American Journal of Epidemiology

e

© The Author 2013. Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of
Public Health. All rights reserved. For permissions, please e-mail: journals.permissions @ oup.com.

Vol. 179, No. 1

DOI: 10.1093/aje/kwt227
Advance Access publication:
October 2,2013

Original Contribution

Type 2 Diabetes and the Risk of Colorectal Adenomas: Black Women’s Health

Study

Chiranjeev Dash, Julie R. Palmer, Deborah A. Boggs, Lynn Rosenberg,

and Lucile L. Adams-Campbell*

* Correspondence to Dr. Lucile L. Adams-Campbell, 1000 New Jersey Avenue SE, Washington, DC 20003 (e-mail: lla9 @ georgetown.edu).

Initially submitted April 19, 2013; accepted for publication August 28, 2013.

Evidence for the association of type 2 diabetes mellitus (DM) with colorectal neoplasms is contradictory, and
African Americans have been underrepresented in the studies published to date. In a nested case-control study
(1995-2009), we examined DM and insulin therapy as risk factors for colorectal adenomas in African American
women enrolled in the ongoing Black Women’s Health Study. From women reporting ever having undergone a gas-
trointestinal endoscopy, 917 cases of colorectal adenoma were compared with 2,751 controls without a colorectal
polyp, matched on age and follow-up time. Cases were verified by medical record review. We used multivariable logis-
tic regression analyses that included DM exposures and selected confounders. There were no overall associations
between DM and adenoma risk or between insulin use and adenoma risk. However, DM without insulin use was
inversely associated with risk of colon adenomas (odds ratio (OR) =0.71, 95% confidence interval (CI): 0.52, 0.97)
but not rectal adenomas. DM was inversely associated with adenoma risk in women older than 55 years (OR =
0.64, 95% ClI: 0.44, 0.91) but not in women 55 years or younger (OR = 1.24, 95% CI: 0.81, 1.89). Future research
should attempt to replicate the unexpected inverse association of DM with colon adenoma risk among older

African American women.

African American women; colorectal adenoma; colorectal cancer; diabetes; insulin

Abbreviations: BWHS, Black Women’s Health Study; ClI, confidence interval; CRC, colorectal cancer; DM, diabetes mellitus; OR,

odds ratio.

Colorectal cancer (CRC) is the third most commonly diag-
nosed cancer and cause of cancer death in the United States
(1). Incidence and rates of death from CRC are disproportion-
ately high in African Americans (1). The prevalence of colo-
rectal adenoma, a premalignant polyp, is also high in African
Americans (35%) (2), and African Americans are more likely
to have larger and more advanced adenomas compared with
whites (3).

Metabolic abnormalities resulting from diabetes mellitus
(DM) were hypothesized to be mediators of colorectal carci-
nogenesis in the mid-1990s (4, 5) and, since then, numerous
studies on the association of CRC with DM have been pub-
lished. Pooled data from studies published before 2005 revealed
a statistically significant 33% increased risk of CRC in women
with a history of DM (6). However, evidence from recently

112

published studies has been contradictory. Although 2 cohort
studies in predominantly white populations showed a posi-
tive association between DM and CRC in men but not women
(7, 8), other studies have reported a higher risk of CRC in
women with DM than in those without (9—11).

There is limited information on the association of DM with
colorectal adenomas. One hospital-based case-control study
of women reported an increased risk of colorectal adenomas
in diabetics compared with nondiabetics (12). Other studies
of DM or impaired glucose tolerance and adenoma risk have
not published sex-specific estimates. Data from case-control
studies suggest an increased risk of colorectal adenomas in
diabetics or those with impaired fasting blood glucose levels
(100-125 mg/dL) or impaired glucose tolerance based on a
75-g glucose tolerance test (13—15). In contrast, 2 recently
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published nested case-control studies failed to find an associ-
ation between impaired glucose tolerance and colorectal ade-
nomas (16, 17).

Animal studies have suggested that insulin administration
leads to colonic tumors and aberrant-crypt foci, and that it pro-
motes colonic epithelial cell proliferation (18-20). Limited
data from epidemiologic studies on the association of insulin
use with CRC are contradictory (7, 21-24), and a recent cross-
sectional study of patients with DM did not show an increased
risk of adenomas associated with insulin therapy (25). There
are no data on the risk of colorectal adenomas in African Ameri-
cans who use insulin.

It is estimated that 18.7% of African Americans over the
age of 20 years have DM compared with 10.2% of European
Americans (26). However, there is little information on the
association of CRC with DM in African Americans (10), and
no study has investigated DM as a risk factor for colorectal
adenomas in African Americans.

Given the high prevalence of both DM and colorectal ade-
nomas among African American women, we evaluated DM
and insulin use as risk factors for colorectal adenomas in a
case-control study nested within an ongoing prospective follow-
up study, the Black Women’s Health Study (BWHS).

