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Ecologic studies have reported that sunlight or solar ultraviolet B
exposure is inversely associated with the risk of colorectal cancer
incidence and mortality in the United States (Grant and Garland,
2004; Giovannucci, 2005) and in Japan (Mizoue, 2004). This
ultraviolet B is involved in the production of vitamin D from
7-dehydrocholesterol in the skin (Holick, 2004). Vitamin D, which
is derived from skin and dietary products or supplemental sources,
is catalysed to 25-hydroxyvitamin D in the liver, which is the most
useful measure of vitamin D status (Hunter, 1998). The 25-
hydroxyvitamin D re-enters the circulation and is converted in the
kidney by 25-hydroxyvitamin p-12-hydroxylate to 1,25-dihydroxy-
vitamin D, which regulates calcium metabolism through its
interaction with its major target tissues, bone and intestine;
25-hydroxyvitamin D is also metabolised in colorectal mucosa for
regulation of cellular growth.

Several prospective studies reported that 25-hydroxyvitamin D
in the blood was inversely associated with colorectal cancer risk
(Garland et al, 1989; Braun et al, 1995; Wactawski-Wende et al,
2006), and especially distal colon and rectal cancer (Tangrea et al,
1997; Feskanich et al, 2004). One cohort was used to analyse a
small number of cases (Garland et al, 1989; Braun et al, 1995),
while others were from specific populations such as Finnish male
smokers (Tangrea et al, 1997) and US nurses (Feskanich et al,
2004). Further confirmation is needed from general populations,

*Correspondence: Dr S Sasazuki; E-mail: ssasazuk@gan2.resnccgojp

2 Study group members are listed in Appendix A
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We investigated the association between plasma 25(OH)D and the subsequent colorectal cancer incidence risk by a nested case—
control study in The Japan Public Health Center-based Prospective Study, covering 375 newly diagnosed cases of colorectal cancer
from 38 373 study subjects during a | 1.5-year follow-up after blood collection. Two controls were matched per case on sex, age,
study area, date of blood draw, and fasting time. In a condtional logistic regression mode! with matched pairs adjusted for smoking,
alcohol consumption, body mass index, physical exercise, vitamin supplement use, and family history of colorectal cancer, plasma
25(OH)D was not significantly associated with colorectal cancer in men or in women. However, the fowest category of plasma
25(OH)D was associated with an elevated risk of rectal cancer in both men (odds ratio (OR), 4.6; 95% confidence interval (CI), 1.0-
20) and women (OR, 2.7, 95% Cl, 0.94-7.6), compared with the combined category of the other quartiles. Our resuts suggest that a
low level of plasma 25(OH)D may increase the risk of rectal cancer.
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especially with a different sunlight exposure and skin pigmentation
reducing the cutaneous synthesis of vitamin D (Clemens et al,
1982; Matsuoka et al, 1991).

We investigated the association between plasma 25-hydroxy-
vitamin D and the subsequent risk of colorectal cancer in a
nested case -control study in a large general population cohort in
Japan.

MATERIALS AND METHODS

The Japan Public Health Centre-based Prospective Study (JPHC
study) is an ongoing cohort study investigating cancer, cardiovas-
cular disease, and other lifestyle-related diseases. The first group
(Cohort I) of the JPHC study started in 1990 and the second group
(Cohort II) in 1993 (Watanabe et al, 2001). Study subjects were
mainly residents living in several municipalities in each area
administered by a Public Health Center, aged 40-59 years for
Cohort I and 40-69 years for Cohort II. Two more subcohorts of
health check-up examinees and random samples from one city
aged 40-69 were added to Cohort II. The study subjects were
identified by the population registry in each municipality. We
studied a cohort of 65803 men and 67 520 women. Our study was
approved by the institutional review board of the National Cancer
Centre, Tokyo, Japan.

Using a self-administered questionnaire, study subjects were
asked to provide information about their personal and familial
medical histories, smoking, alcohol consumption, frequency of
physical exercise, dietary habits, and other lifestyle factors. Their
dietary habits were assessed by a food-frequency questionnaire of
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44 items for Cohort I (Tsubono et al, 2003) and 52 items for Cohort
I1. A total of 50456 men (77%) and 55 909 women (83%) filled out
and returned the questionnaire. Among the study subjects, 15258
men (23%) and 26703 women (40%) donated 10-m! of venous
blood, drawn into vacutainer tubes containing heparin, collected at
the time of their health check-ups (1990-1992 for Cohort I, and
1993-1995 for Cohort II), and divided into plasma and buffy
layers, and then preserved at —80°C until analysis.

Follow-up

We followed study subjects until 31 December, 2003, obtaining
mortality details from the Ministry of Health, Labour and Welfare
as necessary. Subjects moving to other municipalities were
identified annually through residential registries in their Public
Health Center areas; 9.9% moved away, and 0.2% were lost to
follow-up.

Incidence data on colorectal cancer were collected for the JPHC
cancer registry through local major hospitals, and population-
based cancer registries. Indicators of the completeness of colo-
rectal cancer case ascertainment conformed to the international
standard (Parkin et al, 2002) as follows: 5.5% of incident cases
were notified by death certificates (Death Certificate Notification,
DCN); 2.2%.did not have detailed information except death
certificates (Death Certificate Only, DCO); and 94.7% were verified
by histological examination (Histological Verification, HV). We
identified 375 cases (196 men and 179 women) of colorectal cancer
up to 31 December, 2003 from among the 38373 subjects (14004
men and 24369 women) who had returned the baseline
questionnaire, did not report diagnosis of any cancer, and
provided the blood samples. All 375 cases were pathologically
confirmed as adenocarcinoma, after excluding 18 cases of
unknown pathology and seven non-adenocarcinoma cases. Of
these, 256 subjects had cancer of the colon (International
Classification of Diseases for Oncology, Third edition (ICD-O-3)
(World Health Organisation, 2000) code C180- C189) and 119 had
cancer of the rectum (ICD-O-3 code C199 and C209). Colon
cancers were classified into proximal (ICD-0-3 code C180-C185)
or distal colon (ICD-O-3 code C186 and C187). Information on
tumour depth was available in 370 of the 375 cases, with 120
tumors of the intramucosal type corresponding to Tis in TNM
classification (International Union Against Cancer, 1997) and 250
of the invasive type corresponding to T1 or more.

For each case, two controls were selected, using incidence
density sampling (Clayton and Hills, 1993), matched on sex, age
(within 3 years), date of blood draw (within 3 months), time since
last meal (within 4h), and study location (each Public Health
Centre area) from subjects who had no history of colorectal cancer
when the case was diagnosed. )

Plasma 25-hydroxyvitamin D concentrations were measured by
the competitive protein-binding assay of Haddad and Chyu (1971).
A modified method using Gc-globulin (Sigma-Aldrich Co., St
Louis, MO, USA) instead of a tissue extract was adopted. All
samples were assayed by one commercial laboratory (Mitsubishi
Kagaku Bio-Clinical Laboratories Inc., Tokyo, Japan). Samples
from matched sets were assayed together. All laboratory personnel
were blinded with respect to case or control status. The intra-assay
coefficient of variation from the quality control samples was 8.4%
(n=9).

Statistical analysis

Adjusted means for cases and controls were calculated using least
square means in analysis of covariance by the PROC GLM
procedure in SAS software (version 9.1; SAS Institute Inc., Cary,
NC, USA). Percentages of baseline characteristics were unadjusted
crude values. We used the extensions of the Mantel - Haenszel
procedure (Mantel, 1963) with matched pairs for a comparison of
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the baseline characteristics and plasma 25-hydroxyvitamin D
between cases and controls, using the PROC FREQ procedure with
CMH option. We tested the linear trend of covariates among
controls by quartiles of plasma 25-hydroxyvitamin D, also using
the extensions of the Mantel -Haenszel procedure (Mantel, 1963).
The odds ratios (OR) and 95% confidence intervals (CI) for plasma
25-hydroxyvitamin D divided into quartiles based on control
distribution were calculated by a conditional logistic regression
model adjusted for pack-years of smoking (continuous), alcohol
consumption (continuous), body mass index (continuous),
physical exercise (less than once a week, or once a week or more),
vitamin supplement use (any vitamin supplements, ie., B-
vitamins, vitamin C, E, A, multivitamins, or other), and family
history of colorectal cancer as well as using matched pairs. The
linear trend of OR was tested using the logarithmic-transformed
median value of plasma 25-hydroxyvitamin D in the category,
since the plasma value was log-normally distributed. The
heterogeneity over quartiles of plasma 25-hydroxyvitamin D levels
was tested by the Wald y* statistic, P-values for the trend were two-
sided, with 0.05 as the significance level. We estimated the ORs for
colorectal cancer as a whole, and also colon and rectal cancers
separately with assessment of difference between these two cancers
using a test for heterogeneity (Greenland, 1998). To examine
whether the plasma 25-hydroxyvitamin D levels affected the risk of
colorectal cancer differently between periods of high (July to
November) and low (December to June) blood levels, we
conducted a seasonally stratified analysis of blood drawn
Additionally, we tried to estimate the risk for hypovitaminosis D
(15ngml™" (37.5nmol1™") (Nesby-O’Dell et al, 2002).

RESULTS

Colorectal cancer cases in men smoked more, consumed more
alcohol beverages, and had a higher body mass index than their
controls, but also consumed less dietary fiber than controls
(Table 1). Female cases consumed more diet-origin vitamin D
than their controls.

