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Abstract

Objective: To elucidate whether leptin is involved in the
etiology of female colorectal cancer. Methods: A case-
control study nested in the Japan Collaborative Cohort
Study. We compared serum leptin levels in 58 cases of
female colorectal cancer with those in 145 controls
matched for study area and age. Data were analyzed us-
ing a conditional logistic regression model with adjust-
ments for known risk factors for the development of
colorectal cancer. Quintile cutoff points were determined
on the distribution of leptin levels in cases and controls
combined. Results: Serum geometric mean levels of
leptin were 6.88 ng/ml in cases and 6.00 ng/m! in con-
trols. The odds ratios of female colorectal cancer risk

were 1.40 (95% confidence interval, Cl: 0.41-4.78) for the
category of the second and third quintiles combined, and
4.84 (Cl: 1.29-18.1} for the category of the fourth and fifth
quintiles combined relative to the first quintile after ad-
justment for body mass index {BMI), life-style factors,
reproductive factors, and hormonal variables including
insulin-like growth factor and its binding protein. Conclu-
sion: Our results suggest that leptin most likely increas-
es the risk of female colorectal cancer substantially inde-
pendent of BMI.

Copyright © 2005 S. Karger AG, Basel

introduction

Leptin, the adipocyte-derived hormone, regulates sa-
tiety and energy expenditure by carrying information to
the brain concerning the size of energy stores [1]. Circu-
lating levels of leptin are elevated in obesity [2] and are
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increased by high-energy food intake [3]. Leptin is also
implicated in the regulation and function of reproductive
hormones [4-6], and circulating leptin levels have been
negatively associated with smoking and positively associ-
ated with alcohol intake [7]. Furthermore, leptin has been
shown to regulate growth hormone (GH) secretion [8],
and serum leptin has been negatively associated with cir-
culating insulin-like growth factor-I (IGF-1)/IGF-binding
protein-3 (IGFBP-3) ratio in normal and growth-hor-
mone-deficient humans {9].

The disorders associated with insulin resistance syn-
drome, obesity [10] and hyperinsulinemia [11], and re-
productive factors such as parity, age at menarche, and
menopausal status [12, 13] are implicated in the etiology
of female colorectal cancer. IGFs and their binding pro-
tein, IGFBP-3, also play an important role in the patho-
genesis of colorectal cancer [14-16]. Recent experimental
studies have shown that leptin stimulates the prolifera-
tion and invasiveness of human colon cancer cells [17-
20]. In view of these data, the possibility exists that leptin
might be directly related to the etiology of female colorec-
tal cancer by underlying the associations between the
above risk factors and colorectal cancer.

Therefore, we have conducted a nested case-control
study among Japanese women to assess the role of leptin
in relation to female colorectal cancer after adjusting for
potential confounding effects, including body mass index
(BMI), life-style factors, reproductive factors, and IGFs
and their binding protein.

Subjects and Methods

Study Population and Serum Sample

We conducted a nested case-control study as a part of the Japan
Collaborative Cohort (JACC) Study sponsored by the Monbu-
kagakusho (the Ministry of Education, Culture, Sports, Science and
Technology of Japan). The details of the JACC study are described
elsewhere [21]. Briefly, our study was initiated in 1988, and enroll-
ment continued until the end of 1990. A total of 45 areas were in-
volved in this prospective study, and 127,477 apparently healthy
inhabitants of these areas were enrolled upon completion of the
questionnaire. Among them, 110,792 (46,465 men and 64,327
women), aged 40-79 years, were followed up. Of the 64,327 women,
38,7201lived in 24 study areas where cancer registries were available.
In addition to filling out the questionnaire, the participants who
lived in the area where health check-ups were conducted, were asked
to donate fasting blood samples during the same period as the ques-
tionnaire survey. Eventually, 16,070 women (41.5% of 38,720 fe-
male respondents to the questionnaire survey) provided blood sam-
ples. Sera were separated from the samples as soon as possible. Each
serum was separated into three to five tubes (100-500 ul per tube)
and stored in deep freezers at ~80°C until analyzed.

Leptin and the Female Colorectal Cancer
Risk

Informed consent was obtained from all participants. The pres-
ent study protocol was approved by the Ethics Committee of the
Fujita Health University, Toyoake, Japan.

Case Identification and Control Selection

We used population registries in local municipalities to deter-
mine the vital and residential status of the subjects. Registration of
death is required by the-Family Registration Law in Japan and is
enforced nationwide. For logistical reasons, we discontinued the
follow-up of subjects who had moved out of their study areas.

Diagnosis of colorectal cancer was defined by the C18, C19, and
C20 codes in the International Statistical Classification of Diseases
and Related Health Problems, 10th Revision. We ascertained the
incidence of cancer by consulting the records of population-based
cancer registries, supplemented by a systematic review of death
certificates. In some areas, medical records of major local hospitals
were also reviewed. The follow-up was conducted from the time of
the baseline survey through the end of 1997 except for three areas
where it ended in 1994, 1995, and 1996. The incidence/death ratio
for female colorectal cancer was 2.26 in the cohort covered by can-
cer registries. This figure is comparable with those in acceptably
accurate population-based cancer registries in Japan (1.89--3.70)
[22], indicating that a reasonably high proportion of female colorec-
tal cancer cases were identified.

During the mean follow-up of 7.9 years, 97 incident cases of
colorectal cancer were documented among the women who had
provided serum samples. Two or three controls for each case were
randomly selected from the subjects without incident cancer or a
previous history of any cancer by matching for sex, age, and study
area. Of 97 cases, 32 were excluded because of insufficient samples
for measurement. We excluded 7 more because appropriate con-
trols were not available. Finally, 58 cases of female colorectal can-
cer (including 44 cases of colon cancer) and 145 controls were in-
volved in the present analysis.

Biochemical Analysis

All samples were analyzed at a single laboratory by the trained
staff blinded to the case-control status. Serum leptin concentrations
were determined by an immunometric sandwich enzyme immuno-
assay (Cayman) that permits leptin measurements within the range
of 1-50 ng/ml, typically with a detection limit of 1 ng/ml. The in-
ter-assay coefficient of variation (CV) was 8.5% and the intra-assay
CV range was 2.3-6.1%. There were no significant differences in
the means of leptin levels among study areas.

Serum levels of IGF-I, IGF-II, and IGFBP-3 were measured by
immunoradiometric assay, using commercially available kits (Dai-
ichi). Serum insulin was quantitated by a two-step sandwich en-
zyme immunoassay (Eiken).

