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Abstract

Recent studies have suggested that hyperplastic polyps
may be benign precursor lesions for a distinct subset of
colorectal tumors. We conducted a clinic-based case-
control study to evaluate risk factors for hyperplastic
polyps. Cases with hyperplastic polyps (n = 219),
adenomas (n = 437), and both types of polyps (n = 138),
along with colonoscopy-negative controls (n = 708),

were identified at a gastroenterology practice in the
Minneapolis area during 1991-1994. A self-administered
questionnaire was used to collect risk factor information.
Risk factors for hyperplastic and adenomatous polyps
were generally similar to those for colorectal cancer.
Male sex, smoking, and alcohol consumption were
associated with increased risk of all polyp groups,
nonsteroidal anti-inflammatory drug use, hormone
replacement therapy use, and calcium intake were
associated with reduced risk. There was no apparent
association between increasing age and hyper plastic polyp
risk (P = 0.21) in this analysis, although it was a strong
risk factor for adenoma (P < 0.001). The odds ratio (OR)
for hyperplastic polyps associated with >25 pack-years of
smoking was 4.1 [95% confidence interval (Cl), 2.2-7.6],
whereas the OR for adenoma alone was 1.3 (95% ClI,
0.8-2.3). The OR estimate for individuals diagnosed with
both polyp types was 4.2 (95% CI, 1.9-9.3). These results
suggest, as one possibility, that the consistent association
of adenoma and smoking observed in previous studies
may be partially attributable to the inclusion of
individuals with both adenomas and hyperplastic polyps
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in the adenoma case group. To the contrary, individuals
with both polyp types may be expressing a phenotype
distinct from those who have only adenomas and should
be considered separately. Further studies are necessary to
establish which polyp phenotypes are related to smoking.
Overall, the similarity of the risk profiles of colorectal
hyperplastic polyps, adenoma, and cancer provides
additional support for the growing body of evidence that
some hyperplastic polyps may have neoplastic potential.

Introduction

Despite being the most common type of polyp detected in the
human colon and rectum, relatively little is known about the
etiology, natural history, or growth rate of hyperplastic polyps
(). The primary basis for the lack of interest and paucity of
characterizing studies of these polyps is probably the long-
accepted belief that hyperplastic polyps are benign lesions that
have little or no potentia for malignancy (2). Indeed, the
American College of Gastroenterology has recommended that a
hyperplastic polyp found at endoscopy is not an indication for
subsequent colonoscopy (3).

Recent studies have suggested that hyperplastic polyps
(and the histologically related serrated adenomas and mixed
polyps) may either lie in the classic adenoma-carcinoma path-
way for a subset of tumors or define a distinct mutator-pheno-
type pathway independent of adenomatous polyps (4). Such
hypotheses should re-ignite interest in hyperplastic polyps,
highlighting the dearth of epidemiological data. On amolecular
level, hyperplastic polyps display features of neoplastic change
that are intermediate between norma mucosa and adenomas or
carcinomas, including proliferative activity, p53 overexpres-
sion, and hypomethylation of the c-myc gene (5-12). It has aso
been found that hyperplastic polyps have a high frequency of
ras mutations, generally considered to be an early event in
carcinogenesis (11).

Three previous epidemiological studies have assessed life-
style and dietary risk factors for hyperplastic polyps and found
that they share common risk factors such as alcohol intake,
cigarette smoking, BMI,® fiber intake, and NSAID use with
colorectal adenomas and carcinomas (13-15). However, these
studies were limited by small sample sizes and lack of data on
severa hypotheses, such as exogenous hormones and repro-
ductive factors. We conducted a case-control study of hyper-
plastic and adenomatous polyps to further evaluate these estab-
lished colorectal cancer risk factors, as well as to explore the
relationships among other colon cancer risk factors such as
reproductive factors and exogenous hormone use. Because we

3 The abbreviations used are: BMI, body mass index; OR, odds ratio; Cl, confi-
dence interval; HRT, hormone replacement therapy; MET, metabolic equivalent;
NSAID, nonsteroidal anti-inflanmatory drug; WHR, waist:hip ratio; MSI, mic-
rosatellite instability.
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ascertained the presence of both hyperplastic and adenomatous
polyps in our study population, we were able to stratify polyp
cases into three groups: cases with hyperplastic polyps only;
cases with adenomatous polyps only; and cases with both types

of polyps.

