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Abstract

Background—Diabetes has been positively associated with the risk of colorectal cancer. We
investigated whether recently established risk variants for diabetes also have effects on colorectal
cancer.

Methods—Nineteen SNPs associated with type-2 diabetes (T2D) in genome-wide association
studies were tested in a case-control study of 2,011 colorectal cancer cases and 6,049 controls
nested in the Multiethnic Cohort as part of the Population Architecture using Genomics and
Epidemiology (PAGE) initiative. Odds ratios (OR) and 95% Confidence Intervals (CI) were
estimated by unconditional logistic regression to evaluate the association between SNPs and
colorectal cancer risk, adjusting for age, sex, and race/ethnicity. Permutation testing was
conducted to correct for multiple hypothesis testing.

Results—Four type 2 diabetes SNPs were associated with colorectal cancer risk: rs7578597
(THADA), rs864745 (JAZF1), rs5219 (KCNJ11), and rs7961581 (TSPANS, LGR5). The strongest
association was for the rs7578597 (THADA) Thr1187Ala missense polymorphism (Pgeng = 0.004
adjusted for multiple testing) with the high risk allele for colorectal cancer being the low risk
allele for diabetes. Similar patterns of associations were seen with further adjustment for diabetes
status and body mass index. The association of diabetes status with colorectal cancer risk was
somewhat weakened after adjustment for these SNPs.

Conclusion—Our findings suggest that diabetes risk variants also influence colorectal cancer

susceptibility, possibly through different mechanisms than for diabetes.
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Introduction

Colorectal cancer and type 2 diabetes (T2D) are common chronic diseases that share several
risk factors. Colorectal cancer is one of the leading cancers in the United States, representing
9% of all new cancer cases in 2010 [1]. By the end of 2021 approximately 13.5% of U.S.
adults — or more than 32 million adults — will be living with diabetes [2]. The growing
epidemic of diabetes is of relevance to future rates of colorectal cancer as epidemiologic
studies have demonstrated an increased risk of colorectal cancer among diabetics [3]. A
meta-analysis of 15 studies (nine cohort studies and six case-control studies) reported that
diabetics had a significant 30% increased risk of developing colorectal cancer compared
with non-diabetic individuals [3]. In a recent study of the Multiethnic Cohort (MEC), a
similar finding was observed such that a 19% increased risk of colorectal cancer was found
among diabetics in comparison to those without the disease (95% CI: 1.09-1.29; P<0.001)

[4].

Shared risk factors for diabetes and colorectal cancer include aging, diet, obesity, and
physical inactivity. Whether the underlying link between T2D and colorectal cancer is
through these shared risk factors or whether T2D serves as a marker for biological states that
influence cancer risk (e.g. hyperinsulinemia and/or hyperglycemia) has been debated [5].
The significant residual association between diabetes and colorectal cancer after adjusting
for shared risk factors [6, 7, 8, 9] would suggest that the two diseases may also share
intrinsic etiologic factors, such as genetic factors.

The few studies that have explored the relationship between T2D susceptibility variants and
colorectal cancer risk have focused on a small number of genetic variants in transcription
factor 7-like 2 (TCF7L2) [10, 11, 12], a key susceptibility loci identified by genome-wide
association studies of T2D [13, 14, 15, 16, 17, 18, 19, 20]. Findings from these initial studies
have reported inconsistent results between TCF7L2 polymorphisms, rs7903146 and
rs1255372, and colorectal cancer risk [10, 11, 12]. In addition, genetic association studies of
INSR, which encodes for the insulin receptor, a key receptor in diabetes pathogenesis, have
reported two INSR polymorphisms (rs1051690 and rs10426094) to be associated with
colorectal cancer risk [21, 22, 23].

Genome-wide association studies (GWAS) of T2D have identified numerous risk loci [13,
14,15, 16, 17, 18, 19, 20, 24, 25, 26, 27, 28, 29] and the impact of these genetic variants on
colorectal cancer risk has yet to be fully examined. Thus, we tested 19 T2D risk variants for
their association with colorectal cancer within a large case-control study nested in the
Multiethnic Cohort Study as part of the Population Architecture using Genomics and
Epidemiology (PAGE) initiative. Furthermore, we evaluated whether adjustment for these
risk variants explained at least partially the association between diabetes status and
colorectal cancer risk.
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Study Subject

The Multiethnic Cohort Study is a large population-based cohort study of more than 215,000
men and women from Hawaii and Los Angeles. The cohort is composed predominantly of
individuals from the following five racial/ethnic groups: African Americans, Native
Hawaiians, Japanese, Latinos, and Whites. Participants between the ages of 45 and 75 years
were recruited from March 1993 through May 1996. Participants completed a 26-page self-
administered questionnaire that included information regarding medical history, family
history of cancer, diet, dietary supplements and medication use, and physical activity.
Further details about this cohort are provided elsewhere [30].

