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TABLE 2. Hazard ratios for total cancer incidence according to daily total physical activity level (n = 79,771), Japan Public Health

Center-based Prospective Study, 1995-2004

Quartile of physical No.of Pemon Total mmmw
o METsoiany oormy SUblects N o HR1*t swcCl HR2E 95%C MO iR sswol KRR 9s% O
cases cases
Men (n = 37.898) (n = 2,704) (n = 1,804)
Lowest 12,966 92421 ©21 1.00 Reference 1.00 Relerence 604 100 Reference 1.00 Reference
Second 7.822 57857 575 100 090,130 1.00 090 1.1 381 088 086,111 088 086 1.1
Third 7579 56512 574 09 088,106 096 086 1.07 386 085 083,108 085 083 108
Highest 9531 72841 634 087 079,086 087 0.78 096 433 086 076,087 086 076 0988
p for trend 0.006 0.005 0.015 0.017
Per 1-MET increase 099 099,099 099 099 0898 089 099, 0999 089 099 0.909
Par 10-MET increase 083 088,089 063 0.88 099 083 087 0996 083 087 0.997
Women (n = 41,873) (n = 1,630) (n = 1,056)
Lowest 13277 99,385 569 1.00 Reference 1.00 Reference 368 100 Relersnce 1.00 Referance
Second 10,838 83644 428 092 081,104 083 082 1.05 200 084 081,110 084 081, 1.10
Third 9663 74073 350 084 073,096 084 07309 222 080 068 085 079 067 0.4
Highest B.095 62284 283 083 072,096 084 073 097 176 078 065 093 078 0.5 094
p for trend 0.004 0.007 0.002 0.002
Per 1-MET increase 099 098, 0997 089 0.98 0.997 0.98 097, 0995 098 097 0995
Per 10-MET increase 089 082,097 080 082 098 085 077,095 085 077 085

* MET(s), metabolic equivalent(s), HR, hazard ratio; Cl, confidence interval.
t Adjusted for age (slratified, 5-year calegories) and area (stratified, 10 public health center areas).
# Adjusted for age (stratified, 5-year calegories), area (stratified, 10 public health center areas), total energy intake (stralified, quintiles), history
of diabetes (no, yes), smoking status (never smoking, past smoking, or 1-19, 20-29, or 230 cigareties/day), alcohol intake status (almos! none,
occasional, or regular), body mass index (weight (kgiheight (m)*; <20, 20—<27, or >27), and leisure-time sports or physical exercise (<1, 1-2, or

>3-4 daysiweek).

in 1995-1999 at age 45-74 years. Initially, at baseline,
133,323 subjects were identified as being in the study pop-
ulation. After excluding 241 persons with non-Japanese na-
tionality (n = 51), duplicate enrollment (n = 4), a late report
of emigration occurring before the start of the follow-up
period (n = 180), or ineligibility due to an incorrect birth
date (n = 6), a population-based cohort of 133,082 subjects
was established. After exclusion of the 13,663 persons who
had died, moved out of the study area, or been lost to follow-
up before the starting point, the remaining 119,419 subjects
were considered eligible for the present study. A total of
96,566 subjects responded to the questionnaire, yielding
a response rate of 81 percent.

Questionnaire

The questionnaire included items on demographic fac-
tors, personal medical history, physical activity, smoking
and alcohol drinking, other lifestyle factors, and diet (via
a validated food frequency questionnaire containing ques-
tions on 138 food items and 14 supplementary questions
(13)). Persons who had been diagnosed with cancer before
the starting point (n = 2,153) or who had missing data for
physical activity-related factors (n = 6,346) or other factors
included in the multivariate model (n = 8,296) were ex-
cluded. Finally, 79,771 eligible subjects (37,898 men and
41,873 women) were included in the analysis.
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Follow-up

Subjects were followed from the starting point until
December 31, 2004, Residence status, including survival,
was confirmed through the residential registry. Inspection
of the resident registry is available to anyone under the
resident registration law, Among the study subjects, 5,271
died, 3,166 moved out of the study area, one withdrew from
the study, and 239 (0.3 percent) were lost to follow-up
within the follow-up period. Information on the cause of
death for deceased subjects was obtained from death certif-
icates (provided by the Ministry of Health, Labour, and
Welfare with the permission of the Ministry of Internal
Affairs and Communications), on which cause of death is
defined according to the International Classification of Dis-
eases, Tenth Revision (14), Resident registration and death
registration are required by law in Japan, and the registries
are believed to be complete.

Incident cancers were identified through notification from
the major hospitals in the study area and through data link-
age with population-based cancer registries. Death certifi-
cates were used as a supplementary information source. The
site and histology of each case were coded using the
International Classification of Diseases for Oncology, Third
Edition (15). In our cancer registry system, the proportion of
cases for which information was available from death cer-
tificates only was 3.7 percent. For the present analysis, the
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TABLE 3. Hazard ratios for total cancer incidence according to daily total physical activity level and body
mass index or frequency of leisure-time sports or physical exercise (n = 79,771), Japan Public Health
Center-based Prospective Study, 1995-2004

Quartie of physical Mooy POmON- Tota i et e
“?‘K‘e"%‘i}';‘“:fé'ﬁl? subjecs Y288 1 o No. of
¥ ¥ W ogses HASE  8S%CE s HRt  95%Cl
Men (n = 37,898)
Age (years)
<60
Lowest 8239 61,181 364 1.00 Reference 259 1.00 Reference
Second 5063 38880 239 1.00 085118 174 100 083 122
Third 4,708 36624 219 0894 079,112 161 094 077,115
Highest 6,301 49823 269 086 073 101 202 087 072 1.06
p tor trend 0.049 0.135
=60
Lowest 4,727 31,240 557 1.00 Reference 345 1.00 Reference
Second 2,759 19,086 336 099 086,114 207 096 080 114
Third 2,870 19,887 355 0.97 0.85 111 225 096 0.81,1.14
Highest 3,230 23018 365 087 076100 231 085 072 1.01
p for trend 0.051 0.064
p for interaction 0.505 0.976
Body mass index$
<20
Lowest 2,316 15737 198 1.00 Reference 121 1.00 Reference
Second 1,408 10,180 118 093 073,117 B9 085 063 1.16
Third 1407 10,194 131 0.97 077,122 89 1.02 077, 1.36
Highest 1772 13162 128 079 0.63 1.00 71 069 051,084
p lor trend 0.063 0.031
20—<27
Lowest 9,081 65122 632 1.00 Reference 420 1.00 Reference
Second 5493 40,888 386 087 086,111 264 098 083 1.14
Third 5325 39896 397 0.96 085 1.09 283 092 0.79, 1.08
Highest 6,779 52341 451 087 077,088 324 089 077,104
p for trend 0.026 0.118
=27
Lowest 1.569 11,562 93 1.00 Reference 63 1.00 Reference
Second 920 6,889 7 1.16 084, 1.62 48 123 0.83, 1.84
Third 847 6422 46 0.84 0.58 122 34 084 080, 1486
Highest 980 7,339 57 083 066 1.32 38 096 0863 147
p for trend 0.501 0.713
p for interaction 0515 0.797
Frequency of leisure-time spors
or physical exercise
(days/week)
<1
Lowest 10,378 74,547 723 1.00 Reference 478 1.00 Reference
Second 6,077 45423 453 102 091,115 309 1.01 0.88 117
Third 5704 42999 443 100 088 112 303 098 085 114
Highest 7497 57,786 499 088 079099 343 087 075 100
p for trend 0.032 0.044
21
Lowest 2588 17875 198 1.00 Reference 125 1.00 Reference
Second 1,745 12,534 122 090 072, 1.14 72 084 063 113
Third 1,875 13513 131 0.84 0.7 1.08 83 084 083 112
Highest 2,034 15055 135 078 062 099 20 082 0.62, 109
p for trend 0.034 0.190
p for interaction 0.766 0.566

Table continues

Am J Epidemiol 2008;168:391-403
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TABLE 3. Continued

Quartile of physical Mo of Emson ol wmgym
aciivity level (quartie ! years of
of METs/day score} SR foowp No.ol  pgy gse g Mool g sy
cases casos
Women (n = 41,873)
Age (years)
<60
Lowest 7046 61385 279 1.00 Relerance 184 1.00 Reference
Second 7053 55628 261 103 087,122 184 109 088 1.33
Third 6271 48932 202 080 075108 131 0868 069, 1.08
Highest 5501 43242 188 095 079,115 120 091 072,114
p for trend 0419 0241
=60
Lowest 5331 38,000 290 100 Reference 184 1.00 Reference
Second 3785 28016 167 081 067,098 106 078 061, 0.996
Third 3392 25141 148 077 063,085 91 072 056, 083
Highast 2,584 19,042 8 071 056080 56 063 047 086
p for trend 0.001 0.001
p Tor intsraction 0.867 0.396
Body mass Index
<20
Lowest 2896 20823 116 1.00 Referance 72 1.00 Reference
Second 2,383 17,908 88 0.82 068,122 64 1.08 0.76 1.54
Third 2,096 15459 69 0.87 0864, 1.18 45 092 063 1.36
Highest 1,598 12,009 47 076 054, 1.08 35 082 060 1.40
p for trand 0119 0.623
20-<27
Lowest 8467 63888 370 1.00 Reference 238 1.00 Referance
Second 7117 55220 283 081 078,108 180 092 076, 1.12
Third 6453 40990 239 082 070,087 149 076 062 093
Highest 5515 42,597 192 081 068,087 116 073 058 092
p tor trend 0.009 0.002
=27
Lowest 1914 14673 83 1.00 Referance 58 1.00 Reference
Second 1,338 10,516 59 105 074, 1.48 36 094 061,144
Third 1114 B624 42 0.82 056 1.20 28 079 049125
Highest 982 7,678 44 0868 065, 1.41 25 076 046,125
p for trend 0643 0223
p for interaction 0.839 0137
Frequency of leisure-time sports
or physical exercise
(days/week)
<1
Lowest 10,837 81,716 464 1.00 Reference 287 1.00 Referance
Second B773 68585 354 095 083110 236 096 081, 1.14
Third 7521 58563 274 084 072,008 174 080 0686 097
Highest 5811 45698 223 092 078 1.08 139 087 070 1.08
p for trend 0.140 0.065
21
Lowest 2440 17670 105 1.00 Reference 71 1.00 Reference
Second 2,065 15049 74 080 059 1.08 54 085 059 122
Third 2,142 15510 76 081 059 1.09 48 074 051,108
Highest 2284 16,587 60 0.61 044,084 37 055 037,083
p for trend 0.003 0.003
p for intaraction 0.158 0.105

* METs, metabolic equivalents; HR, hazard ratio; Cl, confidence interval.
t Adjusted for age (stralified, S5-year calegories), area (strafified, 10 public heallth cenler areas), lolal energy
intake (stratified, quintiles), history of diabetes (no, yes), smoking stalus (never smoking, pasl smoking, or 1-18,
20-29, or =30 cigarettes/day), alcohol intake status (almost none, occasional, or regular), body mass index (weight
(kgVheight (m)?; <20, 20—27, or >27), and leisure-time sports or physical exercise (<1, 1-2, or >3-4 days/week).