Subjects and Methods

Study Subjects. Subject recruitment for this case-control
study has been described elsewhere (16). Briefly, cases and
controls were recruited through a large multiclinic private gas-
troenterology practice, Digestive Healthcare, in the greater met-
ropolitan Minneapolis-St. Paul area. Patients scheduled for
colonoscopy at Digestive Healthcare clinics between April
1991 and April 1994 were screened for specific eligibility
criteria and recruited for the study before colonoscopy. To be
eligible, a subject must have: (a) resided in the Minneapolis-St.
Paul metropolitan area; (b) been 30—74 years of age; (c) been
able to speak English; (d) had no known genetic syndrome
associated with a predisposition to colonic neoplasia; (€) re-
ported no personal history of cancer (except nonmelanomaskin
cancer); and (f) had no history of inflammatory bowel disease.
Informed consent was obtained from all study subjects. Indi-
cations for colonoscopy included bleeding, follow-up to sig-
moidoscopy or barium enema, family history, and screening;
these were similar for hyperplastic polyps and controls, al-
though adenoma patients were more likely to have had sig-
moidoscopy follow-up or bleeding.

Eligible subjects were sent materials describing the study
and self-administered questionnaires (including a food fre-
guency questionnaire) before their clinic visit. At colonoscopy,
the signed consent form and completed questionnaires were
collected, and blood was drawn. Colonoscopy findings were
recorded on standardized forms. Polyp size was measured in
vivo by comparison of the polyp with a fully opened standard-
sized flexible colonoscopy forceps. Upon removal, polyps were
examined histologically by the study pathologist. Investigators
were blind to the fina diagnosis. Only participants with a
complete colonoscopy reaching the cecum were eligible for the
study.

Data Collection. Information on physical activity, smoking
habits, anthropometry, medical history, reproductive history
and exogenous hormone use (women), demographic informa-
tion, and family history of polyps and cancer was collected in
a structured, close-ended format using self-administered ques-
tionnaires before knowledge of the diagnosis by the subject.
Dietary history was assessed using an adaptation of the Willett
semiquantitative food frequency questionnaire, which has been
evaluated for reliability and vaidity (17-19). Multivitamin and
individual supplement use and dietary intake were recorded to
quantify total daily nutrient intake. When data items were
incomplete, study staff followed up the participants by phone.

Pathology. All removed polyps were examined histologically
by the study pathologist using diagnostic criteria established for
the National Polyp Study (20). Study participants were subse-
quently categorized into one of three groups. adenomatous
polyp only (n = 438); hyperplastic polyp only (n = 219); and
both adenomatous and hyperplastic polyps (n = 138). The
control group (n = 708) comprised individuals whose colono-
scopy detected no polyps or other pathology. Participants with
polyps showing invasive carcinoma were excluded from the
study. The participation rate for al eligible patients who had
had a complete colonoscopy was 68%.

Statistical Analysis. ORs were used to evaluate the associa-
tion between each exposure and each polyp histology (specif-

ically, the hyperplastic polyp group, the adenomatous polyp
group, and the group presenting with both types were each
compared with the common control group). By use of Stata 6.0
for Windows (Stata Corp., College Station, TX) statistical soft-
ware, polytomous logistic regression was performed to com-
pute ORs and 95% Cls. The unadjusted association between
each risk factor and polyps was evaluated, followed by the
age-adjusted relationship between each risk factor and polyps.
Potential confounders were evaluated by first fitting a full
multivariate model with al potential confounders and then
eliminating factors separately to evaluate the effect on the OR
(of any group of polyp cases) of interest. Only covariates that
altered the OR by 10% were included as confounders. Covari-
ates evaluated as potential confounders were age, sex, race/
ethnicity, HRT use (ever/never), BMI (kg/m?), WHR, pack-
years of smoking, regular aspirin use (at least one tablet/week
for at least a year), regular NSAID use, MET-hours of recent
physical activity (21), intake: of dietary fiber, percentage of
kilocalories from fat, vitamin Bg, vitamin B,,, folate, methio-
nine, and alcohol. Variables retained for multivariate adjust-
ment were age, sex, BMI, percentage of kilocalories from fat,
dietary fiber intake (g), HRT use, pack-years of smoking,
dietary intake of folate, vitamin Bg, vitamin B,,, methionine,
and alcohol. All adjustment variables were included in the
model as continuous variables except for HRT use and sex.
Tests for trend between each categorical variable and polyp
were evaluated. Associations for anthropometric characteristics
(BMI and WHR) and physical activity were stratified by sex.
All significance tests were two-sided.