MATERIALS AND METHODS
Study population

The BWHS is a prospective cohort study of African American
women from across the United States. In 1995, 59,000 women
aged 21-69 years enrolled by responding to health question-
naires mailed to subscribers of Essence magazine, members
of several African American professional associations, and
friends of early respondents (27). Approximately equal pro-
portions were from the Northeast, South, Midwest, and West
(28). Respondents completed 14-page questionnaires on demo-
graphic information, health status, and medical and lifestyle
variables. The baseline questionnaire collected information
on adult height, current weight, demographic characteristics,
reproductive history, medical history, use of medications, use
of cigarettes and alcohol, and usual diet. Since 1995, follow-
up questionnaires have been sent every 2 years to update infor-
mation on reproductive history and other exposures and to
identify new occurrences of cancer and other serious illnesses.
Eighty percent of the women in the baseline cohort have been
followed through 2009. Approval for the study was obtained from
Boston University’s institutional review board.

Case and control ascertainment

We conducted a nested case-control study among partici-
pants in the ongoing BWHS. Participants were asked about a
list of diseases and the date of first diagnosis on the baseline and
follow-up questionnaires. In 1999, “colon or rectal polyps”
was added to the list of illnesses for the following question:
“Between March 1997 and March 1999, if you were diagnosed
with any of the following conditions, please fill in the circle(s)
and indicate the year it was first diagnosed” and included
in all subsequent questionnaires. Participants were asked to
mark “yes” if they had been diagnosed with colorectal polyps
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and to leave the question blank if they had not received a diag-
nosis of colorectal polyps in the preceding 2 years. The present
analyses are based on self-reports from the 1999, 2001, 2003,
2005, 2007, and 2009 questionnaires. Medical records were
obtained for women who self-reported the removal of a colon
polyp or rectal polyp. Cases were participants whose pathol-
ogy reports indicated a colorectal adenoma. Controls were
participants who reported undergoing a colonoscopy or sig-
moidoscopy during the period 1999-2009 and who had never
reported a colorectal polyp or adenoma. It was not possible
to distinguish from the questionnaire whether participants
underwent colonoscopy or sigmoidoscopy. Three controls were
matched to each case on age and follow-up time. Relevant
exposure data for the controls were abstracted from the ques-
tionnaires prior to the “index period” (period during which
the index case reported an incident adenoma diagnosis).
Women with cancer (including CRC) or polyps other than
adenomas and women in whom a medical record for polyp
review could not be obtained were excluded from the analysis.

Assessment of DM

Type 2 DM and insulin use were ascertained through self-
report on the baseline questionnaire (in 1995) and on follow-up
questionnaires (in 1999-2007). Women who reported being
diabetic or taking insulin/oral medications for DM were con-
sidered as having DM. We asked a random sample of women
who had reported incident DM for access to their medical
records and assessed the accuracy of self-reported DM among
the 227 participants whose physicians provided data from their
medical records (29). The sensitivity of self-reported type 2
DM was very high (96%) in the validation study (30). Partic-
ipants who reported a diagnosis of DM before 30 years of age
were excluded to reduce the likelihood of inclusion of women
with type 1 DM. We also collected data on duration of DM
from self-report of the year of DM diagnosis. For women who
reported a new diagnosis of DM in their follow-up question-
naires but did not report a year of diagnosis, the midpoint of the
2-year follow-up interval was used as the year of diagnosis.

Assessment of covariates

Covariates for analysis were selected a priori from the lit-
erature. Data on cigarette smoking, regular (at least 3 days per
week) aspirin use, alcohol intake, weight, height, menopausal
status, and postmenopausal hormone therapy were collected
on the baseline questionnaire (in 1995) and updated on the
basis of data reported on the follow-up questionnaires. Body
mass index, a measure of obesity, was calculated as weight
(kg)/height (m)>. In the 1997 and subsequent questionnaires,
participants provided information on the number of hours spent
each week on vigorous exercise such as basketball, swimming,
running, and aerobics. Information on education was obtained
in 1995 and on family history of CRC in a first-degree rela-
tive in 1999. Women were classified as premenopausal if they
were still menstruating and as postmenopausal if they had experi-
enced natural menopause (no periods for at least a year) or bilat-
eral oophorectomy. Women with hysterectomy but without
a bilateral oophorectomy were classified as postmenopausal
if they were older than 56 years and as premenopausal if
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they were younger than 43 years. Women who did not report
menopausal status or who had undergone hysterectomy with-
out a bilateral oophorectomy and were between the ages of
43-56 years were classified as having “unknown” menopau-
sal status. Data on weekly servings of fruits and vegetables,
total red meat intake, and total daily energy intake were derived
from the 68-item modified version of the National Cancer
Institute—Block food frequency questionnaire (31), which was
administered to all participants at baseline (in 1995) and in
the 2001 questionnaire. Time-varying covariates were reas-
signed for every 2 years of follow-up by using the Anderson-
Gill data structure (32). This creates a new record for every
follow-up cycle at which the participant is at risk and assigns
covariate values for that specific questionnaire cycle. For cases,
covariates were based on the questionnaires administered in
the cycle prior to when they reported an adenoma (index
period). Matched controls for each case also had their covar-
iates updated on the basis of responses to the questionnaires
administered during the index period. Dietary variables were
derived from the food frequency questionnaire administered
in 1995 if the index period was prior to 2001 and from the
2001 food frequency questionnaire if the index period was at
or after the 2001 follow-up.