No potential confounding factors correlated with plasma 25-
hydroxyvitamin D among controls (Table 2).. Female controls in
the lowest quartile of plasma 25-hydroxyvitamin D consumed
more alcoholic beverages than other quartiles. Food and nutrient
intakes were not associated with plasma 25-hydroxyvitamin D
except n-3 polyunsaturated fatty acid intake in women, which is
contained in fish, a major source of dietary vitamin D in the
Japanese population (Nakamura et al, 2002). Dietary vitamin D did
not correlate with plasma 25-hydroxyvitamin D in either men or
women.

Plasma 25-hydroxyvitamin D was lower in rectal cancer cases
than their controis (Table 3). Median plasma levels were
243ngml™" in men and 266ngml™' in their controls
(P=0.0051); 20.6ngml™"' in women and 22.6ngml™" in their
controls {P=0.093). There was no difference between colon cancer
cases and their controls.

Plasma 25-hydroxyvitamin D was not associated with the risk of
colorectal cancer in men or women, although there was a
suggestion of an inverse relationship in men (Table 4), with ORs
(95% CI) of 0.76 (0.42-1.4) for the second, 0.76 (0.39-1.5) for the
third, and 0.73 (0.35- 1.5) for the highest quartile, compared to the
lowest quartile (P for trend, 0.39). It appeared that only the lowest
quartile had a somewhat higher risk than other quartiles for rectal
cancer risk, although again the trend test was not significant. The
ORs were 1.0 for the lowest, 0.17 for the second, 0.25 for the third,
and 0.075 for the highest quartile for men (P for trend, 0.06); colon
cancer did not show a similar association. In women, a similar
association was observed for rectal cancer risk, with ORs of 0.26,
0.46, and 0.33 for the second, third and highest quartiles
respectively (P for trend, 0.17). Heterogeneity tests between colon
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Table | Baseline characteristics of cases and controls
Men Women
Characteristics Cases Controls P Cases Controls P
n 196 392 179 358
Age (years), mean 569 569 0.69 56.5 564 0.35
Smoking (pack—years), mean® 275 238 0020 0.458 0.657 054
Alcohol consumption (gweek™' ethanol), mean® 236 175 <00010 9.63 570 037
Body mass index (kgm~2), mean® 238 232 0027 235 236 048
Physical exercise, n (%)° 49 (26) 75 (20) 0.12 33 (19) 54 (15) 028
Vitamin supplement use, n (%) . 35 (20) 53 (I5) 0.1 24 (15) 54 (17) 043
Family history of colorectal cancer, n (%) 5(26) 4 (10) 0.16 4(22) 4.1 032
Total energy intake (kcalda ~", mean® 2021 2064 034 1277 1265 067
Dietary fibre intake (gday” '), mean® 776 805 0047 7.83 758 0.16
Folate intake (ugday™'), mean® 328 329 060 298 251 03I
Caldum intake (mgday™"), mean® 444 463 0.15 452 43 0074
Vitamin D intake (ugday™ '), mean® 6.58 667 054 557 5.16 0047
n-3 fatty-acid intake (ug d™"). mean® 132 138 028 119 113 0.060
Red meat intake (gd™'), mean® 170 172 0.70 138 127 017
Fish intake (gd™"), mean® 622 620 0.88 46.7 436 0.15

Adjusted for age. "Number (percentage) of subjects doing physica! exercise once a week or more. “Adjusted for age and cohort. 4Adjusted for age, cohort, and energy intake.

Table 2 Association between plasma 25-hydroxyvitamin D and covariates among controls at baseline

Quartiles of plasma 25-hydroxyvitamin D

Men Women
Variables Lowest Second Third Highest P for trend Lowest Second Third Highest P for trend
Range, ngmi™" (<229) (229-275) (276-320) (3214 (<187) (187-222) (223-269) (27.0+)
Median, ngml_I 199 250 296 356 166 206 24.i 314
Age, mean 576 55.1 569 580 045 553 579 568 55.6 092
Srnoking, mean” 259 239 214 239 044 08 1.3 04 02 022
Alcohol consumption, mean” 172 172 183 174 0.40 112 36 46 35 0062
Body mass index, mean® 235 23.1 233 23.1 053 235 234 237 238 034
Physical exercise, n 18 21 16 20 070 I 16 12 I5 083
Vitamin supplement use, n IS 9 21 8 0.30 14 15 12 13 0.74
Family history of colorectal cancer, n 0 | | 2 0.15 0 2 ! | 047
Dietary fibre intake, mean® 753 856 8.39 7.64 084 7.3 760 7.62 7.80 096
Folate intake, mean® 338 340 331 312 0091 279 288 292 300 048
Caldum intake, mean® 451 463 497 443 057 429 419 437 399 024
Vitamin D intake, mean® 630 6.84 7.14 6.47 092 5.00 5.19 484 554 0.067
n-3 fatty-acid intake, mean® 1.30 144 1.47 1.3t 08! 1.07 1.13 1.08 1.20 0.026
Red meat intake, mean® t7.8 178 16.2 17.0 050 106 138 134 129 049
Fish intake, mean® 595 639 662 589 070 422 440 39.1 484 0.087
*Adjusted for age. "Adjusted for age, cohort, and energy intake.
Table 3 Plasma 25-hydvroxyvitamin D between cases and controls and rectal cancer risk were borderline (P=0.06 in men; 0.04 in
women), using estimates from the statistical model for the trend test.
Plasma 25-hydroxyvitamin D, (ngmi™') In addition to the main results, we calculated the rectal cancer
risk of the lowest quartile compared with the combined category of
Cases Controls P other quartiles in men and women. These ORs were 4.6 (95% CI,

1.0-20) in men and 2.7 (95% CI, 0.94-7.6) in women. The fact that

Me&,ow, aancer. n 196 397 the low plasma levels were associated with rectal cancer risk did
Median [imterquartile range] 27.3 [222-328] 27.6 [229-321] 067 not substantially change when the first 2-year cases were excluded,
Colon cancer, n 141 282 although the OR in men was attenuated (OR, 2.2 (95% CI, 0.44 -11)
Median [interquartile range] 283 [230-350] 280 [230-323) 025 in men; OR, 2.7 (95% CI, 0.92-7.8) in women). Further adjustment
Rectal cancer, n 55 110 for n-3 polyunsaturated fatty acid or fish intake did not change the
Median [interquartile range] 24.3 [202-29.1] 266 [229-312] 0005! main results (data not shown).

We repeatedly examined the association after stratifying data by

Women the season of blood collection, that is, that with high plasma levels
Colorectal cancer, n 179 358 (July to November) or low plasma levels (December to June), and
Median [interquartile range] 22.5 [185-27.1] 223 [187-270) 091 by study location (northern or southern Japan), but the results did
Colon cancer.n 15 230 not substantially change. These further analyses could not be
Q:;”cg:::q:m'e range) 233 “Z‘J -273] 120 [Isl.;g275] 025 applied to rectal cancer separately because the numbers were too

small; similarly the risk of hypovitaminosis D could not be
investigated because of the small numbers (six men cases and six
*Tested by extensions of Mantel-Haenszel procedure with matched pairs. men controls; 10 women cases and 28 women controls).

Median [interquartile range] 20.6 [17.8-253} 226 [19.1-265] 0093
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Table 4 Odds ratios (OR) and 95% confidence intervals (Cl) of colorectal cancer for plasma 25-hydroxyvitamin D

Quartiles of plasma 25-hydroxyvitamin D

P for P for
Lowest Second Third Highest heterogeneity trend
Men
Range, ngmi™' (<229) 229-275) (27.6-320) G214)
Median, ngmi™' 199 250 29.6 356
Colorectal cancer, n* 43/74 40/85 36/85 44/80
Unadjusted OR® (95% Cl) 1.0° 081 (049-1.3) 064 (0.36-1.1) 091 (050-1.7) 037 053
Adjusted OR® (35% Cl) Yy 076 (042-1.4) 076 (0.39-1.5) 0.73 (035-15) 078 039
Colon cancer, n° 25/54 27/55 29/66 38/62
Unadjusted OR® (95% Cl) 1.0c 1.0 (055-1.8) 089 (046-1.7) 1.5 (0.73-3.0) 04! 037
Adjusted OR? (95% CI) 1.0° 0.98 (048-2.0) 1.0 (048-23) 12 (051-27) 097 070
Rectal cancer, n® 18120 13/30 yit] &8
Unadjusted OR® (95% Cl) 1.0° 039 (0.15-1.0) 026 (0.084-0.82) 0.16 (0.036-0.69) 0055 00066
Adjusted OR? (95% ClI) 1.0° 0.17 (0.024-12) 025 (0.051-1.3) 0075 (00057 -095) 0.19 006
Women

Range, ngml™’ (<187) (18.7-222) (223-269) (27.0+)
Median, ngrl™' 16.6 206 : 241 314
Colorectal cancer, n° 1177 34/73 44171 41176
Unadjusted OR® (35% Cl) 1L.O° 092 (0.54-1.6) 1.1 (061-1.8) 0.98 (051~1.9) 096 096
Adjusted OR? (95% Cl) 1O° 1.0 (055-1.9) 12 (0.65-2.3) 1.1 (050-23) 092 074
Colon cancer, n® . 2153 27/48 27141 31/53
Unadjusted OR® (95% Cl) (Ko 13 (068-25) 18 (0.88-3.6) 19 (083-43) 038 .10
Adjusted OR? (5% Q) 1.0° 1.7 (0.78-3.6) 21 (090-4.7) 21 (0.78-5.6) 0.34 012
Rectal cancer, n 2014 7125 17/30 10123
Unadjusted OR® (95% CI) LO° 039 (0.14-1.1) 039 (0.15-1.0) 0.28 (0087-0.88) 0.14 004
Adjusted OR? (95% Cl) 1.0° 0.26 (0.069-10) 046 (0.15-1.4) 0.33 (0084 1.3) on o7

*Numbers of cases/controks. "ORs estimated using matched pairs without any adjustment. ‘Reference category. “ORs estimated using matched pairs with adjustment for pack—
years of smoking (cantinuous), akcohol consumption (g/week ethanol, continuous), body mass index (continuous), physical exercise (less than once a week, or once a week or

more), vitamin supplemert use, and family history of colorectal cancer.

