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Summary The authors hypothesized that reproductive factors of colorectal cancer, which are probably mediated by endogenous hormones,
would differ according to colonic subsite. Information on reproductive factors was obtained from 372 female colorectal cancer cases (113
proximal colon, 126 distal colon, 133 rectum) and 31 061 cancer-free controls at the Aichi Cancer Center Hospital, Japan, between 1988 and
1995. Multiple logistic analysis showed that late age at interview, family history of colorectal cancer among first-degree relatives, menstrual
regularity, late age at menopause, late age at first pregnancy and late age at first full-term pregnancy were significantly associated with the
risk of colorectal cancer. None of the risk factors were significantly dissociated between colon and rectal cancer. In polytomous logistic
regression analysis, particularly noteworthy was the fact that the odds ratios for age at menarche (P-value for heterogeneity of odds ratios =
0.010), age at first pregnancy (P = 0.016) and age at first full-term pregnancy (P = 0.028) were significantly higher for distal than for proximal
colon cancer. This study supports the hypotheses that there might be an association between reproductive factors and risk of colon cancer,
and that the carcinogenesis of colon cancer, by subsite, might show aetiologic distinctions.
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One of the most dramatic features of colorectal cancer is that thet®80, 1983). There are clear physiologic distinctions between the
is a large difference in incidence rates between highly westernizgatoximal and distal colon, i.e. undigested dietary fibre undergoes
and non-westernized countries. The initial suggestion thaprolonged fermentation and degradation in the proximal colon;
environmental factors were important determinants of colorectdiaecal transit is thought to be much slower against gravity,
cancer risk was based on epidemiologic studies showing markgmoximally (Robbins 1974; Cummings, 1983). However, reports
variations in colorectal cancer death rates in different parts of thexamining reproductive factors in colorectal cancer patients,
world (Armstrong et al, 1975). As is true with stomach cancerparticularly by subsite, have not produced clear and consistent
differences in diet are thought to be a major underlying factor ifindings (Potter and McMichael, 1983; Howe et al, 1985; Peters et
the different incidence rates of colorectal cancer (Zaridze, 19833l, 1990; Kvale and Heuch, 1991; de Verdier and London, 1992;
Based on the fat and fibre hypothesis, a diet high in meat, fat ar@antor et al, 1993; Kravdal et al, 1993; Jacobs et al, 1994; Slattery
protein, and low in dietary fibre is considered to be important iret al, 1995; Kampman et al, 1997). Incidence and mortality for
the aetiology of colon cancer (Potter et al, 1993). female colon cancer have been increasing in some Asian countries
Since the first observation that, among nuns, the incidence nake. Korea and Japan. However, no epidemiologic studies on repro-
only of known hormonal cancers but also of colon cancer igluctive factors have been conducted in the countries, except for a
disproportionate (Fraumeni et al, 1969), a variety of evidence hasase-control study of dietary factors by colonic subsite (Inoue et
shown that reproductive factors may alter the risk of colon canceaal, 1995).
in women (Weiss et al, 1981; Kune et al, 1989; Bostick et al, 1994; This study, conducted through a hospital-based case-control
Martinez et al, 1997). Moreover, the results of other studies havetudy in Japan, aimed both to assess the relationship betweer
suggested that there might be differences in the aetiology deémale reproductive factors and the risk of colorectal cancer, and
colorectal cancer by subsite. The pattern of international variatioto provide an evidence that risk factors may differ according to
in the incidence of colon cancer shows that, in countries witltolonic subsite.
higher rates, excess tumours are found largely in the distal colon
_(Cc_nrrea and Haenszel, 1978). It has been_ reported_ that t ATERIALS AND METHODS
incidence of cancer of the caecum and ascending colon is 10-20%
higher in women than in men at all ages (McMichael and Potter, .
Study subjects