Statistical analysis

We used conditional logistic regression to estimate age-
adjusted and multivariable-adjusted odds ratios and 95%
confidence intervals for the risk of colorectal adenomas in asso-
ciation with DM. In the multivariable models, we adjusted for
the following potential confounders selected a priori: age (in
years), education (<12, 13—15, >16 years), body mass index
(<25, 25-29.9, 30-34.9, >35) (only 0.2% of the case-control
sample had body mass index <18), smoking status (never,
past, current), alcohol intake (nondrinker, 1-6 drinks/week,
>7 drinks/week), family history of CRC in a first-degree rel-
ative, regular aspirin use (>3 days/week), menopausal status,
vigorous activity (none, <1 hour/week, 2—6 hours/week, >7
hours/week), total energy intake (in kcal), fruit and vegeta-
ble intake (in servings/week), and red meat intake (in servings/
week). We assessed effect modification of the association between
adenomas and DM by age, menopausal status, postmenopausal
hormone therapy, family history of CRC, obesity, and aspirin
use. We assessed interaction by using the log-likelihood ratio
test, which compared models with and without the multipli-
cative interaction terms. All statistical analyses were performed
by using SAS, version 9.2, software (SAS Institute Inc., Cary,
North Carolina).

RESULTS

After the exclusion of participants with prevalent or incident
cancer and prevalent colorectal polyps, there were 22,362 par-
ticipants who reported having had a colonoscopy or sigmoid-
oscopy during the follow-up period. Of these, 4,078 (18%)
reported having had a polyp removed. Medical records were
obtained from 1,380 (34%) of those women, and 917 were found
to have had a colorectal adenoma. Of these, 552 had at least
1 proximal adenoma, 359 had at least 1 distal adenoma, and
92 had rectal adenoma(s). Controls were randomly selected

from the 18,284 women who had a colonoscopy or sigmoid-
oscopy and who never reported a diagnosis of colorectal polyp.
Three controls were matched to each colorectal adenoma case
by age, for a total of 2,751 controls.

The baseline characteristics of the cases and matched con-
trols are presented in Table 1. Compared with controls, cases
were more likely to be current smokers. They were also more
likely to drink 7 or more alcoholic drinks per week and to have a
family history of CRC in a first-degree relative. Cases reported
consuming fewer servings of fruits and vegetables per week
compared with controls. Body mass index, educational levels,
regular aspirin use, self-reported vigorous physical activity,
menopausal status, and red meat intake were not associated
with case-control status in bivariate analyses.

Age- and multivariable-adjusted odds ratios for DM and
colorectal adenomas are presented in Table 2. The multivariable-
adjusted odds ratio for DM relative to no DM was 0.83 (95%
CI: 0.64, 1.09). Diabetics who reported never having used
insulin had a 25% lower risk of adenomas compared with

Table 1. Baseline Characteristics in a Matched Case-Control
Study® Nested in the Black Women’s Health Study, 1997—-2009

Adenoma Cases
(n=917)

Mean (SD) %
54.6 (8.5)
30.1(6.7)

Polyp-Free Controls
(n=2,751)

Mean (SD) %
54.6 (8.5)
29.8 (6.4)

Variable

Age, years

Body mass index®

Education
<12years 17 19
13-15 30 32
>16 53 49

Current smoker 16 19

Alcohol use (>7 7% 4
drinks/week)

Family history of 14%* 8**
colorectal
cancer
in first-degree
relative

Regular aspirin use 37 37
(>3 days/week)

Vigorous physical 16 15
activity (>2
hours/week)

Postmenopausal 59 59

Total energy 1,338 (591) 1,323 (594)

intake, kcal

Red meat intake,
servings/week

4.08 (3.90) 3.98 (4.09)

Fruit and vegetable
intake,
servings/week

Diabetes 12 14

17.6 (12.9)#* 19.0 (14.1)*+

Abbreviation: SD, standard deviation.

* P<0.05 for difference between cases and controls; **P<0.01
for difference between cases and controls.

@ Cases and controls were matched on age and follow-up time.

P Weight (kg)/height (m)2.
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Table2. Odds Ratios for the Association Between DM and Risk of Colorectal Adenomas in a Matched Case-Control Study® Nested in the Black