Incident colorectal cancers in MEC participants were identified (up to December 5, 2009) by
cohort linkage to population-based Surveillance, Epidemiology and End Results (SEER)
cancer registries covering Hawaii and California. Information on stage of disease at the time
of diagnosis was also collected from the cancer registries. Blood samples were collected
from incident colorectal, breast and prostate cancer cases after their diagnosis, as well as a
random sample of cohort members to serve as controls, from 1996 through 2001, and
prospectively from all surviving participants from 2002 through 2007. Informed consent was
obtained at blood draw. Among the colorectal cancer cases used in this analysis, 69.4% had
their blood drawn after diagnosis and 30.6% prior to diagnosis.

Control subjects were men and women without colorectal cancer before entry into the cohort
and without a colorectal cancer diagnosis up to December 5, 2009. This case-control study
consisted of 2,011 case patients with colorectal cancer and 6,049 control subjects. We had
substantial power (80%) to detect modest effects (odds ratios of 1.18 and 1.32 for allele
frequencies of 20% and 5%, respectively) under log-additive models (alpha=0.05, two-
sided) [31]. In this study population, we had previously examined the generalizability of 11
colorectal cancer risk loci in multiple populations, largely confirming associations observed
from GWAS of European Americans while also identifying variation in genetic associations
across non-European populations [32]. Thus, we were able to test whether any new
associations with gene variants were independent from established ones. This study was
approved by the institutional review boards at the University of Hawaii and the University
of Southern California.

SNP Selection and Genotyping

We selected 19 established risk variants for T2D reported by genome-wide association
studies through September, 2009 (Table 1) [13, 14, 15, 16, 17, 18, 19, 20, 24, 25, 26, 27, 28,
29]. All SNPs were genotyped using either the TagMan OpenArray or standard Tagman
allelic discrimination assay (14 SNPs and 5 SNPs, respectively). All assays were undertaken
by laboratory personnel blinded to colorectal case-control status. The average genotyping
success rate across the 19 SNPs was 99.6% and the average genotype concordance rate for
QC duplicates (>10% of all samples) was 100%. All SNPs were in Hardy-Weinberg
equilibrium among controls for each racial/ethnic group (defined as P > 0.01 for at least 4 of
the 5 racial/ethnic groups).
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Statistical Analysis

Results

To examine the association between each T2D SNP and colorectal cancer risk, odds ratios
(OR) and 95% confidence intervals (Cl) were estimated by unconditional logistic regression,
adjusting for age, sex, and race/ethnicity. Each SNP was examined by co-dominant and log-
additive genetic models. In addition, analyses were adjusted for diabetes status and body
mass index (BMI) to examine possible confounding effects of these variables. A positive
diagnosis of diabetes was based on any of the following: (a) a self-report of diabetes either
at baseline questionnaire or follow-up questionnaires; (b) self-report of taking medication
for T2D at the time of blood draw; (c) diabetes diagnosis from the Office of Statewide
Health Planning and Development (California Residents); (d) diabetes diagnosis from
Kaiser Permanente or Hawaii Medical Service Association (Hawaii residents). Non-
diabetics were defined as having none of all of the aforementioned criteria. Additional
adjustment for known risk factors for colorectal cancer (family history of colorectal cancer;
dietary intake of fiber, calcium, folate, alcohol; vigorous physical activity; and smoking) did
not notably alter results; thus, these factors were not included in our final multivariable
models. Tests of heterogeneity for genetic effects were conducted for race/ethnicity, diabetes
status, and BMI by including interaction terms between genotype and race/ethnicity,
diabetes status, and BMI, respectively, in our regression models. Stratified analysis by race/
ethnicity, diabetes status, and BMI are presented to evaluate consistency of effects across
groups. In addition, heterogeneous effects by age-group, sex, anatomical site, and stage were
evaluated for the four associated SNPs. All statistical significance levels (P values)
presented are two-sided. Analyses were performed using SAS 9.1 (SAS Institute, Inc. Cary,
North Carolina).