DISCUSSION

Our results suggest that a low level of plasma 25-hydroxyvitamin D
is associated with rectal cancer risk in both men and women but
not colon cancer. A significant inverse association between
25-hydroxyvitamin D and colorectal cancer, especially of the distal
colon and rectum has been reported (Tangrea et al, 1997;
Feskanich et al, 2004; Wactawski-Wende et al, 2006), whereas
another prospective study showed no such association with colon
cancer risk (Braun et al, 1995).

Comparison of the ranges of 25-hydroxyvitamin D levels in the
above studies is relevant. A Finnish cohort (Tangxea et al, 1997)
covered the lowex and narrower range, that is 9.8 or less to more
than 19.2ngml™", as did the Women’s Health Initiative Study, a
randomised, double-blind, placebo- com:rolled trial among US
women, from less than 12.4-23.4ngml™" or more (Wactawski-
Wende et al, 2006). A Nurses’ Health Study among US women
(Feskanich et al, 2004) covered a higher and w1der range (14.9, the
median for the lowest category to 353 ngml™~!, the median for the
highest category). On the other hand, the small Washington
County Study covered a higher and narrower range (less than
17.2-30.L ngml™* or more) (Braun et al, 1995).

Our study similarly showed no association between colon cancer
and 25-hydroxyvitamin D in the h:gher and narrower range, that is,
below 22. 9 32.lngml or more in men and below 187-
27.0ngml™! or more in women. However, an effect of a low level
of 25-hydroxyvitamin D was found for rectal cancer in our subjects.
In short, populations covering the lower range of 25-hydroxyvitamin
D may show a preventive effect against colorectal cancer even with a
narrower variation of 25-hydroxyvitamin D. The higher range
presumably shows the protective effect only if they have a sufficiently
wide variation of 25-hydroxyvitamin D. Differences in our findings
from the Washington County Study may be due to the different
characteristics of the colon and rectum.

© 2007 Cancer Research UK

Additionally, this inconsistency may reflect assay differences.
Some studies used radioimmunoassay with an iodine-125 labelled
tracer (Braun et al, 1995; Tangrea et al, 1997; Feskanich
et al, 2004); others used a chemiluminescent radioimmunoassay
(Wactawski-Wende et al, 2006) or competitive protein-binding
assay (our study). If assay methodology differs among labora-
tories, even the same samples may show different measurements
(Binkley et al, 2004).

Differences between colon and rectum may derive from 1,25-
dihydroxyvitamin D receptor (Vitamin D receptor, VDR) expres-
sion. VDR also has some differences in genetic polymorphisms by
ethnic group. Bsml B and short poly A alleles, for example, are
more prevalent in Caucasians than in Japanese (Tokita et al, 1996;
Ingles et al, 1997), and may be protective against colorectal cancer
(Slatter et al, 2001). Japanese may be more vulnerable to rectal
cancer due to the low prevalence of this protective VDR genotype.

The Women’s Health Initiative study reported that calcium plus
vitamin D supplementation did not decrease the subsequent risk of
colorectal cancer over a follow-up of 7 years (Wactawski-Wende
et al, 2006). However, the supplementation might influence only
the group with low plasma levels, colorectal cancer risk among the
group with the lowest level of plasma 25-hydroxyvitamin D being
slightly, though not significantly, decreased.

It is not surprising that bioavailable vitamin D status did not
correlate with dietary vitamin D intake. Holick (2004) indicated
that over 90% of the vitamin D requirement comes from casual
exposure to sunlight. Of course, blood levels of 25-hydroxyvitamin
D partly reflect dietary intake of vitamin D (Nakamura et al, 2000,
2002), although our results did not show a positive correlation
between dietary and plasma vitamin D levels, partly due to the low
validity of the food frequency questionnaire. Spearman’s correla-
tion coefficients between dietary records and estimates from the
food frequency questionnaire were 0.26 for men and 0.38 for
women in Cohort I; 0.32 for men and 0.28 for women in Cohort IJ,
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assessed by volunteers from our cohorts (Ishihara et al, 2006). In
addition, skin pigmentation is one of the determinants of 25-
hydroxyvitamin D levels. Oriental people show lower cutaneous
synthesis of vitamin D than white people (Matsuoka et al, 1991). In
addition to sunlight, dietary intake, and skin pigmentation, season
of blood sampling and subjects’ body mass index may influence
blood levels (Giovannucci, 2005; Giovannucci et al, 2006). Thus,
25-hydroxyvitamin D measurement is more appropriate way to
assess entirely vitamin D status than dietary intake.

An active form of vitamin D, 1,25-dihydroxyvitamin D, was not
investigated in the present study, as its half-life in the circulation
(less than 4h) is shorter than that of 25-hydroxyvitamin D
(approximately 2 weeks) and normal levels are maintained even
with vitamin D deficiency and low 25-hydroxyvitamin D levels,
making it unsuitable for studies of colorectal cancer risk (Braun
et al, 1995; Tangrea et al, 1997; Feskanich et al, 2004; Holick, 2004).

Although blood samples were collected before cancer diagnosis,
measurement errors may exist because only one blood sample for
each subject was used to measure plasma 25-hydroxyvitamin D
concentrations, causing random misclassification to attenuate
statistical associations. Long-term storage is recommended only at
temperatures of less than —18°C (Hunter, 1998) and our plasma
storage (—80°C) satisfied this condition. Furthermore, this plasma
biomarker has a seasonal variation, declining in winter and rising
in summer, reflecting sunlight exposure (Holick, 2004). In fact, our
study controls’ levels were slightly lower among blood samples
drawn in winter (mean values from November to March;
26.3ngdl™! for men and 22.8ngdl™' for women) than those
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drawn at other times (mean values from April to October;
28.4ngdl™" for men and 23.5ngdl™" for women). To minimise
bias, we matched date of blood collection between cases and
controls (within 3 months), differing by less than 1 month among
63% of the case- control pairs, only by 1-2 months among 149 of
them, and by 2-3 months among 17%. The proportion of case-
control pairs where both were drawn at high-level seasons of
plasma 25-hydroxyvitamin D (April to October) was 72% of all
pairs, so difference in timing of blood draw would minimally
impact on risk estimates.

In conclusion, a low plasma 25-hydroxyvitamin D level may be
associated with a subsequent risk of rectal but not colon cancer.
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Abstract

Objective There is some evidence that folate may prevent
colorectal cancer by stabilizing DNA sufficiently and
methylating DNA appropriately. Plasma folate is a good
marker to assess folate status in the body, but it has not
been adequately examined in prospective epidemiologic
studies. We investigated the association between plasma
folate and the risk of colorectal cancer in a nested case-
control study.

Methods During a 11.5-year follow-up, 375 newly diag-
nosed colorectal cancers were identified in a cohort of
38,373 adults who had returned their baseline questionnaires
and provided blood samples. Two controls for each case were
selected from the cohort. The odds ratios (OR) and 95%
confidence intervals (CI) of colorectal cancer for plasma
folate was estimated using the conditional logistic regression
model adjusted for potential confounding factors.

Results Plasma folate was not associated with the risk of
colorectal cancer in either men or women, although a small
reduction of OR in men was observed in the second (OR,
0.70; 95% CI, 0.37-1.3), the third (OR, 0.72; 95% CI,
0.38-1.3), and the highest quartiles (OR, 0.86; 95% CI,
0.45-1.6) without a dose-response relationship (P for trend
0.88). A similar association was observed in the risk of
colon or rectal cancer. No statistical interaction with the
risk of colorectal cancer was observed between plasma
folate and alcohol consumption.
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Study Group
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Conclusion Our results did not support the hypothesis
that a folate-rich status may prevent colorectal cancer,
though that finding may be due to an insufficient number of
folate-deficient subjects in our study population.

Keywords Plasma folate - Colorectal cancer -
Nested case-control study

Introduction

Folate provides one-carbon groups in the synthesis of
thymidylates and the methylation of DNA and protein [1,
2]. Folate deficiency is associated with DNA instability [3]
and hypomethylation [4], resulting in human carcinogen-
esis including the large bowel.

Many epidemiologic studies have shown an inverse
association between dietary folate and colorectal cancer [5,
6]. Although some populations have exhibited an inde-
pendent effect of dietary folate intake in multivariate-
adjusted statistical models {7-9], other populations have
not, because the association with colorectal cancer risk
disappeared when adjusted for potential confounding fac-
tors including dietary fiber [10-12].

Plasma or serum folate is considered a sensitive indi-
cator of dietary folate [1]. This indicator is similar to
erythrocyte folate concentration, an indicator of folate’s
long-term status, in terms of association with colorectal
neoplasms [13]. Folate absorption in the intestine [14] and
its availability in the body [15] can be modified by alcohol
consumption. In short, plasma folate can be a good marker
of folate status in the body, especially among those pop-
ulations in which it is difficult to separate folate intake
from other confounding nutrients.

