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Abstract

Purpose—The influence of reproductive factors on colorectal cancer, including oral
contraceptive (OC) use, has been examined, but less research is available on OC use and
adenomas.

Methods—~Participants of the Nurses' Health Study who had a lower bowel endoscopy between
1986 (when endoscopies were first assessed) through 2008 where included in this study.
Multivariable logistic regression models for clustered data were used to estimate odds ratios and
95% confidence intervals [OR (95% CIs)].

Results—Among 73,058 participants, 51% (N=37,382) reported ever using OCs. Ever OC use
was associated with a slight increase of non-advanced adenomas [OR=1.11 95% CI (1.02, 1.21)]
but not with any other endpoints. Duration of OC use was not associated with adenomas, but
longer times since last OC use were associated with increased odds of adenomas [e.g., compared
to never use, 15+ years since last use: OR=1.17 (1.07, 1.27)]. Shorter times since last OC use were
inversely associated [e.g., <4 years since last use: OR=0.74 (0.65, 0.84)].

Conclusions—We observed a modest borderline increase in risk of colorectal adenomas with
any prior OC use. Additionally, more recent OC use may decrease risk while exposure in the
distant past may modestly increase risk of adenomas.

Keywords
Adenoma; Colorectal Neoplasms; Contraceptives; Oral; Intestinal Polyps; Reproductive History

Introduction

Most colorectal cancers, the third most common cancer in the United States [1], arise from
abnormal tissue growths called “colorectal adenomas.” The influence of reproductive factors
on colorectal cancer [2], including use of exogenous hormones such as oral contraceptives
(OC), has been studied for decades, but less research is available on the role of OC use on
adenomas. Some studies have identified an inverse association between OC use and
colorectal cancer [3-22], but only a few studies have examined its association with
adenomas, and no evidence of an association has been found [23-25]. If OC use is not
associated with adenomas but is inversely associated with colorectal cancer, this may
indicate that any protective role that exists from OC use takes place during the later
carcinogenic phases, rather than initiation.

Yet, there is evidence that sex hormones such as estrogens may be involved in the
development of adenomas. For example, other exogenous hormones including hormone
therapy (HT) are inversely associated with adenomas [26-28,23,24,29-32]. Estrogens may
reduce the risk of adenomas by altering bile acid composition [33], modulating colonic
transit [34], and decreasing production of mitogenic insulin-like growth factor 1 [35].
However, studies on OC use and adenomas have been limited in statistical power and unable
to explore various details of OC exposure such as duration and recency of use, formulation
(different chemical substances), and generation (different chemical substances grouped by
progestin type), as well as particulars of the adenoma outcome such as subsite, stage, and
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multiplicity (e.g., number) of adenomas. Other cancer outcomes have varied by OC
formulations [36] thus it is important to explore this effect. Studies from the HT literature
also suggest that there is heterogeneity of risk by adenoma subtypes, with HT use being
protective for adenomas with advanced histology compared to individuals without any
adenomas [37], which could provide information about etiology. A better understanding of
the association between OC use and adenomas may provide insight into the mechanism
through which hormones impact colorectal carcinogenesis, which may influence clinical
care.

We examined the association between OC use and colorectal adenomas using detailed data
from a large prospective cohort study. Previous work in this cohort focused on OC use and
colorectal adenomas (N=982) between 1980-1994 and no evidence of an association was
observed [relative risk (RR)=1.0, 95% CI: 0.8, 1.1] [25]. We have now been able to leverage:
14 more years of follow-up, which is especially useful due to colorectal cancer's lengthy
latency, six times as many cases (N=6,090), which enables us to examine associations by
subtypes (i.e., subsite, stage, number), and more detailed information about the exposure.

Materials and Methods

Study Population

The Nurses' Health Study (NHS) is a cohort established in 1976 composed of 121,701
female registered nurses aged 30-55 from 11 states in the U.S. Participants have been mailed
questionnaires every two years to collect medical, lifestyle, and other health-related
information. Dietary information was first collected in 1980 and updated in 1984, 1986, and
every 4 years thereafter using a semiquantitative validated food frequency questionnaire
(FFQ). The current follow-up rate is over 90%. Further details of the study have been
described elsewhere [38].