To correct for potential population stratification within our study population, genetic
ancestry was estimated by principal component analysis using R software and included in
our regression models [33]. Specifically, 109 ancestry informative markers reported by
Kosoy et al. [34] that distinguish between the major continental groups found in America
were genotyped on all subjects by the TagMan Openarray assay. The first four principal
components delineated individuals of African, Asian, European, Latino, and Native
Hawaiian descent and were used as estimates of genetic ancestry.

To guide interpretation of nominally statistically significant associations, we conducted
permutation testing, which can be used to obtain an estimate of statistical significance that is
corrected for multiple-hypothesis testing [35]. Case-control status within strata of sex and
racial/ethnic group was randomly permuted 10,000 times for the 19 SNPs. Permutation P
values were determined by examining where the nominal P value for an “associated” SNP
fell in relation to the distribution of minimal P values generated from the permuted data. For
example, if a nominal P value of 0.05 marked the 25t percentile of this distribution, then the
permutation P value would be 0.25.

Main characteristics of the 8,060 subjects (cases/controls = 2,011/6,049) in our study are
presented by case-control status in Table 2. Japanese Americans represented the largest
racial/ethnic group followed by African Americans, Latinos, Whites, and Native Hawaiians.

Gut. Author manuscript; available in PMC 2015 February 19.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Cheng et al.

Page 5

Colorectal cancer cases were older than controls (mean = 70 years versus 67 years) with a
higher proportion of males (54%) than females (46%). In addition, cases were more likely to
have a BMI > 25 kg/m?, a history of diabetes, a family history of colorectal cancer, lower
mean intakes of calcium and folate, higher mean intake of alcohol, and greater mean pack-
years of cigarette smoking than controls. The overall prevalence of diabetes among controls
was 23.3% with the highest prevalence observed among Japanese Americans (28.4%)
followed by African Americans (25.8%), Latinos (20.5%), Whites (12.8%), and Native
Hawaiians (12.4%).

Four of the 19 T2D SNPs were nominally associated with colorectal cancer risk, adjusting
for age, sex, and race/ethnicity: rs7578597 (THADA), rs864745 (JAZF1), rs5219 (KCNJ11),
rs7961581 (TSPANS) (Table 3). Interestingly, only the T2D risk allele of rs5219 (KCNJ11)
conferred an increased risk of colorectal cancer, while for rs7578597 (THADA), rs864745
(JAZF1) and rs7961581 (TSPANS), the T2D risk alleles were associated with decreased risk
of colorectal cancer. Because, as in other populations, diabetes and BMI are risk factors for
colorectal cancer in our study (ORgjapetes = 1.26; 95% CI: 1.12-1.42 and ORgp1>25 = 1.33;
95% CI: 1.19-1.48), we examined the associations between T2D SNPs and colorectal cancer
risk with further adjustment for diabetes status and BMI (Table 3). Similar associations were
observed for all 19 T2D SNPs with adjustment for diabetes and BMI. In particular, risk
estimates for the top associations, rs7578597 (THADA) and rs5219 (KCNJ11), remained
virtually unchanged (ORs757g597 = 0.84; 95% CI: 0.75-0.95 and ORs5219 = 1.10; 95% CI:
1.01-1.19) with these adjustments. Permutation analysis revealed that a similar significant
association as observed between rs7578597 and colorectal cancer would occur by chance
<1% of the time (Ppermutation =-004).

Two of the four associated SNPs (rs7578597 and rs5219), which are both missense SNPs,
demonstrated strong associations with colorectal cancer in racial/ethnic stratified analyses
(Table 4). For rs7578597 (THADA), a significant inverse association with the diabetes risk
(T) allele was observed for all groups except for African Americans and Native Hawaiians,
with the strongest association seen among Japanese Americans (OR=0.52; 95% CI:
0.36-0.75; P = 0.0005). This SNP also displayed evidence of heterogeneity in effects across
racial/ethnic groups (Phet = 0.008). For rs5219 (KCNJ11), a consistent positive association
with the diabetes risk (T) allele was seen across all racial/ethnic groups with the exception of
Japanese Americans. However, the test for heterogeneity was not significant for rs5219, as
well as for the two other remaining SNPs (Ppet > 0.19).