General characteristics of the study population and data collection
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Table 1 Number of cases by subsite identified by pathologic findings Table 2  Adjusted risks of colorectal cancer among 372 cases and 31 061
among 372 colorectal cancer patients interviewed at Aichi Cancer Center controls interviewed at Aichi Cancer Center Hospital, Japan, 1988-1995
Hospital, Japan, 1988-1995
Risk factors Categories All cases vs controls @
Colonic sites Subsites No. of cases or units aOR (95% Cl)
Proximal colon Hepatic flexure 53 Age at interview per 5 years 1.32(1.23-1.42)
Caecum 11 Occupation Housewives 1.0
Appendix 1 All others 0.88 (0.71-1.08)
Ascending colon 31 Family history of No 1.0
Transverse colon 17 colorectal cancer Yes 2.58 (1.77-3.75)
Distal colon Descending colon 9 among first-degree relatives
Sigmoid colon 117 Age at menarche per 2 years 1.08 (0.96-1.22)
Rectum 133 Menstruation Regular 1.0
Irregular 0.65 (0.49-0.86)
Total 3rz Age at menopause per 5 years 1.24 (1.02-1.50)
Age at first pregnancy® per 5 years 1.30(1.11-1.51)
Number of pregnancies® per unity 0.98 (0.91-1.06)
History of full-term Nulliparous 0.21 (0.08-0.58)
hospital for the detection or diagnosis of cancer, not for treatmer Pregnancy Parous
The present report is based on women who completed the qu9¢ & first per 5 years 1.33 (1.13-1.56)
. . full-term pregnancy
tionnaire between January 1988 and December 1995. Number of full-term per unity 1.07 (0.96-1.20)
Cases were incident colorectal cancer patients who had unde pregnancies
gone surgery and about whom subsite-specific information weAverage months of per 3 months 1.03 (0.99-1.08)

collected, based on both clinical and histopathologic examinatic Preast feeding per child

. Alcohol drinki N 1.

at the hospital. Of all the female cases (376), four women who /0! drinking e L 82 076-1.32)
had a past history of any malignancies other than coloregtal Can(cigarette smoking Never 10

were excluded. Controls were all women confirmed by diagnosti Ever 0.97 (0.71-1.33)

procedures at the hospital to be cancer-free 82 416). Women
younger than 20n(= 731) and those with a past history of cancerRelative risks were estimated as adjusted odds ratios (aOR) based on a
(n = 6]_2) were also excluded from the e|igib|e population, as Werf:ase—control lcompe_\rlison. Odds ratios were adjusted for all covariates listed
12 women with missing observations in at least three of four var” the Table, in addition to menopausal status, ever had a full-term

bl t h t t first full-t pregnancy, body mass index, weight at age 20, softness of faeces, and
ables (age at menarche, age at menopause, age at first full- Cintake frequency of certain foods (rice, bean curd, fruits, ham/sausage) and

pregnancy and average months of breast feeding per chiltneir 95% confidence intervals were derived from regression coefficient and
Included in this analysis were 372 colorectal cancer cases astandard error in the linear logistic regression model. "Variables of pregnancy
31 061 controls. and full term pregnancy were not simultaneously included in the model, due

Based on surgical records, cases were divided into thre® Mg colinearty.

