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Colorectal Cancer: Another Complication of Diabetes Mellitus?

Julie C. Will," Deborah A. Galuska,® Frank Vinicor," and Eugenia E. Calle?

Delayed stool transit and other gastrointestinal abnormalities are commonly observed in persons with
diabetes mellitus and are also known to be associated with colorectal cancer. Previous studies of the
contribution of diabetes to colorectal cancer incidence and mortality have been limited by small sample sizes
and failure to adjust for covariates. With more than 1 million respondents, the 1959-1972 Cancer Prevention
Study provided a unique opportunity to explore whether persons with diabetes (n = 15,487) were more likely
to develop colorectal cancer during a 13-year follow-up period than were persons without diabetes (n =
850,946). After adjustment for colorectal cancer risk factors, such as race, educational level, body mass index,
smoking, alcohol use, dietary intake, aspirin use, physical activity, and family history of colorectal cancer, the
incidence density ratio comparing colorectal cancer in those with diabetes and those without diabetes was
1.30 (95% confidence interval 1.03-1.65) for men and 1.16 (95% confidence interval 0.87-1.53) for women.
However, diabetes was not associated with greater case fatality. Future studies should explore the possibility
of a cancer-promoting gastrointestinal milieu, including delayed stool transit and elevated fecal bile acid
concentrations, associated with hyperglycemia and diabetic neuropathy. Am J Epidemiol 1998;147:816-25.
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Constipation is a common complaint of persons
with diabetes mellitus (1). Frequent constipation, es-
pecially when certain fecal bile acids are present, is
believed to contribute to DNA and other cellular dam-
age in the colon and rectum (2). Therefore, we hy-
pothesized that persons with diabetes may be at greater
risk of colorectal cancer than would persons without
diabetes.

Previous research examining the association be-
tween diabetes and colorectal cancer has often been
limited by the rarity of these conditions occurring
together (3-18). Studies that include 20 or more per-
sons with either diabetes and colon cancer or diabetes
and rectal cancer are summarized in table 1. Of those
studies that compared the colon cancer experience of a
select group of diabetic persons with the expected
occurrence in a standard population (19-23), most
found that men with diabetes are slightly (but, not
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statistically significantly) more likely than their coun-
terparts without diabetes to have experienced colon
cancer and that the association between diabetes and
colorectal cancer among women is generally weaker
than that for men (19, 20, 22, 23). The same studies
report only weak associations between diabetes and
rectal cancer.

Case-control studies have generally found positive
associations between diabetes and colorectal cancer
for men (range, 1.0-2.9), but again they report only
weak associations for women (range, 0.8-1.2) (24—
27). Only two case-control studies have accounted for
covariates (26, 27). In these, the association between
diabetes and colorectal cancer is strengthened by ad-
justment, especially among men (range, 1.7-2.9). To
date, no prospective cohort studies have examined the
association between diabetes and colorectal cancer.
However, one prospective cohort study has examined
postload glucose values for cancer decedents and sur-
vivors (28).

Although these previous studies provide a rationale
for continuing research on diabetes and colorectal
cancer, they are limited by small sample sizes and
failure to control for important covariates. To address
these limitations, we examined a large prospective
cancer incidence study of more than 1 million US
citizens, including more than 15,000 eligible partici-
pants with diabetes. This study provides estimates of
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TABLE 1. Previous studies* examining the association between diabetes mellitus and colorectal cancer

Colon cancer Rectal cancer
Men Women Men Women
Author No. of No. of No. of No. of
cases cases cases cases

(reference no.) Estimated of Estimated  of Estimated of Estimated of

effectt  diabetes effectt  diabetes effectt diabetes  effectt diabetes
with with with with
cancer cancer cancer cancer

Description

Wilson and Maher
(19) 1.3¢ 128 1.2¢ 220 1.1 61 0.9 57

Bell (20) 1.5§ 18 1.2§ 14

Kessler (21) 1.0% 50 12% 97 0.6 18 1.0 27

Ragozzino et al. (22) 14§ 12 1.1§ 10

O'Mara et al. (24) 14 12 12 15 1.0 13 1.1 13

Kune et al. (25) 1.3§ 21 0.8§ 12

Levine et al. (28) 1.09 23 1.19 29 1.09 6 0.81 4

Adamj et al. (23) 1.2 94 1.0 111 1.34 73 0.9 47

La Vecchia et al. (26) 1.7#* 55 1.5 28

Hardell et al. (27) 2.9# 17 1.0 11

Death certificate study. Effect
measure equals observed cases
with both cancer and diabetes
divided by expected cases of
both cancer and diabetes.