Results

Case and control groups were similar with respect to education
(Table 1). Age was strongly associated with a diagnosis of
adenomatous polyps and of presenting with both types of
polyps, and there was only a slight suggestion of an association
with hyperplastic polyps. Being female was associated with a
reduced risk of all three classes of polyp diagnosis.

The relationship between anthropometric characteristics
and physical activity with polyps was analyzed separately for
men and women (Table 2). Among men, a higher BMI and
WHR were associated with an increased risk of hyperplastic
polyps, adenomas, and presentation with both types of polyps.
The relationship between physical activity and polyp risk, how-
ever, appeared to differ by group of polyp: there was a sug-
gestion of an inverse association between total and vigorous
physical activity (data not shown for vigorous physical activity)
and risk of hyperplastic polyps, but adenoma and presentation
with both appeared unrelated. The relationship among women
was even more inconsistent. There was a suggestion that high
WHR may be associated with increased risk of hyperplastic
polyps and presentation with both types of polyp cases, but not
adenoma. High BMI was unrelated to polyp risk in any group
of women. There was a trend toward increased risk for hyper-
plastic polyps and presentation with both types of polyps with
increasing physical activity.

Although cases and controls were similar with respect to
most dietary intakes of nutrients for all groups of polyp cases,
those with adenomas and with presentation with both were less
likely than controls to use multivitamins. All three groups of
polyp cases were more likely to be current smokers and heavier
alcohol consumers and less likely to be regular NSAIDS users
than polyp-free controls. Table 3 shows the multivariate-
adjusted ORs and 95% Cls for these diet and lifestyle factors.
High calcium intake from both diet and supplements (>1275
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Tablel Demographic characteristics and polyp risk

Cases with hyperplastic polyps (n = 219)

Cases with adenomatous polyps (n = 437)

Cases with both types of polyps (n = 138)

Age- and sex- Multivariate- Age- and sex- Multivariate- Age- and sex- Multivariate-
Controls ~ Cases adjusted adjusted Cases adjusted adjusted Cases adjusted adjusted
n (%) n (%) n (%) n (%)
OR 95% CI OR* 95% CI? OR 9% ClI OR* 95%CI? OR 95%ClI OR®* 95% CI?
AgeP
<40 91(13) 23(11) 1.0 1.0 23(5) 10 1.0 1.0
40-49 182(26) 43(20) 0.9 05-16 0.9 04-2.3 71(16) 15 0926 25 1059 15(11) 31 0.7-140 10
50-59 220(31) 84(38) 15 0925 16 0.7-37 134(31) 23 1439 40 17-93 47(34) 93 22393 53 17-169
60-69 170 (24) 57(26) 1.3 0823 14 0.6-32 162(37) 38 2363 60 26-13.7 55(40) 148 35622 49 15-158
70+ 45(6) 12(6) 11 0523 16 0550 47(11) 42 22-78 7.0 25190 21(15 215 48963 200 57-70.0
P 0.88 0.21 <0.001 <0.001 <0.001 <0.001
Sex
Male 270(38) 122(56) 1.0 1.0 264(60) 1.0 1.0 92(67) 1.0 1.0
Femae  438(62) 97(44) 05 04-07 06 0509 173(40) 04 0305 04 0306 46(33) 03 0204 04 03-06
P <0.001 0.01 <0.001 <0.001 <0.001 <0.001
Education
=12yr 236(33) 76(35) 1.0 1.0 157 (36) 1.0 1.0 57(41) 1.0 1.0
12+ yr  472(67) 143(65 0.9 07-1.3 07 05-12 280(64) 10 07-1.2 09 06-1.3 81(59 08 0512 10 0519
P 0.59 0.23 0.71 0.54 0.22 0.99

2 Multivariate adjustment for age, sex, BMI, HRT (yes/no), smoking (pack-years), and alcohol, where appropriate.
b Because of the small cell size, the <40 and 40—49 groups were collapsed for those with both kinds of polyps in the multivariate-adjusted model.

mg/day) appeared to be associated with a decreased risk of both
hyperplastic polyps and presentation with both types, but not
adenomeas. Intakes of other dietary nutrients (fat, folate, vitamin
D, and multivitamins) were, for the most part, not associated
with polyp risk of any type. Risk for al groups of polyp cases
was associated with both current smoking and pack-years of
smoking. Smoking was most strongly related to risk of hyper-
plastic polyps and of presentation with both. Alcohol consump-
tion was associated with an increased risk of both adenomatous
polyps and presentation with both and, more weakly, with
hyperplastic polyps. Regular nonaspirin NSAID use was in-
versely associated with all groups of polyp cases, although only
statistically significantly so with adenoma. The findings for
regular aspirin use showed a similar but weaker pattern for
adenoma and presentation with both.