subgroups according to anatomic site of the primary lesion: prox-
imal colon (appendix, caecum, ascending and transverse colomumber of pregnancies, age at first full-term pregnancy, number of
distal colon (descending and sigmoid colon) and rectum (rectcfull-term pregnancies and average months of breast feeding per
sigmoid colon, rectum). Included were 113 patients with proximakthild. Certain variables previously found to be significant (Inoue
colon cancer, 126 with distal colon cancer and 133 with recta¢t al, 1995), e.g. softness of faeces (yes vs no) and intake
cancer (Table 1). frequency of certain foods (rice, bean curd, fruits, ham and
sausage; frequently vs rarely), were incorporated into the model as
dichotomous covariates. Due to high collinearity, variables of
pregnancy (pregnancy history, age at first pregnancy, number of
All the colorectal cases were compared to controls using thpregnancies) and variables of full-term pregnancy, (full-term preg-
unconditional multiple logistic regression model. Odds ratiosnancy history, age at first full-term pregnancy, number of full-term
(OR) and 95% confidence intervals (Cl) were calculated forpregnancies) were not simultaneously included in the model.
known and suspected risk factors, which were simultaneously For continuous variables applying only to parous women, nulli-
included in the model. The statistical significance of the differencgparous women were assigned a value of zero. Because the variable
between colon versus rectum, as well as between proximal verstall-term pregnancy history’ was also included in the model, this
distal colon, was determined by a case-to-case comparison, usirgmoved the influence of nulliparity from the coefficient estimates
the multiple logistic regression model (Breslow and Day, 1980for these continuous variables. Similarly, for the continuous vari-
Fox, 1984). The PC-SAS and EGRET systems were used fable ‘age at menopause’, premenopausal women were assigned a
statistical analysis (SAS Institute, 1987; Statistics andvalue of zero. For multivariate modelling, imputed missing values
Epidemiology Research Corporation, 1990). for continuous variables were replaced with age stratum-specific
The following variables were included in each model as catemedian values. Age at menarche for eight cases and 114 controls,
gorical variables: occupation (housewives vs all others), familyage at menopause for eight controls, age at first pregnancy for two
history of colorectal cancer among first-degree relatives, menstrigases and 57 controls, number of pregnancies for no cases and 25
ation at the age of between 20 and 29, menopausal status, full-tegontrols, age at first full-term pregnancy for two cases and 69
pregnancy history, alcohol drinking and cigarette smoking.controls, number of full-term pregnancies for no cases and 48
Included in each model as continuous variables were age at integentrols, and the average months of breast feeding for three cases
view, age at menarche, age at menopause, age at first pregnarmyd 164 controls were imputed in this manner. For cases, missing

Data analysis
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Table 3 Results of multivariate logistic regression analysis to compare reproductive factors between proximal and distal colon cancer, Aichi Cancer Center

Hospital, Japan, 1988—-1995

Risk factors Categories Proximal colon Distal colon P-value for
or units Vs controls Vs controls intercase
aOR (95% Cl)2 aOR (95% Cl)2 comparison ®

No. of cases 113 126

No. of controls 31061 31061

Age at interview per 5 years 1.36 (1.20-1.54) 1.22 (1.09-1.37) 0.694 (1)

Occupation Housewives 1.0 1.0 0.823 (1)
All others 0.92 (0.63-1.34) 0.80 (0.56-1.15)

Family history of colon cancere No 1.0 1.0 0.712 (1)
Yes 1.97 (0.95-4.11) 3.02 (1.67-5.45)

Age at menarche per 2 years 0.88 (0.70-1.10) 1.34 (1.10-1.62) 0.010 (1)

Menstruation Regular 1.0 1.0 0.442 (1)
Irregular 0.72 (0.44-1.20) 0.53 (0.32-0.88)

Age at menopause per 5 years 1.72 (1.20-2.48) 1.09 (0.78-1.51) 0.124 (1)

Age at first pregnancy? per 5 years 1.10 (0.84-1.45) 1.63 (1.28-2.09) 0.016 (1)

Number of pregnancies? per unity 0.95 (0.83-1.09) 1.08 (0.96-1.22) 0.202 (1)

Age at first full-term pregnancy per 5 years 1.17 (0.88-1.55) 1.75 (1.36-2.25) 0.028 (1)

Number of full-term pregnancies per unity 1.01 (0.83-1.23) 1.19 (1.00-1.42) 0.803 (1)

Average months of breast feeding per child per 3 months 0.99 (0.91-1.07) 1.04 (0.97-1.13) 0.403 (1)

Alcohol drinking Never 1.0 1.0 0.426 (1)
Ever 1.13 (0.71-1.80) 0.78 (0.49-1.25)

Cigarette smoking Never 1.0 1.0 0.944 (1)
Ever 0.64 (0.34-1.23) 0.81 (0.46-1.42)

a0dds ratios were adjusted for all covariates (aOR) listed in the Table, in addition to menopausal status, ever had a full-term pregnancy, softness of faeces,
intake frequency of certain foods (rice, bean curd, fruits, and ham/sausage), and their 95% confidence intervals were based on regression coefficients and
standard errors of the multivariate logistic regression model. bLikelihood ratio test for difference between proximal and distal colon cancer cases, adjusted for all
other covariates. ( ), degree of freedom. ¢ Family history of colon cancer among first-degree relatives. ¢ Variables of pregnancy and full-term pregnancy were not
simultaneously included in the model, due to high collinearity.