Women’s Health Study, 1997-2009

Multivariable-

DM Status by Adenoma Type No. of Cases No. of Controls Age-adjusted ORP 95% ClI adjusted® OR® 95% CI
Colorectal adenoma
No DM 804 2,378 1.00 Referent 1.00 Referent
DM 113 373 0.89 0.71,1.12 0.83 0.64,1.09
DM without insulin use 81 306 0.78 0.60, 1.01 0.75 0.56, 1.00
DM with insulin use 32 67 1.41 0.92,2.17 1.23 0.75,2.02
Colon adenoma
No DM 734 2,160 1.00 Referent 1.00 Referent
DM 99 339 0.86 0.67,1.09 0.80 0.60, 1.05
DM without insulin use 71 279 0.75 0.57,0.99 0.71 0.52,0.97
DM with insulin use 28 60 1.37 0.86,2.17 1.21 0.71,2.07
Distal adenoma
No DM 318 940 1.00 Referent 1.00 Referent
DM 41 137 0.88 0.60, 1.29 0.81 0.52,1.28
DM without insulin use 30 110 0.80 0.52,1.23 0.76 0.46,1.24
DM with insulin use 11 27 1.20 0.58,2.45 1.07 0.45,2.58
Proximal adenoma
No DM 480 1,417 1.00 Referent 1.00 Referent
DM 72 239 0.89 0.67,1.18 0.83 0.60,1.14
DM without insulin use 52 198 0.78 0.56,1.07 0.72 0.50, 1.04
DM with insulin use 20 41 1.45 0.83,2.53 1.38 0.74,2.59
Rectal adenoma
No DM 80 237 1.00 Referent 1.00 Referent
DM 12 39 0.91 0.45,1.84 0.99 0.41,2.35
DM without insulin use 11 31 1.06 0.50,2.24 1.40 0.56, 3.52
DM with insulin use 1 8 0.38 0.05, 3.02 0.11 0.01,1.48

Abbreviations: Cl, confidence interval; DM, diabetes mellitus; OR, odds ratio.

& Cases and controls were matched on age and follow-up time.
b Based on a conditional logistic regression model.

¢ Adjusted for age, educational status, body mass index (weight (kg)/height (m)?), physical activity, family history of colorectal cancer in a first-degree
relative, menopausal status, smoking status, alcohol intake, total energy intake, red meat intake, fruit and vegetable intake, and regular aspirin use.

nondiabetics (95% CI: 0.56, 1.00). However, those taking
insulin had a 23% higher risk of adenomas compared with
nondiabetics, but the result was not statistically significant.
The inverse association between adenoma risk and DM among
women not taking insulin was observed for colon adenomas
(odds ratio (OR)=0.71, 95% CI: 0.52, 0.97) but not rectal
adenomas. The association of DM with adenoma risk did not
differ by adenoma site within the colon (distal vs. proximal).
Because the estimates for the association of DM with rectal
adenomas were based on small numbers and were therefore
unstable, additional analyses were restricted to colon adenomas.

There was a significant interaction between DM and age in
colon adenoma risk (P =0.03) (Table 3). The odds ratios for
DM and colon adenomas were 0.64 (95% CI: 0.44, 0.91) among
women over age 55 years and 1.24 (95% CI: 0.81, 1.89) among
women at or under age 55 years. The odds ratio for insulin use
in women at or under age 55 years (OR = 1.57, 95% CI: 0.70,
3.55) was also elevated but was not significantly different
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compared with that of women over age 55 years (OR =1.16,
95% CI: 0.59, 2.26) (Table 3).

Duration of DM was inversely associated with colon ade-
noma risk (Table 4). Women with DM for 10 years or longer
had a 40% lower risk of colon adenomas than those without
DM (95% CI: 0.39, 0.94), whereas women with DM for 5
years or less had an odds ratio of 1.07 (95% CI: 0.73, 1.56)
associated with colon adenoma risk compared with nondia-
betic women. The reduction in colon adenoma risk with increas-
ing DM duration was observed both for women over age 55
years and for women at or under age 55 years. However, odds
ratios were consistently below 1 for women over age 55 years.
In addition, the P value for the linear trend of decreasing risk
over increasing DM duration was significant only among women
over age 55 years. (Table 4)

Regular aspirin use, obesity, and family history of CRC did
not modify the association between DM and colon adenoma
risk among women in this study (data not shown). We have



116 Dashetal.

Table 3. Odds Ratios for the Association Between DM With and Without Insulin Use and Risk of Colon® Adenomas Stratified by Age® in a
Matched Case-Control Study® Nested in the Black Women’s Health Study, 1997—-2009

Age <55 Years Age >55 Years
DM Status No. of No. of Multivariable- 95% Cl No. of No. of Multivariable- 05% Cl C\'ﬁ;ﬁiﬁgg
Cases  Controls adjusted® OR® ° Cases  Controls adjusted” OR® °
No DM 401 1,234 1.00 Referent 347 978 1.00 Referent
DM 48 113 1.24 0.81,1.89 57 234 0.64 0.44,0.91 0.03
DM without 38 100 1.15 0.71,1.85 39 194 0.54 0.36, 0.81 0.03
insulin use
DM with 14 24 1.57 0.70, 3.55 18 40 1.16 0.59, 2.26 0.72
insulin use

Abbreviations: Cl, confidence interval; DM, diabetes mellitus; OR, odds ratio.
& Cases with only rectal adenoma(s) and matched controls were excluded.

® Age was categorized on the basis of median age among controls.

¢ Cases and controls were matched on age and follow-up time.

9 Adjusted for educational status, body mass index (weight (kg)/height (m)?), physical activity, family history of colorectal cancer in a first-
degree relative, menopausal status, smoking status, alcohol intake, total energy intake, red meat intake, fruit and vegetable intake, and regular

aspirin use.
¢ Based on a conditional logistic regression model.

also not reported data on stratified analysis by menopausal status
because determination of menopausal status was partially based
on age and, therefore, the results were difficult to distinguish
from age-stratified analyses. Among postmenopausal women
who did not use hormone therapy, the odds ratios were 0.64
(95% CI: 0.40, 1.02) for the association of colon adenomas
with DM and 1.14 (95% CI: 0.51, 2.59) for the association
of colon adenomas with insulin use.