Autopsy study using data from 1911
to 1954. Excludes cases where
cancer preceded diabetes or was
concurrent with diabetes. Ages
40 years and older.

Retrospective cohort study of persons
with diabetes identified from
existing records during 1930~
1956 who were followed until
1959 to determine cause of
death. Thelr cancer death rate
was compared with the age-
standardized cancer death rate
in the general poputation.

Cross-sectional study of observed
cancer rates of persons with
diabetes (1945-1969) compared
with age- and sex-standardized
expected rate of cancer in the
general population.

Case-control study of patient
admissions to a hospital between
1957 and 1965. Age-adjusted
estimates.

Case-control study (age- and sex-
matched) of colorectal cancer
examining prevalence of diabetes
in cases and controls.

Prospective cohort study in industrial
setting. Comparison of mean age-
adjusted plasma glucose loads
in cancer decedents and
survivors.

Hybrid study. Age- and sex-adjusted
cancer rates were appliedto a
diabetes cohort to obtain
expected numbers for cancer.

Case-control study. Multivariate
adjustment included age, sex,
area of residence, education,
body mass index, and selected
indicator foods.

Case-control study of colon cancer.
Effect estimate adjusted for age,
sex, and occupational physical
activity.

* Includes only those studies with 20 or more persons who have colon or rectal cancer.

t For persons with diabetes compared with a control group, except when otherwise noted.
1 All intestinal cancers combined.

§ For colon and rectal cancers combined.

1 Mean plasma glucose level among cancer decedents divided by mean plasma glucose levels among survivors.

# Confidence interval does not include 1.0.
** For men and women combined.
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the association of diabetes and colorectal cancer ad-
justed for many important colorectal cancer risk fac-
tors.

MATERIALS AND METHODS

Our study involved participants in the first Cancer
Prevention Study of the American Cancer Society.
This prospective study was designed to assess risk
factors for cancer (29). More than 1 million partici-
pants aged 30 years and older recruited by volunteers
in 25 states between October 1959 and March 1960
completed a baseline questionnaire on personal habits
and medical history, including diagnoses of either
colorectal cancer or diabetes. Volunteer researchers
were to report annually on the vital status of the
subjects they enrolled, and several attempts to trace
missing subjects were made before a report of “not
traced” was accepted. In addition to the annual tracing
of subjects, researchers distributed a supplemental
questionnaire every other year (1961, 1963, and 1965).
This supplement asked about hospitalizations since the
completion of the previous questionnaire, diagnoses of
cancer and first treatment dates, changes in residence,
and current smoking habits.

In October 1972, a final follow-up questionnaire
distributed by volunteers included questions on per-
sonal habits, medical history of disease, and cancer
diagnosis and treatment during the respondent’s life-
time. Finally, death certificates used to determine the
exact cause of death were coded by a nosologist ac-
cording to the International Classification of Diseases,
Seventh Revision (30). The cause of death was deter-
mined for 92.2 percent of the study participants who
died. Additional details of the study have been pub-
lished previously (29, 31).

An incident case of colorectal cancer was deter-
mined by: 1) a report of colon or rectal cancer on any
of the questionnaires completed after baseline, or 2) a
death certificate listing colon or rectal cancer as an
underlying or contributing cause of death and a review
to determine that all previous questionnaires had been
completed, indicating no previously diagnosed colon
or rectal cancer. For cases, person-years of follow-up
were calculated by subtracting the date of the baseline
questionnaire from the date of first diagnosis, first
treatment, or death. Persons who were alive at first
follow-up and failed to complete the first follow-up
questionnaire were classified as missing. All other
participants were classified as noncases and censored
in the analysis. For noncases who were lost to follow-
up between the first questionnaire and the 1972 inter-
view, person-years of follow-up were calculated by
subtracting the date of the baseline interview from the
date of their most recently completed interview. For

noncases who died from causes other than colon or
rectal cancer, person-years of follow-up were calcu-
lated by subtracting the date of the baseline interview
from the date of death. For noncases who completed
the 1972 interview, person-years of follow-up were
calculated by subtracting the date of baseline interview
from the date of the 1972 interview.