Because adenomas are generally asymptomatic, a lower gastrointestinal endoscopic
procedure (colonoscopy or sigmoidoscopy) is needed to identify adenomas. Starting with the
1988 questionnaire and every two years thereafter, participants were asked if they had
undergone sigmoidoscopy or colonoscopy in the past two years and what the indications for
these procedures were (i.e., screening, symptoms). We started follow-up for this analysis in
1986, after the first endoscopy report, and excluded women who had not reported having had
at least one endoscopy during the study period (N=40,149). We also excluded participants
who had a history of adenomas, familial adenomatous polyposis, or cancer [except for
nonmelanoma skin cancer (N=8,370)] before follow-up started for this analysis in 1986.
After applying the exclusion criteria, 73,058 women remained in our study population. The
study was approved by the Institutional Review Board of Brigham and Women's Hospital in
Boston; return of the questionnaires was considered informed consent.

Assessment of Exposure

A detailed lifetime history of OC use was obtained on the baseline questionnaire in 1976.
Follow-up data were collected in 1978, 1980, and 1982, at which point less than 1% of
participants reported OC use. Information was collected on starting/stopping dates so we
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could calculate age at first use (13-19, 20-24, 25-29, 30-34, 35+), time since last use (<4, >4
to <10, 210 to <15, 15+ years), and duration of use (<1, >1 to <2, =2 to <5, =5 to <10, 10+),
as has been done in previous literature. We also calculated a cross product of duration-by-
time since last use (e.g., <1 year duration and <4 years since last use, see Table S2) as well
as a cross product of duration-by-age-at-first use (e.g., 1 year duration and 13-19 years of
age at first use, see Table S3). We estimated duration of use by summing OC use across
questionnaire cycles. The follow-up person-time was reassigned at the beginning of each of
the two-year intervals according to the respondents' status from 1976 through 1982. No
information was collected on formulation or brand of the OCs, though, given the timeframe,
these would have been exclusively first generation (estrane progestins) and second
generation (gonane progestins) OCs. We roughly estimated the generation of OC used by the
date of use, i.e. we assumed that if all OC use occurred before 1970, exposure was to first
generation pills only; if OC use occurred before and after 1970, then exposure included first
and second generation pills; and if all use occurred after 1970, then this exposure was only
second generation pills.

Case Ascertainment

Biennial follow-up questionnaires were used to identify newly diagnosed cases of colorectal
adenomas. We sought permission to obtain medical records and pathology reports for those
who reported a diagnosis. Study physicians who were blinded to exposure information
extracted information on histopathology, anatomic location, and size of the reported
adenoma.

Adenomas were classified according to subsite location (i.e., proximal, distal, or rectal). We
defined adenomas of the cecum, ascending colon, hepatic flexure, transverse colon, and
splenic flexure as proximal, those in the descending and sigmoid colon as distal, and those in
the rectosigmoid junction or rectum as rectal.

Furthermore, we classified adenoma by stage (non-advanced defined as small and tubular
histology, advanced defined as large or any mention of villous histology) and multiplicity (1
or 2+). If more than one adenoma was diagnosed, the subject was classified according to the
adenoma of the most advanced histological characteristics. We considered hyperplastic
polyps, which are not precursors of colorectal cancer, noncases.

Cases and non-cases were defined in each two-year period: all diagnosed adenomas were
considered as cases, and all the participants who reported endoscopy but without diagnosis
of adenoma were defined as noncases. We included prevalent colorectal adenoma cases from
1986 to 2008.

Assessment of Covariate Information

All regression models adjusted for age (five-year intervals), height (continuous inches), BMI
[<18.5, 18.5-22.9, 23-24.9, 25-29.9, 30+ kilogram/meter? (kg/m?)], physical activity
(continuous MET-hours/week), smoking (continuous pack-years), processed and red meat
(quintiles), folate (quintiles), calcium (quintiles), total energy (quintiles), alcohol [<5, 5-9.9,
10-14.9, 15+ grams (g)/day], aspirin use (0-3, 4-6, 7-10, 11+ times/week), age at first birth
(<24, 24-25, 26-29, 30+ years), parity (0, 1, 2, 3+), HT use (premenopausal, never, past, or
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current), HT duration (premenopausal, never, <5, 5-<10, 10+ years), history of colorectal
cancer in a first-degree relative (yes, no), reason for endoscopy (screening, symptoms), time
period of endoscopy (two-year intervals), number of endoscopies (continuous), and time in
years since the most recent endoscopy (continuous)

Participant's height (inches) was reported once at baseline in 1976. Current weight (pounds)
was collected on every questionnaire and has high validity in this cohort [39]. From height
and weight, we calculated body mass index (BMI) for each questionnaire year. Detailed
questions about physical activity were asked every four years beginning in 1986. Based on
the duration and type of activities, we derived a value of total metabolic (MET) hours/week.
Information about smoking was collected on all questionnaires, from which we calculated
total pack-years.