To further investigate how these SNPs operate in light of diabetes status and BMI, we
conducted stratified analysis by these two risk factors and tested for heterogeneity (Table 5).
Both rs7578597 (THADA; Ppet = 0.13) and rs5219 (KCNJ11; Ppet = 0.31) displayed the
strongest associations among non-diabetics (n=5,727) (OR (57578597 = 0.78; Pyreng = 9.0 X
104 and ORyg5219=1.11; Pyreng = 0.03) and no association was observed among diabetics
(n=1,866) (OR(s7578597=1.05; Pyreng = 0.73 and ORys5219=0.95; Ptreng = 0.58). The
rs7578597 (THADA) variant was negatively associated with colorectal cancer risk among
both individuals with a BMI < 25 and those with a BMI > 25, but more strongly so among
non-overweight subjects (Pnhe= 0.06). Similar patterns of associations were observed when
adjusting for BMI in diabetes stratified analysis and likewise with adjustment of diabetes

Gut. Author manuscript; available in PMC 2015 February 19.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Cheng et al.

Page 6

status in BMI stratified analysis. After adjustment for all 19 SNPs, we noted that BMI
(P<0.0001) and diabetes status (P=0.053) remained significant predictors in the model for
colorectal cancer risk.

The four associated loci (THADA, JAZF1, KCNJ11, TSPAN8) demonstrated similar
associations across age-groups (<67 years vs. >67 years), anatomical site (colon vs. rectum),
and stage (localized vs. advanced). However, heterogeneous effects by sex were observed
for THADA and KCNJ11 (Ppet< 0.05). For THADA, rs7578597 was significantly associated
with colorectal cancer risk among females (OR=0.81; 95% CI: 0.69-0.97) and a similar
association, although not statistically significant, was observed among males (OR=0.90;
95% CI: 0.76-1.06) (Pnet= 0.01). For KCNJ11, rs5219 was associated with colorectal cancer
risk among males (OR=1.18; 95% CI: 1.05-1.31) and no association was seen among
females (OR=1.01; 95% CI: 0.89-1.14) (Ppet< 0.0001).

To examine the independent genetic effects of THADA (rs7578597) and KCNJ11 (rs5219)
on colorectal cancer risk, we utilized data from a previous report [32] of 11 colorectal cancer
GWAS hits tested in the MEC and adjusted for these established risk variants in our
statistical analysis. Similar significant associations were observed with adjustment for these
SNPs for THADA (rs7578597; OR=0.83; 95% CI: 0.70-0.99) and KCNJ11 (rs5219;
OR=1.16; 95% CI: 1.03-1.31), demonstrating that the association with these diabetes risk
variants and colorectal cancer are independent from those of the GWAS hits.

Furthermore, whereas diabetes remained significantly associated with colorectal cancer after
adjustment for all 19 T2D variants, there was a slight attenuation in the risk estimate for
diabetes (OR: before adjustment for these SNPs: 1.20, 95% ClI: 1.06-1.36; after adjustment:
1.15, 1.00-1.32), suggesting that these genetic variants may confound the relationship
between diabetes status and colorectal cancer risk.

In addition, similar associations were observed for THADA (rs7578597; OR=0.84; 95% CI:
0.72-0.98) and KCNJ11 (rs5219; OR=1.15; 95% CI: 1.031-1.28) with adjustment of genetic
ancestry to control for population structure (i.e. adjustment for the leading principal
components that can distinguish between African, Asian, European, Latino, and Native
Hawaiian ancestry), indicating that population stratification was not a source of bias.