Table 4 shows the multivariate-adjusted ORs and 95% Cls
for hormonal and reproductive factors. HRT use (current or
former) was associated with a statistically significantly reduced
risk of adenomas, and there was also a suggestion that risk was
reduced for hyperplastic polyps and for presentation with both.
Oral contraceptive use, parity, and age at first live birth were
not associated with polyp risk in any group.

Discussion

The results from this study suggest that colonoscopy patients
who present with hyperplastic polyps, with adenomas, and with
both types share many risk factors with each other and with
colorectal cancer (22-24). Being male, smoking, and alcohol
consumption are associated with an increased risk of polyps,
whereas regular NSAID use, HRT use, and high calcium intake
are associated with reduced risk. The strength of associations
for hyperplastic polyps appeared to be somewhat attenuated for
these risk factors, relative to adenomas. Such differences might
be explained if the specific molecular steps in progression, and
even the likelihood of progression, vary somewhat by polyp
type and these, in turn, are modified by different host and
environmental factors. To our knowledge, the current study is
the first analysis comparing al three groups of subjects with
polyps and their associations with a wide array of risk factors
for colorectal cancer within one study population.

Age was a strong risk factor for adenomas and for pre-
senting with both kinds of polyps but was not statistically
associated with hyperplastic polyps alone. Previous studies
have observed, as we did, that the average age of hyperplastic
polyp cases is younger than that for adenomas (23). Although
it appears from our data that risk of hyperplastic polyps, unlike
most neoplastic events, is unrelated to age, this relationship
may have been obscured because our clinic-based sampling did
not represent a random sample of the population.

Previous research indicates that various measures of obe-
Sity, in addition to physical activity, may be important in colon
cancer etiology (24). The relationship between BMI, WHR, and
physical activity and polyp risk differed by sex. High BMI and
WHR were associated with an increased risk of al case groups
among men, but not women. These findings are similar to those
found in a previous case-control study of hyperplastic polyps
(15), dthough that study did not analyze men and women
separately. Frequent physical activity was inversely related to
hyperplastic polyp risk among men, athough there was a sug-
gestion of a positive association among women. In previous
studies, physical inactivity was associated adenoma risk, espe-
cialy large adenomas (>1 cm; Refs. 25, 26). In the current
study, there was little suggestion that physical activity and
adenomas were related, although this relationship was not an-
alyzed by polyp size. Although Martinez et al. (15) found a
strong inverse association between high physical activity and
hyperplastic polyp risk, the small numbers of casesin that study
may have precluded stratified analyses, obscuring any interac-
tion by sex. The positive association of adenomawith BMI and
WHR among men that we found in our study has also been
observed in other studies (26, 27). The relationship of weight,
physical activity, and polyps/colon cancer is acomplex one and
differs markedly by sex (28, 29).

In the current study, calcium intake appeared to be asso-
ciated with a reduced risk of hyperplastic polyps and of pre-
senting with both types of polyps. Thisinverse relationship was
also seen in a previous case-control analysis of hyperplastic
polyps, in which both dietary fiber and calcium significantly
reduced risk (15). Contrary to results from a previous prospec-
tive study of dietary risk factors of hyperplastic polyps (14),
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Table2 Anthropometrics, physical activity, and polyp risks*

Cases with hyperplastic polyps (n = 219)

Cases with adenomatous polyps (n = 437)

Cases with both types of polyps (n = 138)

Controls Cases  Age-adjusted M%}Zgge Cases  Age-adjusted MLBJEJ!\L:;r;te Cases  Age-adjusted Mggj!z;”egte
n(%) n (%) n (%) n (%)
OR 95% Cl ORP 95% CI® OR 95%Cl ORP 95% CI® OR 95%CI ORP 95%CIP
MEN

BMI (kg/m?)
<242 67(25) 18(15) 1.0 1.0 43(17) 10 1.0 12(13) 10 1.0
24.2-26.4 66(25) 23(20) 13 0626 13 0626 57(22 13 0822 12 07-21 24(27) 20 0943 18 0.94.0
26.5-29.6 67 (25) 43(37) 24 1346 22 1243 87(34) 21 1335 22 1337 23(26) 21 0946 19 0.84.3
29.7+ 65(25) 33(28) 19 1037 17 0934 71(28) 18 1130 16 1028 30(34) 28 1361 26 1.2-56
P 0.02 0.04 0.01 0.02 0.01 0.02