Intake of folate [microgram (mcg)/day], calcium (mcg/day), processed and red meat
(servings/day), and total energy [Kilocalories (kcal)/day] were accessed using FFQs. We
calculated the medians of the quintiles of intake for each dietary variable and used it as a
continuous variable. Alcohol intake was also assessed on the FFQs. Information on aspirin
use was reported starting in 1980, and frequency of use was reported starting in 1984.
Information on age at menarche, age at first birth, and parity was collected at baseline in
1976. Age at first birth and parity were ascertained biennially until 1984. Use of HT,
including duration, was asked on every questionnaire. Family history of colon or rectal
cancer in immediate family members was asked in 1982, updated in 1988, 1992 and 1996,
and 2000. Information on colon cancer screening was provided in 1988, 1990, 1992, and
every two years thereafter.

Statistical analyses

To take into account that one person may have undergone multiple endoscopies between
1988 and 2008 and to minimize potential bias due to time-varying exposures, Andersen-Gill
data structure [40]with a new record for each two-year follow-up period during which a
participant underwent an endoscopy was used (the risk set). Each two year period was
considered separately. For example, if a participant underwent several endoscopies between
1986 and 2008, that participant was included in multiple risk sets and therefore would have
had more than one record in the entire dataset. Once a participant was diagnosed with
adenoma for a first time, she was censored for all later follow-up cycles. Age and
multivariate-adjusted logistic regressions (PROC GENMOD) for clustered data (each
participant defined as a cluster) were used to calculate odds ratios (ORs) and 95%
confidence intervals (Cl). For proximal adenomas, we conducted sensitivity analysis
excluding participants without a colonoscopy.

All covariates were updated up to the two year follow-up period preceding the most recent
endoscopy including dietary intake which was assessed using cumulative average intake. All
regression models adjusted for age, height, BMI, physical activity, smoking, processed and
red meat, folate, calcium, total energy, alcohol, aspirin use, age at first birth, parity, HT use,
HT duration, history of colorectal cancer in a first-degree relative, reason for endoscopy,
time period of endoscopy, number of endoscopies, and time in years since the most recent
endoscopy.
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We conducted interaction analyses to assess whether associations varied across categories of
BMI (<25, 25+ kg/m?2), smoking status (never, ever), and alcohol consumption (<5, 5+ g/d).
We conducted all analyses with SAS software version 9.2. All statistical analyses were two-
sided, using a 5% significance level. Trend tests were performed by modeling the median
values of exposure categories as a continuous variable and using the Wald statistic to test for
statistical significance.

Among 73,058 participants who had a lower bowel endoscopy, 49% (N=35,676) reported
never using OCs and 51% (N=37,382) reported 2+ months of use. Ever-users reported a 4.2-
year mean duration of use. Compared to never-users, ever-users were younger, had more
children, and were more likely to have used HT (Table 1).

After 22 years of follow-up, we recorded 6,090 participants with adenomas: 2,981 never-
users compared to 3,109 ever-users. Ever OC use was marginally associated with colorectal
adenomas [OR=1.05 (0.99, 1.11)], including proximal adenomas [OR=1.08 (1.00, 1.18)] and
was associated with a slight increase of non-advanced adenomas [OR=1.11 (1.02-1.21)].
Ever OC use was not associated with any other adenoma endpoints including distal
[OR=1.03 (0.96, 1.12)], rectal [OR=0.98 (0.86, 1.12)], advanced [OR=1.02 (0.93, 1.12)],
one adenoma [OR=1.04 (0.97, 1.11)], or 2+ adenomas [OR=1.05 (0.94, 1.18)] (Table 2).