12} Springer
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Although some prospective studies have investigated the
association between plasma or serum folate and the risk of
colorectal cancer [16-19], the evidence is insufficient to
date. We investigated the association between plasma
folate and colorectal cancer as well as the interaction
between plasma folate and alcohol consumption in relation
to the colorectal cancer risk in a nested case-control study
of a prospective cohort.

Subjects and methods
Study population

The Japan Public Health Center-based prospective study
(JPHC study) is an ongoing cohort study investigating
cancer, cardiovascular disease, and other lifestyle-related
diseases. The first group (Cohort I) of the JPHC study was
started in 1990, and the second (Cohort II) in 1993 [20].
Study subjects were mainly residents of several munici-
palities in areas administered by a Public Health Center,
aged 40-59 years for Cohort I and 4069 years for Cohort
II. Moreover, a sub-cohort of health check-up examinees
was added to Cohort I, while two more sub-cohorts of
examinees and random samples aged 40-69 from one city
were added to Cohort II. The study subjects were identified
by the population registry in each municipality. Since
cancer incidence data were not available, the additional
health check-up examinee sub-cohort of Cohort I were
excluded from this report. Thus, we were left with a cohort
of 65,803 men and 67,520 women. Our study was approved
by the institutional review board of the National Cancer
Center, Tokyo, Japan.

Questionnaire survey

Using a self-administered questionnaire, study subjects
were asked to provide information about their personal and
familial medical histories, smoking, alcohol consumption,
frequency of physical exercise, dietary habits, and other
lifestyle factors. Their dietary habits were assessed by a
food-frequency questionnaire of 44 items for Cohort I [21]
and 52 items for Cohort II. A total of 50,456 men (77%)
and 55,909 women (83%) filled out and returned the
questionnaires.

Blood collection
Among the study subjects, 15,258 men (23%) and 26,703

women (40%) donated 10-ml samples of venous blood that
was drawn into vacutainer tubes containing heparin.

@ Springer

Samples were collected at the time of their health check-
ups, which extended from 1990 to 1992 for Cohort I and
1993 to 1995 for Cohort II, and were divided into plasma
aliquots and buffy layers, and then preserved at —80°C until
analysis.

Follow-up

We followed study subjects until December 31, 2003.
Those who had died or moved to other municipalities were
identified annually through residential registries in their
Public Health Center areas. To confirm their causes of
death, we used mortality data from the Ministry of Health,
Labor and Welfare. Among study subjects, 9.9% had
moved away, and 0.2% were lost to follow-up during the
study period.

Selection of cases and controls

Incidence data on colorectal cancer were collected for the
JPHC cancer registry through two data sources: local major
hospitals, and population-based cancer registries, The fol-
lowing indicators of the completeness of colorectal cancer
case-ascertainment conformed to the international stan-
dards [22]: information on 5.5% of incident cases first by
way of death certificates (Death Certificate Notification,
DCN); 2.2% lacked any detailed information other than
death certificates (Death Certificate Only, DCO); and
94.7% were verified by histological examination (Histo-
logical Verification, HV). We identified 375 cases (196
men and 179 women) of colorectal cancer until December
31, 2003 from among the 38,373 subjects (14,004 men and
24,369 women) who had returned the baseline question-
naire, reported no diagnosis of any cancer, and provided
blood samples. All 375 cases were pathologically con-
firmed as adenocarcinoma, after excluding 18 cases of
unknown pathology and seven non-adenocarcinoma cases.
Of these, 256 subjects had cancer of the colon (Interna-
tional Classification of Diseases for Oncology, Third
edition (ICD-0-3) [23) code C180-C189], and 119 had
cancer of the rectum (ICD-O-3 code C199 and C209).
Colon cancers were classified into those of the proximal
(ICD-0-3 code C180-C185) or distal colon (ICD-O-3 code
C186 and C187). Information on tumor depth was available
in 370 of the 375 cases, with 120 tumors of the intramu-
cosal type corresponding to Tis in the TNM classification
[24], and 250 of the invasive type corresponding to T1 or
more. The mean time from blood draw to colorectal cancer
diagnosis was 5.3 (SD, 3.5) years for men and 5.3 (SD, 3.4)
years for women.
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For each case, two controls were selected using inci-
dence density-sampling [25] from those who had no prior
history of colorectal cancer when the case was diagnosed.
Controls were matched for each case on sex, age (within
3 years), date of blood drawn (within 3 months), time since
last meal (within 4 h), and study location (Public Health
Center area).

Laboratory assays

Plasma folate concentrations were measured by chemilu-
minescence immunoassay using a reagent from Bayer
HealthCare LLC (East Walpole, MA), and assayed at a
commercial laboratory (Mitsubishi Kagaku Bio-Clinical
Laboratories, Inc., Tokyo, Japan). Samples from matched
sets were assayed together. All laboratory personnel were
blinded with respect to case or control status. The intra-
assay coefficient of variation from the quality control
samples was 2.4% (n = 20).

Statistical analysis

Adjusted means for cases and controls were calculated by
least square means in an analysis of covariance by the
PROC GLM procedure using SAS software (version 9.1;
SAS Institute Inc., Cary, NC). Percentages of baseline
characteristics were unadjusted crude values. We used
extensions of the Mantel-Haenszel procedure [26] with
matched pairs for a comparison of the baseline character-
istics and plasma folate between cases and controls, using
the PROC FREQ procedure with the CMH option. We also
tested the linear trend of covariates by quartiles of plasma
folate using extensions of the Mantel-Haenszel procedure
[26]. The odds ratios (OR) and 95% confidence intervals
(CI) for plasma folate divided into quartiles based on
controls’ distribution were calculated by the conditional
logistic regression model adjusted for pack-years of
smoking (continuous), alcohol consumption (g/week etha-
nol, continuous), body mass index (continuous), physical
exercise (less than once a week, or once a week or more),
any vitamin supplement use, and family history of colo-
rectal cancer as well as by using matched pairs. The linear
trend of OR was tested using the logarithmic-transformed
median value of plasma folate in each category, since the
measurements were log-normally distributed. P-values for
the trend were evaluated using the two-sided test with 0.05
as the significant level. We also estimated the OR of cancer
cases stratified by site or depth of tumor. The statistical
interactions between plasma folate and alcohol consump-
tion were examined, since alcohol consumption modifies
folate absorption and availability [14, 15). The cut-off

point on alcohol consumption is whether or not subjects
consumed 150 g/week ethanol, since such heavy drinking
was significantly associated with the risk of colorectal
cancer in this cohort [27). SAS software was used for all
statistical analyses.

Results

In men, pack-years of smoking, alcohol consumption, and
body mass index were higher in cases than in their matched
controls (Table 1), and dietary fiber intake was slightly
lower. In women, vitamin D intake was higher in cases
than in their controls. Other characteristics did not sub-
stantially differ between the two groups.

The lower the quartiles of plasma folate were among
controls, the older they were and the more they smoked
(Table 2). Plasma folate was not correlated with other
potential covariates including any dietary intakes except
dietary fiber intake in men.

Plasma folate did not differ between cases and controls.
Median values were 6.9 ng/ml in male cases and 6.8 ng/ml
in male controls; 8.1 ng/ml in female cases and 8.4 ng/ml
in female controls. There was no site-specific difference
between colon cancer pairs and rectal cancer pairs (data not
shown in tables).

Plasma folate was not associated with the risk of colo-
rectal cancer either in men or women, although in men, a
small reduction in OR without a dose-response relationship
was observed in the second and third quartiles (Table 3).
Among men, the ORs (95% CI) were 0.70 (0.37-1.3) for
the second quartile, 0.72 (0.38-1.3) for the third quartile,
and 0.86 (0.45-1.6) for the highest quartile (P for trend,
0.88). Stratification by alcohol consumption did not alter
the ORs where statistical interaction was not significant (P
for interaction, 0.53 in men and 0.97 in women; data not
shown in tables). The same association was observed for
the risk of colon or rectal cancer. :

Since only the lowest category appeared to show a high
risk, we repeatedly calculated the OR for the lowest
quartile compared to the combined category among the
second to highest quartiles. The ORs (95% CI) were 1.3
(0.78-2.3) in men and 0.80 (0.48-1.3) in women. Similar
results were observed in the lowest octile category
(i.e., eight groups). There was no statistical interaction
between alcohol consumption and such low levels of
plasma folate (P for interaction, 0.65 in men and 0.63 in
women). A further adjustment for dietary fiber intake,
correlating with plasma folate concentration, did not sub-
stantially alter either the main or subsequently analyzed
results (data not shown in tables). Furthermore, no sub-
stantial change was observed by a further analysis adjusted
for dietary vitamin D intake or hormone use history, a
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Table 1 Baseline
characteristics of cases and
controls

* Adjusted for age

® Number (percentage) of
subjects doing physical exercise
once a week or more

¢ Adjusted for age and cohort

d Adjusted for age, cohort, and
energy intake

© Past or current oral
contraceptive use or hormone
replacement therapy

Characteristics Cases Controls P

Men
n 196 392
Age, years, mean 56.9 56.9 0.69
Smoking, pack-years, mean® 215 2338 0.020
Alcohol consumption, g/week ethanol, mean® 236 175 <0.0010
Body mass index, kg/m®, mean® 238 232 0.027
Physical exercise, n (%)® 49 (26) 75 (20) 0.12
Vitamin supplement use, n (%) 35 20) 53 (15) 0.11
Family history of colorectal cancer, n (%) 5 (2.6) 4 (1.0) 0.16
Total energy intake, kcal/day, mean® 2,021 2,064 0.34
Dietary fiber intake, g/day, mean’ 1.76 8.05 0.047
Folate intake, pg/day, mean® 328 329 0.60
Vitamin By, intake, mg/day, mean’ 1.23 1.23 0.47
Vitamin B, intake, pg/day, mean” 753 745 0.98
Calcium intake, mg/day, mean® 44) 463 0.15
Vitamin D intake, pg/day, mean® 6.58 6.67 0.54
Red meat intake, g/day, mean’ 17.0 172 0.70