values for menstruation between the age of 20 and 29 were consid-The results of multiple polytomous logistic regression analysis to
ered to be irregulam(= 4); for controls, missing values for this determine whether risk factors differed across the three subgroups
variable were considered to be regular (188). This conservative (proximal colon cancer, distal colon cancer and controls) are shown
assumption biased the overall result for menstruation toward thie Table 3. Age at interview was positively associated with both
null. Subjects with missing observations for alcohol drinking (34proximal (OR = 1.36 per 5 years; 95% CI = 1.20-1.54) and distal
controls) and cigarette smoking (one case and 31 controls) weoslon cancer (OR = 1.22 per 5 years; 95% Cl = 1.09-1.37), but
considered to be never-users. A more detailed procedure has beeierogeneity of the odds ratios was not statistically signifiéant (
described elsewhere (Yoo et al, 1997). 0.694). The odds ratio for family history of colon cancer among first-
degree relatives was higher in distal (OR = 3.02; 95% CI =
1.67-5.45) than in proximal colon cancer (OR = 1.97; 95% CI =
0.95-4.11), but there was no significant difference in the odds ratios
Using a multiple logistic regression model, all cases weréetween proximal and distal colon cancer=(0.712). Among the
compared with controls. Table 2 shows that some risk factors amenstrual factors, age at menarche was negatively associated witt
significantly related to the risk of colorectal cancer; these includ@roximal cancer (OR = 0.88 per 2 years; 95% CI = 0.70-1.10), but
age at interview (OR = 1.32 per 5 years; 95% CI = 1.23-1.42)ositively associated with distal colon cancer (OR = 1.34 per 2 years;
family history of colorectal cancer among first-degree relative€95% CI = 1.10-1.62)R-value for heterogeneity of odds ratios =
(OR = 2.58; 95% CI = 1.77-3.75), menstruation at younger ag6.010). However, menstrual regularity previously found significant
(OR = 0.65; 95% CI = 0.49-0.86), age at menopause (OR = 1.24 case-control comparison, did not show any significant difference
per 5 years; 95% CI| = 1.02-1.50), age at first pregnancy (OR i odds ratios between proximal and distal comparigeva({ue for
1.30 per 5 years; 95% CIl = 1.11-1.51) and age at first full-ternmeterogeneity of odds ratios = 0.442). Although age at menopause
pregnancy (OR = 1.33 per 5 years; 95% Cl = 1.13-1.56)was positively associated with proximal colon cancer (OR = 1.72 per
Occupation, age at menarche, number of pregnancies, number®¥ears; 95% Cl = 1.20-2.48), the difference in odds ratios between
full-term pregnancies, average months of breast feeding per chilthis and distal colon cancer was not significé@t (0.124).
alcohol drinking and cigarette smoking, however, were not signif- Particularly noteworthy was that apparent heterogeneity of odds
icantly associated with the risk of colorectal cancer. ratios for reproductive factors of both pregnancy and full-term preg-
The results of multivariate comparison of risk factors betweemancy between proximal and distal colon cancer was observed. The
colon and rectal cancer, using a polytomous logistic regressioodds ratio for age at first pregnancy was significantly higher for distal
model, shows that none of the variables previously found to béOR = 1.63 per 5 years; 95% CIl = 1.28-2.09) than for proximal colon
significant risk factors in colorectal cancer were significant.cancer (OR = 1.10 per 5 years; 95% CI| = 0.84—1 B5ja(ue for
Accordingly, rectal cases were disregarded for further analysiieterogeneity of odds ratios = 0.016). Similarly, the odds ratio for age
and the results are not presented. at first full-term pregnancy was significantly higher for distal (OR =

RESULTS
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Table 4 Summary of epidemiologic findings on the association between reproductive factors and colorectal cancer by subsite

OR2 or RR2 of colorectal cancer with increase in:

Authors Areas Study Subjects Subsites Age at Age at No. of Age at
(year) design menarche menopause FTP »© FFTPe
Potter and Australia Case-control 155/311 Colon - - Dec Inc
McMichael Rectum - - Dec Inc
(1983) Proximal - - Dec Inc
Distal - - Dec Inc
Howe Toronto, Case-control 229/242/257 Colon - - - Incd
etal Canada Rectum - - - Incd
(1985) Proximal - - Inc Inc
Distal - - Dec Inc
Peters Los Angles Case-control 3271327 Colon U U Decd U
etal County, USA Proximal U Dec Dec U
(1990) Distal U U Decd U
Kvale and Norway Cohort 831/63090 Colon 0.87 1.11 0.93 1.16
Heuch Rectum 0.99 0.89 0.82 0.68
(1991) Proximal - - 0.69 0.64
Distal - - 1.19 1.25
1.04 2.12d
de Verdier and Sweden Case-control 299/276 Colon 0.7 0.9 Dec U
London Rectum 0.8 1.0 U U
(1992) Proximal 0.7 0.8 U Dec
Distal 0.8 1.0 U Inc
Cantor lowa, USA Case-control 332/831 Colon - - U U
etal Rectum - - Inc U
(1993) Proximal - - 0.98 -
Distal - - 0.38¢ -
Kravdal Norway Cohort 859/1.1 million Colon - - U Inc
etal Rectum
(1993) Proximal - - Dec U
Distal - - Dec Inc
Jacobs Seattle, USA Case-control 193/194 Colon - 1.13 Dec Decd
etal Proximal - 0.84 Dec Dec
(1994) Distal - 1.39 Dec Dec
Slattery Utah, USA Cohort 819/3202 Colon - - Dec U
etal
(1995) Proximal - - 0.65¢ U
Distal - - U U
Yoo Japan Case-control 372/31 061 Colon 112 1.34¢ 1.10 1.45¢
etal Rectum 1.02 1.08 1.04 1.10
(1997) Proximal 0.88 1.724 1.01 1.17
Distal 1.344 1.09 1.194 1.75¢

20dds ratios and relative risks. °Full-term pregnancy. °First full-term pregnancy. P-values less than 0.05. inc/dec/U : indicates increasing/decreasing/undefined
trend in odds ratios or relative risks.

1.75 per 5 years; 95% Cl = 1.36-2.25) than for proximal colorVerdier and London, 1992; Jacobs et al, 1994; Kampman et al,
cancer (OR = 1.17 per 5 years; 95% CI = 0.88-1B8)a(ue for  1997). Although we also failed to see the relationship between age
heterogeneity of odds ratios = 0.028). Neither the number of pregt menarche and colorectal cancer, there is an apparent relation-
nancies nor the number of full-term pregnancies showed significasthip of late age at menopause with significantly elevated risk of
heterogeneity between proximal and distal colon cancer riskgolon cancer, suggesting the possible role of menstrual factors in
however. The remaining variables, i.e. average months of breaste aetiology of colorectal cancer.