Discussion

Our study examined 19 T2D established risk variants for their association with colorectal
cancer in a large multiethnic population. We found that 4 of 19 risk variants were associated
with colorectal cancer, even after accounting for diabetes status and body mass index.
Moreover, two missense variants in the THADA and KCNJ11 loci (rs7578597 and rs5219,
respectively) demonstrated the strongest associations with colorectal cancer. The
associations of colorectal cancer with the THADA and KCNJ11 variants were most evident
among subjects, who did not report a diagnosis of diabetes, and the THADA variant was
stronger for normal weight subjects, although it was observed among overweight subjects as
well.
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THADA (thyroid adenoma associated protein) maps to a chromosomal cluster at 2p21 and is
a target gene of frequent chromosomal rearrangements in thyroid adenomas [36, 37]. While
its biological effect is not well known, THADA is hypothesized to be involved in the death
receptor pathway and apoptosis, as truncation of THADA may facilitate the proliferation
and/or development of thyroid adenomas [37]. A common polymorphism in THADA
(rs1465618), uncorrelated with rs7578597 (r2=0.02 for European Americans), has also been
associated with prostate cancer in a genome-wide association study [38]. The rs7578597
missense variant is located in exon 24 of the THADA gene and results in a threonine to
alanine (T>C) amino acid change. In a meta-analysis of three genome-wide associations
studies of T2D among 10,128 individuals of European descent, the T allele of rs7578597
(risk allele frequency = 0.902) was associated with a 15% increased risk of T2D (95% ClI:
1.10-1.20; P = 1.1 x 10°%) [20]. In contrast, the T allele in our study was associated with a
reduced risk of colorectal cancer (P = 0.006) in our multiethnic population (risk allele
frequency range = 0.751-0.984). Interestingly, the T allele of rs7578597 has been associated
with lower insulin levels during oral glucose tolerance testing in a Chinese population [39].
The difference in the direction of the association for T2D and colorectal cancer may relate to
differences in the biological effects of thyroid adenoma associated protein, whose biological
activity remains poorly characterized. Furthermore, the heterogeneity in effects across
racial/ethnic groups (especially the lack of association in African Americans, a group with a
shorter linkage disequilibrium) would suggest that rs7578597 may not be the causal variant,
as similar associations and biological consequences would be expected for a functional SNP
regardless of race/ethnicity. It is possible that rs7578597 is in linkage disequilibrium with
another polymorphism that is more relevant for colorectal cancer. However, we do
recognize that our study had <80% power to detect a similar association in African
Americans as observed among the other racial/ethnic groups for rs7578597.

KCNJ11 encodes for the potassium inwardly-rectifying channel, superfamily J, member 11,
a major subunit of the ATP-sensitive potassium channel complex, which plays a key role in
glucose-stimulated insulin secretion [40, 41]. The rs5219 polymorphism (C>T), also a
missense variant, results in a glutamate to lysine amino acid change in exon 1, and the T
allele was identified in a genome-wide association study of T2D to be associated with a 14%
increased risk of diabetes (95% ClI: 1.10-1.19; P = 6.7x10711) [15]. The T allele has also
been associated with higher insulin sensitivity and early-phase insulin release [42]. The
similar positive association we observed between the rs5219 T allele and colorectal cancer
risk supports the possible role of hyperinsulinemia in promoting colorectal carcinogenesis

[5].

The strong associations observed for THADA (rs7578597) and KCNJ11 (rs5219) with
colorectal cancer risk among non-diabetics in contrast to diabetics may reflect the reduced
study power among the diabetic sub-group (colorectal cancer cases/controls=538/1,378).
Alternatively, for THADA (rs7578597), the observation that the high diabetes risk allele (T)
was associated with a reduced risk of colorectal cancer may suggest that this polymorphism
has separate effects for diabetes and colorectal cancer. Clearly, additional studies are needed
among well-characterized study populations with sufficient power to carefully discern the
association of THADA with diabetes, and colorectal cancer.
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Although JAZF1 (rs864745) and TSPANS/LGR5 (rs7961581) displayed only weak
associations with colorectal risk, these genes may still have important biological
implications for colorectal cancer development. JAZF1 encodes a nuclear protein with three
C,H,-type zinc fingers, and functions as a transcriptional repressor [43, 44]. In addition, the
JAZF1 gene demonstrates evidence of pleiotropy, being associated with multiple traits in
genome-wide association studies, including diabetes [20, 45], prostate cancer [46], and
height [47, 48]. These pleiotropic effects, including possibly colorectal cancer, suggest that
JAZF1 may be a central node in important biological pathways linking these common
phenotypes. TSPANS/LGRS encodes for protein in the transmember 4 superfamily and
mediates signal transduction events involved in cell development, growth, and motility [49].
Recently, a facilitating effect was described for TSPAN8 on cell migration and adhesion in
colon carcinoma, suggesting an important role for TSPANS8 in colon cancer progression and
metastasis [50].

The significant associations observed between rs7578597 (THADA), rs5219 (KCNJ11),
rs864745 (JAZF1), rs7961581 (TSPANS) and colorectal cancer that remained unchanged
after adjustment for diabetes status indicate that diabetes does not confound the relationship
between these T2D variants and colorectal cancer risk.

