follow-up study (T3) (fig. 1). This studythe ini-
tiated first episode of stone event and the retrospective analysis
was based solely on medical records, All patients were radiologi-
cally confirmed to be completely stone-free after sponfaneous
drainage of the stone or after treatment of each stone event. The
patients with residual fragment were excluded from the study.
Most of the medications approved for patients in this study were
not standard agents and none of the patients were administered
any other stone-preventing medication during Tl or T3, Patients
were evaluated every 3 months for stone recurrence by plain X-ray
and stone passage episode. The number of stone formations dur-
ing T1, T2 and T3 was N1, N2 and N3, respectively. Stoneevents
involved both radiological detection of stone and renal colic in
this study. An initial episode of nephrolithiasis during T1 was not
counted as N1. The frequency of stone formation was calkulated
as follows: between the onset of nephrolithiasis and the initiation
of EPA administration, R1 = N1/T1 (times/year), during EPA ad-
ministration, R2 = N2/T2 (times/year) and between the discon-
tinuation of EPA administration and the end of a follow-up study,
R3 = N3/T3 (times/year).

Theeffects of EPA administration were evaluated based on the
comparison between R1 and R2 or between R2 and R3. In addi-
tion, the effects of age and period were evaluated by comparing
R1and R3. Considering the observation period and the frequency
of recurrence stene formation, we calculated the incidence of
nephrolithiasis without counting the initial discovery of nephro-
lithiasis.

For the comparison of the incidence rate of each period, the
incidence rate ratic with a 95% confidence interval was calculated
applying the Poisson regression model, Proc Logist in SAS Ver-
sion 8.2 (SAS Institute, Inc., Cary, N.C., USA} was used for Pois-
son regression.

Results

The mean duration of T1, T2 and T3 were 47.8 * 69.0,
36.4 * 22.0 and 50.6 * 29.5 months. The number of
stone events (N1, N2 and N3) during T1, T2 and T3 in all
patients was 26, 6 and 21, respectively.

Incidence rates (R1, R2 and R3) of nephrolithiasis
(times/year) before, during, and after the administration
of EPA (T1, T2, and T3) were 0.2283, 0.0693 and 0.1742,
respectively (table 1). The incidence rate ratios of nephro-
lithiasis before and after the administration of EPA {T1
and T3) to that of nephrolithiasis during EPA adminis-
tration (T2) were 3.294 and 2.515, respectively. Compared
to the incidence rates of nephrolithiasis before and after
the administration of EPA (T1 and T3), the incidence rate
of nephrolithiasis during the administration of EPA (T2)
was significantly lower (p <0.05). The incidence rate ratio
of nephrolithiasis after the administration of EPA (T3) to

Yasui/Suzuki/Itoh/Tozawa/Tokudome/
Kohri




Table 1. Incidence rate of nephrolithiasis and EPA administration (n = 29)

L k=

0.228

Incidence of nephrolithiasis 0.1742

RR: compared with T2 (95% ch) 3.294 (1.356-8.001) reference 2.515 (1.015-6.232)
RR® compared with T1 (95% CI) reference - 0.763 (0.429~1.356)

RR = Relative risk; 95% CI = 95% confidence interval.
* Relative risks are for the risk for stone formation compared with T2.
® Relative risks are for the risk for stone formation compared with T1.

Table 2. Effect of EPA administration on urinary and serum parameters (n = 29)

T eIy

Urinary parameters

Urine volume, 1 1.65+0.78 1.68 +0.82N8 1.75 £0.9218
Calcium, mg/day 194£92 184 £ 117N 199 & 10285
Magnesium, mg/day 87.4%49.8 74.3 + 42 3N5 88.2 £50.2N%
Phosphorus, g/day 0.863 £0.343 0.767 £0.32988 0.892 £0.322M
Urea nitrogen, g/day 8.95+3.01 7.99+3.23N8 8.63 £3.45N8
Creatinine, g/day 1.21 £0.40 1.18 +0.38N8 1.20 £0.43N5
Uric acid, mgiday 672 %270 612+ 298NS 665 + 2633
Plasma lipids

Total cholesterol, mg/dl 188 £ 40 178 £ 41N8 194+ 45MS
Triglycerides, mg/dl 13575 122 + 69NS 134 £ 77N8

NS = No significant difference compared to T1.