WHR
<091 69(26) 15(13) 1.0 1.0 35(13) 1.0 1.0 9(10) 10 1.0
0.91-0.95 52(19) 28(24) 25 12-51 23 1149 60(23) 20 1236 19 1134 16(18) 20 0851 21 0.8-5.4
0.96-1.0 83(31) 41(34) 23 1144 19 0939 8432 17 1.0-28 15 0926 25(28) 18 0842 17 0.74.2
11+ 63(24) 35(29) 25 1351 16 0735 82(31) 21 1336 17 09-32 40(44) 38 1785 30 1.2-7.7
P 0.02 0.44 0.02 0.18 <0.01 0.02

Physical activity (MET-hours of physical activity)
<123 68(25) 37(30) 1.0 1.0 70(27) 1.0 1.0 21(23) 1.0 1.0
12.3-24.7 68(25) 32(26) 09 0515 09 0516 65(25 09 0514 09 05-14 24(26) 11 0521 11 0.6-2.3
24.8-46.9 67 (25) 26(21) 0.7 04-1.3 07 04-14 50(19 0.7 04-12 08 05-1.3 20(22) 10 0520 10 0.5-2.2
47.0+ 67(25) 27(22) 07 0413 07 0312 78(30) 10 06-1.7 10 06-1.6 27(299 11 0622 11 05-2.1
P 0.25 0.15 0.96 0.86 0.80 0.99

WOMEN

BMI (kg/m?)
<227 103 26 1.0 10 44 10 1.0 7 1.0 1.0
22.7-25.8 107 19 0.8 04-16 08 04-17 41 0.6 04-11 0.7 04-12 11 10 0427 12 0.4-3.3
25.9-29.8 109 24 10 0517 09 0517 44 09 0514 08 05-14 17 15 0734 18 0.84.1
29.9+ 105 27 12 07-21 11 06-20 41 0.8 0513 08 05-13 11 10 0425 11 0.5-2.8
P 0.56 0.72 0.46 0.43 0.68 0.55

WHR
<0.76 96 15 1.0 10 40 1.0 1.0 4 1.0 1.0
0.76-0.82 119 22 15 0925 13 0724 36 1.0 0.6-15 0.9 05-14 7 18 0842 14 0.6-35
0.83-0.89 110 33 10 0519 09 04-18 54 08 0513 07 04-13 17 1.7 0642 16 0.64.4
0.90+ 103 24 17 0839 12 0532 40 0.5 02-11 04 0.2-11 17 18 0658 14 04-5.1
P 0.43 0.99 0.08 0.06 0.28 0.50

Physical activity (MET-hours of physical activity)
<11 111 23 1.0 10 41 1.0 1.0 7 1.0 1.0
11-23.4 109 18 0.8 04-16 10 0521 42 0.8 0513 0.7 04-13 11 14 0536 13 0.5-3.8
235411 109 21 12 0622 15 0829 49 11 0717 10 0.6-1.6 10 1.7 0741 18 0.7-4.8
41.2+ 109 35 15 0827 17 0932 41 0.9 0514 0.7 04-12 18 19 0847 21 0.8-5.3
P 0.12 0.07 0.84 0.35 0.13 0.09

2 Quartiles of BMI, WHR, and physical activity were determined based on the distribution among controls of each sex.
 Multivariate adjustment for age, BMI, HRT (yes/no), smoking (pack-years), and alcohol, where appropriate.

folate intake was not significantly associated with reduced
risk in this analysis.

To our knowledge, thisisthe first epidemiological study to
analyze the relationship of exogenous hormone use, reproduc-
tive factors, and hyperplastic polyp risk. Although the majority
of studies suggest a role for reproductive factors for adenoma
and carcinoma (24), parity and age at first birth were not
associated with risk of hyperplastic polyps or presentation with
both. HRT use is consistently associated with an approximate
halving of risk of both adenoma and colon cancer (16, 30, 31),
and in the current study, HRT use was associated with a
reduced risk of hyperplastic polyps as well, although to alesser
degree than adenoma.