For this analysis, from the 592,405 women and
455,370 men aged 30 years and older who returned
questionnaires at baseline we excluded those who re-
ported a previous diagnosis of any cancer (women,
n = 28,206; men, n = 17,270). Among those remain-
ing, we then excluded persons who did not fill out
their own baseline questionnaire (women, n = 30,279;
men, n = 70,467) and those who provided no inter-
view information after baseline (women, n = 23,070;
men, n = 14,784). Hence, the cohort of men and
women who were followed from baseline consisted of
510,850 women and 352,849 men, among whom
4,006 women and 3,218 men developed colorectal
cancer during the 13 years of follow-up.

Our primary exposure variable, history of diabetes,
was determined at baseline by the respondents’ selec-
tion of diabetes from a checklist of diseases they had
ever had (men, n = 7,229; women, n = §8,258). We
also considered other baseline characteristics poten-
tially related to colorectal cancer: age (continuous),
race (white, black and other), body mass index (kg/
m?), educational background (less than high school
graduate, high school graduate, some college), current
smoker (no, yes), usual level of exercise at work or
play (none or slight, moderate, heavy), family history
of colon or rectal cancer (none, at least one first-
degree relative), eats cereal daily (no, yes), eats meat
or poultry daily (no, yes), eats fruit daily (no, yes), eats
cooked vegetables daily (no, yes), eats green salads
daily (no, yes), eats fried foods daily (no, yes), number
of cups of coffee per day (continuous), number of cups
of tea per day (continuous), number of cups of milk
per day (continuous), number of alcoholic drinks per
day (continuous), and often consumes aspirin or buff-
ered aspirin (no, yes). We examined two additional
variables: number of pregnancies (none, at least one)
for women and pipe or cigar smoking (no, yes) for
men.

Proportional hazards analysis was used to estimate
the incidence density ratio (IDR) for the association of
diabetes history and colorectal cancer incidence while
adjusting for other potential risk factors (32, 33). We
tested for statistically significant (p < 0.05) interac-
tions of diabetes with other variables in the model. In
a separate analysis, we eliminated persons younger
than age 60 years in an attempt to remove those who
died at an early age from heart disease. Since persons
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with diabetes are more likely to die early from heart
disease than are those without diabetes (34), we be-
lieved that this analysis would allow a more equitable
comparison of persons with and those without diabe-
tes. Finally, in a third proportional hazards analysis,
we estimated, by diabetes status, the likelihood of
dying from colorectal cancer for persons who were
diagnosed with this disease during the study. For those
who died from colorectal cancer and had not reported
the disease on any of the questionnaires preceding
death, the date of cancer incidence was assumed to be
3.5 years before death. Because three quarters of all
colorectal cancer deaths occurred during the 7-year
period that elapsed between the last two question-
naires, which were administered in 1965 and 1972, it
seemed reasonable that the midpoint would be the best
estimate of the date of cancer incidence. Hence, for
these cases, we used a survival time of 3.5 years.
Reanalysis of the data, using different estimated sur-
vival times including 0, 0.5, and 1 year (assuming that
cancer was diagnosed during autopsy or at a very late
stage), yielded similar results.

Other analyses included testing the proportional
hazard assumption for each of the independent vari-
ables in the various models. We examined Schoenfeld
residuals for all variables in the model and their cor-
relations with time and time squared. We also visually
examined plots of the residuals against time and time
squared. The proportional hazard assumption was not
violated for diabetes, the primary exposure variable. In
those instances when the assumption was violated for
other variables in the model, we corrected for it by
using the strata option in PHREG (32). These correc-
tions did not substantially change the IDR for the
diabetes and colorectal cancer association.