Duration of OC use was not associated with adenomas (Table 3), but there were a number of
modest but significant associations between time since last OC use and all of the adenoma
outcomes (test for trend p=<0.0001, Table 4). For example, compared to never use, 15+
years since last use was positively associated with adenomas [OR=1.17 (1.07, 1.27)].
Conversely, shorter times since last OC use were inversely associated with adenomas. For
example, <4 years since last use was inversely associated with adenomas [OR=0.74 (0.65,
0.84)]. We further analyzed these findings to investigate if the earlier OC formulations might
be driving the increased risk among women who had longer times since last OC use, but no
such association was present (data not shown). Upon examining the age at first OC use
(Table 5), we saw that starting OC use at an older age (e.g., 30+ years) was positively
associated with adenomas (ireng=0.04) including the proximal (freng=0.04) and non-
advanced adenomas (freng=0.01). Adjusting for age at first use, the longer times since last
use remained positively associated while the shorter times since last use were not associated
with adenomas (see Table S1 in supplementary online material). When analyzing duration
and time since last use simultaneously using a cross product term, the association of OC use
and longer times since last use remains statistically significant. A couple of the tests for
trend in the simultaneous analyses of duration and age at first use were statistically
significant (p=0.04) but these were not consistently linear. None of these associations varied
by BMI, smoking, or alcohol intake (data not shown, all p for interaction >0.10).

Discussion

In this large cohort of women, ever OC use was marginally associated with adenomas,
including a small increase in non-advanced adenomas. Longer times since last use and older
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age at first use were modestly positively associated with the risk of adenomas, while shorter
times were inversely associated. However, further consideration of age at first OC use and
duration of OC use did not add to the plausibility of the findings associated with time since
last OC use.

The association between OC use and adenomas in NHS was initially examined by Platz et
al. in 1997 after 14 years of follow-up including 982 participants with adenomas [25]. While
the original analysis did not identify any associations with adenomas for ever/never OC use
or for duration of OC use, it did not specifically separate out adenomas in the proximal
colon, multiplicity of adenomas, or age at first OC use. No evidence of an association was
found in that original analysis with non-advanced adenomas nor time since last OC use, but
statistical power was limited.

Two previous case-control studies, one by Peipins et al. [24] including 115 cases and another
by Jacobson et al. [23] including 128 cases, have examined OC use and adenomas. Neither
identified any association, though these studies also had substantially less statistical power
than the current analysis and only examined adenomas as a single endpoint rather than
separately by subsites, stage, and multiplicity. They also did not examine detailed OC use
information beyond ever/never use and duration.

OC use was positively associated with non-advanced adenomas in this cohort, but not with
advanced adenomas, which are more likely to progress to colorectal cancer. Previous
analyses of current HT users in this cohort identified a decreased risk [0.74 (0.55, 0.99)] for
large adenomas, but no evidence of an association with small adenomas [26]. Overall, the
HT literature has been fairly consistent in identifying an inverse association with adenomas,
suggesting that estrogens may be involved in the development of adenomas. This may be
due to HT exposure occurring closer, or even simultaneously, to the time that adenomas
develop.

The mechanisms that have been proposed [41-43,33,44-48] for how OC use could impact
colorectal cancer primarily focus on different ways in which the estrogen in OCs could alter
bile acid [33] or even the insulin-like growth factor pathway [47]. OCs may also protect the
estrogen receptor gene from methylation [42]. There is less literature on how OCs may
mechanistically impact adenomas, but one recent paper suggested that exogenous estrogens
may bind to estrogen receptor beta (ER-B) acting like a selective ER-p agonist [49] and
thereby prevent adenoma development.

Further exploration of the age at first OC use and time since last OC use associations are
warranted. One potential hypothesis to explain our findings is that OCs may have an
immediate beneficial effect, but then a long-term adverse effect. All previous analyses had
considerably less follow-up, and therefore younger populations, than the current analyses.
Our results suggest that any protective effect of OC use may be more pronounced among
younger women who have more recent OC use whereas OC use may no longer be protective
among older women who stopped taking OCs many years before their adenomas developed.
Among older women, OC use may possibly promote adenoma growth.
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Our analysis was limited in its exploration of different formulations and generations of OCs.
Although we could roughly examine the different generation of OCs by estimating the year
of use, this was prone to exposure misclassification. Our findings pertain to past use of first
and second generation OCs and these include pills with progestin types that are still
prescribed, such as levonorgestrel. However, many of these early OCs had estrogen doses
between 50-150 mcg compared to current OCs which contain lower estrogen doses (20-35
mcg) [50]. We were unable to examine associations with current OC use. The NHS cohort is
predominantly white and has homogenous educations and profession, which may limit our
generalizability. However, due to access to the health care system, our study participants are
more likely to seek endoscopic screening making differential screening by OC use unlikely.
It is also possible that we observed a significant finding due to testing a number of different
associations. Nonetheless, our work draws from the largest cohort on this question with the
longest follow-up time and greatest number of cases. Due to the longitudinal nature of the
NHS cohort, we can also control for potential confounders and other hormonal exposures
such as HT use across the lifespan that may be associated with adenomas.