Both current smoking and pack-years of cigarettes were
associated with increased risk for hyperplastic polyps and pres-
entation with both, but the association with adenomas was weak
(current smoking) or null, even for long duration of smoking.
Although the association between smoking and hyperplastic
polyps has been observed in previous studies (14, 15), the
observation that adenomas are only weakly, if at al, related to

smoking contradicts a relatively strong and consistent relation-
ship in colorectal adenoma etiology. Previous epidemiological
studies [including an earlier analysis of these data (22)] have
almost universally found that long-term, heavy cigarette smok-
ing is associated with a 2-3-fold elevated risk of colorectal
adenoma (32). In the present analysis, we differentiated indi-
viduals with only adenomatous polyps from those who pre-
sented with both adenomatous and hyperplastic polyps. The
absence of arelationship between smoking and adenoma, along
with the strongly positive association between smoking and
hyperplastic polyps and presentation with both, suggests the
possibility that the consistently observed association of ade-
noma and smoking in the literature may be attributable to the
heterogeneity of the adenoma case group, as it is usually de-
fined. Other studies, including our own previous reports (33,
34), considered the important aspect of the joint presentation to
be adenomas. The marked difference in findings between those
with and without hyperplastic polyps (irrespective of adeno-
mas) in this study suggest that the association between adenoma
and smoking may be partially attributable to the inclusion of
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Table3 Diet and lifestyle factors and polyp risk

Cases with hyperplastic polyps (n = 219)

Cases with adenomatous polyps (n = 437)

Cases with both types of polyps (n = 138)

Age- and sex-  Multivariate- Age- and sex- Multivariate- Age- and sex- Multivariate-
Controls  Cases adjusted adjusted Cases adjusted adjusted Cases adjusted adjusted
n(%) n (%) n (%) n (%)
OR 95% CI OR* 95% CI? OR 95% CI OR* 95% CI? OR 9% ClI OR* 95%CI?
Percentage of calories from fat®
<26 166 (24) 47(22) 1.0 1.0 101(23) 1.0 1.0 22(16) 1.0 1.0
26-30 168(24) 46(22) 09 06-15 08 04-16 93(22) 09 0.6-13 10 06-1.7 20(15) 0.9 04-16 07 0320
31-35 181(26) 56(26) 10 0.6-15 1.3 07-24 132(31) 10 0715 11 07-1.8 54(40) 19 1133 22 1052
36+ 173(25) 65(30) 12 08-19 11 0620 105(24) 10 0.7-14 06 03-11 40(29) 17 1.0-31 12 0532
P 0.35 0.59 0.96 0.16 0.01 0.24
Percentage of calories from fat®