DISCUSSION

In this case-control study of African American women nested
in a large ongoing cohort study, there was an inverse association
of DM with colon adenomas in women not taking insulin but
not in women using insulin therapy. The inverse association
of DM with colon adenoma risk was restricted to women over
the age of 55 years. There was also some evidence to suggest
that increasing duration of DM was associated with decreas-
ing risk of colon adenomas.

This is the first analysis from a prospective follow-up study
of DM, insulin use, and colorectal adenomas in African Amer-
ican women. Our findings do not corroborate evidence from
previous studies that suggested DM was a risk factor for colo-
rectal adenomas in women (12, 14, 15). However, 2 of these
were case-control studies that did not report sex-specific esti-
mates (14, 15), and 1 was a hospital-based case-control study
limited to hormone-negative postmenopausal women or women
who had undergone a bilateral oophorectomy and who were
not taking hormone therapy (12). When we restricted our anal-
ysis to postmenopausal women without hormone therapy, we
did not observe an increased risk of colon adenomas with either
DM or insulin use. Our results are consistent with those from
recent population-based studies of adenoma risk with meta-
bolic syndrome, which suggest that abnormal fasting blood
glucose levels (>110 mg/dL) are not an independent risk fac-
tor for colorectal adenomas (16, 17). Although a 2005 meta-
analysis of epidemiologic studies conducted in the 1980s and

1990s (6), including results from large cohorts of women such as
the Nurses’ Health Study (33), reported a significantly increased
risk of CRC in women with DM, studies published since the
meta-analysis, with a large proportion of the follow-up con-
ducted after 2000, have shown either null results for women or
attenuated effect estimates compared with men.

Metabolic abnormalities in DM, such as insulin resistance
and hyperinsulinemia, have been proposed to be involved in
colorectal neoplasia risk associated with risk factors such as
obesity and lack of physical activity (4, 5). There is sufficient
biological plausibility and evidence to support the role of insu-
lin and insulinlike growth factors in the adenoma-carcinoma
sequence (18-20). Increased levels of endogenous insulin and
insulinlike growth factor-1 have been shown to be associated
with increased risk of adenomas (34, 35) and CRC (36, 37).
Therefore, it is intriguing that recent large studies, including
ours, have failed to show a positive association between DM
and colorectal neoplasms. Contrary to our hypothesis, DM was
associated with a lower risk of adenomas among older post-
menopausal women. It has been suggested that the increased
use of metformin as the first line of therapy for DM and better
blood glucose control among diabetic women compared with
men in recent years might explain the lack of association seen
with DM and colorectal neoplasms (7). It is also likely that,
compared with nondiabetic women, diabetic women are more
likely to make lifestyle changes regarding nutrition, physical
activity, and other factors that contribute to risk of colorectal
adenomas as a result of their DM diagnoses and physician rec-
ommendations. Although we updated time-varying lifestyle
covariates to capture the most recent self-reported lifestyle behav-
ior prior to an adenoma diagnosis and adjusted for selected
dietary and lifestyle factors in our regression models, it is pos-
sible that, for some women, the covariate information reflected
the post-DM “healthy” lifestyle and, for others, the pre-DM
“unhealthy” lifestyle. This is a possibility because not all
covariates were assessed at all time points during the follow-up
period. For example, diet was assessed only in the 1995 and
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& Cases with only rectal adenoma(s) and matched controls were excluded.

b Cases and controls were matched on age and follow-up time.

¢ Duration of DM was calculated on the basis of the year of diagnosis reported by participants. For participants who did not report year of diagnosis but who reported a new diagnosis of DM

on the follow-up questionnaire, the date of diagnosis was assumed to be the midpoint of the 2-year follow-up interval.

4 Adjusted for age, educational status, body mass index (weight (kg)/height (m)3), physical activity, family history of colorectal cancer in a first-degree relative, menopausal status, smoking

status, alcohol intake, total energy intake, red meat intake, fruit and vegetable intake, and regular aspirin use.

¢ Based on a conditional logistic regression model.

2001 questionnaires. Therefore, the inverse association of DM
and adenoma risk might be explained by changes in diet and
lifestyle after a DM diagnosis. This hypothesis receives indi-
rect support from the observation that the inverse association
between DM and adenoma risk became stronger with increas-
ing duration of DM. If lifestyle changes are indeed responsi-
ble for the lower risk of adenomas among diabetic women,
we would expect these changes to be evident over a longer rather
than a shorter timeframe.

Few studies have investigated the association of insulin
use in DM as a risk factor for colorectal adenomas. In a hospital-
based case-control study of postmenopausal women, insulin
use was not associated with the risk of colorectal adenomas
(12). A recent cross-sectional study of diabetic patients under-
going colonoscopy also did not find insulin therapy to be asso-
ciated with adenoma risk (25). Campbell et al. (7) did not find
an association between insulin use and CRC among women
in the Cancer Prevention Study II cohort. Null results for older
African American women in our study who reported taking
insulin support findings from these studies. There was some
evidence to suggest that insulin use might be associated with
increased risk of adenomas in younger women, but the results
were based on small numbers of cases and were not statisti-
cally significant.