Statistical Analysis

Logarithmic transformation (In) with reduced skewness was
used for leptin concentrations. Geometric means and 95% confi-
dence intervals (Cls) of serum leptin levels are presented. Baseline
characteristics of cases and controls were compared by xz test and
two-way analysis of variance (ANOVA) allowing for the matching.
The cross-sectional relationships among study variables were ex-
amined by the Spearman correlation coefficient. Odds ratios (ORs)
and 95% CI for disease were calculated using conditional logistic
regression by quintile of leptin levels, matching for age and study
area. Quintile cutoff points were determined on the distribution of
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Table 1. Baseline characteristics for excluded and study cases with colorectal cancer and control subjects

Excluded cases pvalue!  Study cases pvalue’  Controls
n % n % n %

Individuals 39 58 145
Age

40-49 years 0 4 6.9 10 6.9

50-59 years 8 20.5 0.09 20 345 0.99 50 345

60-69 years 19 48.7 24 41.4 64 42.1

70-79 years 12 30.8 10 17.2 24 16.6
BMI at baseline

<22 kg/m? 15 38.5 23 39.7 51 35.2

22-25 kg/m? 10 25.6 0.53 21 36.2 0.33 45 31.0

225 kg/m? 12 30.8 11 19.0 45 31.0

Unknown 2 5.1 3 5.2 4 2.8
Smoking status

Nonsmoker or ever smoker 32 82.1 ) 52 89.7 130 89.7

Current smoker 1 2.6 0.40 2 34 0.57 2 14

Unknown 6 154 4 6.9 13 9.0
Alcohol drinking status

Nondrinker or ever drinker 27 69.2 45 77.6 117 80.7

Current drinker 8 20.5 0.65 9 15.5 0.56 23 15.9

Unknown 4 10.3 4 6.9 5 3.4
Exercise

Seldom 24 61.5 34 58.6 89 61.4

= 1-2 h/week 14 35.9 0.10 15 25.9 0.78 31 21.4

Unknown 1 2.6 9 15.5 25 17.2
Consumption of beef

=<2 times/month 18 46.2 15 25.9 40 27.6

1-2 times/week 7 17.9 0.21 17 29.3 0.91 42 29.0

=3 times/week 7 17.9 14 24.1 29 20.0

Unknown 7 17.9 12 20.7 34 23.4
Consumption of green leafy vegetables

=2 times/month 7 17.9 4 6.9 6 4.1

1-2 times/week 9 23.1 0.12 9 15.5 0.22 40 27.6

=3 times/week 20 51.3 33 56.9 79 54.5

Unknown 3 7.7 "12 20.7 20 13.8
Family history of colorectal cancer

Yes 4 10.3 0.34 3 5.2 0.69 5 3.4

No 35 89.7 55 94.8 140 96.6
Parity

0-1 5 12.8 6 10.3 7 4.8

2-3 21 53.8 0.61 39 67.2 0.18 91 62.8

=4 9 23.1 9 15.5 40 27.6

Unknown 4 10.3 4 6.9 7 4.8
Age at menarche

=13 years 5 12.8 8 13.8 26 17.9

14-15 years 9 23.1 0.13 26 44.8 0.79 58 40.0

= 16 years 23 59.0 21 36.2 56 38.6

Unknown 2 5.1 3 5.2 5 3.4
Menopause

Yes 36 92.3 0.88 54 93.1 0.78 132 91.0

No 3 7.7 4 6.9 13 9.0
Leptin levels, ng/m! (geometric mean and 95% CI) 6.88 (5.84-8.12) 0.21 6.00 (5.32-6.77)

! p for difference between excluded and available cases.
2 p for difference between available cases and controls.
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leptin levels in controls. Since the analysis of leptin consistently
showed similar ORs for quintiles 2 and 3 and quintiles 4 and 3,
these quintiles were analyzed in combination. In multivariate anal-
ysis, further adjustments were made for smoking status (never or
ever, current), alcohol consumption (never or ever, current), exer-
cise: ‘How often do you engage in exercise or sport per week? (= 1-
2 h, seldom), green leafy vegetable intake (<2 times/month, 1-2
times/week, =3 times/week), beef intake (=<2 times/month, 1-2
times/week, = 3 times/week), family history of colorectal cancer in
parents and/or siblings (yes, no), BMI (weight in kilograms/height
in meters squared: <22, 22-25, =25 kg/mz), parity (0-1, 2-3, =4
times), age at menarche (<13, 14-15, = 16 years), and menopaus-
al status (yes, no). Both BMI and parity were categorized according
to the results of our previous studies [10, 23]. As hormone replace-
ment therapy was not popular at baseline (in 1988) in Japan, the
questionnaire on hormone replacement therapy was not included
in our study. Using additional multivariate analysis, insulin, IGF-
1, IGF-II, and IGFBP-3 were adjusted as continuous variables.
These variables were assessed by the baseline questionnaire or us-
ing serum samples, and were selected as covariates since they were
known or suspected to modify the risk of female colorectal cancer.
Missing values for categorical variables were treated as a separated
category in the anatysis, whereas missing continuous values in the
logistic regression analysis were replaced by the mean value repre-
senting each reference. To test for linear trends in ORs over quin-
tiles combined into three categories, we coded them as 1, 2, and 3,
and then incorporated the coded number into the logistic model as
a single variable. All calculations were made with the statistical
program SPSS (version 10.0; SPSS, Chicago, I1l., USA). All p values
were based on two-sided tests in which p < 0.05 was considered
statistically significant.

Results

The distributions of the 39 excluded cases, the 58
study cases, and the 145 controls by age, potential colorec-
tal cancer risk factors, reproductive factors and serum
leptin levels are shown in table 1. There were no signifi-
cant differences between excluded and study cases in
these variables. No significant differences between cases
and controls were observed, too. The controls were likely
to have higher but non-significant BMI than study cases.
The controls seemed to show less parity in agreement with
the risk profile for colorectal cancer. The geometric mean
level of leptin was 6.88 ng/ml among cases and 6.00 ng/ml
among controls.

Since blood samples had been collected before diagno-
sis, we combined the data of cases and controls for an
analysis of interrelationships between leptin and other
variables (table 2). Serum leptin was correlated to factors
associated with the insulin resistance syndrome, i.e. BMI
and serum insulin level. Serum leptin was also correlated
to IGF-I and IGFBP-3 but not to IGF-11.

Leptin and the Female Colorectal Cancer
Risk

Table 2. Spearman correlation coefficients
between leptin and selected variables

Variable Correlation  p value
coefficients
Age 0.04 0.62
BMI 0.42 <0.01
Parity 0.10 0.18
Age at baseline -0.05 0.51
Insulin 0.26 <0.01
IGF-I 0.16 0.03
IGF-II 0.10 0.17
IGFBP-3 0.24 <0.01

Table 3 presents the above-mentioned variables by
leptin quintiles. BMI values increased significantly with
increasing levels of leptin. There were no significant dif-
ferences in other variables by leptin quintiles.

In logistic regression analysis, the unadjusted ORs of
colorectal cancer and 95% Cls according to the tertiles of
leptin were 1.0, 0.80 (95% CI: 0.34-1.87),and 1.58 (0.78-
3.31) (p for trend = 0.175). The unadjusted ORs by the
quintiles of leptin were 1.0, 1.38 (95% CI: 0.47-4.10),
0.95 (0.31-2.92), 2.66 (0.99-7.20), and 1.87 (0.69-5.12)
(p for trend = 0.08). Since similar ORs were seen for quin-
tiles 2 and 3 and quintiles 4 and 5, these quintiles were
combined into two groups (Q_3, Q4_s)-

The ORs, compared to Q;, were 1.16 (0.44-3.05) for
Q,_; and 2.07 (0.83-5.18) for Q4_s (p for trend = 0.060;
table 4). Simultaneous adjustments for BMI at baseline,
potential colorectal cancer risk factors, and reproductive
factors strengthened the association of colorectal cancer
risk with elevated leptin levels. Further adjustments for
insulin, IGF-1, IGF-11, and IGFBP-3 did not change the
association. As the association of colorectal cancer risk
with elevated leptin levels was affected by BMI at base-
line, we calculated the ORs, stratified by BMI 25 kg/m?.
The ORs adjusted for BMI compared to Q1 were 0.74
(0.15-3.78) for Q,_3 and 2.20 (0.42-11.8) for Q4_s (p for
trend = 0.099) among subjects with BMI <25 kg/m? and
the respective ORs were 1.54 (0.26-9.02) and 3.15 (0.44~
22.5) (p for trend = 0.021) among subjects with BMI
=25 kg/m?. The association almost showed the same
trend although a significant trend was observed among
subjects with BMI =25 kg/m?. Furthermore, after adjust-
ment for continuous BMI at baseline instead of categori-
cal variable, the association of colorectal cancer risk with
elevated leptin levels as above mentioned did not
change.
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Table 3. Age, BMI at baseline, life-style factors, and reproductive factors for quintiles of serum leptin levels