$ Weight (kg)height (m)*,
Am J Epidermniol 2008;168:391-403
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earliest date of diagnosis was used in cases with multiple
primary cancers diagnosed at different times. A total of
4.334 newly diagnosed cancer cases were identified.

Physical activity levels

The main exposure of interest in the present study was
daily total physical activity level. In our questionnaire (see
Appendix), subjects were asked about the average amount
of time spent per day in three types of physical activity:
heavy physical work or strenuous exercise (none, <1 hour,
or =1 hour), sitting (<3, 3-<8, or >8 hours), and standing
or walking (<1, 1-<3, or 23 hours). The following values
were assigned as time scores for each activity: heavy phys-
ical work or strenuous exercise—{0 for none, 0.5 for <1 hour,
and 3 for >1 hour; sitting—1.5 for <3 hours, 5.5 for 3—<8
hours, and 7.5 for >8 hours; standing or walking—0.5 for
<1 hour, 2 for 1-<3 hours, and 8.5 for >3 hours. The mid-
point of the time range for each category was assigned when
minimum and maximum values were presented on the ques-
tionnaire, and arbitrary values considered to have the highest
validity from the validation study were assigned for the high-
est category. MET-hours/day were estimated by multiplying
the daily time score for each activity by the MET intensity
of that activity (16): for heavy physical work or strenuous
exercise, 4.5; for standing or walking, 2.0; for being seden-
tary, 1.5; and for sleep or other passive activity, 0.9, After
data were summed across all activities, subjects were grouped
by sex into four exposure levels according to quartile of total
METs/day score. Because the question on MET calculation
incorporated all activities, including occupation, housework,
leisure-time sports, etc., a separate question on the frequency
of leisure-time sports and physical exercise was not included
in the estimation of total physical activity level.

The validity of the total METs/day score was assessed
among 108 eligible samples (53 men and 55 women) de-
rived from 110 original volunteer subjects from the cohort
using 4-day, 24-hour physical activity records (Sunday or
another day off plus three weekdays) in two different sea-
sons (namely, harvesting and one other season in a single
year). The mean number of total METs/day for physical
activity obtained from the self-report was 33.5 in men and
33.4 in women, while the mean from the 24-hour physical
activity record was 39.5 in men and 40.8 in women. Energy
expenditure estimated in METs showed little difference by
area. Spearman’s rank correlation coefficient for the corre-
lation between the total METs/day score and the physical
activity records was 0.46 when the average of two seasons
was taken (men, 0.53; women, 0.35).

Analysis

The number of person-years in the follow-up period was
counted from the starting point (i.e., the date of response to
the 5-year follow-up questionnaire) to the date of occur-
rence of any cancer, emigration from the study area, death,
or the end of the study period, whichever came first.
For subjects who withdrew from the study or were lost to
follow-up, the date of withdrawal or the last confirmed date
of presence in the study was used as the date of censoring,

Hazard ratios and 95 percent confidence intervals were
used to charactenze the relative nsk of cancer occurrence
associated with daily toral physical activity level. Daily total
physical activity was assessed in quartiles of total METs/
day score. The median METs/day value for each quartile
was used when the linear association was assessed. To in-
vestigate whether the effect on the outcome differed by type
of physical activity, we also assessed risk by the frequency
of leisure-time sports or physical exercise (<1-3 days/
month, 1-2 days/week, 3—4 days/week, or almost every
day), in addition to the amount of time spent per day in
heavy physical work or strenuous exercise (none, <1 hour,
or =1 hour) and in standing or walking (<1, 1-<3, or 23
hours). Ordinal values were used to assess linear trends for
these variables.

The Cox proportional hazards model was employed to
control for potentially confounding factors, namely age at
the starting point (5-year categories), area (10 public health
center areas), history of diabetes (no, yes), smoking status
(never smoking, past smoking, or 1-19, 20-29, or =30 cig-
arettes/day), alcohol intake status (almost none, occasional,
or regular), body mass index (weight (kg)/height {m]zz
14-<20, 20—-<27, or >27), and total energy intake (in
quintiles, estimated by semiquantitative food frequency
questionnaire). These variables, obtained from the question-
naire, are either known or suspected risk factors for cancer
that have been identified in previous studies. We treated age,
area, and total energy intake as strata to allow for a different
baseline hazard for each stratum. In testing of the propor-
tional hazards assumption by Schoenfeld residuals and
scaled Schoenfeld residuals, we found no violation of pro-
portionality. In addition, we evaluated whether the effect of
total physical activity was influenced by age, body mass
index, or frequency of leisure-time sports or physical exer-
cise using a test of interaction, by entering into the model
multiplicative terms for interaction between the respective
factors. Since the effect of total physical activity was
significantly influenced by sex (p for interaction < 0.001),
all analysis were conducted by sex. All statistical analyses
were performed using Stata 10 (Stata Corporation, College
Station, Texas) (17).

RESULTS

During 599,117 person-years of follow-up (average
follow-up period, 7.5 years) for the 79,771 subjects (37,898
men and 41,873 women), 4,334 newly diagnosed cases of
cancer (2,704 in men and 1,630 in women), including skin
cancer (n = 53; 1.2 percent), were identified and included in
the analyses. In men, gastric cancer was the most common
cancer (n = 621 23.0 percent), followed by cancers of the
lung (n = 388; 14.3 percent), colon (n = 328; 12.1 percent),
and prostate (n = 279; 10.3 percent). In women, breast cancer
was the most common (n = 294; 18.0 percent), followed
by cancers of the stomach (n = 232; 14.2 percent), colon
(n = 228; 14.0 percent), and lung (n = 144; 8.8 percent).

Characteristics of the study subjects according to physical
activity level are shown in table 1. The median values in the
lowest, second, third, and highest quartiles of total METs/day

Am J Epidemiol 2008;168:391—403
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TABLE 4. Hazard ratios* for total cancer incidence according to type of physical activity (n = 79,771),
Japan Public Health Center-based Prospective Study, 1995-2004

- Total Em cases diagnosed
No.ol Pemon within the first 3 years
subjects m’z" e No. of No. of
—p cases HAT 8% CH HR 5% CI
Men (n = 37,898)
Heavy physical work or strenuous
exarcise (hours/day)
None 22235 161,694 1670 1.00 Relerence 1,093 1.00 Reference
<1 5165 38,119 324 0595 0.84,1.07 229 1.02 0.88, 1.18
21 10498 79918 710 089 081,098 482 0.89 0.80, 1.00
p tor trend 0.014 0.071
Standing or walking (hours/day)
<1 8243 59839 564 1.00 Relerence 369 1.00 Reference
1-=<=3 9143 65023 649 1.04 0982117 425 1.04 090 1.21
=3 20,512 154,869 1491 099 089 111 1,010 088 0.87 1.13
p for trend 0.787 0.764
Sitting (hours/day)
<3 17,2561 128,076 1230 1.00 Retarence 821 1.00 Reference
3-—<8 17,472 128,067 1247 097 089,106 835 0.97 0.8, 1.08
=8 3175 23588 227 102 087 118 148 097 0.80,1.16
p for trend 0.839 0.589
Leisure-time sports or physical
exarcise (days/week)
<t 29656 220,754 2118 1.00 Reference 1,434 1.00 Relerence
1-2 4,085 30,011 240 082 080, 1.05 155 0.87 074, 1.03
>3-4 4147 28965 346 1.12 0098 126 215 1.08 0.54 126
p for trend 0.158 0.519

Women (n = 41,873)

Heavy physical work or strenuous
exercise (hours/day)

None 31,286 238962 1266 1.00 Relerence 832 100 Refarence
<1 4097 30,583 138 091 0.76 1.09 89 090 0.72,1.12
=1 6450 49840 226 093 0.80, 1.07 135 0.84 0.70,1.01
p for trend 0.200 0.043
Standing or walking (hours/day)
<1 6,077 45688 259 1.00 Reference 164 1.00 Reference
1-<3 8828 73552 410 100 085 1.18 266 1.02 084,125
23 25968 200,146 961 089 077, 1.04 626 0.90 0.75 1.09
p for trend 0.054 0.128
Sitting (hours/day)
<3 18,981 144 501 724 1.00 Referance 463 1.00 Reference
3—<8 20,184 1536589 785 0.88 0.88,1.09 509 0.97 085, 1.1
>8 2,708 21,226 121 105 086, 129 B4 110 0.886 1.41
p for trend 0.896 0748
Leisure-time sports or physical
exercise (days/week)
<1 32,942 254,570 1,315 1.00 Relerence 846 1.00 Relerence
1-2 4338 31.712 136 091 0.76, 1.09 B85 091 073 115
>3-4 4593 33,104 179 105 089 123 125 120 0.99, 145
p for trend 0.883 0,160

* The model included age (stratified, 5-year categories), area (stratified, 10 public health center areas), total
energy intake (stratified, quintiles), history of diabeles (no, yes), smoking status (never smoking, past smoking, or
1-19, 20-29, or =30 cigarelles/day), alcohol inlake status (almost none, occasional, regular), body mass index
(weight (kg)height (m)*; <20, 20—<27, or >27), heavy physical work or strenuous exercise (none, <1 hour, or >1
hour/day), sitting (<3, 3-<B8, or 28 hours/day), standing or walking (<1, 1-<3, or >3 hours/day), and leisure-time
sports or physical exercise (<1, 1-2, or >3-4 days/week).