In conclusion, while the association between OC use and colorectal adenomas is borderline,
more recent OC use may decrease while more distant use may slightly increase risk of
adenoma. We found OC use associated with certain stages of colorectal adenomas (e.g., non-
advanced), and further exploration of the age at first OC use and time since last OC use
associations are warranted. Bringing more research on adenomas into the colorectal cancer
literature may help illuminate etiologically relevant information that could be useful in
clinical and public health settings.

Acknowledgments

The NHS was supported by research grants UM1CA186107 and PO1CA87969 of the National Institutes of Health.
BMC was supported by the Training Programs in Cancer Epidemiology (T32CA09001) from the National Cancer
Institute and in Reproductive, Perinatal, and Pediatric Epidemiology (T32HD060454) as well as grant
F32HD084000 from the Eunice Kennedy Shriver National Institute of Child Health and Human Development,
National Institutes of Health. WW was supported by Entertainment Foundation National Colon Cancer Research
Alliance.

We would like to thank the participants and staff of the Nurses' Health Study for their valuable contributions as well
as the following state cancer registries for their help: AL, AZ, AR, CA, CO, CT, DE, FL, GA, ID, IL, IN, IA, KY,
LA, ME, MD, MA, M1, NE, NH, NJ, NY, NC, ND, OH, OK, OR, PA, RI, SC, TN, TX, VA, WA, WY. The authors
assume full responsibility for analyses and interpretation of these data. Also, special thanks to Scott Smith for his
programming assistance.

References

1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. CA: a cancer journal for clinicians. 2012;
62(1):10-29. DOI: 10.3322/caac.20138 [PubMed: 22237781]

2. La Vecchia C, Franceschi S. Reproductive factors and colorectal cancer. Cancer Causes Control.
1991; 2(3):193-200. [PubMed: 1873449]

3. Bostick RM, Potter JD, Kushi LH, Sellers TA, Steinmetz KA, McKenzie DR, Gapstur SM, Folsom
AR. Sugar, meat, and fat intake, and non-dietary risk factors for colon cancer incidence in lowa
women (United States). Cancer Causes Control. 1994; 5(1):38-52. [PubMed: 8123778]

4. Campbell PT, Newcomb P, Gallinger S, Cotterchio M, McLaughlin JR. Exogenous hormones and
colorectal cancer risk in Canada: associations stratified by clinically defined familial risk of cancer.
Cancer Causes Control. 2007; 18(7):723-733. DOI: 10.1007/s10552-007-9015-7 [PubMed:
17549595]

Cancer Causes Control. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Charlton et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Page 9

. Fernandez E, La Vecchia C, D'Avanzo B, Franceschi S, Negri E, Parazzini F. Oral contraceptives,

hormone replacement therapy and the risk of colorectal cancer. Br J Cancer. 1996; 73(11):1431-
1435. [PubMed: 8645593]

. Fernandez E, La Vecchia C, Franceschi S, Braga C, Talamini R, Negri E, Parazzini F. Oral

contraceptive use and risk of colorectal cancer. Epidemiology. 1998; 9(3):295-300. [PubMed:
9583422]

. Furner SE, Davis FG, Nelson RL, Haenszel W. A case-control study of large bowel cancer and

hormone exposure in women. Cancer Res. 1989; 49(17):4936-4940. [PubMed: 2758422]

. Hannaford P, Elliott A. Use of exogenous hormones by women and colorectal cancer: evidence from

the Royal College of General Practitioners' Oral Contraception Study. Contraception. 2005; 71(2):
95-98. DOI: 10.1016/j.contraception.2004.08.003 [PubMed: 15707557]