Qi Q2 Q3 Q4 Q5 p value
n % n % n % n % n %
Range of leptin levels, ng/ml 1.0-3.4 3.5-5.3 5.4-7.5 7.6-11.5 11.7-28.0
Individuals 37 . 38 37 48 43
Age 60.7+1.35 62.1+1.33 63.6x1.35 61.4%1.18 61.9%1.25 0.65
40-49 years 4 10.8 1 2.6 3 8.1 4 8.3 2 47 0.28
50-59 years 16 43.2 14 36.8 6 16.2 17 354 17 39.5
60-69 years 9 24.3 18 47.4 19 514 22 45.8 17 395
70-179 years 8 21.6 5 13.2 9 243 S 10.4 7 16.3
BMI at baseline 21.6+0.43 21.6+0.42 23.7+0.43 23.7+0.38 25.0%+0.39 0.01
<22 kg/m? 21 56.8 20 52.6 13 35.1 13 27.1 7 16.3 0.01
22-25 kg/m? 10 27.0 15 395 11 29.7 14 29.2 16 325
=25 kg/m? 5 13.5 2 53 11 29.7 19 39.6 56 27.6
Unknown 1 2.7 1 2.6 2 5.4 2 4.2 7 34
Smoking status
Nonsmoker or ever smoker 34 919 35 92.1 33 89.2 43 89.6 37 86.0 0.86
Current smoker 0 1 2.6 0 1 2.1 2 4.7
Unknown 3 8.1 3 53 4 10.8 4 8.3 4 9.3
Alcohol drinking status
Nondrinker or ever drinker 30 81.1 31 81.6 29 78.4 36 75.0 36 83.7 0.79
Current drinker 5 13.5 7 18.4 5 13.5 9 18.8 6 14.0
Unknown 2 5.4 0.00 3 8.1 3 6.3 1 2.3
Exercise
Seldom 24 64.9 21 55.3 21 56.8 27 56.3 30 69.8 0.57
=1-2 h/week 10 27.0 10 26.3 7 18.9 13 27.1 6 14.0
Unknown 3 8.1 7 18.4 9 243 8 16.7 7 16.3
Consumption of beef
=<2 times/month 10 27.0 13 34.2 10 27.0 10 20.8 12 27.9 0.91
1-2 times/week 11 29.7 11 289 9 24.3 15 31.3 13 30.2
=3 times/week 8 21.6 4 10.5 9 243 14 29.2 8 18.6
Unknown 8 21.6 10 26.3 9 24.3 9 18.8 10 227
Consumption of green leafy vegetables
=2 times/month 2 5.4 1 2.6 4 10.8 2 4.2 1 2.3 0.91
1-2 times/week 9 243 7 184 9 24.3 12 25.0 12 27.9
=3 times/week 22 59.5 23 60.5 18 48.6 27 56.3 22 51.2
Unknown 4 10.8 7 18.4 6 16.2 7 14.6 8 18.6
Family history of colorectal cancer
Yes 1 2.7 2 5.3 2 5.4 1 2.1 2 4.7 0.91
No 36 97.3 36 94.7 35 94.6 47 97.9 41 95.3
Parity 2.96+£0.20 2.67x0.21 3.35+£0.20 3.16+0.18 3.03+0.18 0.08
0-1 3 8.1 5 13.2 2 5.4 1 2.1 2 4.7 0.38
2-3 27 73.0 22 57.9 21 56.8 30 62.5 30 69.8
=4 7 18.9 7 18.4 11 29.7 14 29.2 10 233
Unknown 0 4 10.5 3 3.1 3 6.3 1 2.3
Age at menarche 14.9+0.26 15.6%£0.26 15.5£0.25 15.0£0.23 14.8+0.24 0.24
=13 years 8 21.6 4 10.5 6 16.2 8 16.7 8 18.6 0.69
14-15 years 14 37.8 16 42.1 12 32.4 24 50.0 18 41.9
=16 years 14 37.8 16 42.1 19 514 13 27.1 15 34.9
Unknown 1 2.7 2 53 0 3 6.3 2 4.7
Menopause
Yes 32 86.5 35 92.1 35 94.6 44 91.7 40 93.0 0.77
No 5 13.5 3 79 2 5.4 4 8.3 3 7.0

We also performed the same analysis using 45 colon
cancer cases and 114 matched controls. The BMI-ad-
justed ORs for Q,_3 and Q,_s relative to Q were 0.86
(0.29-2.59) and 1.99 (0.64-6.16), respectively (p for
trend = 0.12). Moreover, among postmenopausal wom-
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en (54 colorectal cancer cases and 128 matched con-
trols), the ORs of colorectal cancer, compared to Q,
were 1.37 (0.45-4.14) for Q,_3 and 3.35 (1.07-10.5) for
Q45 (p for trend = 0.016). However, we were unable to
elucidate either the association of elevated leptin levels
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Table 4. ORs of colorectal cancer for quintiles of serum leptin levels

Q1

Q2 Q3 Q4 Q5 p for trend

Cases/controls 8/29 10/28 8/29 18/30 14/29

OR (95% CI)! 1.00 1.38 (0.47-4.10) 0.95(0.31-2.92) 2.22 (0.83-5.97) 1.90 (0.67-5.35) 0.11
OR (95% CIY? 1.00 1.29 (0.42-3.90) 1.20 (0.37-3.91) 3.31(1.13-9.71) 2.84 (0.92-8.77) 0.02
OR (95% CIy? 1.00 1.79 (0.49-6.53) 1.56 (0.40-6.18) 4,90 (1.33-18.1) 3.94 (1.04-14.9) 0.02
OR (95% CI)* 1.00 1.35 (0.34-5.34) 1.47 (0.34-6.30) 5.07 (1.23-21.0) 4.58 (1.09-20.2) 0.02
OR (95% CI)! 1.00 1.16 (0.44-3.05) 2.07 (0.83-5.18) 0.06
OR (95% CI)? 1.00 1.25 (0.46-3.39) 3.12 (1.15-8.47) <0.01
OR (95% CI)? 1.00 1.68 (0.53-5.30) 4.50(1.36-14.8) <0.01
OR (95% CD* 1.00 1.40 (0.41-4.78) 4.84(1.29-18.1) 0.01

Since similar ORs were seen for quintiles 2 and 3 and quintiles 4 and 5, these quintiles were combined into two groups.
! Conditional logistic regression analyses were matched for age and study area.

2 additionally adjusted for BMI at baseline.

3 Additionally adjusted for smoking status, alcohol consumption, exercise, beef intake, green leafy vegetable intake, family history of

colon cancer, parity, age at menarche, and menopausal status.
4 Additionally adjusted for insulin, IGF-1, IGF-11, and IGFBP-3.

with rectal cancer risk or the risk factors for colorectal
cancer among premenopausal women due to the small
number of cases.