RESULTS

Table 2 presents baseline characteristics of the study
population by gender and diabetes status. Persons with
diabetes were older, more likely to belong to a race
other than white, and less likely to have completed
high school than persons without diabetes. In general,
persons with diabetes appeared to have healthier life-
styles than did persons without diabetes: They were
less likely to smoke cigarettes and more likely to
consume fruit, vegetables, green salads, and cereal
daily than were persons without diabetes. Their aver-
age daily consumption of alcohol appeared to be
slightly lower than that of persons without diabetes,
and their milk consumption appeared to be higher.
However, persons with diabetes were more likely to be
sedentary than their counterparts without diabetes, and
women with diabetes were slightly heavier than
women without diabetes.

Am J Epidemiol Vol. 147, No. 9, 1998

The age-adjusted IDR for the association of diabetes
with colorectal cancer among men was 1.27 (95 per-
cent confidence interval (CI) 1.02-1.58) (table 3).
After adjustment for colorectal cancer risk factors
(fully adjusted model), the IDR for the association of
diabetes mellitus with colorectal cancer was 1.30 (95
percent CI 1.03-1.65) among men. Of all colorectal
cancer risk factors examined, family history of colo-
rectal cancer was most strongly related to development
of colorectal cancer (IDR = 1.73, 95 percent CI 1.48—
2.03). Heavy exercise at work or play was the most
protective factor against development of colorectal
cancer (IDR = 0.74, CI 0.64-0.86). Other important
factors associated with colorectal cancer among men
included older age and smoking pipes or cigars. Fac-
tors that were significantly, but only weakly, associ-
ated with colorectal cancer incidence were a higher
body mass index, eating less cereal, drinking fewer
glasses of milk daily, drinking more alcohol daily, and
never or seldom taking aspirin. We found a significant
interaction of diabetes with current cigarette smoking,
and stratification by smoking status yielded the fol-
lowing IDRs for the association of diabetes and colo-
rectal cancer incidence: smokers, 0.87 (95 percent CI
0.58-1.31); nonsmokers, 1.72 (95 percent CI 1.28-
2.31) (data not shown).

The age-adjusted IDR for the association of diabetes
with colorectal cancer among women was 1.06 (95
percent CI 0.84-1.34) (table 4). In the fully adjusted
model, the association of diabetes with colorectal can-
cer was 1.16 (95 percent CI 0.87-1.53). As with men,
family history of colorectal cancer most strongly pre-
dicted development of colorectal cancer (IDR = 1.71,
95 percent CI 1.48-1.98). Other important predictors
of colorectal cancer incidence included older age and
consumption of fewer glasses of milk daily. Higher
educational level and consumption of cooked vegeta-
bles daily were only weakly associated with colorectal
cancer incidence. There was a significant interaction
of diabetes with daily salad consumption, and stratifi-
cation by salad consumption resulted in the following
IDRs for the association of diabetes with colorectal
cancer incidence: no daily salad, 1.48 (95 percent CI
1.07-2.04); and one or more salads every day, 0.67 (95
percent CI 0.38-1.19) (data not shown).

Restriction of the analysis to persons aged 60 years
and older at baseline to eliminate persons who died at
an early age from heart disease resulted in fully ad-
justed IDRs for the association of diabetes with colo-
rectal cancer of 1.45 (95 percent CI 1.07-1.97) for
men and 0.99 (95 percent CI 0.66-1.49) for women
(data not shown).

To determine whether the progression of colorectal
cancer was hastened by diabetes, we examined the
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TABLE 2. Means and percentages for selected baseline characteristics, by gender and diabetes status

in the First Cancer Prevention Study, 1959-1972

Men Women
. No No
Diabetes Diabetes
Characteristic N diabetes y diabetes
acte "“(a,','"_"s mellitus '“f,',"‘_“s mellitus
- (n = e (n =
7.229) 345,620) 8,258) 502,592)
Age (mean years) 57.4 52.9 57.8 51.7
Colorectal cancer during follow-up
No 98.8 99.1 99.1 99.2
Yes 1.2 0.9 0.9 0.8
Race
White 97.4 98.1 95.0 97.6
Black and other 26 1.9 50 23
Education
Less than high school graduate 46.2 40.9 53.3 35.5
High school graduate 16.0 19.2 19.3 27.2
Some college 37.8 40.9 27.4 37.3
Family history of colorectal cancer
No 97.0 96.8 96.1 96.3
Yes 3.0 3.2 39 3.7
Body mass index (mean kg/m2) 254 25.2 26.2 24.2
History of constipation
No 87.5 89.9 741 76.3
Yes 12.5 10.1 25.9 23.7
Current smoker
No 45.9 41,0 83.3 71.9
Yes 54.1 59.0 16.7 28.1
Pipe or cigar smoker
No 76.8 81.5
Yes 238.2 18.5
Eats cereal daily
No 66.0 78.6 75.3 84.1
Yes 34.0 21.4 247 15.9