Women
n 179 358
Age, years, mean 56.5 56.4 0.35
Smoking, pack-years, mean" 0.458 0.657 054
Alcohol consumption, g/week ethanol, mean® 9.63 5.70 037
Body mass index, kg/mP, mean® 235 23.6 0.68
Physical exercise, n (%)° 33 (19) 54 (15) 0.28
Vitamin supplement use, n (%) 24 (15) 54 (17) 043
Family history of colorectal cancer, n (%) 4(22) 4 (1.1) 0.32
Total energy intake, kcal/day, mean® 1,277 1,265 0.67
Dietary fiber intake, g/day, mean® 7.83 7.58 0.16
Folate intake, pg/day, mean® 298 291 031
Vitamin B, intake, mg/day, mean? 0.88 0.85 0.098
Vitamin B), intake, pg/day, mean® 5.80 5.63 042
Calcium intake, mg/day, mean® 452 423 0,074
Vitamin D intake, pg/day, mean’ 5.57 5.16 0.047
Red meat intake, g/day, mean® 138 127 0.17
Hormone use history,” n, (%) 17 9.5) 43 (12) 0.38

potential preventive factor for colorectal cancer, in women.
Additionally, the association did not change after excluding
cases that occurred for 2 years after blood was drawn.

Discussion -

Our results did not confirm the hypothesis that a good
folate status may prevent colorectal neoplasms [5, 6]. Kato
et al. [17] reported that an inverse linear association exis-
ted between serum folate and the risk of colorectal cancer
in a nested case-control study among New York City
women, who showed a wider range of folate levels than
that in our study. Ma et al. [18], in the Physicians’ Health
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Study, found that folate deficiency (less than 3 ng/ml; [28])
was marginally but significantly associated with colorectal
cancer (OR, 1.78, 95% ClI, 0.93-3.42 for the group with
folate deficiency). The preventive effect of plasma or
serum folate may be observable only in populations that
include folate-deficient subjects. Our study subjects of the
present analysis included only one man with folate defi-
ciency. We failed to show any interaction between plasma
folate and high alcohol consumption leading to methyl-
poor status, which could result in DNA instability [3] or
hypomethylation [4]. This may also be due to the low
number of our analytic subjects with folate deficiency.
However, a clear association between plasma folate and
colorectal cancer cannot be observed among only subjects
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Table 2 Association between

plasma folate and covariates Variables Quartiles of plasma folate
among controls at baseline Lowest Second Third Highest P for trend
Men
Range, ng/ml (<5.6) (5667  (6.8-85) (8.6+)
Mediag, ng/ml 49 6.0 74 104
Age, mean 585 564 572 555 0.013
Smoking, mean® 279 25.5 20.1 22.1 0.031
Alcohol consumption, mean® 202 166 168 170 024
Body mass index, mean® 232 235 233 229 0.24
Physical exercise, n 14 21 27 13 0.72
Vitamin supplement use, n 13 18 11 11 0.19
Family history®, n 0 1 1 2 0.14
Dietary fiber intake, mean® 7.68 8.09 8.01 8.49 0.011
Folate intake, mean® 319 328 346 328 - 0.86
Vitamin B intake, mean® 1.19 1.23 1.25 1.25 0.13
Vitamin By, intake, mean® 7.85 743 775 6.93 0.28
Vitamin D intake, mean® 6.96 6.70 6.55 6.60 0.33
Women
Range, ng/ml (<6.6) (6.6-8.3) (8.4-10.5) (10.6+)
Median, ng/ml 5.7 74 9.2 13.0.
Age, mean 58.3 55.8 553 56.6 0.25
Smoking, mean® 0.3 0.6 0.8 0.9 0.26
Alcohol consumption, mean® 39 6.0 9.6 33 0.97
Body mass index, mean® 23.6 233 23.6 239 0.53
Physical exercise, n 13 8 11 22 0.065
Vitamin supplement use, n 15 16 13 10 0.14
Family history®, n 0 0 2 2 0.16
Dietary fiber intake, mean® 744 729 7.59 7.93 0.093
Folate intake, mean® 284 283 289 303 0.25
* Adjusted for age Vitamin Bg intake, mean® 0.85 0.83 0.85 0.87 0.19
® Family history of colorectal Vitamin B,; intake, mean® 532 554 582 5.74 041
cancer Vitamin D intake, mean® 4.90 484 5.28 5.55 0.067
° Adjusted for age, cobort, and Hormone use history® 9 9 12 13 0.62
energy intake

with folate deficiency. It was also reported that serum
folate was not associated with colorectal cancer in a nested
case-control study among Finnish male smokers [16]. They
mainly showed low serum folate levels, a median value of
3.8 ng/ml in control subjects.

We cannot entirely rule out a sampling bias as the rea-
son for such a small proportion of our subjects with folate
deficiency. A low percentage of men donated blood sam-
ples (23%). In addition, most of them seemed to have
favorable lifestyles and to be health conscious [29). In fact,
there was a statistically significant difference between the
control sample in the present study and the entire cohort
population regarding folate intake in men: 373.7 pg/day for
the mean of present male controls versus 343.1 pg/day for
the mean of male cohort subjects in the first cohort;
288.2 pg/day for the mean of present male controls versus

261.7 pg/day for the mean of male cohort subjects in the
second cohort. In our entire cohort, dietary folate was not
associated with the risk of colorectal cancer [30].

In addition to the lack of individuals with folate defi-
ciency, the timing of assessment of folate status may have
been inappropriate to examine the association with the risk
of colorectal cancer. Jacobs et al. [31] reported that past
(10 years before baseline), but not recent, multivitamin use
containing folate was associated with a reduced risk of
colorectal cancer in the Cancer Prevention Study II
Nutrition Cohort. In a murine model, dietary folate sup-
plementation protected against small intestine and colonic
carcinogenesis if it was provided before the establishment
of neoplastic foci. If provided after the establishment,
dietary folate supplementation increased the risk of carci-
nogenesis [32]. A recently reported randomized clinical
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Table 3 OR and 95% CI of colorectal cancer for plasma folate

Quartiles of plasma folate

Lowest Second Third Highest P for trend

Men

Range, ng/ml (<5.6) (5.6-6.7) (6.8-8.5) (8.6+)

Median, ng/ml 49 6.0 74 104

Colorectal cancer, n* 37/64 40/86 41/90 45/84

OR (95% CI) 1.0 0.70 (0.37-1.3) 0.72 (0.38-1.3) 0.86 (0.45-1.6) 0.88

Colon cancer, n* 27/43 28/63 29/67 35/64

OR (95% CI) 1.0 0.65 (0.29-1.5) 0.66 (0.31-1.4) 0.82 (0.39-1.7) 091

Rectal cancer, n® 1021 12223 12/23 10720

OR (95% CD) 1.0 0.32 (0.085-1.2) 0.58 (0.14-2.5) 0.63 (0.11-3.6) 0.73
Women

Range, ng/ml (<6.6) (6.6-8.3) (8.4-10.5) (10.6+)

Median, ng/ml 57 7.4 92 13.0

Colorectal cancer, n* 33775 56/74 33776 38772

OR (95% CD 1.0° 1.7 (0.93-3.0) 0.98 (0.53-1.8) 1.0 (0.56-1.9) 0.63

Colon cancer, n® 27/51 33/44 22/56 24/44

OR (95% CI) 1.0 1.3 (0.66-2.7) 0.75 (0.36-1.6) 0.97 (0.47-2.0) 0.68

Rectal cancer, n* 6124 23/30 1120 1428

OR (95% CI) 1.0° 3.3 (1.0-11) 2.1 (0.60-7.5) 1.5 (0.38-5.5) 0.81

Notes: ORs estimated using matched pairs with adjustment for pack-years of smoking (continuous), alcohol consumption (g/week ethanol,
continuous), body mass index (continuous), physical exercise (less than once a week, or once a week or more), vitamin supplement use, and

family history of colorectal cancer
* Numbers of cases/controls
b Reference category

trial failed to confirm a beneficial effect of folate supple-
mentation against adenoma formation in the large intestine
among individuals with previously removed adenomas
[33]. Its folate supplementation group showed a borderline-
significantly increased risk of advanced lesions. Those
individuals with adenoma history might have already had
the neoplastic foci at the time they enrolled in the study. In
short, when folate status in the body was assessed in the
adenoma—carcinoma sequence may influence the result of
examining the association between folate status and the
risk of colorectal cancer.