t HR, hazard ratio; Cl, confidence interval,

Am J Epiderniol 2008;168:391-403
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TABLE 5. Hazard ratios for incidence of cancer at specific sites according to dally total physical activity
level (n = 79,771), Japan Public Health Center-based Prospective Study, 1995-2004

Site (Intemational

Classification of s o piysical No.of  FefO™  no ot Hazard Ho%
Disases o Oncology, UG cor)  sbleow  QULL  case it S
Men (n = 37,898)
Stomach (C16) Lowest 12,966 92,421 194 1.00 Reference
Second 7.822 57 957 134 1.10 0.88, 1.37
Third 7.579 56,512 136 1.10 0.88, 1.37
Highest 9,531 72,841 157 1.04 0.84, 1.29
p for trend 0.785
Colon (C18) Lowest 12,966 92.421 131 1.00 Reference
Second 7822 57,957 72 0.83 0.62, 1.11
Third 7579 56,512 59 0.65 0.48, 0.88
Highest 9,53 72,841 66 0.58 0.43, 0.79
p for trend <0.001
Rectum (C19-20) Lowest 12,966 92,421 51 1.00 Reterance
Second 7822 57957 41 1.30 0.85, 1.97
Third 7.579 56,512 35 1.1 072 1,72
Highest 9531 72,841 as 0.88 0.57, 1.36
p for trend 0.464
Liver (C22) Lowest 12,966 92,421 82 1.00 Referance
Second 7.822 57,957 32 0.69 0.45,1.06
Third 7,579 56,512 44 1 0.69, 1.49
Highest 9,531 72,841 3 062 0.40, 0.96
p for trend 0.062
Pancreas (C25) Lowest 12,966 Q2421 36 1.00 Refarence
Second 7,822 57,957 20 0.90 0.52, 1.57
Third 7579 56,512 15 0.67 0.36, 1.24
Highest 9,531 72,841 16 0.55 0.30, 1.00
p for trend 0.038
Lung (C34) Lowest 12,966 92 421 108 1.00 Reference
Second 7.822 57,957 a1 122 0.81, 1.63
Third 7.579 56,512 103 1.44 1.09, 1.80
Highest 9,53 72,841 96 1.10 0.83, 145
p tor trend 0.494
Prostate (C&1) Lowest 12,966 f2.421 77 1.00 Referance
Second 7822 57,957 68 1.39 1.00, 1.94
Third 7579 56512 &3 121 0.86, 1.68
Highest 9,531 72,841 " 113 0.82, 1.57
p for trend 0.644

score were 25.45, 31.85, 34.25, and 42.65, respectively, in men
and 26.10, 31.85, 34.25, and 42.65, respectively, in women,
Men who were more physically active were more likely to
report regular drinking, a higher frequency of leisure-time
sports or physical exercise, and higher daily mean energy
consumption and were less likely to report a history of diabetes

Table continues

mellitus and liver disease. No difference in body mass index
was observed between groups by physical activity level. In
women, similar trends were observed, except that the differ-
ences in the proportion of regular drinkers were not significant.

Associations between daily total physical activity level by
total METs/day score and total cancer incidence are shown

Am J Epidemiol 2008;168:391-403
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TABLES. Continued

Site (Intemational

Classification of Quarile of physical No.of  TemOM o of  Haza %
Disaases for ¢ Onedlogy, ooy mmm‘; aubjests m’:& cases  ratiot i e
Womaen (n = 41,873)
Stomach (C18) Lowest 13277 90,385 81 1.00 Referance
Second 10,838 83.644 53 0.74 0.52, 1.04
Third 8,663 74,073 54 0.78 0.55, 1.10
Highest 8,095 62,284 34 0.63 0.42, 0.54
p for trend 0.020
Colon (C18) Lowest 13277 89,385 83 1.00 Referance
Second 10,838 83,644 58 0.87 0.62, 1.22
Third 9,663 74,073 48 0.74 0.52, 1.07
Highest 8,095 62,284 39 0.82 0.56, 1.21
p for trand 0.198
Rectum (C18-20) Lowest 13277 99,385 24 1.00 Retarance
Second 10,838 83,644 24 1.26 071,223
Third 9,663 74,073 16 1.05 0.55, 2.00
Highest 8,085 62284 22 1.7¢ 0.89, 3.23
p for trend 0.077
Liver (C22) Lowest 13277 99,385 29 1.00 Reference
Second 10,838 83,644 19 0.96 0.52, 1.78
Third 9,663 74,073 19 0.99 053, 1.84
Highast 8,085 62,284 7 0.54 023 129
p for trend 0.248
Pancreas (C25) Lowest 13,277 99,385 19 1.00 Relarence
Second 10,838 83,644 15 0.98 0.50, 195
Third 9,663 74,073 " 0.83 0.39, 1.76
Highest 8,095 62,284 13 129 0.62, 2.67
p for trend 0.601
Lung {C34) Lowest 13277 99,385 50 1.00 Referance
Second 10,838 83,644 37 0.80 0.58, 1.38
Third 9,663 74,073 a1 0.80 0.57, 1.42
Highest 8,095 62,284 26 0.92 0.56, 1.48
p lor trand 0.686
Breast (C50) Lowest 13.277 99,385 85 1.00 Referance
Second 10,838 B3,644 91 124 0.92, 1.66
Third 9,663 74073 67 1.02 0.74, 1.40
Highest 8,095 62284 51 0.91 0.64, 1.29
p for trend 0.529

* METs, metabolic equivalents.

in table 2. Upon multivariate adjustment, compared with
subjects in the lowest quartile, increased daily total physical
activity was significantly associated with a decreased risk of
cancer incidence in both men and women. In men, hazard

Am J Epidermniol 2008;168:391-403

ratios in the second, third, and highest quartiles were 1.00
(95 percent confidence interval (CI): 0.90, 1.11), 0.96 (95
percent CI: 0.86, 1.07), and 0.87 (95 percent CI; 0.78, 0.96),
respectively (p for trend = 0.005); in women, they were 0.93

t Adjusted for age (stratified, 5-year categones), area (stratified, 10 public health center areas), lotal energy
intake (stratified, quintiles), history of diabetes (no, yes). smoking status (never smoker, past smoker, or 1-19,
20-29, or =30 cigarettes/day), alcohol intake status (almost none, occasional, or regular), body mass index (weight
(kg)/height (m)?; <20, 20-<27, or >27), and leisure-time sports or physical exercise (<1, 1-2, o >3-4 days/week).
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(95 percent CI: 0.82, 1.05), 0.84 (95 percent CI: 0,73, 0.96),
and 0.84 (95 percent CI: 0.73, 0.97), respectively (p for
trend = 0.007). Our estimates also showed that the risk de-
creased by 7 percent in men and 10 percent in women with
each 10-MET/day increase in physical activity level. The
results did not differ substantially after exclusion of early
cancer cases—those occurring within 3 years of the starting
point—or after further exclusion of subjects with very low
physical activity levels (<23 METs/day; 2 percent of sub-
jects), considered to result from poor physical condition. On
further estimation of the population attributable fraction
(18) from our results, 4.5 percent of cases in men and 5.5
percent of cases in women were considered to have been
preventable if the persons in the lowest physical activity
category had increased their activity to a higher level.

In both sexes, the degree of risk decrease was attenuated
among persons with increasing body mass index. In contrast,
it was strengthened among the elderly and among persons
who regularly engaged in leisure-time sports or physical ex-
ercise; this relation appeared more clearly in women. No
significant interaction was observed for age, obesity status,
or frequency of leisure-time sports and physical exercise
(table 3). No particularly significant associations were iden-
tified in analysis by type of physical activity (table 4).

Results from analyses of specific cancer sites are shown
in table 5. Significantly decreased risks were observed for
colon, liver, and pancreatic cancer in men and for stomach
cancer in women. In additional analyses for these cancers
stratified by age, body mass index, and frequency of leisure-
time sports or physical exercise, larger risk reductions were
observed in persons with a lower body mass index, persons
with frequent leisure-time sports or physical exercise, and
the elderly for female stomach cancer and in persons with
lower body mass index and persons with infrequent leisure-
time sports or physical exercise for male colon cancer. For
male liver and pancreatic cancers, we did not detect any
significant difference or tendency in risk between stratified
groups. In the analysis of breast cancer. the null association
was not influenced by menopausal status.

DISCUSSION

The health benefits of physical activity are well estab-
lished for certain cancer sites (1, 19), but the extent to which
the grand sum of these effects influences total cancer in-
cidence has not been clarified. Of course, any such associ-
ation depends to some degree on the background population,
namely the site distribution of cancers which are strongly or
weakly associated with physical activity. According to re-
cent statistics, in Japan the cancer sites with the highest
incidence rates are the stomach, followed by the lung, colon,
liver, and prostate, for men and the breast, followed by the
stomach, colon, uterus, and lung, for women (20). In this
large-scale, population-based cohort study of Japanese men
and women, we found a significant inverse association be-
tween daily total physical activity level and total cancer
incidence. To reduce the potential for spurious associations
from reverse causation, we excluded all subjects with a his-
tory of cancer at the starting point. Moreover, exclusion of

early cases (those occurring within 3 years of the starting
point) had no substantial effect on the results.

To our knowledge, only two studies have assessed the
association between physical activity and total risk of cancer
(2, 3); both were carried out in relatively small populations.
One, which targeted men only, observed a reduced risk with
increased physical activity (2), while the second observed an
increased risk with increased nonrecreational physical in-
activity (3). Our findings, obtained with a substantially
larger sample, accord with those of these previous studies.

Our results showed basically similar risk reductions in
men and women. Shephard and Shek (21) suggested that
differences between the sexes in benefits associated with reg-
ular physical activity are due to the difference in hormonal
conditions, which may lead to the failure to adapt activity
questionnaires to traditional pattems of physical activity in
females. Methodologically, it is commonly noted that men
are more likely to be physically active in their jobs and
women are more likely to be involved in housework (22). In
our questionnaire, rank correlation coefficients for correlation
with the 24-hour physical activity record were higher in men
than in women. This may have partly resulted from the failure
of our questionnaire to suitably account for housework. This
type of measurement error may have led to underestimation of
the association, Nevertheless, in the present study, a stronger
effect of total physical activity among persons who engaged in
regular leisure-time sports or physical exercise than among
those who did not appears to have been more clearly observed
in women. The larger proportion of strenuous work as a frac-
tion of total physical activity in men than in women may be
one reason for this discrepancy between men and women.