association of diabetes with death from colorectal can-
cer after colorectal cancer diagnosis and found a fully
adjusted IDR of 0.98 (95 percent CI 0.70-1.37) for
men and 1.07 (95 percent CI 0.71-1.62) for women
(data not shown). The two factors most strongly re-
lated (p < 0.01) to death from colorectal cancer were
being from a race other than white (an approximately
twofold increase in risk of dying for both men and
women) and being older.

DISCUSSION

This study generally confirms previous research
findings, including the significance of well-established

Table continues

colorectal cancer risk factors (e.g., family history of
colorectal cancer and age) (2), the association between
diabetes and colorectal cancer in men and, to a lesser
extent, in women (19, 20, 22, 23), and longer survival
after colorectal cancer diagnosis for whites compared
with races other than white (35).

Our study extends previous colorectal cancer re-
search by providing a more precise estimate of the
association between diabetes and colorectal cancer
(based on 84 men and 74 women with both diabetes
and colorectal cancer). Because of our ability to adjust
for important covariates, it probably provides a less-
biased estimate of the association than did previous

Am J Epidemiol Vol. 147, No. 9, 1998
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TABLE 2. Continued
Men Women
No No
Diabetes : Diabetes "
Characteristi - diabetes - diabetes
racienste "“(’,‘7“‘_“3 meliitus ’“f,',"‘_”s melltus
e (n= 6 (n=
7.229) 345,620) 8.258) 502,592)
Eats fruit daily
No 33.2 44.9 26.8 33.0
Yes 66.8 55.1 73.2 67.0
Eats cooked vegetables daily
No 35.5 41.2 28.0 29.7
Yes 64.5 58.8 72.0 70.3
Eats green salad daily
No 65.5 76.2 63.7 68.5
Yes 34.5 23.8 36.3 31.6
Eats fried foods daily
No 47.9 46.0 66.4 63.0
Yes 52.1 54.0 33.6 37.0
Eats meat or poultry daily
No 52.0 55.9 513 53.1
Yes 48.0 441 48.7 46.9
Cups of coffee daily (mean no.) 3.3 3.2 29 3.1
Cups of tea daily (mean no.) 0.6 0.6 08 0.8
Glasses of milk daily (mean no.) 1.5 1.2 1.2 0.9
Alcohol drinks per day (mean no.) 1.0 1.2 0.5 0.7
Takes aspirin or buffered aspirin
Never or seldom 87.2 87.7 78.4 78.1
Often 12.8 12.3 21.6 21.9
Exercises at work or play
None or slight 29.0 22.8 19.2 15.9
Moderate 60.9 63.1 71.5 74.9
Heavy 10.1 14.1 9.3 9.2
Never pregnant 9.3 1.0
At least one pregnancy 90.7 99.0

studies (men = 1.30, women = 1.16). Furthermore,
we were able to determine that diabetes did not hasten
death from colorectal cancer.

Some factors that might account for the higher colo-
rectal cancer incidence among persons with diabetes
mellitus compared with their counterparts without di-
abetes are 1) slower bowel transit, which contributes
to increased exposure to toxic substances; 2) increased
production of carcinogenic bile acids; and 3) high
insulin levels, which promote colonic tumor develop-
ment and growth. Delayed stool transit in the presence
of carcinogenic agents probably contributes to DNA
damage and other damage to cells (2). However, only
a few studies have systematically examined actual or

Am J Epidemiol Vol. 147, No. 9, 1998

reported stool transit times among persons with dia-
betes and compared the results with those of persons
without diabetes. One study reported a 70— 80 percent
longer mean transit time for persons with diabetes than
for those without diabetes (36). Two studies showed
that persons with diabetes reported symptoms of con-
stipation more frequently than did persons without
diabetes (37, 38), but only one of these studies found
the difference to be statistically significant (37).
Among persons with diabetes, those who have neu-
ropathy more often report symptoms of constipation
than do those without neuropathy (39).