"

that of nephrolithiasis before EPA administration (T1)
was 0.763. The incidence rate of nephrolithiasis after the
administration of EPA (T3) tended to be lower than that
before EPA administration (T1), although there was no
significant difference.

There were no overall changes in urine volume, uri-
nary calcium, magnesium, phosphorus, urea nitrogen,
creatinine or uric acid among T1, T2 and T3. Serum total
cholesterol and triglycerides displayed a non-significant
trend toward reduction (table 2). In the hyperlipemia
group, reduction of triglycerides (226 £ 61,175 £ 54and
198 + 54 mg/dl before (T1), during (T2) and after ad-
ministration of EPA (T3), respectively) was significant
during administration of EPA.

No serious side effects were observed. One patient suf-
fered stomach discomfort after 2 months of EPA admin-
istration but could continue the treatment for 36
months.

Effect of EPA in Preventing Urinary
Caleulus

Discussion

In our study the nephrolithiasis incidence rate during
EPA administration (T2) was lower compared to before
(T1) or after (T3) its administration. These findings sug-
gest that EPA may be useful for preventing the develop-
ment of nephrolithiasis. The frequency of stone forma-
tion after the administration of EPA (T3) tended to be
lower than that before the administration of EPA (T1).
This was probably due to the advanced ages of the sub-
jects and an effect of the stone clinic. The mean age of
patients before the administration of EPA was 7 years
younger and it is difficult to consider that this factor
alone decreased the frequency of stone formation 0.76-
fold. It is speculated that attending the Stone Clinic had
an effect; the instruction to drink water during the long-
term ambulatory treatment may be particularly impor-
tant [9]. The hypothesis was explored in reference to

Urol Int 2008;81:135-138 137



phospholipid metabolism in the light of the following
considerations: (1) phospholipids are recognized as sec-
ond messengers, and may influence membrane proper-
ties and membrane protein functions [10]; (2) an alterna-
tion in the urine excretion of prostaglandin E, (PGE,), a
phospholipid metabolite, has been described in calcium
nephrolithiasis [11]; (3) dietary n-3 PUFAs have been
shown to be potent modulators of tissue phospholipid fat-
ty acid composition and eicosanoid production in vitre
and in vivo [12] and to reduce urine calcium and oxalate
excretion [6]; (4) nephrolithiasis is rare in Eskimos [4].

Several study designs may account for the results of
the fish oil supplementation trial that showed a reduction
in the excretion of urinary calcium and oxalate. Clinical
and experimental investigations seem to underline the
important role of fatty acids in the pathogenesis of hypet-
calciuria, a well-known risk factor for lithogenesis [13].
None of these studies used a placebo-controlled design to
ensure that fish oil, rather than changes in the diet, ac-
counted for the difference observed in urine composition
[6, 8]. Although our clinical study showed that EPA
caused long-term reduction of urinary calcium excretion
in those with hypercalciuria [8], we did not examine the
resistance effect of EPA on clinical stone recurrence with
the control study. In this study, we examined the preven-
tive effect of EPA toward stone recurrence, compared to
the duration without EPA administration as the control.
In this study, administration of EPA reduced urinary cal-
cium excretion, but not significantly. It is suggested that
appropriate selection of patients is not limited to those
with hypercalciuria and the number of patients is not ex-
tensive.

References

Recently, a prospective study using a food-frequency
questionnaire was reported by Taylor et al. in which the
intake of n-3 fatty acid reduced the stone recurrence [14].
However, their study could not indicate that the increased
intake of dietary n-3 PUFAs reduced the risk of kidney
stone formation. They were unable to rule out the possi-
bility that very high doses of n-3 fatty acids in the form
of fish oil supplements provided some benefit. Our study
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