Our findings also showed that the effect of physical ac-
tivity was diminished among subjects with a high body mass
index, which is accordant with a previous report (3). To
a substantial degree, physical activity may affect the risk
of cancer by reducing weight and body mass index. We
therefore suggest that the effect of physical activity appears
less clear in persons with a high body mass index.

By site, our results showed inverse associations for colon,
liver, and pancreatic cancer in men and for stomach cancer in
women. In our population, we observed a positive association
with a high body mass index for colon cancer only (23) and
little association for pancreatic cancer (24). A recent evalua-
tion found no association for stomach or liver cancer (1). In
addition, nonalcoholic fatty liver disease, an increasingly rec-
ognized cause of chronic liver disease across the world, ap-
pears to be most strongly associated with central obesity and
insulin resistance, and hepatocellular carcinoma has been
postulated to arise through the development and progression
of nonalcoholic fatty liver disease (25, 26). In the Japanese
population, however, most cases of hepatocellular carcinoma
are associated with hepatitis virus infection, and attribution to
other factors may be small, Therefore, the effect of physical
activity on these cancers, if any, appears to be operating not
only via any improvement in obesity and related factors but
also via other mechanisms.

Discussions on the possible mechanisms by which physical
activity protects against cancer remain inconclusive. Various
mechanisms have been plausibly associated with various can-
cers, such as alterations in sex hormones or insulin and
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insulin-like growth factors, immune modulation, alterations
in free radical generation, changes in body fatness, and direct
effects on cancer (1, 19, 27-32). Hyperinsulinemia produces
an increase in circulating insulin-like growth factor 1, which
is thought to play a major role in promoting carcinogenesis,
and a decrease in insulin-like growth factor-binding proteins
(33). Exercise increases insulin sensitivity and decreases fast-
ing insulin and C-peptide levels (34), which may improve
insulin resistance. Exercise-induced changes in the activity
of macrophages, natural killer cells, lymphokine-activated
killer cells, neutrophils, and regulating cytokines suggest that
immunomodulation may contribute to the protective value of
exercise (35). Strenuous physical exercise enhances oxygen
free radical production, and the increased number of reactive
oxygen species that are generated potentially results in dam-
age to lipids, protein, and DNA. The antioxidant defense
systems have co-evolved to counteract oxidative damage
from oxygen free radicals (24, 36, 37). Moderate physical
activity may be of benefit as a means of slowing or stopping
the loss of antioxidants, whereas severe exercise might over-
whelm the antioxidant system, potentially leading to damage
and increased cell mutagenesis (37). Other mechanisms in-
clude a decrease in gut transit time, which has beneficial
effects on bile content and secretion (1, 38), and have been
proposed by site (1).

The major strength of the present study was its prospec-
tive design, which enabled us to avoid exposure recall bias,
Study subjects were selected from the general population,
the sample was large, the response rate to the questionnaire
(81 percent) was acceptable for study settings such as this,
and the loss to follow-up (0.3 percent) was negligible. Fur-
ther, the number of exclusions due to missing data on phys-
ical activity (7 percent) was not particularly large. Although
a difference in the charactenstics of subjects with and with-
out missing information had the potential to influence the
results, no such difference was seen. In addition, the cancer
registry in the study population was of sufficient quality to
reduce the possibility of misclassification of the outcome.

In addition to those mentioned above, however, several
methodological limitations can be identified. In particular,
since assessment of physical activity was based on self-
reports, misclassification may have been unavoidable. Nev-
ertheless, because the data were collected before diagnosis,
any imprecision is likely to have resulted in underestimation
of the association. Changes in physical activity over time
may also have caused misclassification, which might have
led to underestimation of the association. In addition,
some types of cancers or health conditions related to them
may have caused low levels of physical acuvity from the
starting point of the study, therefore, we cannot deny the
possibility of spurious associations. Further, although ad-
justment was made for lifestyle factors possibly associated
with cancer, unmeasured confounders may not have been
controlled. Finally, our results may not be generalizable to
populations with a different general lifestyle or a different
degree of leanness from the Japanese.

Allowing for these methodological issues, our results sug-
gest that increased daily total physical activity may be ben-
eficial in preventing the development of cancer among
Japanese men and women, who are characlerized as rela-

Am J Epidemiol 2008;168:391-403

tively lean. Further research on the generalizability of our
results to other relatively lean populations is warranted.
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APPENDIX
Questions related to physical activity in the 5-year follow-

up survey of the Japan Public Health Center-based Prospec-
tive Study:
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How long on average do you engage in the following
activities each day?

Heavy physical work MNona <1 hour >1 hour
or strenuous exercise

Sitting <3 hours 3<Bhours =8 hours

Standing or walking <1 hour 1—<3 hours >3 hours

How often do you participate in sports or physical
exercise?

Almast
every day

Almaost <1-3 days
nevar a month

1-2 days 3-4 days
a week a weak
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AT ARSI R A L T

Purpose

Berg:usa they have large variations in consumption, Asian countries are suitable settings for
studies of the effect of relatively high-dose isoflavone intake on breast cancer risk. Nevertheless,
no prospective study from Asia has assessed blood or urine levels as biomarkers of isofla-
vone intake.

Patients and Methods

A total of 24,226 women ages 40 to 69 years in the Japan Public Health Center—based prospective
study who responded to the baseline questionnaire and provided blood in 1990 to 1995 were
observed to December 2002, During a mean 10.6 years of follow-up, 144 patients newly
diagnosed with breast cancer were identified. Two matched controls for each patient were
selected from the cohort. Isoflavone levels were assessed by plasma level and food frequency
guestionnaire, and the odds ratio of breast cancer according to isoflavone level was estimated
using a conditional logistic regression model.

Results

We found a statistically significant inverse association between plasma genistein and risk of breast
cancer, but no association for plasma daidzein. Adjusted odds ratios for the highest versus lowest
quartile of plasma level were 0.34 for geristein (95% CI, 0.16 to 0.74; P for trend, .02) and 0.71
for daidzein (95% Cl, 0.35 to 1.44, Pfor trend, .54). Median plasma genistein values in the control
group were 31.9 ng/mL for the lowest and 353.9 ng/mL for the highest quartile groups. Regarding
dietary intake of isoflavones, nonsignificant inverse associations were observed for both genistein
and daidzein

Conclusion
This nested case-control study found an inverse association between plasma genistein and the
risk of breast cancer in Japan.

J Clin Oncol 26:1677-1683. @ 2008 by American Saciety of Clinical Oncology

anisms.™* Estrogen-dependent mechanisms arise

INTRODUCTION

Soy foods, a traditional staple dish in Asian coun-
tries, are a primary source of isoflavones, such as
genistein and daidzein, which are classified as phy-
toestrogens, Because breast cancer risk is substan-
tially lower in Asian than Western countries,' the
contribution of a high isoflavone intake to low
breast cancer risk has been hypothesized.” This hy-
pothesis has been supported by in vitro studies at
high genistein concentrations and in the majority of
animal studies, which together have demonstrated
various anticancer effects of isoflavones acting via
both estrogen-dependent and -ndependent mech-

through the mediation of estrogen receptor «eand j3,
owing to the similar chemical structure of isofla-
vones to the human estrogen hormone and their
binding affinity to estrogen receptors.** For this
reason, they have been hypothesized to behave
like selective estrogen receptor modulators, In
contradiction to potential protective effects, how-
ever, genistein exhibits estrogenic properties at low
concentrations, which could theoretically enhance
breast cancer risk.** In fact, some animal studies
have reported that genistein stimulates tumor devel-
opment and growth.*” Although a recent meta-
analysis found that soy intake was associated with a

& 2008 by Amencan Society of Chnical Oncology 1677
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small reduction in breast cancer risk, the authors concluded that in
view of these risk-enhancing effects, recommendations for high-dose
isoflavone supplementation to prevent breast cancer or its recurrence
were premature,” Phytoestrogen supplements, however, are commer-
cially marketed for use by postmenopausal women as natural and safe
alternatives to hormone replacement therapy. The effect of relatively
high-dose 1soflavone on breast cancer risk is now of concern.
Because they have large vanations in consumption among indi-
viduals, Asian countries serve as suitable venues for studies of the effect
of relatively high-dose isoflavone intake on breast cancer risk. Despite
this advantage, only a few epidemiological studies on soy or isoflavone
intake and breast cancer risk from Asia have been reported.” In par-
ticular, no prospective study on isoflavone levels in blood or urine
samples has been reported, notwithstanding that, because they are
partly determined by individual differences in absorption and metab-
olism, blood or urine levels might better reflect interperson differences
than dietary assessment. The three nested case-control studies which
have investigated this association in Western populations have been
inconsistent, with one reporting an inverse association with plasma
genistein in the Netherands,'? the second showing no association
with urinary genistein in the Netherlands,'' and the third finding a
positive association with urine and serum phytoestrogens in the
United Kingdom." This inconsistency might be in part explained by
the apparently small variation in isoflavone levels in Western coun-
tries. For example, studies in the Netherlands, which has a high inci-
dence of breast cancer (age-standardized rate per 100,000 world
population, 86.7 in 2002), " reported a median genistein intake of 0.14
mg/d in women ages 49 to 70 years,'* and a median plasma genistein
level of 4.89 ng/mlL in the control group of a nested-case control
study.'” In contrast, a study in Japan, where the incidence of breast
cancer is low (age-standardized rate per 100,000 world population,
32.7 in 2002),"? reported a median genistein intake of 22.3 mg/d and
median serum level of 90.2 ng/mL."* This substantial variation in

cerning demographic characteristics, medical history, menstrual and repro-
ductive history, anthropometric factors, physical activity, smoking and
drinking habits, and diet.

Blood Collection

Subjects voluntarily provided 10 mL of blood during health check-ups
from 1990 to 1995. Blood samples were divided into plasma and buffy layers
and stored at —80°C umil analysis. Among respondents to the baseline ques-
tionnaire, a total of 24,996 women (45% ) donated blood.