Secondary bile acids may act as carcinogens affect-
ing mainly the large bowel and rectal mucosa (2). A
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TABLE 3. Means, percentages, and effect estimators for selected baseline characteristics in relation to incidence of colorectal
cancer among men in the First Cancer Prevention Study, 19591972

Colorectal No colorectal Age- 95% Fully 95%
Characteristics cancer cancer adjusted confidence adjusted confidence
{n=23,218) {n=349,631) rate ratio interval rate ratio* interval
Age (mean years)t 57.9 529 1.08 1.08-1.09
Diabetes
No 974 98.0 1.00 Referent 1.00 Referent
Yes 26 20 127 1.02-1.58 1.30 1.03-1.65
Race
White 98.8 98.2 1.00 Referent 1.00 Reterent
Black and other 1.2 1.8 0.81 0.59-1.12 0.86 0.58-1.28
Education
Less than high school 421 409 1.00 Referent 1.00 Reterent
High school graduate 15.6 19.2 1.1 1.00-1.23 1.06 0.95-1.19
Some college 423 40.9 1.19 1.11-1.29 1.08 0.99-1.17
Family history of colon cancer
No 93.9 96.8 1.00 Referent 1.00 Referent
Yes 6.1 3.2 1.73 1.49-2.01 1.73 1.48~2.03
Body mass index (mean kg/m2) 254 25.2 1.03 1.02-1.04 1.02 1.01-1.04
Current smoker
No 46.8 411 1.00 Referent 1.00 Referent
Yes 53.2 58.9 0.99 0.93-1.07 091 0.83-1.00
Pipe or cigar smoker
No 77.3 815 1.00 Referent 1.00 Referent
Yes 227 18.5 117 1.07-1.27 1.20 1.08-1.34
Eats cereal dally
No 76.9 78.2 1.00 Referent 1.00 Referent
Yes 23.1 21.8 0.87 0.80-0.95 0.90 0.82-0.99
Eats fruit daily
No 414 4.6 1.00 Referent 1.00 Referent
Yes 58.6 55.4 1.03 0.96-1.11 1.01 0.93-1.10
Eats cooked vegetables daily
No 420 410 1.00 Referent 1.00 Referent
Yes 58.0 59.0 1.03 0.96-1.11 1.06 0.97-1.15
Eats green salad dalily
No 76.2 76.0 1.00 Referent 1.00 Referent
Yes 23.8 240 1.04 0.95-1.12 1.00 0.91-1.09
Eats fried foods daily
No 50.8 46.1 1.00 Referent 1.00 Relerent
Yes 49.2 53.9 0.87 0.81-0.93 0.94 0.87-1.02
Eats meat or poultry daily
No 58.5 56.7 1.00 Referent 1.00 Referent
Yes 415 43 091 0.85-0.98 092 0.85-1.00
Cups of coffee daily (mean no.) 3.0 3.2 0.99 0.98-1.01 0.99 0.97-1.01
Cups of tea daily (mean no.) 0.6 0.6 1.00 0.97-1.04 0.99 0.95-1.03
Glasses of milk daily {(mean no.) 11 1.2 0.95 0.93-0.98 0.96 0.93-0.99
Alcohol drinks per day (mean no.) 1.2 1.2 1.04 1.02-1.06 1.03 1.01-1.05
Takes aspirin or buffered aspirin
Never or seldom 89.8 877 1.00 Referent 1.00 Referent
Often 10.2 123 0.86 0.76-0.96 0.82 0.73-0.93
Exercises at work or play
None or slight 241 229 1.00 Referent 1.00 Referent
Moderate 65.0 63.1 0.84 0.77-0.91 0.88 0.81-0.97
Heavy 109 14.0 0.70 0.62-0.80 074 0.64-0.86

* Based on 302,625 men, 2,722 of whom developed colorectal cancer.
1 Age-squared term was also Included in the model, and it was statistically significant.