The strengths of our study include the nested design within
a large prospective cohort of African American women in the
United States, adenoma outcomes verified by medical records,
and detailed information on a large number of covariates. In
addition, results from our study are generalizable to most Afri-
can Americans in the United States. The rate of screening endo-
scopy in our cohort was 63% for women aged 50-64 years
and 61% for women aged 6574 years. These figures are very
similar to the 60% colonoscopy screening rate reported in the
2010 Behavioral Risk Factor Surveillance System for African
Americans aged 50-75 years (38).

Our study has limitations. As stated earlier, DM status and
treatment for DM were self-reported and could have led to
exposure misclassification, but the impact of such misclassi-
fication on our results is likely to be negligible. A validation
substudy within the BWHS cohort observed excellent concor-
dance of self-reported physician-diagnosed DM with medical
records (29, 39). In addition, a validation study from the Women’s
Health Initiative concluded that “treated diabetes,” defined as
“self-report of physician diagnosis and treatment with insulin
or oral anti-diabetic drugs,” is sufficiently accurate for use in epide-
miologic studies (40). A recent analysis from the Atherosclerosis
Risk in Communities cohort also confirmed a high specificity
of self-report for prevalent DM (96%—-97%) (41). Participant-
reported polyps were verified by medical record review in our
study, but the absence of polyps was not verified. Misclassi-
fication in the adenoma outcomes in which participants diag-
nosed with adenomas failed to report polyps and were therefore
included in the control group would attenuate the DM-adenoma
association toward null. However, previous studies have shown
that self-report of polyps has a high negative predictive value
(94%—-100%) for adenomas, and it is unlikely that this was a
major source of bias in our study (42, 43). Although we found
evidence of effect modification by age for the DM-adenoma
association, we had no a priori reason for this analysis, and
we looked within strata of several other factors, as well. The
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stratified analyses in this study were based on small numbers
and were thus underpowered. Results obtained for the effect
modification by age for the DM-adenoma association should
be considered a new hypothesis that needs to be confirmed in
adequately powered analyses in the future. We also did not have
details of medication use and, thus, could not assess the risk
of adenomas associated with specific oral medications, such
as metformin, which might reduce the risk of adenomas in dia-
betic women. Results from our study may not be generalizable
to African American women with low educational attainment.
More than 95% of the BWHS cohort had a high school edu-
cation or more at enrollment compared with 83% of African
American women in the general population (44). In addition,
the prevalence of DM reported in our study, primarily for women
65 years of age and older, is lower than that reported for the
general population of African American women (45).

In conclusion, in a nested case-control study of incident colo-
rectal adenomas among African American women who have
undergone screening colonoscopies or sigmoidoscopies, an
inverse relationship was observed between DM and colon ade-
noma risk, primarily among older women who did not report
taking insulin for DM management. We also observed a trend
suggesting that increasing duration of DM might be associ-
ated with lower risk of colon adenomas. These unexpected
findings suggest an intriguing hypothesis and warrant replica-
tion in future studies.

ACKNOWLEDGMENTS

Author affiliations: Department of Oncology, Georgetown-
Lombardi Comprehensive Cancer Center, Georgetown
University, Washington, DC (Chiranjeev Dash, Lucile L.
Adams-Campbell); and Slone Epidemiology Center at Boston
University, Boston, Massachusetts (Julie R. Palmer, Deborah
A. Boggs, Lynn Rosenberg).

Data collection was supported by National Institutes of Health
grant RO1 CA058420.

We thank the staff of the Black Women’s Health Study for
their dedication.

Presented in part at the Tenth Annual American Associa-
tion for Cancer Research International Conference on Fron-
tiers in Cancer Prevention Research, October 22-25, 2011,
Boston, Massachusetts.

Conflict of interest: none declared.

REFERENCES

1. Howlader N, Noone A, Krapcho M, et al. SEER cancer
statistics review, 1975-2009 (vintage 2009 populations).
Bethesda, MD: National Cancer Institute; 2012. (http:/Seer.
cancer.gov/cst/1975_2009_pops09/). (Accessed March 25,
2013).

2. Rex DK, Khan AM, Shah P, et al. Screening colonoscopy in
asymptomatic average-risk African Americans. Gastrointest
Endosc. 2000;51(5):524-527.

3. Lieberman DA, Holub JL, Moravec MD, et al. Prevalence of
colon polyps detected by colonoscopy screening in

15.

16.

17.

18.

19.

20.

21.

22.

23.

asymptomatic black and white patients. JAMA. 2008;300(12):
1417-1422.

. Giovannucci E. Insulin and colon cancer. Cancer Causes

Control. 1995;6(2):164-179.

. McKeown-Eyssen G. Epidemiology of colorectal cancer

revisited: Are serum triglycerides and/or plasma glucose
associated with risk? Cancer Epidemiol Biomarkers Prev.
1994;3(8):687-695.