Follow-Up

All registered subjects were observed from the start of the study periodto
December 31, 2002. Data on residential relocation were obtained from resi-
dential registries. Among study subjects (n = 24,996), 1,289 subjects (5.2%)
moved out of the study area and 5 (0.0296) were lost to follow-up within the
study at-risk period.

Selection of Patients and Controls

Incidence datas on breast cancer were collected for the Japan Public
Health Center cancer registry through two data sources—major local hospitals
and population-based cancer registries. Death certificates were used to supple-
ment information on cancer incidence. Site of origin and histologic type were
coded by members of our study group (Appendix Al, online only) using the
International Classification of Diseases for Oncology, third edition, code
C500-509. Up to the end of the study period, 144 new breast cancer cases (97 in
cohort | and 47 in cohort 11) were identified among the 24,226 women (9,689
in cohort 1 and 14,537 in cohort 1) who had returned the baseline question-
naire, reported no history of breast cancer or ovarian cystoma, and provided
blood samples. Diagnosis was microscopically verified in 989 of patients, and
based on death cenificates only in 0.79. The mortality/incidence ratio
was 0,14,

For each patient, two controls were selected using incidence density
sampling from subjects who were not diagnosed with breast cancer during the
follow-up period when the patient was diagnosed. Control selection was done
without reference to inddence of other cancer sites. Controls were matched
with cach patient for age (within 3 years), PHC area, area (city or town and
village), date of blood collection (within 90 days), time of day of blood collec-
tion I within 3 lwurs}. fasting time at blood collection (within 3 hours), and
b pausal status,

isoflavone levels suggests that the Japanese population represents an
ideal setting for determining whether an association exists at relatively
high levels achievable from dietary intake only.

Herein, to darify the effect of relatively high-dose isoflavone expo-
sure on breast cancer risk, we conducied a nested cse-control study
within a large-scale population-based prospective study in Japan.

PATIENTS AND METHODS

Study Population

The Japan Public Health Centerbased prospective study, which began
in 1990 for cohont 1 and in 1993 for cohort 11, incduded 140,420 subjects
(68,722 men and 71,698 women) living in the municipalities supervised by 11
public health centers (PHC), Details of the study design have been described
elsewhere.'® The study protocol was approved by the institutional review
board of the Narional Cancer Center, Tokyo, Japan.

The study population compnsed registered Jay mhabitants living
in each PHC area, ages 401059 years in cohort | and 40 to 69 years in cohort I1,
In this analysis, one PHC ares was excluded since data on cancer incidence
were not available. We thus defined a population-based cohort of 67,426
women (27,389 in cohon 1 and 40,037 in cohort 1) after the exclusion of
incligible subjects (n = 95).

Questionnaire Survey
A baseline survey was conducted from 1990 to 1994. A total of 55,891
women (83%) returned the questionnatre, which contamed questions con-

'lETl © 2008 by American Socety of Clinmal Oncology
Information downloaded

Assessment of Dietary Intake

Dietary intakes ul'gmisrin and daidzein were assessed by a food fre-
quency questionnaire of 44 items for cohort | and 52 for cohon I1. Isoflavone
intake was defined for thustudy:u the sum of genistein and daidzein intake.
We doc d the questi of isofl mntake to be rea-
sonably valid (details in Appendix A1).'17

Laboratory Assay
Plasma levels of isoflavone uerema.lyz:d using high-performance liquid
ct hy with a coul ric array detector in accordance with the
modified methods of Gamache andAmnh."Conammmmnfgmmun
and daidzein were determined by linear regression of the peak height for each
standard, and adjusted according to the recovery rate of the internal plasma
standard. The regression coeficient of peak height and concentration calcu-
Iated for isoflavones revealed a linearity range of 0 to 0.75 pg/ml, with corre-
lation coefficient values higher than 0,938, Vohametric response for the
standard solution displayed coefficients of variation of 8% for intra- and 11%
for interday variation. Recovery rates of isoflavones in plasma samples ranged
between approximately 73% and 98%. Detection limits were 2.2 ng/ml for
genistein and 1.7 ng/mL for daidzein. Laboratory personnel were blinded to
case-control status when performing the analyses,

Statistical Analysis

Comparison of baseline characteristics, as well as plasma levels and
dietary intake of isoflavones, between cases and controls was evaluated by the
Mantel-Haenszel test using matched-set strata. Spearman's correlation coeffi-
cients were calculated among plasma levels and dictary intakes of isoflavone
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among control subjects. Using a conditional logistic regression model, we
calculated odds ratios (ORs) and 95% Cls of breast cancer for plasma levels
and dietary intake of isoflavone divided into quartiles based on control distri-
bution. The ORs were adjusted for number of births and age at first birth as
potential confounders, The adjusted ORs were calculated based on a 1o1al of
405 subjects with complete information for covariates. Linear trends for ORs
were tested in the conditional logistic regression model using the exposure
categories as ordinal variables. All P values reported are two sided, and signif-
icance level was set at P < .05. All statistical analyses were performed with SAS
software, version 9.1 (SAS Institute Inc, Cary, NC).

Case subjects and controls had significantly different distribution for
number of births (Table 1). Other characteristics, such as age at men-

Table 1. Characteristics of Patients and Matched Control Subjects at Baseline
Patents Controls
[n = 144) in = 2688)
Characteristic No % Nao. % =
Mean age, ysars BL.7 518
Standard deviation ¢ it 74 -
Family history of breast cancer 2 14 . o7 48
Premenopausal women 63 42 18 42 —
Postmenopausal woman
Natural menopause 70 B0 140 50 —
Surgical menopause 10 72 0 72 —
Mean age at menopause, vears 500 498 76
SEt 0.38 0.27
Mean age at menarche, years 146 148 33
SEt 0.15 0.0
Mean No. of births 23 28 01
SEt 0.12 0.09
Mean age at first birth, years 267 250 22
SEt 030 0.21
Use of exogenous temale hormones 4 30 2 08 .0
leurrent usa)
Mean haight, cm 1517 1514 70
SET 046 033
Meaan body mass index, kg/m? 234 2386 49
SEt 0.25 0.18
Smoking {current smoker) -] 35 17 58 23
Algohal drinking (regular drinker) 18 13 26 81 .28
Lesyre-time physical activity e[/ I3 | 57 20 47
{= once per week)
Vitamin supplement user 3B 24 61 23 65
Green tea intake (= five cups per dayl 36 25 71 25 42
Maan total enargy intake, kecal/d 1,2694 1,2711.0 a1
SE+ 265 19.2
Mean fish and shellfish imtake. a/d 454 457 75
SE# 25 1.8
Mean meat imake, g/d 05 285 15
SE% 17 1.2
Mean vegetable ntake, g/d 1212 11589 20
SE+ 57 a1
Mean fruit intake, g/d 1048 834 79
SE% 59 43
*P for Mantel-Haenszal test with matched-set strata
tAdjusted tor age.
$Adjusted for age and cohor

arche, age at first birth, body mass index (BMI), alcohol consumption,
or dietary intake did not substantially differ between the two groups.

Plasma genistein was significantly lower among cases than con-
trols whereas plasma daidzein values were similar (Table 2). No sig-
nificant differences between the groups were seen for dietary genistein,
daidzein, or isoflavone intake. Median isoflavone intake in the control
group was 34.8 mg/d (36.1 in cohort I and 29.9 mg/d in cohort II).
Genistein and daidzein were highly correlated for both plasma level
(r = 0.72) and dietary intake (r = 0.99), Correlation coefficients
between plasma and dietary levels were relatively low for both
genistein (r = 0.23) and daidzein (r = 0.31).

We found a statistically significant inverse association between
plasma genistein and the risk of breast cancer (P for trend, .02), but no
statistically significant association for plasma daidzein (P for trend,
.54; Table 3), Adjusted ORs for the highest versus lowest quartile of
plasma level were 0,34 for genistein (95% CI, 0.16t0 0.74; P= .01) and
0.71 fordaidzein (95% CI,0.35t0 1,44; P = .34). Moreover, the results
did not change substantially after adjustment for dietary intake of
isoflavone or other potential confounders such as age at menarche,
menopausal status at baseline, age at menopause, height, BMI, and
alcohol consumption. Further, exclusion of cases diagnosed before the
first 3 years of follow-up did not substantially change the results, nor
did the exclusion of subjects who used vitamin supplements or who
provided a nonfasting blood sample (ie, within 6 hours after a meal).
Regarding dictary intake, we observed inverse associations for both
genistein and daidzein but neither was statistically significant (Table
3). In addition, adjusted ORs by isoflavone intake were closely similar
to those by genistein intake (data not shown).

A stratified analysis according to baseline menopausal status
showed no remarkable difference between two strata for either
genistein and daidzein, regardless of whether the values were assessed
by plasma or questionnaire, although the inverse association between
plasma genistein and risk of breast cancer tended to be more stable in
postmenopausal than premenopausal women (Table 4).