feeding per child, alcohol drinking and cigarette smoking, showed no A summary of nine studies on parity in relation to female colon
difference in odds ratios between proximal and distal colon cancer.cancer risk shows marked inconsistencies (Table 4). A commu-
nity-based case-control study in Australia shows that increasing
parity was associated with a decreasing risk of colon cancer
DISCUSSION (Potter and McMichael, 1983). A similar decreasing trend was
Only a few studies have been conducted to determine whethebserved in a population-based case-control study in Los Angeles,
menstrual factors are related to the risk of colon cancer. Table @A, USA (Peters et al, 1990) and among women diagnosed before
shows that the overall picture from reports so far published is thatge 65 in a cohort study in Utah, USA (Slattery et al, 1995).
there is no association between menstrual factors and colon @antor et al (1993) observed that parous women were at signifi-
colorectal cancer (Peters et al, 1990; Kvale and Heuch, 1991; dantly decreased risk of colon cancer (OR = 0.67; 95% CI =
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0.5-0.97), but no significant trend with parity was seen. Neithecase ratio certainly does not hurt efficiency, and does lead to a
case-control study in Sweden (de Verdier and London, 1992) armmarginal improvement. Thus, we saw no reason not to include the
in Seattle (Jacobs et al, 1994), nor two cohort studies in Norwagntire control group in the analysis, as opposed to selecting a
(Kvale and Heuch, 1991; Kravdal et al, 1993) reported any signifrandom sample of controls. It should be reassuring, however, that
icant evidence of a risk of colon or rectal cancer being influencewith regard to comparability, the methodological issue of using all
by parity, and this was consistent with the results in this study. Thavailable non-cancer individuals as a control group (Hamajima et
findings of the significant increasing trends in odds ratios with agal, 1994), as well as the disease profile of cancer-free controls in
at first full-term pregnancy observed in this study were consisterthe present study, have already been discussed elsewhere (Yoo ¢
with the results of the earlier case-control studies (Potter andl, 1992; Hirose et al, 1995; Inoue et al, 1995).
McMichael, 1983; Howe et al, 1985). On the basis of a trend analysis, using Japanese mortality statis-
It is not yet clear whether colorectal cancers at different subsitetics for the period 1969-1981, Tajima et al (1985) reported that the
represent aetiologically distinct forms of the disease and havage-adjusted death rate for distal colon cancer has fundamentally
different risk factor profiles. In previous studies, overall, there isincreased in both genders and, in particular, is higher in the male.
no evidence that menstrual factors differ in their association witfThe South Australian Cancer Registry, however, reported that, for
colon cancer risk by subsite (Table 4). In the present studyhe period 1977-1980, female rates for distal colon cancer
however, age at menarche was positively associated with distadcidence before the age of menopause (approximately age 50)
colon cancer, although it did not show statistical significance irexceeded male rates for that age group (McMichael and Potter,
case-control comparison. Even though both menstrual regularit¥983). Slattery et al (1995) observed that, according to the Utah
and late age at menopause were significantly associated witPopulation Database, the majority of tumours among women diag-
colorectal cancer risk, stratified analysis by subsite did not reveal@osed at age 64 or less were in the distal segment of the colon,
significant association. These findings should be pursued iwhile among women 65 or older, the majority of tumours were
further epidemiologic studies. proximal. Differences in the age-specific incidence of subsite-
Reports on the dissociation between parity and colon cancer rigpecific tumours among various countries might influence the
by subsite are quite inconsistent (Table 4). Two reports have fourrgsults of subsite analysis.
that parity only slightly decreases the risk of colon cancer in both This study confirms that, in Japan, there is a strong association
sides of the colon, if at all (Potter and McMichael, 1983; Peters dietween female reproductive factors and the risk of colorectal
al, 1990). In some studies, however, statistical testing — neededdancer. In the comparison of risk factors by colonic subsite, partic-
trends in parity are to be revealed and subsequently describedutarly noteworthy was the fact that the significance of age at
was not carried out. Peters et al (1990) and Jacobs et al (1994), menarche, of age at first pregnancy and of age at first full-term
the other hand, interpreted their case-control studies to indicafgegnancy was found to be greater in case of distal colon cancer,
that it is distal colon cancer that is related to endogenous hormonaith statistical significance. Based on these findings, it can be
risk factor of parity. For all cases combined, the present studgpeculated that hormonal reproductive factors may be closely
observed an odds ratio for number of full-term pregnancies of 1.1flated to the risk of distal colon cancer, which suggests that
(95% CI = 1.00-1.42) for the distal colon. There was, however, nthrough a mechanism not yet understood, sex hormones play arn
significant heterogeneity in the odds ratifs=(0.803). aetiologic role in the carcinogenesis of colon cancer. The recent
The present study showed an intriguing finding concerning théncrease in the incidence of distal colon cancer seen in Japan might
dissociation of both age at first full-term pregnancy and age at firdte attributed to high consumption of Western-style foods (Inoue et
pregnancy, with subsite-specific risk of colon cancer; the observeal, 1995), in combination with subsequent changes in reproductive
increase in odds ratio was found to be significant in distal colofehaviour in younger Japanese women.
cancer (OR = 1.75), but not significant in proximal colon cancer
(OR =1.17). Potter and McMichael (1983) observed that the risk of
cancer in both sides of the colon influenced by age at first live bitACKNOWLEDGEMENTS
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