. Larsson SC, Orsini N, Wolk A. Diabetes mellitus and risk of

colorectal cancer: a meta-analysis. J Natl Cancer Inst. 2005;
97(22):1679-1687.

. Campbell PT, Deka A, Jacobs EJ, et al. Prospective study

reveals associations between colorectal cancer and type 2
diabetes mellitus or insulin use in men. Gastroenterology.
2010;139(4):1138-1146.

. Limburg PJ, Vierkant RA, Fredericksen ZS, et al. Clinically

confirmed type 2 diabetes mellitus and colorectal cancer risk: a
population-based, retrospective cohort study. Am J
Gastroenterol. 2006;101(8):1872-1879.

. Luo J, Chlebowski R, Liu S, et al. Diabetes mellitus as a risk

factor for gastrointestinal cancers among postmenopausal
women. Cancer Causes Control. 2013;24(3):577-585.

. He J, Stram DO, Kolonel LN, et al. The association of diabetes

with colorectal cancer risk: the Multiethnic Cohort. Br J
Cancer. 2010;103(1):120-126.

. Flood A, Strayer L, Schairer C, et al. Diabetes and risk of

incident colorectal cancer in a prospective cohort of women.
Cancer Causes Control. 2010;21(8):1277—-1284.

. Elwing JE, Gao F, Davidson NO, et al. Type 2 diabetes

mellitus: the impact on colorectal adenoma risk in women. Am
J Gastroenterol. 2006;101(8):1866—1871.

. Marugame T, Lee K, Eguchi H, et al. Relation of impaired

glucose tolerance and diabetes mellitus to colorectal adenomas
in Japan. Cancer Causes Control. 2002;13(10):917-921.

. Eddi R, Karki A, Shah A, et al. Association of type 2 diabetes

and colon adenomas. J Gastrointest Cancer. 2012;43(1):87-92.
Suh S, Kang M, Kim MY, et al. Korean type 2 diabetes
patients have multiple adenomatous polyps compared to non-
diabetic controls. J Korean Med Sci. 2011;26(9):1196-1200.
Kim BC, Shin A, Hong CW, et al. Association of colorectal
adenoma with components of metabolic syndrome. Cancer
Causes Control. 2012;23(5):727-735.

Tsilidis KK, Brancati FL, Pollak MN, et al. Metabolic
syndrome components and colorectal adenoma in the CLUE II
cohort. Cancer Causes Control. 2010;21(1):1-10.

Corpet DE, Jacquinet C, Peiffer G, et al. Insulin injections
promote the growth of aberrant crypt foci in the colon of rats.
Nutr Cancer. 1997;27(3):316-320.

Tran TT, Medline A, Bruce WR. Insulin promotion of colon
tumors in rats. Cancer Epidemiol Biomarkers Prev. 1996;
5(12):1013-1015.

Tran TT, Naigamwalla D, Oprescu Al et al.
Hyperinsulinemia, but not other factors associated with insulin
resistance, acutely enhances colorectal epithelial proliferation
in vivo. Endocrinology. 2006;147(4):1830—-1837.

Currie CJ, Poole CD, Gale EA. The influence of glucose-
lowering therapies on cancer risk in type 2 diabetes.
Diabetologia. 2009;52(9):1766—-17717.

Kabat GC, Kim MY, Strickler HD, et al. A longitudinal study
of serum insulin and glucose levels in relation to colorectal
cancer risk among postmenopausal women. Br J Cancer.
2012;106(1):227-232.

Oliveria SA, Koro CE, Yood MU. The risk of cancer
associated with antidiabetic therapy: a retrospective cohort
study. Diabetes. 2006;55(suppl 1):A216.

Am J Epidemiol. 2014;179(1):112-119


http://Seer.cancer.gov/csr/1975_2009_pops09/
http://Seer.cancer.gov/csr/1975_2009_pops09/
http://Seer.cancer.gov/csr/1975_2009_pops09/
http://Seer.cancer.gov/csr/1975_2009_pops09/
http://Seer.cancer.gov/csr/1975_2009_pops09/
http://Seer.cancer.gov/csr/1975_2009_pops09/

Diabetes and Colorectal Adenomas in Black Women 119

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Yang YX, Hennessy S, Lewis JD. Insulin therapy and
colorectal cancer risk among type 2 diabetes mellitus patients.
Gastroenterology. 2004;127(4):1044-1050.

Wong P, Weiner MG, Hwang WT, et al. Insulin therapy and
colorectal adenomas in patients with diabetes mellitus. Cancer
Epidemiol Biomarkers Prev. 2012;21(10):1833-1840.

Centers for Disease Control and Prevention. National Diabetes
Fact Sheet: National Estimates and General Information on
Diabetes and Prediabetes in the United States, 2011. Atlanta,
GA: US Department of Health and Human Services, Centers
for Disease Control and Prevention; 2011.

Rosenberg L, Adams-Campbell L, Palmer JR. The Black
Women’s Health Study: a follow-up study for causes and
preventions of illness. J Am Med Womens Assoc. 1995;50(2):
56-58.

Russell C, Palmer JR, Adams-Campbell LL, et al. Follow-up
of a large cohort of black women. Am J Epidemiol. 2001;
154(9):845-853.