In this study, we found a statistically significant inverse association
between plasma genistein and the risk of breast cancer, but no associ-
ation for plasma daidzein. This finding suggests that genistein may

Table 2 Plasma Lavals and Dietary Intake of Isoflavone in Patients and
Matched Controls

Patients {n = 144d) Contrafs (n = 288)

Interquartie Interquartile
Parameater Median Range Median Aange p*

Plasma lavel

Genistein, ngfmL 1318 6792026 1445 TBEB2556 048

Daidzein, ngfmL 167 7.0340 178 55408 45
Diatary imake

Geristein, mg/d 189 166240 217 168261 37

Datdzen, ma/d 125 10.1-14.8 133 103163 36
Isofiavone, ma/dt 325 268-38.7 348 27,0424 36

P tor Mantal-Haansze! test with matched-set strata
tisoflavene Intake = sum of genistein and daidzein intake

W, 0.org
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Table 1 ORs and 95% Cls of Bisast Cancer According 1o Plasma Level and Dietary Intake of lsofisvone
Quartile
Parameter 1 2 3 4 P for trend
Plasma level

Madian genstein, ng/ml 318 1081 1208 3538

Mo, of patients a1 v 45 2

No. of controls 72 72 72 2

OR 1.00 084 104 048 o7
85% Cl Refarence 047 10 1.51 057 w0 1.9 0230 09

Adjustad OR* 1.00 0.69 0.87 034 02
85% 01 Refarence 03810132 045 10 1.67 0.16to 0.74

Median daidzein, ngimlL 4] 120 2790 53.7

No. of patients 30 45 44 .|

Na of controls 72 72 7L T2

OR 1.00 150 1.44 079 B9
’/%C Reterence 08510 264 080w 261 04110 1.54

Adjusted OR™ 1.00 130 151 o7 54
85% Ci Retarence 07010 242 0.80 10 286 03510144

Distary intake

Median genistein, mg/d 157 185 229 73

MNa. of patients a2 36 37 b ]

No. of controls 69 s i | 73

OR 1.00 078 083 058 15
85% CI Reference 04610 1.35 047 to 1.48 03010112

Adusted OR” 1.00 081 092 058 21
95% Ci Reterence 04610 145 05016 1.70 02910 118

Median daidzain, mo/d 94 14 149 171

No of patients 40 39 35 30

No. ol controls 70 74 72 72

CR 100 oo D.82 065 21
95% C! Reference 05210158 046 10 147 03310127

Adusted OR" 1.00 096 0.04 087 u
95% C! Ratarence 056410174 050 10 1.74 03310139

Abbreviabon: OR, odds ratio
*Adjusted for number of binths (0, 1, 2.3, 4, 6+ and age at first birth (=21, 22-26, 26-29, 30+, nulliparous), Adiusted ORs were calculated based on 2 total of 405
subjects with complate informanon of covarates

play a more important role in the ctiology of breast cancer than
daidzein. Our findings are in general agreement with those of a recent
nested case-control study in the Netherlands,'” albeit that our inverse
association occurred at sub ially higher pl concentrations.
For example, median plasma genistein values in the control group of
the Netherlands study were 3.75 ng/mL for premenopausal and 4.89
ng/mL for postmenopausal women."” In contrast, the median valuein
our control group was 144.5 ng/mL, and only 3.29 of control subjects
was under 5 ng/mL. This apparently high level is not surprising con-
sidering that the median value of 353.9 ng/mL in our highest plasma
genistein quartile group, which had a significantly lower risk of breast
cancer than the lowest group, corresponded to a median dietary intake
of 28.5 mg/d for genistein and 46.5 mg/d for isoflavone, as estimated
by the validation study data. Although some in vivo and in vitro
studies have shown risk-enhancing effects of genistein, our study
suggests that relatively high-dose isoflavones exposure achievable
from dietary intake alone is associated with a decreased rather than
increased risk.

We observed an approximately 65% reduction in breast cancer
risk in the highest plasma genistein quartile group but no decrease in
the other quartiles, indicating that only the highest group benefited

1880  © 2008 by Amanican Society of Chresl Oncology
Information downloaded from
Copyright

from risk reduction. The apparent lack of adose-response relationship
might imply the presence of a threshald level of effect. Interestingly,
this idea contradicts findings in Western populations, in whom in-
verse associations are seen despite materially low levels of isoflavones.
Given the differences in hormonal milieu between the two popula-
tions, the potential protective effect of isoflavones in breast cancer
might act differently between Western and Asian populations: sex
hormone levels are higher in Western than Asian women,'” for exam-
ple, as is the prevalence of obesity.”*"" In this regard, a case-control
study in Shanghai found that the inverse association between urinary
isoflavone level and breast cancer risk was stronger among women in
the high BMI, waist-hip ratio, and estradiol level groups and in the low
sex hormone-binding globulin level group than in the respectively
converse low and high groups.™ Alternatively, the apparent lack of a
dose-response relationship might merely reflect uncontrolled con-
founding by other dietary characteristics or risk-lowering behaviors.
The reason for a role for genistein but not daidzein in the etiology
of breast cancer is unclear, but several possibilities can be speculated.
Genistein possesses stronger binding affinity for estrogen receptor
than daidzein® Further, a pharmacokinetic study showed higher
plasma levels and a 1.5-fold longer half-life for genistein than daidzein
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Table 4. ORs and 95% Cls of Breast Cancer According 1o Plasma Level and Dietary Intaka of Isoflsvone By Baseline Menopsusal Status
Quartile
Parameter 1 2 3 4 P for trend
Premenopausal women
Piasma genistein, na/ml
No. of patients 24 14 19 2
No, of controls 4 28 25 24
Adjusted OR* 1.00 0.76 1.75 0.14 20
95% CI Reference 0311w 186 06810450 0.0G 1o 0.69
Plasma daldzein, ng/mlL
No. of patients 17 21 18 8
Ne. of controls 27 45 23 23
Adjusted OR® 1.00 0.80 127 0.49 48
95% CI Reference 03410188 04810338 01610 1.57
Diatary genistein intake, mo/d
MNo. of patients 2 16 14 8
No. of controls 35 AN a2 20
Adjusted OR* 1.00 092 0.86 0.82 43
95% CI Reference 04110205 03410218 02110184
Digtary dadzein intake, ma/d
No. of patients 20 17 14 8
Na. of controls 36 30 32 20
Adjusted OR* 1.00 1.07 0.93 0.67 53
85% ClI Reference 0.46 1o 2.61 03710234 02210203
Postmenopausal women
Plasma genistein, ng/ml
No. of patients 17 23 25 15
MNo. of controls 28 a 46 45
Adjusted OR" 1.00 0.64 057 0.38 10
5% CI Retarence 01810 1.62 020101865 01210 112
Plasma daidzein, ng/mL
Ne. of patients 13 23 27 17
No, of controls 40 27 47 46
Adjusted OR* 1.00 286 208 1.16 9%
95% ClI Reference 10310798 08210517 04310 315
Distary genistan intake, ma/d
No. of panems 20 20 22 18
No of controls 33 42 < 50
Adjusted OR” 1.00 073 023 052 3
95% ClI Reterence 03010 1.77 03810227 0.19 10 1.42
Dietary daidzein intake, mg/d
Nao. of patiemts 19 22 20 19
No. of controls k<) 42 36 48
Adusted OR* 1.00 0.89 093 0.64 a3
96% CI Reference 03810210 03810229 02311.72
Abbreviation: OR, odds ratio
*Adjusted for number of births (0, 1. 2, 3, 4, 5+) and age at first birth (—21, 22-26, 26-29, 30+, nulliparous)

after ingestion of baked soybean powder containing closely similar
amounts of the two.”® Moreover, the absence of an association for
plasma daidzein might be attributable to misclassification arising
from the metabalization of this compound. Daidzein can be metabo-
lized by intestinal bacteria to equol and O-desmethylangolites; be-
cause approximately only 30% to 50% of individuals are capable of
equol production; probably due to differences in gut microflora,
daidzein-to-equol metabolizers may have lower plasma daidzein lev-
els than nonmetabolizers.” Equol has been suggested to have greater
biologic activity than daidzein,™ and an inverse association between
equol level and breast cancer risk has been reported.” Here, the lowest
plasma daidzein quartile group might conversely have had a lower

Wi, jeo.org

breast cancer risk than the higher groups due to its inclusion of equol
metabolizers, and such misclassification, if present, would lead to a
null result,

Our study has several methodological advantages over previous
studies of isoflavones and the risk of breast cancer. First, the direct
measurement of plasma isoflavone levels provides not only an index of
intake but also of the absorption and metabolism of isoflavone, an
understanding of which is important to elucidating the mechanisms
by which isoflavones might influence breast cancer development.
Indirect measuremnent by dietary intake of genistein is likely a major
reason for the present smaller and nonsignificant risk reduction of
breast cancer than by plasma genistein. Exposure assessment using
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blood samples is therefore likely a more sophisticated means of detect-
ing an association. Second, two case-control studies in Australia and
China showed an inverse association between urinary isoflavones and
breast cancer risk.”*?® In view of the retrospective design of these
studies, however, blood or urine levels of isoflavones in breast cancer
cases might have been influenced by metabolic changes after the breast
cancer was detected or by altered eating habits among case subjects. In
our nested case-control study within a prospective cohort, in contrast,
blood samples were collected before cancer diagnosis, obviating any
potential bias due to the presence of cancer. Third, cases and controls
were selected from the same cohon, thereby avoiding the selection
bias inherent to case-control studies.

Several limitations of this study warrant mention. First, we mea-
sured plasma isoflavanes only once foreach individual. The consump-
tion of soy foods is a personal dietary preference, and intake levels of
most individuals are assumed to be relatively stable over time in Japan,
as suggested by our validation study, which showed high reproducibil-
ity of repeated measurements of genistein intake by food frequency
questionnaire (correlation coefficient = 0.72 for 1-year interval and
0,61 for 5-year interval).'™"” By comparison, plasma isoflavone levels
may reflect short-term rather than long-term intake: isoflavones have
short half-lives in blood (eg, 6 to 8 hours),™*” and plasma levels are
particularly affected by time elapsed since the last meal. To minimize
the attenuation of risk estimates derived from random measurement
errors, we matched fasting time between cases and controls. Second,
despite a reasonably large cohort population (24,226 women) and
long follow-up period (average, 10.6 years), the number of breast
cancer cases was relatively small, reflecting the low incidence rate in
Japan (age-standardized rate per 100,000 world population, 32.7 in
2002)."* The interpretability of our results might therefore be limited,
particularly in stratified analyses. Third, although our cohort subjects
were selected from the general population, subjects were restricted to
the 24,226 women respondents (43%) to the baseline questionnaire
who provided blood samples. Although health check-up examinees in
our previous report had a different socioeconomic status than nonex-
aminees and a more favorable lifestyle profile,™ no apparent differ-
ence in isoflavone intake and breast cancer risk factors was found

between subjects in the subcohort for this study and the original
cohort; median isoflavone intake, for example, was 32.5 and 32.1
mg/d, respectively, and the average number of births was 2.8 and 2.7,
respectively.”” Nevertheless, any extrapolation of the results to the
general population should be done cautiously, particularly in view of a
previous report showing the difficulty of extrapolating relative risk
estimates for a subcohort to an entire cohort. This difficulty might in
fact be inherent to prospective studies in general.™

Allowing for these methodological issues, we found an inverse
association between plasma genistein and the risk of breast cancerina
nested case-control study in Japan. This finding suggests a risk-
reducing rather than a risk-enhancing effect of isoflavones on breast
cangcer, even at relatively high concentrations within the range achiev-
able from dictary intake alone.