Discussion

This study is the first nested case-control study report-
ing a significant increase in the risk of female colorectal
cancer with increasing serum levels of leptin. To date, two
other case-control studies have been published on the
possible association between leptin and colorectal cancer
[24, 25]. However, those studies found such an associa-
tion among men but not among women.

A complex relationship existed between leptin and the
identified or suggested risk factors of female colorectal
cancer in the background of our study. Leptin is an adi-
pocyte-secreted protein, the circulating levels of which
reflect the amount of energy stored in adipose tissue, thus
accounting for the elevated leptin levels in obese humans
[2]. Although leptin has been viewed as the hormonal sig-
nal for the regulation of energy homeostasis as mentioned
above, there is much evidence to suggest that leptin plays
a broader physiological role. Leptin regulates several neu-
roendocrine axes, some of which play important roles in
the pathogenesis of female colorectal cancer, and it has
been implicated in the reproductive function of women.
Increasing leptin levels may also signal the onset of pu-
berty in girls [6]. The pulsatile secretion of leptin is also

Leptin and the Female Colorectal Cancer
Risk

synchronous with the pulsatility of luteinizing hormone
and estradiol in normal women [5]. Leptin production
may differ with menopausal status [26]. In addition,
leptin has been shown to regulate GH secretion and has
been associated with circulating IGF-I and IGFBP-3 lev-
els in normal and GH-deficient humans [9]. Finally, se-
rum leptin levels have been associated with certain life-
style factors, such as smoking and alcohol consumption
[7].

Interestingly, the above endocrine axes (IGF-1, IGF-1],
and IGFBP-3), life-style factors (smoking and alcohol
consumption), reproductive factors (parity, age at men-
arche, and menopausal status) have also been implicated
in the pathogenesis of female colorectal cancer. In view
of the above evidence, taken as a whole, we hypothesized
that leptin may explain the association between those
identified risk factors and female colorectal cancer risk or
may provide a link between both. In the present study,
we found that elevated leptin levels were significantly as-
sociated with the risk of colorectal cancer independent of
the potential risk factors, and that the association became
stronger with the number of covariates. These results ap-
pear to support our hypothesis.

Several recent studies have reported that leptin can
directly stimulate tumor development in several types of
cells [17-20]. Leptin receptors have also been demon-
strated in human colon cancer cell lines and in specimens
of human colonic tumors [21, 22]. In vitro, leptin stimu-
lated the proliferation and invasiveness of human colon
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cancer cells [17-19]. In vivo, cell proliferation increased
in the colon of mice by the administration of leptin [17,
19]. Leptin has also been demonstrated to induce angio-
genesis [20]. These functions of leptin may explain in part
the mechanisms underlying the independent association
of elevated leptin levels with the risk of colorectal cancer
in females.

It s interesting to note that our study showed a distinct
threshold effect for the impact of leptin on the colorectal
cancer risk. The OR for Q,4_s rose remarkably. This phe-
nomenon has been demonstrated in previous studies
on the association between leptin and colorectal [19]
and prostate cancer [27]. The subjects in Q4 and Q5
showed high BMIs, with a mean of 23.7 kg/m? in Q4 and
25.0 kg/m? in Q5. It has also been reported that obesity
was associated with decreasing levels of the circulating
soluble leptin receptors in humans [28]. Speculatively,
the fact that levels of circulating free leptin, which is not
bound to soluble leptin receptors and is biologically ac-
tive, may increase dramatically among Q4-Q5 subjects
may explain the above-mentioned phenomenon.

There are both strengths and limitations in our study.
The former include its prospective design. Both the sub-
jects’ serum and data on exposure were collected before
diagnosis and prior to any colorectal cancer deaths, which
could preclude the effect of cancer on leptin secretion.
Moreover, since we collected data on exposures to the
many kinds of factors known or suspected to modify the
risk of colorectal cancer including insulin and IGFs, we
could elucidate the independent effects of leptin by mul-
tivariate adjustment. One limitation of this study lies in
the absence of information on the specific subsites of ori-
gin in the large bowel, since one study has suggested that
the influence of leptin should be either greater or restrict-
ed to the right side of the large bowel. Secondly, the fre-
quency of missing values in some variables was high since
the questionnaires were a little different among study ar-
eas. Therefore, we could not help replacing missing values
with means of non-missing values or including these sub-
Jects into separate categories. Thirdly, since the study co-
hort comprised exclusively Japanese women, our results
may not apply to occidental women with a high BMI; one
previous study reported no association between leptin and
the colorectal cancer risk among occidental women [23].
Finally, it remains unclear whether leptin levels at base-
Iine reflect its levels over the mean 7.9 follow-up years.

In conclusion, this prospective study demonstrated
that elevated leptin levels were associated with the risk of
female colorectal cancer. That association remained after
further adjustments for potential risk factors. These re-

460 Oncology 2005;68:454-461

sults suggest that leptin may substantially increase the
risk of female colorectal cancer. However, the possibility
remains that leptin may also be a vigorous marker of oth-
er obesity-related hormonal disorders or yet unidentified
risk factors.
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Association of Serum Carotenoid Concentration and Dietary Habits among the

JACC Study Subjects

Kotaro Ozasa," Yoshinori lto,* Koji Suzuki,? Yoshiyuki Watanabe,' Kenji Wakai,® and
Akiko Tamakoshi* for the JACC Study Group

BACKGROUND: We wished to determine the validity of the association between serurn carotenoid con-
centrations and dietary habits obtained from a food frequency questionnaire in the Japan Collaborative
Cohort Study (JACC Study) for Evaluation of Cancer Risk sponsored by the Ministry of Education,
Science, Sports and Culture of Japan (Monbusho).

METHODS: The subjects were 866 male and 569 female controls in nested case-control studies for
evaluating the risk of lung, colorectal, and urothelial cancers as parts of the JACC Study. Dietary habits
were assessed using a food frequency questionnaire, and serum samples were obtained at baseline.
Serum carotenoid concentrations of frozen-stored sera were measured and compared with the results
of the survey.

RESULTS: In males, consumption of dairy products, some oily foods, vegetables, fruits, and boiled
beans correlated positively with serum carotenoid concentrations, whereas ingestion of boiled rice and
sansai (edible wild plants) was negatively correlated with serum carotencids. in females, only fruit con-
sumption was positively correlated with serum carotenoid concentration, whereas ingestion of butter,
sansai, and potatoes were negatively correlated. Some specific associations, between serum lycopene
and tomato consumption and between serum A -cryptoxanthin and ingestion of oranges, were
observed in both sexes.

CONCLUSIONS: In males, serum carotenoid concentrations were slightly associated with intake of
foods rich in carotencids. The lack of associations in females suggests that the food frequency ques-
tionnaire did not validly evaluate females' dietary habits concerning carotenoids in the JACC Study.

J Epidemiol 2005; 15: $220-5227.
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Carotenoids are contained in various vegetables and fruits, espe-
cially those colored deep green, yellow, or red. The concentration
of some carotenoids is especially high in certain vegetables or

fruits, for example, lycopene in tomatoes and cryptoxanthin in
' oranges.' Carotenoids are thought to have anti-carcinogenic prop-
erties, which are associated with their anti-oxidant activity as well
as other mechanisms.” Studies in cancer epidemiology have

revealed associations between carotenoid intake or serum concen-
tration and cancer risk.