Krishnan S, Rosenberg L, Djoussé L, et al. Overall and central
obesity and risk of type 2 diabetes in U.S. black women.
Obesity (Silver Spring). 2007;15(7):1860—1866.

Boggs DA, Rosenberg L, Ruiz-Narvaez EA, et al. Coffee, tea,
and alcohol intake in relation to risk of type 2 diabetes in African
American women. Am J Clin Nutr. 2010;92(4):960-966.

Block G, Hartman AM, Naughton D. A reduced dietary
questionnaire: development and validation. Epidemiology.
1990;1(1):58-64.

Laird N, Olivier D. Covariance analysis of censored survival
data using log-linear analysis techniques. J Am Stat Assoc.
1981;76(374):231-240.

Hu FB, Manson JE, Liu S, et al. Prospective study of adult
onset diabetes mellitus (type 2) and risk of colorectal cancer in
women. J Natl Cancer Inst. 1999;91(6):542-547.

Ortiz AP, Thompson CL, Chak A, et al. Insulin resistance,
central obesity, and risk of colorectal adenomas. Cancer.
2012;118(7):1774-1781.

Sasaki Y, Takeda H, Sato T, et al. Serum interleukin-6, insulin,
and HOMA-IR in male individuals with colorectal adenoma.
Clin Cancer Res. 2012;18(2):392-399.

Ollberding NJ, Cheng I, Wilkens LR, et al. Genetic variants,
prediagnostic circulating levels of insulin-like growth factors,

Am J Epidemiol. 2014;179(1):112-119

37.

38.

39.

40.

41.

42.

43.

44.

45.

insulin, and glucose and the risk of colorectal cancer: the
Multiethnic Cohort Study. Cancer Epidemiol Biomarkers
Prev.2012;21(5):810-820.

Rinaldi S, Cleveland R, Norat T, et al. Serum levels of IGF-I,
IGFBP-3 and colorectal cancer risk: results from the EPIC
cohort, plus a meta-analysis of prospective studies. Int J
Cancer. 2010;126(7):1702—-1715.

Joseph DA, King JB, Miller JW, et al. Prevalence of colorectal
cancer screening among adults—behavioral risk factor
surveillance system, United States, 2010. MMWR Morb
Mortal Wkly Rep.2012;61(suppl):51-56.

Krishnan S, Rosenberg L, Singer M, et al. Glycemic index,
glycemic load, and cereal fiber intake and risk of type 2
diabetes in US black women. Arch Intern Med. 2007;167(21):
2304-2309.

Margolis KL, Lihong Q, Brzyski R, et al. Validity of diabetes
self-reports in the Women’s Health Initiative: comparison with
medication inventories and fasting glucose measurements.
Clin Trials. 2008;5(3):240-247.

Schneider AL, Pankow JS, Heiss G, et al. Validity and
reliability of self-reported diabetes in the Atherosclerosis Risk
in Communities Study. Am J Epidemiol. 2012;176(8):
738-743.

Giovannucci E, Rimm EB, Stampfer MJ, et al. Aspirin

use and the risk for colorectal cancer and adenoma in

male health professionals. Ann Intern Med. 1994;121(4):
241-246.

Madlensky L, Daftary D, Burnett T, et al. Accuracy of
colorectal polyp self-reports: findings from the colon cancer
family registry. Cancer Epidemiol Biomarkers Prev. 2007;
16(9):1898-1901.

US Census Bureau: Educational attainment in the US, March
1999. Washington, DC: US Department of Commerce; 2000.
(http:/www.census.gov/population/socdemo/education/p20-
528/tab0la.pdf). (Accessed July 25, 2013).

Centers for Disease Control and Prevention. National Center
for Chronic Disease Prevention and Health Promotion
Division of Diabetes Translation. Atlanta, GA: National
Diabetes Surveillance System; 2012. (http:/www.cdc.gov/
diabetes/statistics/prev/national/menuage.htm). (Accessed July
25,2013).


http://www.census.gov/population/socdemo/education/p20-528/tab01a.pdf
http://www.census.gov/population/socdemo/education/p20-528/tab01a.pdf
http://www.census.gov/population/socdemo/education/p20-528/tab01a.pdf
http://www.census.gov/population/socdemo/education/p20-528/tab01a.pdf
http://www.census.gov/population/socdemo/education/p20-528/tab01a.pdf
http://www.census.gov/population/socdemo/education/p20-528/tab01a.pdf
http://www.census.gov/population/socdemo/education/p20-528/tab01a.pdf
http://www.cdc.gov/diabetes/statistics/prev/national/menuage.htm
http://www.cdc.gov/diabetes/statistics/prev/national/menuage.htm
http://www.cdc.gov/diabetes/statistics/prev/national/menuage.htm
http://www.cdc.gov/diabetes/statistics/prev/national/menuage.htm
http://www.cdc.gov/diabetes/statistics/prev/national/menuage.htm
http://www.cdc.gov/diabetes/statistics/prev/national/menuage.htm
http://www.cdc.gov/diabetes/statistics/prev/national/menuage.htm


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