AUTHORS' DISCLOSURES DOF POTENTIAL CONFLICTS

OF INTEREST

The author(s) indicated no potential conflicts of interest.

AUTHOR CONTRIBUTIONS

Conception and design: Motoki Iwasaki, Manami Inoue, Tetsuya Otani,
Shizuka S ki, Seiichiro Y to, Shoichiro Tsug;

Financial support: Motoki Iwasaki. Shoichiro Tsugane

Administrative support: Motoki Iwasaki, Manami Inoue, Tetsuya Otani,
Shizuka Sasazuki, Norie Kurahashi, Tsutomu Miura,

Seiichiro Yamamoto

Collection and assembly of data: Motoki Iwasaki, Manami Inoue,
Tetsuya Otani, Shizuka Sasazuki, Norie Kurahashi, Seiichiro Y
Shoichiro Tsugane

Data analysis and interpretation: Motoki Iwasaki, Manami Inoue,
Tetsuya Otani, Shizuka Sasazuki, Norie Kurahashi, Tsutomu Miura,
Setichiro Yamamoto, Shoichiro Tsugane

Manuseript writing: Motold Twasaki

Final approval of manuscript: Motoki Iwasaki, Manami Inoue, Tetsuya
Otani, Shizuka Sasazuki, Norie Kurahashi, Tsutomu Miura, Seiichiro
Yamamoto, Shoichiro Tsugane

REFERENCES

1. Parkin DM, Whelan SL, Ferlay J, &t sl Cancer
incidence in five continents vol VIll. IARC Scientific
Publications no 155. Lyon, France, IARC, 2002

2 Adiercreutz H Epidemiology of phytoestio-
gens. Baillieres Clin Endocrinol Metab 12.605-823,
1998

3, Magee PJ, Rowland IR Phytocestrogens,
thesr mechanism of action. Current evidence for a
role in breast and prostate cancer. Br J Nuir 81513
531, 2004

4 Limer JL, Spews V. Phylo-oestrogens and
breast cancar chemopravention. Breast Cancer Res
6:119-127. 2004

5. Kuiper GG. Lemman JG. Carlsson B, et al
Intaraction of estrogemc chermcals and phyloestro-
gens with estrogen receptor beta. Endocrinology
13942524263, 1998

6. Day JK, Besch Williford C, McMann TR, et al
Digtary genistein increased DMBA-induced mam-
mary adenocarginama in wild-type, but not ER alpha
KO. mice. Nutr Cancer 39:226-232, 2001

1682 © 2008 by Amarncan Society of Clinical Oncolagy

1. Ju YH, Alirad KF, Alired CD, st at Genistain
stimulates growth ol human breast cancer cells ina
novel, posimenopausal amimal model. with low
plasma estradiol concentrations. Carcinogenasis 27
1292.1298, 2006

8. Trock BJ, Hilskni Clarke L. Clarke R: Meta-
analysis of soy inake and breast cancer nsk. J Natl
Cancer Inst 88:458471, 2006

9. Yamampto S, Sobue T, Kobayashi M, et al
Soy. soflavones, and breast cancer nsk in Jagan
J Natl Cancer Inst 95:906-813, 2003

10. Verheus M, van Gils CH, Keinan-Boker L, et al
Piasma phytoestrogens and subsequent breast can-
car risk. J Cliy Oncol 25:648.855, 2007

11. den Tonkelsar |, Keinan Boker L Veer PV, at
al Urinary phytoestrogens and postmencpausal
breast cancer nsk Cancer Epidemiol Biomarkers
Prev 10:223-228, 2001

12 Graca PB, Taylor JI, Low YL, e1 al. Phytoestro-
gen concentrabans i serum and spot urine as
biomarkers for dietary phyioestrogen intake and
their relation to bresst cancer nsk in Europesn
prospactive invastigation of cancer and nutrition
norlolk. Cancer Epiderniol Biomarkers Prev 13698
708, 2004

11 Ferlay J. Bray F, Pisani P. et at GLOBOCAN
2002 Cancer Incidance. Mornality and Prevalance
Waorldwide, IARC Cancer Base No 5, version 2.0
Lyon, France, IARC Prass, 2004

. Keinan Boker L, van Der Schouw YT, Grobbes
DE, et al Dietary phytoestrogens and breast cancer
nsk. Am J Clin Nutr 79:282-288, 2004

15 Yamamoto S, Sobue T, Sasski S, et al: Validity
and reproducibiity of a self-administered food-
fraquency quastionnaire to assess iwoflavone intake
m 2 japanese population in companson with dietary
records and blood and unna soflavones. J Nutr
131:2741-2747, 2001

16. Watansbe S, Tsugane S, Sobua T, et al: Swudy
design and organization of the JPHC study. J Epide-
miol 11:53-57, 2001 (suppll

17. Tsubono Y, Kobayashi M, Sasaki S5, at al
Vabdity and reproduciiity of a self-administered
food frequency questionnaire used in the basaling
aurvey of the JPHC study cohon | J Epidemiol
135125-5123, 2003

18. Gamacha PH, Acworth IN: Analysis of phy-
toestrogens and polyphenols in plasma, tissue, and
urine using HPLC with coulometric array detection
Proc Soc Exp Biol Med 217:274-280, 1998

JoumNaL oF CLIMITAL ONTOLOGY

Information downloaded from jco.ascopubs.org and provided by Kokuritsu Gan Center on March 30, 2008 from .
Copyright © 2008 by the American Society of Clinical Oncology. All rights reserved.




18. Shimizu H, Ross RK, Bernstain L, et al, Serum
oestrogen levels in postmencpausal women. Com-
panson of American whites and Japanese in Japan
Br J Cancer 62:451-453, 1990

20. Yoshilke N, Seino F, Tajiima S, et al Twenty
year changes in the prevalance of overweght in
Japanese adults The National Nutrition Survey
197695 Obes Rev 3:183-180, 2002

21. Flegal KM, Carroll MD, Ogden CL. et al
Prevalence and trends in obasity among US adults,
1998-2000. JAMA 2881723-1727, 2002

22 Da Q. Franke AA, Yy H, et al Unnary phy-
1oestrogen excretion end breast cancer nsk: Eveluat-
ing potental effect modifiers endogenous estrogens
and anthropometrics. Cancer Epidemiol Biomarkers
Prev 12:487-502, 2003

Plasma Isoflavone and Breast Cancer Risk in Japan

2 Watanabe 5. Yamaguchi M, Scbue T, et &l
Pharmacokinetics of soybean isoflavones in plasma,
unne and fecas of man after ingestion of 60 g bakad
soybean powder (kinako). J Nutr 12817101715,
1998

2. Atkinson C, Frankenfeld CL, Lampe JW: Gut
bacterial metaholism of the soy isoflavone daldzemn
Exploning the relevance to human health. Exp Biol
Med (Maywood) 230:155-170, 2005

8. Ingram D. Sanders K. Kolybaba M, et al
Casecontrol swdy of phyto-oestrogens and breast
cancer. Lancet 350:990-894, 1997

&, Zheng W. Da Q, Custer LJ, et al Urinary
excretion of |soflavonoids and the risk of breest
cancer. Cancer Epidermiol Biomarkers Prev 8:35-40,
1999

2. Lampe JW Isoflavonoid and lignan phy-
ioestrogens as dietary biomarkers. J Nutr 133
9565-964S, 2003 (supol)

28. lwasski M, Otani T, Yamamoto S. et al: Back-
ground characlenstics of basic heaith exanmination
particpants. The JPHC Study Baseline Survey
J Epidermiol 13:216-225, 2003

. lwasaki M, Otani T, Inoue M, el al! Role and
impact of manstrual and reproductiva factors on
breast cancer risk n Japan Eur J Cancer Prev
16:116-123, 2007

0 lwasaki M, Yarmamoto S, Otani T, et al! Gen-
eralizability of relative nsk estimates from a well
oefined population to a general population. Eur J
Epidemic! 21:253-262, 2006

Acknowledgment

We wish to thank all staff members in each study area and in the central offices for their cooperation and technical assistance. We also wish to
thank the lwate, Aomori, Ibaraki, Niigata, Osaka, Kochi, Nagasaki, and Okinawa Cancer Registries for their provision of incidence data.

Appendix

The Appendix is included in the full-text version of this article, available online at www.jco.org. It is not included in the PDF version

W e ory

(via Adobe® Reader®),

© 2008 by American Society of Clinical Oncology 1683

Information downloaded from jeo.ascopubs.org and provided by Kokuritsu Gan Center on March 30, 2008 from .

Copyright @ ZDA

8 by the American Society of Clinical Oncology. All rights reserved.



CIENCECFTHE TOTALENVIDOHNMENT 402 (2000 176=-110)

available at www. sciencedirect.com

-—

*e,* ScienceDirect

(YA

\[__\“ R www.elsevier.com/locata/scitotenv

EL

Plasma organochlorine levels and subsequent risk of breast
cancer among Japanese women: A nested case-control study

Motoki Iwasaki®*, Manami Inoue®, Shizuka Sasazuki®, Norie Kurahashi®, Hiroaki Itoh®,
Makoto Usuda®, Shoichiro Tsugane*

Japan Public Health Center-based Prospective Study Group *

*Epidemiology and Prevention Division, Research Center for Cancer Prevention and Screening, National Cancer Center, 5-1-1 Tsukiji, Chuo-ku,
Tokyo, 104-0045, Japan
SJapan Institute of Rural Medicine, 787 Usuda, Saku-shi, Nagano, 384-0301, Japan

ARTICLEINFO ABSTRACT

Article history: To our knowledge, no prospective study has examined the association between blood levels of
Received 31 October 2007 organochlorines and breast cancer risk in Asian countries. Here, we tested the hypothesis that
Received in revised form 5 May 2008 higher blood levels of organochlorines are associated with an increased risk of breast cancer in
Accepted 7 May 2008 Japanese women. A total of 24,226 women subjectz of the Japan Public Health Center-based

Prospective Study aged 40to 69 years who responded to the baseline questionnaire and provided

Abbreviations: §-HCH, #-hexachlorocyclohexane; BMI, body mass index; Cl, confidence interval, DDT, dichlerodiphenyltnchlorcethane;
ER-, estrogen receptor-negative; ER+, estrogen receptor-positive; HCB, hexachlorobenzene; JPHC Study, Japan Public Health Center-based
Prospective Study; OR, odds ratio; PHC, public health center; pp'-DDE, pp'-dichlorodiphenyldichloroethylene; pp'-DDT, pp'-
dichlorodiphenyltrichloroethane.