. Hannaford PC, Selvaraj S, Elliott AM, Angus V, Iversen L, Lee AJ. Cancer risk among users of oral

contraceptives: cohort data from the Royal College of General Practitioner's oral contraception
study. BMJ. 2007; 335(7621):651. doi:bm].39289.649410.55[pii]10.1136/bmj.39289.649410.55.
[PubMed: 17855280]

. Kabat GC, Miller AB, Rohan TE. Oral contraceptive use, hormone replacement therapy,
reproductive history and risk of colorectal cancer in women. Int J Cancer. 2008; 122(3):643-646.
DOI: 10.1002/ijc.23079 [PubMed: 17847020]

Kampman E, Bijl AJ, Kok C, van't Veer P. Reproductive and hormonal factors in male and female
colon cancer. Eur J Cancer Prev. 1994; 3(4):329-336. [PubMed: 7950887]

Kampman E, Potter JD, Slattery ML, Caan BJ, Edwards S. Hormone replacement therapy,
reproductive history, and colon cancer: a multicenter, case-control study in the United States.
Cancer Causes Control. 1997; 8(2):146-158. [PubMed: 9134238]

Levi F, Pasche C, Lucchini F, La Vecchia C. Oral contraceptives and colorectal cancer. Digestive
and liver disease : official journal of the Italian Society of Gastroenterology and the Italian
Association for the Study of the Liver. 2003; 35(2):85-87.

Lin J, Zhang SM, Cook NR, Manson JE, Buring JE, Lee IM. Oral contraceptives, reproductive
factors, and risk of colorectal cancer among women in a prospective cohort study. Am J
Epidemiol. 2007; 165(7):794-801. DOI: 10.1093/aje/kwk068 [PubMed: 17215381]

Martinez ME, Grodstein F, Giovannucci E, Colditz GA, Speizer FE, Hennekens C, Rosner B,
Willett WC, Stampfer MJ. A prospective study of reproductive factors, oral contraceptive use, and
risk of colorectal cancer. Cancer Epidemiol Biomarkers Prev. 1997; 6(1):1-5. [PubMed: 8993789]
Nichols HB, Trentham-Dietz A, Hampton JM, Newcomb PA. Oral contraceptive use, reproductive
factors, and colorectal cancer risk: findings from Wisconsin. Cancer Epidemiol Biomarkers Prev.
2005; 14(5):1212-1218. DOI: 10.1158/1055-9965.EP1-04-0845 [PubMed: 15894674]

Potter JD, McMichael AJ. Large bowel cancer in women in relation to reproductive and hormonal
factors: a case-control study. J Natl Cancer Inst. 1983; 71(4):703-709. [PubMed: 6578365]
Talamini R, Franceschi S, Dal Maso L, Negri E, Conti E, Filiberti R, Montella M, Nanni O, La
Vecchia C. The influence of reproductive and hormonal factors on the risk of colon and rectal
cancer in women. Eur J Cancer. 1998; 34(7):1070-1076. [PubMed: 9849456]

Troisi R, Schairer C, Chow WH, Schatzkin A, Brinton LA, Fraumeni JF Jr. Reproductive factors,
oral contraceptive use, and risk of colorectal cancer. Epidemiology. 1997; 8(1):75-79. [PubMed:
9116100]

van Wayenburg CA, van der Schouw YT, van Noord PA, Peeters PH. Age at menopause, body
mass index, and the risk of colorectal cancer mortality in the Dutch Diagnostisch Onderzoek
Mammacarcinoom (DOM) cohort. Epidemiology. 2000; 11(3):304-308. [PubMed: 10784248]
Vessey M, Painter R, Yeates D. Mortality in relation to oral contraceptive use and cigarette
smoking. Lancet. 2003; 362(9379):185-191. DOI: 10.1016/S0140-6736(03)13907-4 [PubMed:
12885478]

Wu-Williams AH, Lee M, Whittemore AS, Gallagher RP, Jiao DA, Zheng S, Zhou L, Wang XH,
Chen K, Jung D, et al. Reproductive factors and colorectal cancer risk among Chinese females.
Cancer Res. 1991; 51(9):2307-2311. [PubMed: 2015594]

Cancer Causes Control. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Charlton et al.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Page 10