Epidemiologic studies of the risk of chronic diseases such as
cancer typically evaluate the risks associated with long-term, sta-
ble lifestyles. Many of these studies use questionnaires to deter-
mine the average conditions over long periods of time prior to
having the target illness. Serum concentrations of nutrients or
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other constituents at baseline are not good determinants of the
average concentration over time, but are merely snapshots taken
at a single time point. For example, data from a single ingestion
of f3-carotene showed that its half life was about 10 days,’ sug-
gesting that serum carotenoid concentrations reflect their intake in
daily life. To assess the validity of questionnaire surveys, howev-
er, it is necessary to compare their results with those from serum
measurements.**

During the Japan Collaborative Cohort Study (JACC Study) for
Evaluation of Cancer Risk sponsored by the Ministry of
Education, Science, Sports and Culture of Japan (Monbusho), a
food frequency questionnaire was used to assess dietary habits of
the subjects al baseline survey. In addition, blood samples were
collected from all subjects at baseline,” and serum concentrations
of carotenoids were measured to evaluate cancer risk at lung,®
colon and rectum,’ and urothelial system (pelvis, ureter, and blad-
der)." To validate these results, we have compared serum
carotenoid concentrations with dietary habits in a sample set of
the JACC Study.

METHODS

The subjects of this study were 866 male (mean % standard
deviation of age, 64.4 3 8.3 years) and 569 female (mean £ SD
of age, 64.0 & 8.3 years) controls in nested case-control studies,
conducted as parts of the JACC Study, which examined the risks
of lung, colorectal, and urothelial cancers related to serum
carotenoid concentrations. Their dietary habits were surveyed
from 1988 to 1990 using a self-administered food frequency ques-
tionnaire, in which the subjects indicated their average consump-
tion of 32 food items (beef, pork, ham and sausage, chicken, liver,
egg, milk, yogurt, cheese, butter, margarine, fried food, fried veg-
etables, fish (unprocessed), boiled fish paste (‘kamaboko' in
Japanese), dried or salted fish, green-leaf vegetables, carrots and
squash, tomatoes, cabbage and lettuce, Chinese cabbage, edible
wild plants (‘sansai’), mushroom, potatoes, seaweed, pickles, food
boiled down in soy sauce (‘tsukudani'), boiled beans, tofu,
oranges, fruits other than oranges, and fruit juice). Subjects indi-
cated frequency of consumption as scarcely, 1-2 times a month, 1-
2 times a week, 3-4 times a week, and almost every day. Boiled
rice was evaluated as the number of bowls consumed per day.
Consumption of miso soup was evaluated as scarcely, a few times
per month, every other day, almost every day, with the latter indi-
cating the number of bowls consumed.

The subjects donated blood samples at health-screening checks
sponsored by municipalities during the same time period as the
questionnaire survey. As soon as possible after blood drawing,
serum was separated at laboratories in or near the municipalities
and stored at -80°C until analyzed. Individual written or oral con-
sent, or consent from community representatives, was obtained
for the subjects, or a poster notification/opting-out system was
applied.” The Ethical Boards of the Nagoya University School of
Medicine, Fujita Health University, and the Kyoto Prefectural

S-221

University of Medicine approved this study.

We assayed serum concentrations of carotenoids by high-per-
formance liquid chromatography (HPLC)." Because we did not
separately measure serum zeaxanthin and lutein, we recorded
their combined levels as zeaxanthin/lutein. The total carotene
concentration was recorded as the sum of « - and f3 -carotenes
and lycopene; total xanthophyll concentration was recorded as the
sum of [ -cryptoxanthin, canthaxanthin and zeaxanthin/lutein.
Total carotenoid concentration was calculated as total carotenes
plus total xanthophylls. Serum concentrations of total cholesterol
were assayed at the SRL Laboratory (Hachioji, Japan) in 2001-
2003.

Associations between serum carotenoid concentrations and
lifestyle, including dietary habits (frequency of food consump-
tion), smoking, and drinking, were evaluated using Spearman's
correlation coefficients (rs). Missing values for smoking and
drinking were treated as an additional category or replaced with
surrogate values to determine the rank used for adjustment.
Subjects who did not answer the question whether they were
smoking, quit smoking, or did not smoke were treated as a cate-
gory of ‘unknown smoking status.’ Their serum carotenoid con-
centrations were similar to those of non- or ex-smokers. For cur-
rent smokers who did not indicate the number of cigarettes con-
sumed per day, we assumed that males smoked 18.9 and females
smoked 11.4 cigarettes, the mean numbers of cigarettes smoked
per day by each sex. Consequently, smoking was ranked in the

. order non-smokers, unknown smoking status, ex-smokers, and

current smokers, with the latter ranked by number of cigarettes
consumed per day. Of the 866 males, 396 were current smokers,
247 were ex-smokers, 192 were nonsmokers, and 31 were of
unknown smoking status. Of the 569 females, 16 were current
smokers, 14 were ex-smokers, 475 were nonsmokers, and 64 were
of unknown smoking status.

Alcohol drinking was treated in the same manner, with current
drinkers who did not indicate the amount of alcohol consumed per
day assigned their respective gender means (45 mL for males and
17 mL for females). Of the 866 males, 604 were current drinkers,
39 were ex-drinkers, 193 were nondrinkers, and 30 were of
unknown drinking status. Of the 569 females, 101 were current
drinkers, 7 were ex-drinkers, 419 were nondrinkers, and 42 were
of unknown drinking status.

RESULTS

The geometric means of serum carotenoid concentrations and
the back-transformed values of log-transformed mean = standard
deviation are shown by sex in Table 1. These concentrations were
generally higher in females. When we segregated serum
carotenoid concentrations by age, smoking, and drinking status,
we found that some carotenoids were sporadically correlated,
either positively or negatively, with age in both sexes. Almost all
the carotenoids were negatively correlated with smoking and
drinking in males, but not in females. Serum concentrations of
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carotenoids and total cholesterol were correlated in both sexes;
the range of rs was 0.23 to 0.34 for males and 0.19 to 0.38 for
females.

The association of serum concentrations of total carotenoids
and the frequency of intake of individual food items is shown in
Table 2. In males, ingestion of eggs, dairy products, some oily
foods, vegetables, fruits, and boiled beans were positively corre-
lated with serum concentrations of carotenoids, whereas boiled
rice and sansai were negatively correlated. In females, only intake
of fruits was positively correlated to serum concentration of total
carotenoids, whereas intake of butter, sansai, and potatoes was
negatively correlated. These tendencies remained after adjusting
for age, smoking, drinking, and serum concentration of total cho-

_lesterol (Table 2). After further adjustment for intake of oranges,
other fruits, green-leafy vegetables, carrots and squash, and toma-
toes, the positive correlation of serum carotenoid concentration
with intake of eggs and milk, and the negative correlation with
intake of sansai, still remained in males. In females, however,
there were negative correlations between serum carotenoid con-
centration and the intake of butter, fish, dried and salted fish, and
potatoes.

The associations between individual carotenoid concentrations
and food intake are shown in Table 3. Among males, intake of all
green-yellow vegetables and fruits on the list were correlated with

Serum Carotenoids and Diet

serum zeaxanthin/lutein concentration; intake of all fruits and
vegetables, except tomatoes, was correlated with serum « - and
3 -carotene concentrations; intake of fruits was correlated with
serum f3-cryptoxanthin concentration; and intake of tomatoes
and fruits was correlated with serum lycopene concentration.
Among females, however, most of these correlations were not
observed, except that intake of oranges was correlated with serum
B -cryptoxanthin concentration and intake of tomatoes with
serum lycopene concentration.