In a small nested case-control study of the Atherosclerosis Risk in Communities (ARIC)
Study, the TCF7L2 rs7903146 polymorphism was associated with a significant increased
risk of colon cancer (P trend = 0.009). In contrast, in both a prior colon cancer case-control
study [12] and our study, no overall association between rs7903146 and colon and colorectal
cancer, respectively, was observed. This discrepancy may reflect a chance finding given the
small number of cases in the ARIC study (128 colon cancer cases) [10], in contrast to our
larger study of 2,011 colorectal cancer cases and the prior case-control study of 1,578 colon
cancer cases [12], both demonstrating no association.

Diabetes may influence colorectal cancer development through multiple inter-related
pathways, such as hyperglycemia, hyperinsulinemia and chronic inflammation. We note that
diabetes status remained an influential predictor of colorectal cancer in models that included
the SNPs considered here and BMI, indicating that additional factors need to be investigated
in order to understand the effect of T2D on the risk of this cancer. Our findings of
associations between T2D variants and colorectal cancer risk after adjustment for both
diabetes status and BMI, however, does suggest that these variants have independent effects
on the carcinogenic process. Although some of the observed effects may be through
unrecognized hyperinsulinemia (KCNJ11), others (e.g., THADA) reflect the effect of the
opposite allele and, thus, that of different mechanisms and, possibly, different functional
alleles. Clearly, functional studies are needed to clarify the biological effects of these
variants.

To our knowledge, our study is the first to test multiple T2D variants (19 SNPs) in a large

multiethnic case-control study of colorectal cancer. The robust association observed for the
THADA polymorphism and colorectal cancer with correction for multiple hypothesis testing
through permutation testing suggests that this finding is unlikely to be due to chance. These
results warrant additional studies in other populations to confirm these results. Furthermore,
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the similar genetic associations observed for THADA and KCNJ11 with adjustment for
genetic ancestry argues against bias in our findings due to population stratification.
Consistent replications in multiple well-powered studies will be essential to establish the
associations between these T2D variants and colorectal cancer risk.

In summary, our study suggests that selected established T2D risk variants contribute to the
risk of colorectal cancer. This finding builds upon prior epidemiologic studies demonstrating
an association between diabetes and colorectal cancer, and provides new information on the
complexity of the pathways shared between these two common diseases. Research into the
biological mechanisms by which inherited T2D variants influence colorectal cancer risk will
further our understanding of the key contributors to colorectal cancer development.
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Study characteristics of 8,060 subjects by colorectal cancer case-control status

Cases Controls
n=2011 n=6049
Age, mean (SD) 70.0 (8.5) 66.9 (8.3)
Sex, n (%)
Male 1095 (54.5) 3272 (54.1)
Female 916 (45.6) 2777 (45.9)
Race/Ethnicity, n (%)
African American 398 (19.8) 1495 (24.7)
Native Hawaiian 108 (5.4) 489 (8.1)
Japanese American 675 (33.6) 1717 (28.4)
Latino 457 (22.7) 1195 (19.8)
White 373 (18.5) 1153 (19.1)
BMI; n (%)
>25kgim? 1266 (63.7) 3609 (60.2)
Diabetes, n (%)
Yes 538 (26.8) 1328 (22.0)
Missing 113 (5.6) 354 (5.9)
Family history of colorectal cancer, n (%)
Yes 216 (12.6) 535 (10.1)
Dietary Intake”
Fiber; g/kcal/day, mean (SD) 11.67 (4.41) 11.81 (4.23)
Calcium (foods + supplements); mg/day, mean (SD)  962.87 (588.78)  1011.11 (644.25)
Dietary Folate equivalents (foods + supplements) ug/
day, mean (SD)  908.90 (634.55)  930.67 (683.63)
Alcohol; g/day, mean (SD) 11.44 (30.07) 9.33(24.96)
Vigorous physical activity; hours/day, mean
(sp)” 0.36 (0.80) 0.39 (0.80)
Smoking; pack-years, mean (SD)* 12.06 (16.2) 10.4 (14.7)
Anatomical sub-site, n (%)*
Colon 1409 (17.5) -
Rectum 462 (5.7) -

*
missing do not add to 8,060 due to missing information
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