Since plasma or serum folate is considered a sensitive
indicator of dietary folate, it is difficult to judge a low
folate status caused by a transitory reduction in folate
intake or a chronic folate deficiency accompanied with
depleted folate stores [1]. Erythrocyte folate concentration
is an indicator of long-term status due to erythrocyte’s
120-day life span. However, Bird et al. [13] showed a
similar inverse association between plasma or erythrocyte
folate and colorectal adenoma in a case-control study.
Nevertheless, we cannot completely exclude the possibility
that our present results, i.e., no association of plasma folate
with the risk of colorectal cancer, were due to a random
misclassification of plasma folate measurements. Still

@ Springer

another reason may be a residual confounding due to other
lifestyle factors, we did not have information on. In addi-
tion, a stratified analysis by tumor site may have reduced
the statistical power to detect a' significant association
because of the small number of cases. o

Some enzymes are well-known to catalyze folate
metabolism in the body. Genetic polymorphisms in these
enzymes have been investigated in the association between
plasma folate and colorectal cancer. Folate deficiency was
strongly associated with the risk of colorectal cancer in
subjects having the homozygous variant genotype of
methylenetetrahydrofolate reductase, in whom this enzyme
shows a more reduced activity than in those having two
wild-type alleles [18]. A suggestive interaction was found in
the combination between plasma folate and a genetic
polymorphism of methionine synthase, an enzyme con-
tributing to DNA methylation in the one-carbon metabolism
of folate [19]. We were unable to examine interactions with
genetic polymorphisms catalyzing the one-carbon pathway
due to the lack of such information to date.

In conclusion, our results did not support the hypothesis
that a folate-rich status may prevent colorectal cancer, a
finding which-may be due to the insufficient number of
folate-deficient subjects in our study population.
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Baba, T. Mannami, A. Okayama, National Cardiovascular
Center, Suita; K. Miyakawa, F. Saito, A. Koizumi,
Y. Sano, 1. Hashimoto, Iwate Prefectural Ninohe Public
Health Center, Ninohe; Y. Miyajima, N. Suzuki, S. Na-
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K. Imoto, H. Yazawa, T. Seo, A. Seiko, F. Ito, F. Shoji,
Katsushika Public Health Center, Tokyo; A. Murata,
K. Minato, K. Motegi, T. Fujieda, Ibaraki Prefectural Mito
Public Health Center, Mito; K. Matsui, T. Abe,
M. Katagiri, M. Suzuki, Niigata Prefectural Kashiwazaki
and Nagaoka Public Health Center, Kashiwazaki and
Nagaoka; M. Doi, A. Terao, Y. Ishikawa, Kochi Prefectural
Chuo-higashi Public Health Center, Tosayamada; H. Sueta,
H. Doi, M. Urata, N. Okamoto, F. Ide, Nagasaki Prefectural
Kamigoto Public Health Center, Arikawa; H. Sakiyama,
N. Onga, H. Takaesu, Okinawa Prefectural Miyako Public
Health Center, Hirara; F. Horii, I. Asano, H. Yamaguchi,
K. Aoki, S. Maruyama, M. Ichii, Osaka Prefectural Suita
Public Health Center, Suita; S. Matsushima, S. Natsukawa,
Saku General Hospital, Usuda; M. Akabane, Tokyo Uni-
versity of Agriculture, Tokyo; M. Konishi, K. Okada,
Ehime University, Matsuyama; H. Iso, Y. Honda, Tsukuba
University, Tsukuba; H. Sugimura, Hamamatsu University,
Hamamatsu; Y. Tsubono, Tohoku University, Sendai;
M. Kabuto, National Institute for Environmental Studies,
Tsukuba; S. Tominaga, Aichi Cancer Center Research
Institute, Nagoya; M. Iida, W. Ajiki, Osaka Medical Center
for Cancer and Cardiovascular Disease, Osaka; S. Sato,
Osaka Medical Center for Health Science and Promotion,
Osaka; N. Yasuda, Kochi Medical School, Nankoku;
S. Kono, Kyushu University, Fukuoka; K. Suzuki,

Research Institute for Brain and Blood Vessels Akita,
Akita; Y. Takashima, Kyorin University, Mitaka; E. Mar-
uyama, Kobe University, Kobe; the late M. Yamaguchi,
Y. Matsumura, S. Sasaki, S. Watanabe, National Institute
of Health and Nutrition, Tokyo; and T. Kadowaki, Tokyo
University, Tokyo.

References

1. Institute of Medicine (1998) 8. Folate. In: Dietary reference
intakes for thiamin, riboflavin, niacin, vitamin B6, folate, vitamin
B12, pantothenic acid, biotin, and choline. National Academy
Press, Washington, pp 196-305

2. Molloy AM, Scott JM (2001) Folates and prevention of disease.
Public Health Nutr 4:601-609

3. Duthie SJ, Narayanan S, Brand GM, Grant G (2000) DNA sta-
bility and genomic methylation status in colonocytes isolated
from methyl-donor-deficient rats. Eur J Nutr 39:106-111

4. Goelz SE, Vogelstein B, Hamilton SR, Feinberg AP (1985)
Hypomethylation of DNA from benign and malignant human
colon neoplasms. Science 228:187-190

5. Giovannucci E (2002) Epidemiologic studies of folate and
colorectal neoplasia: a review. J Nutr 132:2350S-2355S

6. Sanjoaquin MA, Allen N, Couto E, Roddam AW, Key TJ (2005)
Folate intake and colorectal cancer risk: a meta-analytical
approach. Int J Cancer 113:825-828

7. Giovanaucci E, Stampfer MJ, Colditz GA et al (1998) Multivi-
tamin use, folate, and colon cancer in women in the Nurses’
Health Study. Ann Intern Med 129:517-524

8. SuLJ, Arab L (2001) Nutritional status of folate and colon cancer
risk: evidence from NHANES I epidemiologic follow-up study.
Ann Epidemiol 11:65-72

9. Konings EJ, Goldbohm RA, Brants HA, Saris WH, van den
Brandt PA (2002) Intake of dietary folate vitamers and risk of
colorectal carcinoma: results from The Netherlands Cohort
Study. Cancer 95:1421-1433

10. Michels KB, Fuchs CS, Giovannucci E et al (2005) Fiber
intake and incidence of colorectal cancer among 76,947
women and 47,279 men. Cancer Epidemiol Biomarkers Prev 14:
842-849

11. Bingham SA, Norat T, Moskal A et al (2005) Is the association
with fiber from foods in colorectal cancer confounded by folate
intake? Cancer Epidemiol Biomarkers Prev 14:1552-1556

12. Otani T, Iwasaki M, Hanaoka T et al (2005) Folate, vitamin B6,
vitamin B12, and vitamin B2 intake, genetic polymorphisms of
related enzymes, and risk of colorectal cancer in a hospital-based
case-control study in Japan. Nutr Cancer 53:42-50

13. Bird CL, Swendseid ME, Witte JS et al (1995) Red cell and
plasma folate, folate consumption, and the risk of colorectal
adenomatous polyps. Cancer Epidemiol Biomarkers Prev 4:
709-714

14. Halsted CH, Robles EA, Mezey E (1971) Decreased jejunal
uptake of labeled folic acid (3 H-PGA) in alcobolic patients: roles
of alcohol and nutrition. N Engl J Med 285:701-706

15. Shaw S, Jayatilleke E, Herbert V, Colman N (1989) Cleavage of
folates during ethanol metabolism: role of acetaldehyde/xanthine
oxidase-generated superoxide. Biochem J 257:277-280.

16. Glynn SA, Albanes D, Pietinen P et al (1996) Colorectal cancer
and folate status: a nested case-control study among male
smokers. Cancer Epidemiol Biomarkers Prev 5:487-494

17. Kato I, Dnistrian AM, Schwartz M et al (1999) Serum folate,
homocysteine and colorectal cancer risk in women: a nested case-
control study. Br J Cancer 79:1917-1922

a Springer

—289—



74

Cancer Causes Control (2008) 19:67-74

18.

19.

20.

21.

22.

23.

24,

25.

Ma J, Stampfer MJ, Giovannucci E et al (1997) Methylenetet-
rahydrofolate reductase polymorphism, dietary interactions, and
risk of colorectal cancer. Cancer Res 57:1098-1102

Ma J, Stampfer MJ, Christensen B et al (1999) A polymorphism
of the methionine synthase gene: association with plasma folate,
vitamin B12, homocyst(e)ine, and colorectal cancer risk. Cancer
Epidemiol Biomarkers Prev 8:825-829

Watanabe S, Tsugane S, Sobue T, Konishi M, Baba S (2001)
Study design and organization of the JPHC study. J Epidemiol
11:83-7

Tsubono Y, Kobayashi M, Sasaki S, Tsugane S (2003) Validity
and reproducibility of a self-administered food frequency ques-
tionnaire used in the baseline survey of the JPHC Study Cobort L.
J Epidemiol 13:5125-133

Parkin DM, Whelan SL, Ferlay J, Teppo L, Thomas DB (eds)
(2002) Cancer incidence in five continents, vol VII no. 155.
International Agency for Research on Cancer, Lyon

World Health Organization (2000) In: Fritz A, Percy C, Jack A
et al. (eds) International classification of diseases for oncology,
3rd edn. WHO, Geneva

International Union Against Cancer (1997) In: Sobin LH, Wit-
tekind Ch (eds) TNM classification of malignant tumours, Sth
edn. Wiley, New York

Clayton D, Hills M (1993) 16.5 Incidence density sampling. In:
Clayton D, Hills M (eds) Statistical models in epidemiology.
Oxford University Press, New York, pp 161-162

2 e
% Springer

—290—

26.

27.

28.

29.

30.

31

32.