<235 172(25) 52(24) 1.0 1.0 99(23) 1.0 1.0 36(26) 1.0 1.0
235-340 173(25) 64(30) 11 07-1.7 11 0620 123(28) 11 0.8-16 12 07-20 35(26) 0.8 05-13 05 0.2-14
341-570 173(25) 49(23) 09 06-14 1.0 0520 123(28) 11 0816 12 07-21 39(29 09 06-15 13 06-29
571+ 170(25) 49(23) 09 06-14 13 0725 86(200 08 0511 10 06-1.7 26(19) 0.6 04-11 07 0319
P 0.44 0.44 0.25 0.91 0.18 0.95
Vitamin D (IU/day)®
<135 172(25) 51(24) 1.0 1.0 91(21) 1.0 1.0 44(32) 1.0 1.0
135-270 173(25) 54(25) 09 06-15 11 0520 133(31) 12 0817 15 0926 36(26) 0.6 04-10 06 0.2-13
271-460 172(25) 46(22) 08 0513 1.0 0520 98(23) 09 06-1.3 13 07-22 27(200 05 0308 05 02-13
461+ 171(25) 63(29) 12 07-18 16 0829 109(25) 10 0.7-14 13 07-22 29(21) 05 0309 05 0212
P 0.57 0.17 0.57 0.58 0.01 0.09
Calcium (mg/day)®
<600 173(25) 58(27) 1.0 1.0 117(27) 1.0 1.0 43(32) 1.0 1.0
600-900 172(12) 69(14) 12 08-17 1.0 05-1.8 108(25) 0.9 0.6-1.2 09 0516 41(30) 09 06-15 08 04-18
901-1275 171(38) 45(29) 08 0512 08 04-14 94(22) 08 0511 08 0514 26(199 05 03-1.0 02 0107
1276+ 172(25) 42(20) 0.7 05-11 06 03-11 112(26) 09 0.6-1.3 12 07-20 26(19) 0.6 03-1.0 05 0.2-13
P 0.05 0.08 0.47 0.66 0.01 0.04
Multivitamin use (folate, Bg, B;,)
No 445 (68) 144 (69) 1.0 1.0 314(76) 1.0 1.0 108(81) 1.0 1.0
Yes 207(32) 65(31) 1.1 0815 13 0.8-22 102(24) 0.7 06-10 08 0512 25(19) 05 0309 09 04-18
P 0.78 0.23 0.04 0.28 0.01 0.72
Smoking status
Never 334(45) 46(21) 1.0 1.0 158 (36) 1.0 1.0 30(22) 1.0 1.0
Former 270(38) 105(48) 25 1.7-37 25 1444 201(46) 13 1017 16 1125 67(48) 21 1335 14 0.6-33
Current 104 (15) 68(31) 4.7 3074 41 22-76 78(18) 17 1225 13 0823 41(30) 55 3296 61 28135
P <0.001 <0.001 <0.01 0.12 <0.001 <0.001
No. of pack-years
0 339(48) 49(23) 1.0 1.0 162(38) 10 1.0 30(22) 1.0 1.0
>0-25 222(32) 82(38) 25 1737 21 12-37 146(34) 13 10-18 15 1023 47(35) 24 1439 20 0945
26+ 142(20) 86(40) 3.7 2556 48 2686 124(29) 15 11-20 13 0823 59(43) 37 2260 42 1993
P <0.001 <0.001 0.01 0.14 <0.001 <0.001
Alcohol (g/day)
0 199 (28) 47(22) 1.0 1.0 122(28) 1.0 1.0 36(26) 1.0 1.0
>0-7 397 (56) 116(53) 1.3 0.9-19 14 0.8-25 204(47) 10 0814 12 0819 60(44) 11 0.7-1.7 11 0524
8+ 110(16) 56(26) 1.8 1.2-29 16 07-39 111(25) 15 1021 22 1143 42(30) 19 1133 33 1288
P 0.01 0.20 0.06 0.04 0.02 0.05
Regular nonaspirin NSAID use
No 561 (80) 184 (84) 1.0 1.0 390(90) 1.0 1.0 117(85) 1.0 1.0
Yes 143(20) 34(16) 08 05-1.2 06 03-11 45(10) 05 0408 04 02-07 21(15 09 06-15 07 0316
P 0.29 0.10 <0.01 <0.01 0.74 0.38
Regular aspirin use
No 485 (69) 153 (70) 1.0 1.0 304 1.0 1.0 107 (78) 1.0 1.0
Yes 222(31) 66(30) 09 06-1.2 1.0 0.6-1.6 132 08 06-1.0 07 0511 31(22 05 0307 06 0313
P 0.45 0.93 0.07 0.13 <0.01 0.18