Smoking was negatively correlated with intake of eggs, milk,
some oily foods, green-yellow vegetables, fruits, and beans in
males, and with intake of miso soup, fried foods, fishes, some
green-yellow vegetables, potatoes, and tofu in females (Table 2}.
Drinking in males was negatively correlated with ingestion of
milk (rs = -0.10, p<0.01), boiled beans (rs = -0.10, p<0.01),
oranges (rs = -0.09, p<0.05), and fruits other than oranges (rs = -
0.10, p<0.01), but was positively correlated with intake of miso
soup (rs = 0.07, p<0.05), liver (rs = 0.10, p<0.05), cheese (rs =
0.07, p<0.05), and sansai (rs = 0.13, p<0.01). In females, drinking
was negatively correlated with intake of miso soup (rs = -0.09,
p<0.05), carrots and squash (rs = -0.09, p<0.05), and tofu (rs = -
0.09, p<0.05), and positively correlated with consumption of
cheese (rs = 0.09, p<0.05), butter (rs = 0.13, p<0.01), margarine
(rs=0.12, p<0.01), and fruit juice (rs = 0.13, p<0.01).

Table 1. Distribution of serum concentrations of carotenoids and vitamins, and Spearman's correlation coefficients with age and

smoking.
Spearman's correlation coefficients
Geometric means (4 M) and means £+ SD' Age Smoking * Alcoho! drinking *
Males (n=866) Females (n=569) Males Females Males Females Males Females
Zeaxanthin/lutein 091 052, 1.60 1.02  0.59,1.76 0.04 -0.00 -0.08" -0.03 0.01 -0.02
Canthaxanthin 0.03 0.01,0.05 0.03 0.02,0.05 0.0t  -0.09 -0.06+ -0.04 -0.06° 0.00
B -Cryptoxanthin 0.17  0.06,0.50 032 0.13,0.81 -0.02  -0.08 -0.15"  -0.02 -0.17"  0.05
Total xantophylis 1.18 0.66,2.12 1.46 0.83,2.57 0.02 -0.02 -0.12"  0.01 -0.04 0.00
«a -Carotene 0.05 0.02,0.13 0.09 0.04,0.19 0.02 -0.10r -0.13"  -0.00 -0.177 0.04
S -Carotene 032 011,097 0.64 0.26,1.55 0.08  -0.03 -0.177 -0.04 -0.217 0.00
Lycopene 0.11 0.04,033 0.20 0.08,052 -0.06°  -0.06 -0.08"  -0.0% 0117 0.01
Total carotenes 053 020,142 - 1.00 045,222 0.04 -0.06 -0.177  -0.05 -0.20" 0.0l
Total carotenoids 1.78  0.92,3.46 2.54 1.38,4.68 003  -0.04 -0.16"  -0.01 -0.127  0.01

** p<0.01, * p<0.05, + p<0.1
T : Backtransformation from log-transformed data

T : Smoking and drinking were ranked, and missing numbers were supplied, as described in Methods part.
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Table 2. Spearman’s correlation coefficients of foods with total carotenoids and smoking.

Total carotenoids’ Total carotenoids* Total carotenoids Smoking’

Males Females Males Females Males Females Males Females
Boiled rice -0.11 -0.04 -0.07 -0.04 -0.04 -0.03 -0.00 -0.07"
Miso soup -0.06* -0.06 -0.00 -0.03 -0.05 -0.02 -0.00 -0.13"
Beef -0.02 -0.04 -0.02 -0.07 -0.02 -0.10 0.06" 0.03
Pork 0.03 0.00 0.05 0.00 0.00 0.01 0.04 -0.08~
Ham and sausage 0.04 -0.05 0.04 -0.08* 0.00 -0.05 -0.02 -0.05
Chicken -0.02 0.05 -0.00 -0.01 -0.06 -0.02 -0.05 -0.08*
Liver -0.02 -0.02 0.01 -0.00 -0.01 -0.03 0.01 0.09+
Eggs 0.12" -0.00 0.127 0.01 0.10 -0.03 -0.07 -0.06
Milk 0.27" 0.07 0.20~ 0.04 0.16 0.05 -0.107 -0.05
Yogurt 0.15" 0.03 0.10 0.00 0.04 0.02 -0.06 0.05
Cheese 0.127 0.01 0.11~ -0.00 0.06 -0.00 -0.02 0.04
Butter } 0.07" -0.127 0.08 -0.12 0.04 -0.157 0.00 = -0.04°
Margarine 0.08 0.01 0.03 0.01 -0.01 0.00 -0.04 0.01
Fried foods 0.07 -0.03 0.06 -0.02 0.06 -0.05 -0.08 -0.13”
Fried vegetables 0.03 0.00 0.02 0.03 0.00 0.03 -0.13~ -0.06
Fish (unprocessed) -0.00 -0.05 -0.01 -0.08" -0.06 -0.14~ -0.04 -0.09°
Kamaboko* 0.06 -0.03 0.05 -0.00 0.00 -0.00 -0.05 -0.05
Dried or salted fish 0.02 - -0.05 0.04 -0.05 -0.00 -0.11 0.05 -0.09
Green-leafy vegetables 0.06 0.00 0.07 0.02 - - -0.11 -0.01
Carrots and squash 0.07 0.00 0.08 -0.01 - - -0.08 -0.15”
Tomatoes 0.08 0.05 0.10” 0.02 - - -0.05 -0.14~
Cabbage and lettuce 0.07 -0.01 0.02 -0.02 -0.06 -0.03 -0.06° -0.03
Chinese cabbage 0.08 -0.04 0.09 -0.01 0.00 -0.02 -0.06* 0.03
Sansai® -0.127 -0.10° -0.10” -0.07 -0.10° -0.09" -0.01 -0.01
Mushrooms 0.01 -0.01 0.01 0.01 -0.03 -0.01 0.00 0.00
Potatoes 0.03 -0.10° 0.01 -0.09’ -0.06 -0.13 -0.08 -0.13"
Seaweeds 0.03 0.01 0.06 0.02 -0.04 0.03 0.00 -0.03
Pickles -0.05 0.01 -0.02 0.04 -0.02 0.05 0.04 -0.06
Tsukudani'' -0.01 -0.02 0.00 -0.00 -0.01 0.00 -0.00 -0.06
Boiled beans 0.11~ -0.02 0.07° 0.02 0.02 0.00 -0.07 -0.02
Tofu -0.00 -0.07° 0.02 -0.07 -0.07* -0.06 0.00 -0.10°
Oranges 0.19" 0.03 0.15" 0.03 - - -0.127 0.02
Fruits other than oranges 0.19” 0.09° 0.10™ 0.04 - - -0.127 -0.07¢
Fruit juice 011 0.03 0.07 0.01 0.04 0.01 -0.09° 0.01

Analysis of 565-835males and 388-560 females.

** p<0.01, * p<0.05, + p<0.1

T : Crude correlation coefficients

T : Adjusted for age, smoking, drinking and serum concentration of total cholesterol.

§ : Adjusted for age, smoking, drinking, serum concentration of total cholesterol, and dietary intake of oranges, other fruits, green-leafy
vegetables, carrots and squash, and tomatoes.