Am J Epidemiol Vol. 147, No. 9, 1998
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TABLE 4. Means, percentages, and effect estimators for selected baseline characteristics in relation to incidence of colorectal
cancer among women in the First Cancer Prevention Study, 1959-1972

Colorectal No colorectal Age- 95% Fully 95%
Characteristics cancer cancer adjusted confidence adjusted confidence
(n=4,006) (n =506,844) rate ratio interval rate ratio* interval

Age (mean years)t 57.6 51.8 1.07 1.06-1.07
Diabetes

No 98.1 98.4 1.00 Referent 1.00 Reterent

Yes 1.9 1.6 1.06 0.84-1.34 116 0.87-1.53
Race

White 98.9 97.8 1.00 Referent 1.00 Referent

Black and other 1.1 22 0.64 0.48-0.86 0.73 0.49-1.08
Education

Less than high school 39.0 355 1.00 Referent 1.00 Referent

High school graduate 232 27.2 113 1.04-1.23 1.13 1.02-1.25

Some college 37.8 37.3 1.12 1.04-1.20 1.1 1.01-1.21
Family history of colon cancer

No 92.6 96.3 1.00 Referent 1.00 Referent

Yes 74 3.7 183 1.62-2.06 1.71 1.48-1.98
Body mass index (mean kg/m?) 246 243 1.00 1.00-1.01 1.01 1.00-1.02
Current smoker

No 794 723 1.00 Referent 1.00 Referent

Yes 20.6 277 1.03 0.95-1.12 1.01 0.92-1.11
Eats cereal daily

No 81.6 83.9 1.00 Referent 1.00 Referent

Yes 184 16.1 094 0.87-1.02 0.94 0.85-1°.04
Eats fruit daily

No 30.4 32.7 1.00 Referent 1.00 Referent

Yes 69.6 67.3 089 0.93-1.06 0.97 0.89-1.06
Eats cooked vegetables daily

No 29.2 29.5 1.00 Referent 1.00 Reterent

Yes 70.8 70.5 1.07 1.00-1.15 1 1.02-1.22
Eats green salad daily

No 68.1 68.3 1.00 Referent 1.00 Referent

Yes 31.9 317 1.06 0.99-1.13 1.03 0.95-1.13
Eats fried foods daily

No 66.4 63.2 1.00 Referent 1.00 Referent

yes 33.6 36.8 0.95 0.89-1.02 0.98 0.91-1.07
Eats meat or poultry daily

No 52.2 52.9 1.00 Referent 1.00 Referent

Yes 47.8 471 1.04 0.97-1.10 1.01 0.93-1.09
Cups of coffee daily (mean no.) 28 31 0.99 0.97-1.00 0.98 0.96-1.00
Cups of tea daily (mean no.) 0.8 0.8 1.02 1.00-1.05 1.01 0.98-1.05
Glasses of milk daily {mean no.) 0.8 0.8 094 0.91-0.97 0.92 0.88-0.96
Alcohol drinks per day (mean no.) 0.7 0.7 1.02 1.00-1.04 1.02 0.99-1.04
Takes aspirin or bufferin aspirin

Never or seldom 80.1 78.1 1.00 Referent 1.00 Referent

Often 19.9 219 0.96 0.89-1.04 0.99 0.91-1.09
Exercises at work or play

None or slight 15.6 16.0 1.00 Referent 1.00 Referent

Moderate 76.6 74.8 0.94 0.87-1.03 0.94 0.85-1.04

Heavy 78 9.1 0.88 0.76-1.01 0.90 0.77-1.06
Never pregnant 1.1 11.0 1.00 Referent 1.00 Referent
Al least one pregnancy 88.9 89.0 1.03 0.93-1.14 1.08 0.86-1.22

* Based on 375,796 women, 2,819 of whom developed colorectal cancer.
t Age-squared term was also included in the model, and it was statistically significant.
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number of small clinical studies found that fecal bile
acids in the colon were generally present in larger
amounts in persons with diabetes than in those without
diabetes (40—44). Furthermore, among persons with
diabetes, those who had worse glucose control had
more fecal bile acids than did those with better control
(45, 46). Some investigators have observed that insulin
therapy normalizes fecal steroid excretion (41, 42),
while others have found that it has little impact (40).
Therefore, it is not entirely clear whether insulin ther-
apy reduces the concentration of bile acids in the feces
of persons with diabetes.