Mantel N (1963) Chi-square tests with one degree of freedom;
extensions of the Mantel-Haenszel procedure. J Am Stat Assoc
58:690-700

Otani T, Iwasaki M, Yamamoto § et al (2003) Alcohol con-
sumption, smoking, and subsequent risk of colorectal cancer in
middle-aged and elderly Japanese men and women: Japan Public
Health Center-based prospective study. Cancer Epidemiol Bio-
markers Prev 12:1492-1500

Herbert V, Zalusky R (1962) Interrelations of vitamin B12 and
folic acid metabolism: folic acid clearance studies. J Clin Invest
41:1263-1276

Iwasaki M, Otani T, Yamamoto S et al (2003) Background
characteristics of basic health examination participants: the JPHC
Study Baseline Survey. J Epidemiol 13:216-225

Ishihara J, Otani T, Inoue M, Iwasaki M, Sasazuki S, Tsugane S
(2007) Low intake of vitamin B-6 is associated with increased

.risk of colorectal cancer in Japanese men. J Nutr 137:1808-1814

Jacobs EJ, Connell CJ, Chao A et al (2003) Multivitamin use and
colorectal cancer incidence in a US cohort: does timing matter?
Am ] Epidemiol 158:621-628

Song J, Sohn KI, Medline A, Ash C, Gallinger S, Kim YI (2000)
Chemopreventive effects of dietary folate on intestinal polyps in
ApcMsh2-/- mice. Cancer Res 60:3191-3199

. Cole BF, Baron JA, Sandler RS et al (2007) Folic acid for the

prevention of colorectal adenomas: a randomized clinical trial.
JAMA 297:2351-2359



I, J. Cancer: 102, 2007-2012 (2007)
© 2007 Wiley-Liss. Inc.

Plasma C-peptide, insulin-like growth factor-1, insulin-like growth factor binding
proteins and risk of colorectal cancer in a nested case-control study: The Japan
public health center-based prospective study

Tetsuya Otani, Motoki Iwasaki, Shizuka Sasazuki®*, Manami Inoue and Sheichiro Tsugane for the Japsn

Public Health Center-based Prospective Study Group

‘Epidemiology and Prevention Division, Research Center for Cancer Prevention and Screening,

National Cuncer Cemter, Tokyo, Japan

The physical inactivity and obesity involved in hyperglycemia and
hyperinsulinemia is supposed to lead to an increased bioavailability
of insulin-like growth factor-1 (1GF-1). The carcinogenic effect of
1GF-1 may be influenced by 1GF binding proteins. We investigated
the association betweea plasma levels of C-peptide, a surrogate bio-
marker of insulin, 1GFBP-1, 1GF-1 or 1GFBP-3, and the risk of col-
orectal cancer in a nested case-control study. During an 11.5-year
follow-up, 375 newly diagnosed colorectal cancers were identified in
a cohort of 38,373 adults who had returned the baseline question-
naire and provided blood samples. Two matched-controls for each
case were sclected from the cohort. The odds rafio (OR) of colorec-
tal cancer for plasma levels of each protein was estimated using the
conditional lugistic regression model adjusied for potential con-
founding factors. We observed a statistically significant association
of plasma C-peptide with colorectal cancer only in men. The ORs
were 1.0, 2.3, 2.8 and 3.2 along with quartiles (p trend, 0.0072). The
association was stronger in colon cancer (p trend, 0.025) than in rec-
tal cancer (p trend, 0.24). Other peptides were nol associated with
the risk in either men or women. The results did not change when
repeatedly analyzed by tumor invasion levels, tumor sites or follow-
up periods. In conclusion, a higher plasma C-peptide may indicate
a subsequent risk of colorectal cancer in Japanese men

& 2007 Wiley-Liss., Inc.

Key words: C-peplide; insulin-like growth factor [; insulin-like growih
factor binding proteins; colorectal cancer; nested case-control study

Physical inactivity and obesity are prominent risk factors for

in these factors may undc.rlle the biological mechanism of colorec-
tal cancer development.? Such elevated insulin suppresses the pro-
duction of insulin-like growth factor binding protein (IGFBP)-1.
which inhibits insulin-tike growth factor (IGF)-I-stimulated cell
growth and differentiation, leading 1o elevated IGF-] bioactivity.
In addition, acromegalic population having an increased risk of
colon cancer? shows a high blood level of IGF-1, a growth-hor-
mone-dependent peplide. The IGF-1 is supposed to have a patent
.muapoplouc and mitogenic pmpemcs in both normal and nco-
plastic cells.® Growth honnone also increases insulin-like growth
factor binding protein 3 (IGFBP-3). which hae IGF-I-dependent
and independent antiproliferative cffects™® Both 1GF-I and
IGFBP-3 are circulating hormones nnd local paracrine factors
with potential influences on cell growth.™®

Many nested case-control studies in procpccnvc cohons have
been conducted on these peptides such as insulin”™® or C-pep-
tide,'"™'? an indicator of an endogenous insulin secretion, IGF-
llm7 16 and 1IGFBPs.%'"13718 The evidence on C-peptide, which
is better suited to assessing insulin secretion, is insufticient so far.
Although the IGF-1 nndmgs have accumulated and are consistent.
as meta-analyses showed,'”'® those of IGFBP-3 arc inconsis-
tent."™'27'6 There are few investigations regarding IGFBP-1 and
their findings are inconsistent.¥-10.12

We investigated the association between plasma fevels of C-
peptide, IGFBP-1, IGF-I or IGFBP-3 and (he risk of colorectal
cancer in a nested case-control study.

colorectal cancer.” Hyperglycemia and hyperinsulinemia involved
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TABLE ] - BASELINE CHARACTERISTICS OF CASES AND CONTROLS

Characteristics Men Women
Cuses Conirols P Cuses Controls »

N 196 392 ) 179 358
Age, years, mean 56.9 56.9 0.69 56.5 56.4 0.35
Smoking, pack-years, mean' 275 238 0.020 0.458 0.657 0.54
Alcohol consumption (g/week), ethanol, mean' 236 175 <0.0010 9.63 5.70 0.37
Body mass index* (kg/m) mean 238 232 0.027 235 23.6 0.68
Body height (cm), mean! 162.3 -161.9 0.45 150.0 150.8 0.065
Physical exercise, 1 (%) 49 (26) 75 (20) 0.12 33(19) 54 (15) 0.28
Family history of colorectal cancer, n (%) 5(2.6) 4(1.0) 0.16 4(2.2) 4(1.1) 0.32
Past medical history of diabetes, n (%) 15(7.7) 21(54) 0.28 8 (4.5) 17 (4.8) 0.94
Vitamin supplement use, n (%) 3520 53(15) 0.11 24 (15) 5417 043
Total energy intake (kcal/day), mean® 2,021 2,064 0.34 1,277 1,265 0.67
Dictary fiber intake (g/day), mean® 7.76 8.05 0.047 7.83 7.58 0.16
Folate intake (ug/day), mean 328 329 0.60 298 291 031
Calcium intake (mg/day), mean® 441 463 0.15 452 423 0.074
Vitamin D intake (pg/day), mean®? 6.58 6.67 0.54 5.57 5.16 0.047
Red meat intake (g/day), mean* 17.0 17.2 0.70 13.8 12.7 0.17
Fasting blood samples,” i (%) 110(56) 219 (56) 0.90 103 (58) 204 (57) 0.79
Hormone use,® 1 (%) 17 (9.5) 43(12) 0.38
Postmenopausal diagnosis,’ 1 (%) 170 (95)
'Ad justed for age..—‘Number (percentage) of subjects doing physical exercise once a week or more.~3Adjus(ed for age and cohort.- -4Adjusted

for age, cohort and energy intake.—Four or more hours after meal.-"Past or current oral contraceplive use or hormone replacement therapy.—-'A
diagnosis at age 50 years or more was defined as postmenopausal diagnosis.

Material and methods
Study population

The Japan Public Health Center-based Prospective Smdy (JPHC
study) is an ongoing cohort study investigating cancer, cardiovascu-
lar discase and other lifestyle-related diseases. The first group
(Cohort I) of the JPHC qmdy was started in 1990) and the second
group (Cohont II) in 1993.' Smdy subjects were mainly residents
living in several municipalities in each area administered by a Pub-
lic Health Center, regarding in age from 40 to 59 years in Cohort 1
and 40 to 69 years in Cohornt II. Moreover, a sub-cohort of health
check-up examinees was added to Cohort I, while 2 more sub-
cohorts of examinees and random samples aged 40-69 from 1 city
were added to Cohort 11. The study subjects were identified by the
population registry in each municipality. The sub-cohort of health
check-up examinees in Cohort I mentioned earlier were excluded
from this report, since their cancer incidence data were not avail-
able. Thus, we were left with a cohort of 65.803 men and 67,520
women. Our study was approved by the institutional review board
of the National Cancer Center, Tokyo, Japan.

Questionnaire survey

Using a self-administered questionnaire, study subjects were
asked to provide information about their personal and familial
medical histories, smoking, alcohol consumption, frequency of
physical exercise, dietary habits and other lifestyle factors. Their
dietary habits were assessed by a food-frequency questionnaire of
44 items for Cohort I?° and 52 items for Cohort II. A total of
50,456 men (77%) and 55,909 women (83%) filled out and
returned the questionnaires.

Blood collection .

Among the study subjects, 15,258 men (23%) and 26,703
women (40%) donated 10 m! samples of venous blood that was
drawn into vacutainer tubes containing heparin. Samples were col-
lected at the time of their health check-ups, which extended from
1990 to 1992 for Cohort I and 1993 to 1995 for Cohort Il, and
were divided into plasma and buffy layers, then preserved at
—80°C until analysis. Of these blood samples, 57% were fasting
samples (4 hr or more since last meal, Table I).

Follow-up

We followed study subjects until December 31, 2003. Those
having died or moving to other municipalities were identified

annually through residential registries in their Public Health Cen-
ter areas. To confirm their causes of death, we used montality data
from the Ministry of Health, Labor and Welfare. Among study
subjects, 9.9% had moved away, and (.2% was lost to follow-up
during the study period.