#Boiled fish paste, "Edible wild plants,” ' Food boiled down in soy sauce
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DISCUSSION

This study was primarily designed to validate the food frequency
questionnaire and serum concentrations of carotenoids in the nest-
ed case-control studies as parts of the JACC Study *"® Controls of
those nested case-control studies were thought to represent the
general population of the JACC study, and adequate to the sample
set of this study. However, discussion applied in a different situa-
tion may be limited; e.g., most subjects of the JACC Study lived
in rural areas, where dietary habits may be different from those in
urban areas, subjects who donated blood samples were around
30% of whole respondents to the baseline questionnaire survey,
therefore, they may be more health-conscious.

Quantitative stability of carotenoids during long-term storage at
-80°C is reviewed in the previous paper;® briefly, decreases after
9 years of storage at -80°C were less than 15-20% for various
carotenoids, and those serum levels measured in the JACC Study
were comparable to those found in other studies in Japan.

In most comparisons of dietary intake of carotenoids and serum
carotenoid concentrations, the amount of each individual
carotenoid has been estimated using a semi-quantified food fre-
quency questionnaire and a nutrient database.** In the JACC
study, however, a simple food frequency questionnaire (without
portion size) for 32 food items was used. We therefore compared
serum carotenoid concentrations with frequency of food intake

" using five frequency levels, which may explain why Spearman's
correlation coefficients were generally low (0.2 or less) in our
study.

Serum carotenoid concentrations are lowered by smoking, a
decrease attributed to the presence of J -unsaturated aldehydes
and large numbers of free radicals in cigarette smoke.” Alcohol
drinking is also associated with decreased serum carotenoid con-
centrations.? In this study, we found that, in male subjects, both
smoking and drinking were negatively associated with the con-
centrations of most carotenoids. In female subjects, however,
these associations were generally not observed, probably a much
smaller percentage of females than males were smokers or
drinkers. Other factors affecting serum carotenoid concentrations
include those inhibiting the intestinal absorption of carotenoids or
coexistent lipid-like substances,? but these were generally not
evaluated in this study. In this study, serum total cholesterol con-
centration was used to adjust carotenoid concentrations because
lipoprotein fraction contains carotenoids and serum lipid fraction
affects serum carotenoid concentrations.

Smoking and alcohol drinking are usually associated with other
unfavorable lifestyle parameters, a finding confirmed in this study.
We found that smoking was negatively associated with the intake
of foods regarded in Japan as healthy, but the association between
drinking and the intake of these foods was weaker. Serum concen-
tration of total cholesterol could be correlated with serum
carotenoid concentrations, as well as with dietary habits. These
factors were therefore adjusted when evaluating the correlation
between dietary habits and serum carotenoid concentrations.

S-225

After adjusting for smoking, drinking, and serum concentration
of total cholesterol, the correlation between serum concentration
of total carotenoids and intake of various foods was slightly
changed in males. Among 192 nonsmoking males, there were
positive correlations between serum concentration of total
carotenoids and consumption of milk (rs = 0.24, p<0.01) and
tomatoes (rs = 0.18, p<0.05), and weaker correlations between
total carotenoids and intake of carrots and squash (s = 0.12,
p<0.1), oranges (rs = 0.09, p<0.1), and other fruits (rs = 0.04,
p<0.1) (data not shown). Although milk contains some
carotenoids, it is not regarded as directly associated with these
nutrients. Nevertheless, among nonsmokers, intake of milk
showed a higher association with serum carotenoid concentrations
than did foods rich in carotenoids. These results suggest that the
correlations adjusted for smoking, drinking, and total cholesterol
in Table 2 may still contain residual confounding.

Further adjustment for intake of green-yellow vegetables and
fruits, and for serum concentration of total cholesterol, was per-
formed to determine the true association between serum
carotenoid concentrations and foods, excluding those rich in
carotenoids. Positive correlations of serum concentration of total
carotenoids with intake of eggs and milk may be caused by con-
founding, although these foods contain some carotenoids. These
foods are regarded as healthy, and their intake may be related to
the intake of carotenoid-rich foods not surveyed in the question-'
naire. The negative correlations between carotenoid concentra-
tions and intake of sansai (edible wild plants) were not clearly
interpreted, although individuals who eat large amounts of sansai
may not eat sufficient vegetables.

Our finding of a lack of association between carotenoid con-
centrations and intake of green-yellow vegetables and fruit among
female subjects was somewhat surprising, inasmuch as it is gener-
ally thought that women can recall their dietary habits more easily
than men because women are more involved in food preparation
than are men. In the studies of lung cancer in the JACC Study,
consumption of green-yellow vegetables and fruits showed a clear
protective effect against lung cancer deaths in males, but not in
females.” In contrast, high serum carotenoid concentrations were
clearly associated with a decrease in the risk of lung cancer in
both sexes® and in females alone.” These findings suggest that the
food frequency questionnaire used in the JACC Study may not
have reflected the dietary habits of women, especially in foods
containing carotenoids.

There are several explanations for the poor correlations
between food intake and serum carotenoid concentrations in
females. First, each category in the questionnaire, such as green-
leafy vegetables, carrots and squash, and fruits other than oranges,
included the names of various kinds of foods. This may have led
to some confusion and inter-subject differences in filling out the
questionnaire. In addition, portion size was not surveyed. This
explanation may be probable because specific relationships
between tomatoes and lycopene, or oranges and f -cryptoxanthin
were observed even in females. A second possibility is that sub-
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jects may have answered the questionnaire in such a way as to
record what they thought their lifestyle should be, rather than
what it was. The survey questionnaire was administered to the
subjects to evaluate the association between lifestyle and illness,
and the survey was linked with health checkups in some study
areas. This possibility may be common among the subjects who
were strongly interested in their health. Third, carotenoids are bet-
ter absorbed when ingested with fat, and serum carotenoid con-
centrations correlate with serum lipid concentrations. Lipid
metabolism may be unstable in middle-aged or elderly women;
for example, serum cholesterol levels increase after menopause.
Thus, in these women, serum carotenoid concentrations may be
more affected by these lipid metabolic conditions than by dietary
intake.

In conclusion, we have shown here a slight association beiween
serum carotenoid concentrations and the intake of foods rich in
carotenoids in males. Associations with intake of eggs and milk
may be affected by confounding with foods rich in carotenoids
that were not evaluated in the questionnaire. In females, the asso-
ciations between serum carotenoid concentrations and intake of
foods rich in carotenoids were scarce, suggesting that the food
frequency questionnaire did not validly evaluate the dietary habits
of females in the JACC Study. We observed several specific asso-
ciations in both sexes, including those between serum 3 -cryptox-
anthin concentration and consumption of oranges, and between
serum lycopene concentration and ingestion of tomatoes.
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Association of Serum Phytoestrogen Concentration and Dietary Habits in a
Sample Set of the JACC Study

Kotaro Ozasa,' Masahiro Nakao,? Yoshiyuki Watanabe,' Kyohei Hayashi,' Tsuneharu Miki,?
Kazuya Mikami,* Mitsuru Mori,* Fumio Sakauchi,®* Masakazu Washio,® Yoshinori lto,* Koji Suzuki,*
Tatsuhiko Kubo,® Kenji Wakai,® and Akiko Tamakoshi 7 for the JACC Study Group

BACKGROUND: Phytoestrogens may be associated with a reduced risk of hormone dependent neo-
plasms such as prostate and breast cancers. We tried 1o determine the validity of the association
between serum phytoestrogen concentrations and dietary habits obtained from a food frequency ques-
tionnaire used in the Japan Collaborative Cohort Study (JACC Study) for Evaluation of Cancer Risk
sponsored by the Ministry of Education, Science, Sports and Culture of Japan (Monbusho).