Giovannucci (43) hypothesized that insulin, an im-
portant growth factor, may at high serum concentra-
tions increase the risk of colorectal cancer by promot-
ing growth of colon tumors, stimulating insulin-like
growth factor receptors, and acting as a cell mitogen.
He cautions, however, that diabetes should not be used
as an indicator of hyperinsulinemia because hypergly-
cemia can lower plasma insulin levels in some cases.
Because this study and other research on diabetes and
colorectal cancer have not measured insulin levels,
this intriguing hypothesis awaits further confirmation.

In certain subgroups of men, particularly nonsmok-
ers and older men (aged 60 years or more), the ad-
justed associations of diabetes mellitus with the inci-
dence of colorectal cancer in our study were generally
stronger than those found in most previous studies.
Although we found that women with diabetes were no
more likely to be diagnosed with colorectal cancer or
to die from colorectal cancer than were their female
counterparts without diabetes, our study suggests that
certain subgroups of women with diabetes may be at
higher risk of colorectal cancer. In particular, the as-
sociation of diabetes and colorectal cancer was higher
(IDR = 1.5) among women who did not eat green
salads daily. However, the subgroup analyses should
be interpreted with caution for two reasons: 1) Only
one of 25 possible two-way interactions was signifi-
cant (a result expected by chance) in each of the
sex-specific proportional hazard models; and 2) at
present, there are no clear biologic hypotheses to ex-
plain the observed subgroup differences.

Although our study is larger than previous studies of
diabetes and colorectal cancer, it has several limita-
tions. First, because we relied on self-reported diabe-
tes, we may have misclassified some true cases of
diabetes. Previous studies have shown that at any point
in time about half of all persons with diabetes are
unaware that they have the disease (47). At the time of
this study (1959-1960), persons with diabetes may
have been less aware of their disease because urine
glucose testing, a relatively insensitive test (48),

was still being used to screen for diabetes mellitus.
One study found that urine glucose testing was less
sensitive for women than for men (49). This misclas-
sification of true cases of diabetes may have resulted
in a slight underestimate of the magnitude of the
association between diabetes and colorectal cancer,
especially for women. Second, the diagnosis of colo-
rectal cancer may have been influenced by diabetes
status. How this may have affected the magnitude of
the association of diabetes with colorectal cancer is
unclear. The association could be overestimated if
more frequent visits to physicians because of diabetes
led to early detection of colorectal cancer. On the other
hand, the association could be underestimated if colo-
rectal cancer symptoms (such as altered bowel habits)
were attributed to diabetes, thus delaying the diagnosis
of colorectal cancer. Third, some residual confounding
may have distorted the association of diabetes and the
incidence of colorectal cancer. Covariates were as-
sessed by using fairly crude measures; for example,
dietary intake was measured using a short food fre-
quency questionnaire, and physical activity was mea-
sured using one question. Because this study used
large numbers of volunteer lay interviewers to reach
over a million persons in a relatively short amount of
time, the questionnaire was necessarily simple. Fur-
thermore, the large number of interviewers made it
difficult to provide extensive training or to monitor the
quality of each completed interview. Realistically,
however, a study of this size would have been ex-
tremely difficult to complete (because of cost and
length of study time) using standard epidemiologic
methods (50). Despite the problems noted above, we
were encouraged that our findings with regard to es-
tablished colorectal cancer risk factors did not contra-
dict previous research.

In summary, this large prospective cancer study
revealed a moderate association between diabetes and
colorectal cancer incidence. It also showed similar
colorectal cancer survival times for persons with and
those without diabetes. For a clearer understanding of
the association of diabetes and the incidence of colo-
rectal cancer, future studies could include biochemical
and physiologic measurements such as fecal bile acid
composition, stool transit time, glycosylated hemoglo-
bin (or some other measure of blood glucose control),
and insulin levels. Investigators should try to under-
stand why factors such as being female may mitigate
the association of diabetes and the incidence of colo-
rectal cancer. Most important, future studies should
explore the possibility of a cancer-promoting gastro-
intestinal milieu that may be associated with hyper-
glycemia or diabetic neuropathy.

Am J Epidemiol Vol. 147, No. 9, 1998
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