Selection of cases and controls

Incidence data on colorectal cancer were collected for the JPHC
cancer registry through 2 data sources: local major hospitals and
population-based cancer registries. Indicators of the completeness
of coforectal cancer case-ascertainment conformed to the interna-
tionat standard®’ as follows: information on 5.5% of incident cases
first came by way of death certificates (Death Certificate Notifica-
tion, DCNY); 2.2% lacked any detailed information other than death
certificates (Death Certificate Only, DCO); and 94.7% were veri-
fied by histological examination (Histological Verification, HV).
We identified 375 cases (196 men and 179 women) of colorectal
cancer up to December 31, 2003 from among the 38,373 subjects
(14,004 men and 24,369 women) who had retumned the baseline
questionnaire, reported no diagnosis of any cancer and provided
bload samples. All 375 cases were pathologically contirmed as ade-
nocarcinoma, after excluding 18 cases of unknown pathology and 7
non-adenocarcinoma cases. Of these, 256 subjects had cancer of
the colon [International Classification of Diseases for Oncology,
Third edition (ICD-O-3)*2 code C180) to C189] and 119 had cancer
of the rectum (ICD-O-3 code C199 and C209). Colon cancers were
classitied into those of the proximal (ICD-O-3 code C180 to C185)
or distal colon (ICD-0-3 code C186 and C187). Information on tu-
mor depth was available in 370 of the 375 cases, with 120 tumors of
the intramucosal type corresponding to Tis in the TNM classifica-
tion, 2 and 250 of the invasive type corresponding to T1 or more.

For each case, 2 controls were selected using incidence-density
sampling® from subjects who had no prior history of colorectal
cancer when their case was diagnosed. Controls were matched for
each case on sex, agé (within 3 years), date of blood drawn (within
3 months), time since last meal (within 4 hr) and study location
(Public Health Center area).

Laboratory assays

Plasma C-peptide was measured by radioimmunoassay using a
reagent from Shionogi, Osaka, Japan. Plasma IGF-1 was measured
by immunoradiometsic assay using a reagent from Mitsubishi
Kagaku latron, Tokyo, Japan. This commercial assay measured
total not bioavailable IGF-1. Plasma IGFBP-1 and IGFBP-3 were
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TABLE II - BASELINE CONCENTRATIONS OF PLASMA C PEPTIDE. INSULIN LIKE GROWTH FACTOR (IGF- l) AND INSULIN LIKE GROWTH FACTOR
N BINDING PROTEINS (IGFBP-1 AND -3) BETWEEN CASES AND CONTRO!

Men Women

Cuses Contols P Cases Controls 14
C-peptide (ng/m}) 29(1.849) 2.5(1.54.5) 0.014 2.2(1.5-3.8) 2.2(1.6-3.8) 0.86
Fasting' 20(1.5-28) 1.6(1.2-2.5) 0.046 1.7 (1.2-2.7) 1.8 (1.3-2.4) 0.64
Nonfasting 49((3.4-59) 4.3(3.0-5.6) 0.14 3.5(2.3-4.6) 34(24-48) 0.78

Past medical history of diabetes 2.3(1.6-2.8) 3.6(2.2-5.1) 0.32 29(19-3.3) 2.1(1.8-3.2) .2
1GFBP-1 (ng/ml) 16.4 (8.10-31.3) 19.3(8.50-33.2) 0.29 14.2 (6.40-35.8) 16.4 (6.50-32.4) 0.66
IGF-I (ng/ml) 172 (137-206) 164 (136-204) 0.27 160 (129-190) 159 (121- 197) 0.99

IGFBP-3 (ng/ml)

4,520 (3,995-5,170) 4,450 (3,895-5,050) 0.22

4,870 (4,320-5,490) 4,885 (4,260-5,440) 0.28

Median (interquartile range). p values show statistical results of comparison between cases and controfs using extension of Mantel-Haenszel

procedure with matched pairs.

Four or more hours after meal.—2p value was not available because of much smaller number of subjects 1o analyze.

measured by immunoradiometric assay using a reagent from Diag-
nostic Systems Laboratories, Webster, TX. All analyses were
assayed at Mitsubishi Kagaku Bio-Clinical Laboratories, Tokyo,
Japan. Samples from matched sets were assayed together. All lab-
oratory personnel were blinded with respect to case or control sta-
tus. The intra-assay coefficients of variation from the quality con-
trol samples were 5.3% for C-peptide, 6.2% for IGFBP-1, 2.4%
for IGF-I and 3.4% for IGFBP-3 (n = 20).

Statistical analysis

Adjusted means for cases and controls were calculated using
least square means in an analysis of covariance by the PROC
GLM procedure in SAS software (version 9.1; SAS Institute,
Cary, NC). Percentages of baseline characteristics were unad-
justed crude values. Baseline plasma levels of peptides were com-
pared between cases and control using medians and interquartile
ranges of each group because those levels were not normally dis-
tributed. We used extensions of the Mantel-Haenszel procedure®®
with matched pairs for a comparison of the baseline characteristics
and the baseline plasma levels of peptides between cases and con-
trols, using the PROC FREQ procedure with the CMH option.
Spearman correlation coefficients were calculated among plasma
peptides and factors of body size and lifestyle. These coefficients
were adjusted for sex, age and time elapsed since last meal at
blood collection. The odds ratios (OR) and 95% confidence inter-
vals (CI) for plasma levels of peptides divided into quartiles based
on control distribution were calculated by a conditional logistic
regression model adjusted for pack-years of smoking (continuous),
alcohol consumption (continuous), body mass index (continuous),
physical exercise (less than once a week, or once a week or more)
and family history of colorectal cancer as well as by using
matched pairs. The linear trend of OR was tested using the median
values of IGF-I and IGFBP-3, or the logarithmic-transformed me-
dian values of C-peptide, IGFBP-1. p-values for the trend were
evaluated using the 2-sided test with 0.05 as the significant level.
We estimated the OR of cancer cases stratified by site or depth of
tumor as well as the OR of all colorectal cancer cases. SAS soft-
ware was used for all statistical analyses.

Results

Pack-years of smoking or alcohol consumption were higher in
cases than in matched controls in men but not in women (Table I).
Orher characteristics, including dietary factors, did not substan-
tially differ between the 2 groups except for dietary fiber in men
and vitamin D in women.

Plasma C-peptide was higher among cases than controls (‘Table II)
in men but not in women. Except for C-peptide, there was no stat-
istically significant difference between cases and controls in any
peptides. Plasma levels correlated between C-peptide and IGFBP-
I [partial Spearman rank correlation coefticients adjusted for age
and time since last meal (r,), —0.44 in men; —0.56 in women],
and between IGF-I and IGFBP-3 (r,, (.66 in men; 0.68 in women).
A modest correlation was found between IGFBP-1 and body mass

index (r,, —0.32 in men; —0.34 in women). Correlation coeffi-
cients were (.19 in men and 0.24 in women between C-peptide
and body mass index. Dietary factors were not correlated with
plasma peptides. Those correlation coefficients were around 0.2 or
less (see Supplementary Tables).

Plasma C-peptide had a statistically significant association with
colorectal cancer in men (Table ITI). The ORs were 2.3 (95% CI.
1.2, 4.5) for the second quartile, 2.8 (95% CI; 1.3, 6.1) for the third
guartile and 3.2 (95% CI; 1.4, 7.6) for the highest quartile com-
pared to the lowest (p trend, 0.0072). Other peptides were not
associated with the risk of colorectal cancer. In women, there
were no associations between plasma peptides and colorectal
cancer.

In addition, we examined ORs by tumor sites, i.¢., colon or rec-
tum (Table IV); by intramucosal or invasive type of tumor; or by
the first follow-up period of less than 6 years or the last one of 6
years or more, conducted under a concept derived from some other
studies.'>** The site-specific association of plasma C-peptide was
stronger in colon cancer (p trend, (.025) than in rectal cancer (p
trend, 0.24). We also calculated subsite-specitic ORs of proximal
or distal colon cancer. The results seemed to show a stronger asso-
ciation in distal than in the proximal colon in men, although they
were unstable. The OR estimates for cancers by tumor depth or
follow-up period were not substantially different from those for all
colorectal cancers (see Supplementary Tables).

No further analyses show remarkable findings when compared
with the results mentioned earlier. We did analyses with further
adjustments for past medical history of diabetes in our multivari-
ate-adjusted model. In addition, we limited analytic subjects to
those without diabetes or those who provided fasting blood sam-
ples. We also conducted a further adjustment for hormone use his-
tory and an analysis limited to women diagnosed at postmeno-~
pause (aged 50 or more). Furthermore, we examined whether our
multivariate-adjusted model was over-adjusted using a less
adjusted model, i.e., a model not adjusted for body mass index and
physical exercise. Moreover, a model not mumally adjusted.for C-
peptide and IGFBP-1, or IGF-I and IGFBP-3, was also examined.
However, these efforts produced no substantial change in our
results (see Supplementary Tables).

Discussion

Plasma C-peptide, a biomarker indicating endogenous insulin
secretion, was clearly associated with a subsequent risk of colorec-
tal cancer in men. This result supported the finding that hyperinsu-
linemia caused by a high body mass index or Iow physlcal activity
is involved in colorectal cancer developmem Our study con-
firmed the previous reports showmg association between hyperin-
sulinemia and colorecial cancer.”!' Nevertheless, it remains
unclear why the association in our study was found only in men
but not in women. Wei er «/.'? examined this association in a
nested case-control study derived from a US Nurses’ cohort,
where the association was positive but not statistically significant.
However. Kaaks er al.'® reponied a positive association between
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