* Corresponding author. Epidemiology and Prevention Division, Research Center for Cancer Prevention and Screening, National Cancer
Center, 5-1-1 Tsukiji, Chuo-ku, Tokyo, 104-0045, Japan. Tel: +81 3 3542 2511x3391; fax: +81 3 3547 8578,

E-mail address: moiwasak@ncc.go.jp (M. Iwasaki).

! Study group members: Members of the JPHC Study Group (principal investigator: S. Tsugane): S. Tsugane, M. Inoue, T. Sobue, and T
Hanacka, Research Center for Cancer Prevention and Screening, National Cancer Center, Tokyo; J. Ogata, 5. Baba, T. Mannami, and A.
Okayama, National Cardiovascular Center, Suita; K. Miyakawa, F. Saito, A. Koizumi, Y. Sano, I. Hashimoto, and T. lkuta, Iwate Prefectural
Ninche Public Health Genter, Ninche; Y. Miyajima, N. Suzuki, S. Nagasawa, Y. Furusugi, and N. Nagai, Akita Prefectural Yokote Public
Health Center, Yokote; H. Sanada, Y. Hatayama, F. Kobayashi, H. Uchino, Y. Shirai, T. Kondo, R. Sasaki, Y. Watanabe, Y. Miyagawa, and Y.
Kobayashi, Nagano Prefectural Saku Public Health Center, Saku; ¥. Kishimoto, E. Takara, T. Fukuyama, M. Kinjo, M. Irei, and H. Sakiyama,
Okinawa Prefectursl Chubu Public Health Center, Okinawa; K. Imoto, H. Yazaws, T. Seo, A Seiko, F. Ito, and F. Shoji, Katsushika Public
Health Center, Tokyo; A. Murata, K. Minato, K. Motegi, and T. Fujieda, Ibaraki Prefectural Mito Public Health Center, Mito; K. Matsul, T. Abe,
M. Katagiri, M. Suzuki, and K. Matsui, Niigata Prefectural Kashiwazaki and Nagacks Public Health Center, Kashiwazaki and Nagaoka; M.
Doi, A. Terao, Y. Ishikaws, and T. Tagami, Kochi Prefectural Chuo-higashi Public Health Center, Tosayamada; H. Sueta, H. Doi, M. Urata, N.
Okamoto, F. Ide, and H. Sueta, Nagasaki Prefectural Kamigoto Public Health Center, Arikawa; H. Sakiyama, N. Onga, H. Takaesu, and M.
Uehara, Okinawa Prefectural Miyako Public Health Center, Hirara; F. Horil, 1. Asano, H. Yamaguchi, K Aoki, 5. Maruyama, M. Tchii, and M.
Takano, Osaka Prefectural Suits Public Health Center, Suita; 5. Matsushima and 5. Natsukawa, Saku General Hospital, Usuda; M. Akabane,
Tekyo University of Agriculture, Tokyo, M. Konishi, X. Okada, and L. Saito, Ehime University, Toon; H. Iso, Osaka University, Suita; Y. Honda
and K. Yamagishi, Tsukuba University, Tsukubs; H. Sugimura, Hamamatsu University, Hamamatsu; Y. Tsubono, Tohoku University,
Sendai; the late M. Kabuto, National Institute for Environmental Studies, Tsukuba; 5. Tominaga, Aichi Cancer Center Research Institute,
Nagoya; M. lida W. Ajila, and A. loka, Osaka Medical Center for Cancer and Cardiovascular Disease, Osaka; 5. Sato, Osaka Medical Center
for Health Science and Promotion, Osaka; N. Yasuda, Kochi University, Nankoku; S. Kono, Kyushu University, Fukuoka; . Suzuki,
Research Institute for Brain and Blood Vessels Akita, Akita; Y. Takashima, Kyorin University, Mitaka; E. Maruyama, Kobe University, Kobe;
the late M. Yamaguchi, ¥. Matsumurs, S. Sasaki, and S, Watanabe, National Institute of Health and Nutrition, Tokyo; T. Kadowaki, Tokyo
University, Tokyo; Y. Kawaguchi, Tokyo Medical and Dental University, Tokyo; H. Shimizu, Sakihae Institute, Gifu, Japan

0048-9697/% - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/).scitotenv.2008.05.009




ECIENCL OF THE TOTALENVIRONMENT 402 (2008) 176-183 177

Keywords:

Breast cancer

Flasma organochlerines
DDT

DDE

Mested case-control study

bloed in 1990-1995 were followed to December 2002. During 10.7 years follow-up, 144 cases of
breast cancer were newly diagnosed. Two matched-controls for each case were selected from
the cohort. Plasma levels of p,p'-dichlorodiphenyltrichlorcethane (p,p’-DDT), p,p’-
dichlorodiphenyldichloroethylene (p,p'-DDE), hexachlorobenzene (HCB), and -
hexachlorocyclohexane {3-HCH) were measured. A conditional logistic regression was used to
estimate the odds ratio (OR) of breast cancer according to cholesterol-adjusted organochlorine
levels based on 139 matched pairs. We found no statistically significant positive association
between plasma arganochlorine level and breast cancer risk. Adjusted ORs for p,p’-DDT, HCB,
and p-HCH were less than 1. For p p*-DDE, adjusted OR for the highest versus lowest quartile was
1.48 (95% confidence interval 0.70-3.13; p for trend =0.25). A stratified analysis by menopausal
status showed positive associations for pp’-DDT and pp-DDE in premenocpausal but not
postmenopausal women, although without statistical significance. Our data do not support the
hypothesis that plasma levels of pp-DDT, pp-DDE, HCB, and -HCH are associated with an

overall increased risk of breast cancer among Japanese women

© 2008 Elsevier BV. All rights reserved

1. Introduction

Theincidence rate of breast cancer in Japan is higher than in other
Asian countries but lower than in Western countries (Parkin et al,,
2002). It has increased 2.2 times during the last 25 years and is
now the most frequently diagnosed cancer among Japanese
women (Tajima et al., 2004; Marugame et al., 2006). The variation
inrates among countries and secular trends in rates may be partly
explained by differences in the distribution of preventive and risk
factors, However, a previous study reported that changes in four
major risk factors, namely age at menarche, age at first birth, age
at menopause, and parity, accounted for less than 40% of the
increase trend in Japan (Nagata et al, 1997). Among unexplained
breast cancer risks, attention has focused on the potential of
some organochlorines to act as environmental estrogens.
Because they have shown weakly estrogenic or antiestrogenic
effects in experimental studies (Kelce et al., 1995; Soto etal,, 1995;
Steinmetz et al,, 1996), a possible association between exposure to
organochlonnes and the risk of breast cancer has been hypothe-
sized (Wolff and Toniclo, 1995). One abundant organochlorine
contaminant is dichlorodiphenyltrichloroethane (DDT), which
was used worldwide from World War 1 for insect control in
forestry and agriculture and for vector control. Although most
developed countries had banned its use by the early 1980s, itis still
used for malaria control in some countries. In Japan, it was used
widely following World War 1 until the beginning of the 1980s and
its residue is still detected in the blood because of its lipid
solubility and resistance to metabolism (Hanacka et al, 2002).

A number of epidemiological studies have investigated the
association between organochlorines and the risk of breast
cancer (Walff et al., 1993; Krieger et al,, 1994; Lopez Camillo et al,,
1997; Schecter et al,, 1997; Hoyer et al., 1998; Olaya Contreras
et al, 1998; Dorgan et al,, 1999; Helzlsouer et al,, 1999; Aronson
et al,, 2000; Hoyer et al., 2000; Romieu et al., 2000; Ward et al.,
2000; Wolff et al,, 2000; Hoyer et al., 2001; Laden et al, 2001ab;
Gammon et al, 2002; Lopez Cervantes et al, 2004; Raaschou
Nielsen et al., 2005; Cohn et al., 2007; Gatto et al., 2007). A recent
meta-analysis based on 22 published studies revealed that pp'-
dichlerodiphenyldichloroethylene (pp’-DDE) was not associated
with an increased risk (Lopez Cervantes et al, 2004). Most of
these studies were conducted in Western countries, however,
and to our knowledge only a few studies have been reported
from Asian countries, such as a small hospital-based case-

control study based on 21 breast cancer patients in Vietnam
(Schecter et al., 1997). It has been suggested that sex hormone
levels are higher in Western than Asian women (Shimizu et al.,
1990), and that thus the hormonal milieu might differ between
them. In addition, the prevalence of obesity (Flegal et al,, 2002;
Yoshiike et al., 2002) and breast feeding (Collaborative Group on
Hormonal Factors in Breast, 2002), which might affect blood
organochlorine levels, also differs between the two populations,
Examination of the association in Japanese women might there-
fore help us better understand the etiological role of organo-
chlorine exposure in the development of breast cancer, and
might also help explain the increasing trend in Japan as well.
To test the hypothesis that higher blood levels of organo-
chlorines are associated with an increased risk of breast cancer in
Japanese women, we conducted a nested case-control study
within a large-scale population-based prospective study in Japan.

2, Method
2.1.  Study population

The Japan Public Health Center-based Prospective Study (JPHC
Study), which began in 1990 for Cohort 1 and in 1993 for Cohort
11, included 140,420 subjects (68,722 men and 71,698 women)
living in 29 municipalities supervised by 11 public health
centers (PHC). The details of the study design have been de-
scribed elsewhere (Watanabe et al., 2001). The study protocol
was approved by the institutional review board of the National
Cancer Center, Tokyo, Japan,

The study population was registered Japanese inhabitants
living in several municipalities in each PHC area, aged 40-59 years
in Cohort 1 and 40-69 years in Cohort 11. In the present analysis,
one PHC area was excluded since data on cancer incidence were
not available. Thus, after exclusion of meligible subjects (n=95),
we defined a population-based cohort of 67,426 women.

2.2 Questionnaire survey

A baseline self-administered questionnaire survey was con-
ducted in 1990-1994. The questionnaire was distributed
mostly by hand and partly by mail. Incomplete responses
were supplemented by telephone interview. A total of 55,891