2 Multivariate adjustment for age, sex, BMI, HRT (yes/no), smoking (pack-years), and alcohol, where appropriate.
b Quartiles of nutrient intake were determined based on the distribution among controls.

individuals with both adenomas and hyperplastic polyps in the
adenoma case group. To the contrary, individuals with both
polyp types may be expressing a phenotype distinct from those
who have only adenomas and should be considered separately.
Additional studies, examining the relationship of individuals
with their different patterns of presentations, as well as those
with serrated adenomas (35) and smoking, may provide infor-
mation to further clarify the smoking-polyp relationship.

Unlike the adenoma-carcinoma sequence attributable to
alterations of the APC (adenomatous polyposis coli)/B-catenin
pathway (36), precursor lesions of MSI tumors have not been
well defined. Severa authors have postulated that right-sided
hyperplastic polyps may give rise to sporadic colorectal carci-
nomas, specifically those with MSI (37, 38). In this model,
right-sided hyperplastic polyps progress to carcinomathrough a
series of genetic and pathologic changes, including hMLH1
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Table4 Hormonal and reproductive factors and polyp risks

Cases with hyperplastic polyps (n = 97)

Cases with adenomatous polyps (n = 173)

Cases with both types of polyps (n = 46)

Controls  Cases Age-adjusted M%}x;’;te Cases Age-adjusted M%}Zg'ezte Cases Age-adjusted M:g;z;r;te
n(%) n (%) n (%) n (%)
OR 95% Cl  OR® 95% CI? OR 95%ClI OR* 95% CI? OR 95%ClI OR* 95% CI*
Ever use HRT
No 206 (49) 54(57) 1.0 1.0 103(61) 1.0 10 24 (54) 1.0 1.0
Yes 218(51) 40(43) 06 04-10 07 0411 65(39) 05 0.3-0.7 05 03-07 20(46) 0.6 03-11 07 0.3-1.2
P 0.04 0.09 <0.001 <0.001 0.11 0.19
Ever use oral contraceptives
No 170(39) 44(46) 1.0 1.0 84(49) 10 1.0 22(48) 1.0 1.0
Yes 261(61) 52(54) 09 05-14 09 0515 87(51) 10 0.6-1.4 12 0819 24(52) 16 0833 19 0.94.1
P 0.43 0.67 0.79 0.45 0.20 0.08
Parity
0 66 (15) 14 (14) 1.0 1.0 21(12) 10 10 7(15 1.0 1.0
lor2 152(35) 35(36) 1.1 0521 11 0523 66(38) 14 0.8-25 14 0826 11(24) 07 03-19 07 0.3-2.0
3or4 157 (36) 36(37) 1.0 05-19 10 0521 56(32) 07 05-1.7 09 05-1.6 19(41) 09 0322 08 0.3-2.0
5ormore 64(14) 12(12) 07 03-1.7 07 0317 30(17) 10 0.5-2.0 10 0521 9(20 08 0324 06 0.2-1.8
P 0.43 0.45 0.43 0.40 0.91 0.41
Age at first live birth
<20 87(23) 22(26) 1.0 1.0 26(17) 1.0 1.0 8(200 1.0 1.0
20-24 177 (48) 34(41) 0.7 04-13 07 04-14 80(53) 13 0.8-2.3 14 0824 22(56) 1.0 04-25 11 0.4-2.7
25-29 78(21) 22(26) 11 06-22 14 07-28 36(24) 15 0.8-2.7 17 0932 7(18 08 0325 11 0.4-35
30 or 31(8) 5(6) 0.7 02-19 06 02-1.8 10(7) 1.0 0.4-2.3 11 0528 2(5) 06 01-29 07 0.1-3.8
older
P 0.91 0.97 0.59 0.36 0.49 0.86

2 Multivariate adjustment for age, BMI, HRT (yes/no), smoking (pack-years), and alcohol, where appropriate.

promoter methylation, hMLH1 loss, and M SI (37, 39, 40). Such
amodel, describing an alternative pathway to colorectal cancer,
provides a plausible explanation for the observed absence of
sporadic adenomas with MSI. Our current study, in which a
strong association between smoking and hyperplastic polyps
was observed, along with our recent report (41), in which
smoking was found to be associated with MSI positivity in
colon tumors, may provide epidemiological evidence to support
the hypothesis that hyperplastic polyps may be precursor le-
sions along such a pathway that leads to some MSI-positive
tumors.

The strengths of this study include its specific focus on
both hyperplastic polyps as well as adenoma, giving us the
ability to compare different polyp types within the same pop-
ulation and the same analysis. The selection of a control group
that was drawn from the same clinic and that had undergone
complete colonoscopy as well decreases the possibility of mis-
classification of controls who may have a higher prevalence of
asymptomatic polyps (42). Standardized pathology review pro-
vided complete ascertainment of polyp type, alowing us to
separate those presenting with both kinds of polyps as a unique
group; in the past, other studies may have generaly included
this presentation with adenomas.

Limitations of this study include the relatively small sam-
ple size of the hyperplastic group and those with both pathol-
ogies (n = 219 and 138, respectively), especially in our anal-
yses that are stratified by sex. Although comparable with, or
larger than, most previous studies, it is possible that some
associations in our study were masked because of insufficient
power. We were unable to evaluate other pathological and
molecular characteristics, such aspolyp size, location, and MSI.
Many of the recent studies reporting evidence for the neoplastic
potential of hyperplastic polyps have been limited to large,
right-sided lesions, and our inability to distinguish between
various types of hyperplastic polyps in this heterogeneous
group precluded our evaluation of this type of lesion. The

results of this study may be limited by its clinic-based setting;
because only those who underwent colonoscopy were eligible
for this study, the population may not be representative of the
general population. In particular, controls who have areason to
seek colonoscopic examination, such as worry over family
history, are overrepresented in our study population and may
bias our estimates of the association between risk factors and
polyp risk. Finally, the relatively low response rate in our study
may have affected the validity of our estimates. However,
pathology information (and therefore, case-control status) was
unknown at the time of the subjects’ enrollment, making dif-
ferences in response rates between case groups and controls,
and the possihility of selection bias, unlikely.

The results of this study suggest that hyperplastic polyps,
adenomas, and the presence of both are associated with similar
lifestyle-related risk factors, and these are generally concordant
with those found for colorectal carcinoma (43); differencesin
risk factor patterns include age and smoking. Because some
hyperplastic polyps may be precursor lesions for malignancy,
knowledge of factors that may predict their occurrence will
become important to increase understanding of their etiology
and biology.
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