METHODS: The subjects were 151 male controls who were selected for a nested case-control study for
evaluating prostate cancer risk as part of the JACC Study. Dietary habits were determined using a food
frequency questionnaire at baseline, and the concentrations of genistein, daidzein, and equol in frozen-
stored serum samples assayed in 2002 were compared.

RESULTS: Tofu intake showed a significant association with the serum concentrations of genistein and
daidzein (Spearman’s correlation coefficients (rs) =0.30 and 0.27, respectively), and miso soup showed
a slight association with serum concentrations of these phytoestrogens. In contrast, serum concentra-
tions of equol were not associated with dietary intake of tofu and miso soup. After adjustment for serum
daidzein concentration, serum equol concentration was associated with the intake of foods containing
fat, meat, and coffee, but not green tea.

CONCLUSIONS: Serum genistein and daidzein concentrations were significantly associated with
dietary intake of tofu, and slightly with intake of miso soup. Consumption of fat, meat, and coffee may
be associated with equol production by intestinal microflora in this sample set,

J Epidemiol 2005; 15: $196-202.

Key words: phytoestrogen, Isoflavones, Food Habits, validity, Cohort Studies.

Phytoestrogens are isoflavonoids and lignans of plant origin with such as soybeans may be associated with the low incidence of
estrogen-like activities that may be associated with a reduced risk prostate and breast cancers in Japan and other Asian countries. A
of hormone dependent neoplasms such as prostate and breast can- nested case-control study within the Japan Collaborative Cohort
cers.'” Consumption of large amounts of phytoestrogen-rich foods Study (JACC Study) for Evaluation of Cancer Risk sponsored by
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the Ministry of Education, Science, Sports and Culture of Japan
(Monbusho)® found that a high serum concentration of phytoestro-
gens was associated with a reduced risk of prostate cancer.*

Variables evaluated at baseline of a cohort study should reflect
the long-term condition of subjects. Turnover of phytoestrogens
in serum is thought to be relatively rapid, with half times of about
6-8 hours.’ The relationship between dietary intake of phytoestro-
gens and their serum concentrations should therefore be investi-
gated. In addition, equol, a strong phytoestrogen, is thought to be
produced from daidzein by intestinal microflora of particular indi-
viduals,? suggesting that the relationship between dietary intake of
daidzein and the serum concentration of equol should therefore be
examined to determine the dietary habits related to equol-produc-
ing ability.

We therefore examined the association between serum phytoe-
strogen concentrations and dietary habits obtained from a food
frequency questionnaire used in the baseline survey of the JACC
Study and tried to validate it. Additionally, some issues about
equol production were discussed.

METHODS

The subjects were 151 male controls who were selected for a
nested case-control study,® performed as part of the JACC Study,’
in which the risk of prostate cancer was related to serum phytoe-
strogen concentrations. The mean age of the subjects was 68.7
years old (range, 58 to 83 years).

Dietary habits of the subjects were surveyed using a self-
administered food frequency questionnaire at the baseline survey
of the JACC Study in 1988-90. Each subject indicated his average
frequency of consumption of 32 food items; beef, pork, ham and
sausage, chicken, liver, egg, milk, yogurt, cheese, butter, mar-
garine, fried food, fried vegetables, fish (unprocessed), boiled fish
paste (‘kamaboko' in Japanese), dried or salted fish, green-leaf
vegetables, carrots and squash, tomatoes, cabbage and lettuce,
Chinese cabbage, edible wild plants (‘'sansai’), mushroom, pota-
toes, seaweed, pickles, food boiled down in soy sauce, boiled
beans, tofu.(soybean curd), oranges, fruits other than oranges, and
fruit juice. There were five frequency categories: scarcely, 1-2
times a month, 1-2 times a week, 3-4 times a week, and almost
every day. Boiled rice was evaluated as the number of bowls con-
sumed per day. Miso soup consumption was re-categorized as
five levels: every other day or less, one bow! a day, two bowls a
day, three bowls a day, and four or more bowls a day. Beverages
such as coffee, tea, Japanese tea (including green tea, coarse tea
("ban-cha'), and roasted tea (‘hoji-cha')), and Chinese tea were
evaluated by frequency (scarcely, 1-2 times a month, 1-2 times a
week, 3-4 times a week, and almost every day), with the number
of cups a day recorded for those consuming these beverages
almost every day.

Each subject donated blood samples at health-screening checks
near the baseline survey.® Serum was obtained and stored at -80°C
until analyzed. Individual written or oral consent, or consent from
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community representatives, was obtained, or poster
notification/opting-out system was applied.®> The Ethical Boards
of Nagoya University School of Medicine and the Kyoto
Prefectural University of Medicine approved this study.

All serum samples were assayed at a single laboratory (SRL,
Hachioji, Japan) in 2002, with the staff blinded to case-control
status. Serum levels of daidzein, genistein, and equol were mea-
sured as described.® Briefly, each sample was hydrolyzed and
incubated overnight at 37°C with f -glucuronidase/sulfatase
(Nippon Biotest Laboratories Inc., Kokubunji, Japan) in acetate
buffer (pH 4.5). The dimethyl! ether extract of the sample was
dried under nitrogen flow and redissolved in a 2:1:3 mixture of
methanol, acetonitrile and water. Each sample was centrifuge-fil-
tered using Ultrafree-MC, 0.22 ux m pore size (Millipore,
Bedford, MA), and the concentrations of daidzein, genistein, and
equol were measured using an LC/MS/MS system (LC: HP1100
Series, Agilent Technologies, Palo Alto, CA, MS/MS: Quatiro-
Ultima, Micromass Ltd, Manchester, UK). The ionizing method
was electrospray using negative ions, and multiple reaction moni-
toring was used for mass analysis. Reference genistein, daidzein,
and equol were made by Extrasynthese S.A. (Genay Cedex,
France). For quality control, we determined the variation of mea-
surements for two samples. We found that the coefficients of vari-
ation (CV) were 6.5% and 7.5% for genistein, 6.9% and 8.2% for
daidzein, and 8.2% and 9.1% for equol. Equol-producers were
defined as subjects whose serum equol was detected (>6.9 nM) in
this study.

Geometric means of serum phytoestrogen concentrations were
compared with levels of food intake because concentrations of the
former were log-normally distributed. Pearson's correlation coef-
ficient (r) between serum phytoestrogen concentrations was cal-
culated for log-transformed values of moles per liter.

The association between serum phytoestrogen concentrations
and food intake was examined using Spearman's correlation coef-
ficients (rs) and regression coefficients (b), which were calculated
using integral numbers for food intake levels and log-transformed
data. We also attempted to estimate serum phytoestrogen concen-
tration by a multivariate regression model. . ‘

Geometric means of daidzein concentration between equol-pro-
ducers and nonequol-producers were compared using Student's t-
test, and their relationship to the intake of various foods was com-
pared by Wilcoxon's rank test. Food intake related to production
of equol was examined using Spearman's partial correlation coef-
ficients after adjustment for serum daidzein concentrations, with
serum equol concentration set at zero for nonequol-producers. We
assumed that p values less than 0.05 as statistically significant,
and also mentioned tendencies with p values less than 0.1 for dis-
cussion.

RESULTS

The geometric mean concentrations for all subjects were 368 nM
for genistein (mean = standard deviation of log-transformed
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