Jacobson JS, Neugut Al, Garbowski GC, Ahsan H, Waye JD, Treat MR, Forde KA. Reproductive
risk factors for colorectal adenomatous polyps (New York City, N, United States). Cancer Causes
Control. 1995; 6(6):513-518. [PubMed: 8580299]

Peipins LA, Newman B, Sandler RS. Reproductive history, use of exogenous hormones, and risk of
colorectal adenomas. Cancer Epidemiol Biomarkers Prev. 1997; 6(9):671-675. [PubMed:
9298573]

Platz EA, Martinez ME, Grodstein F, Fuchs CS, Colditz GA, Stampfer MJ, Giovannucci E. Parity
and other reproductive factors and risk of adenomatous polyps of the distal colorectum (United
States). Cancer Causes Control. 1997; 8(6):894-903. [PubMed: 9427432]

Grodstein F, Martinez ME, Platz EA, Giovannucci E, Colditz GA, Kautzky M, Fuchs C, Stampfer
MJ. Postmenopausal hormone use and risk for colorectal cancer and adenoma. Annals of internal
medicine. 1998; 128(9):705-712. [PubMed: 9556463]

Grodstein F, Newcomb PA, Stampfer MJ. Postmenopausal hormone therapy and the risk of
colorectal cancer: a review and meta-analysis. Am J Med. 1999; 106(5):574-582.
doi:S0002934399000637[pii]. [PubMed: 10335731]

Hebert-Croteau N. A meta-analysis of hormone replacement therapy and colon cancer in women.
Cancer Epidemiol Biomarkers Prev. 1998; 7(8):653-659. [PubMed: 9718216]

Potter JD, Bostick RM, Grandits GA, Fosdick L, EImer P, Wood J, Grambsch P, Louis TA.
Hormone replacement therapy is associated with lower risk of adenomatous polyps of the large
bowel: the Minnesota Cancer Prevention Research Unit Case-Control Study. Cancer Epidemiol
Biomarkers Prev. 1996; 5(10):779-784. [PubMed: 8896888]

Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, Kooperberg C, Stefanick ML, Jackson RD,
Beresford SA, Howard BV, Johnson KC, Kotchen JM, Ockene J. Risks and benefits of estrogen
plus progestin in healthy postmenopausal women: principal results From the Women's Health
Initiative randomized controlled trial. JAMA. 2002; 288(3):321-333. [PubMed: 12117397]

Wolf LA, Terry PD, Potter JD, Bostick RM. Do factors related to endogenous and exogenous
estrogens modify the relationship between obesity and risk of colorectal adenomas in women?
Cancer Epidemiol Biomarkers Prev. 2007; 16(4):676-683. doi:
16/4/676[pii]10.1158/1055-9965.EP1-06-0883. [PubMed: 17416757]

Woodson K, Lanza E, Tangrea JA, Albert PS, Slattery M, Pinsky J, Caan B, Paskett E, Iber F,
Kikendall JW, Lance P, Shike M, Weissfeld J, Schatzkin A. Hormone replacement therapy and
colorectal adenoma recurrence among women in the Polyp Prevention Trial. J Natl Cancer Inst.
2001; 93(23):1799-1805. [PubMed: 11734596]

McMichael AJ, Potter JD. Reproduction, endogenous and exogenous sex hormones, and colon
cancer: a review and hypothesis. J Natl Cancer Inst. 1980; 65(6):1201-1207. [PubMed: 7001123]
Lampe JW, Fredstrom SB, Slavin JL, Potter JD. Sex differences in colonic function: a randomised
trial. Gut. 1993; 34(4):531-536. [PubMed: 8387940]

Campagnoli C, Biglia N, Altare F, Lanza MG, Lesca L, Cantamessa C, Peris C, Fiorucci GC,
Sismondi P. Differential effects of oral conjugated estrogens and transdermal estradiol on insulin-
like growth factor 1, growth hormone and sex hormone binding globulin serum levels. Gynecol
Endocrinol. 1993; 7(4):251-258. [PubMed: 8147234]

Hunter DJ, Colditz GA, Hankinson SE, Malspeis S, Spiegelman D, Chen W, Stampfer MJ, Willett
WC. Oral contraceptive use and breast cancer: a prospective study of young women. Cancer
Epidemiol Biomarkers Prev. 2010; 19(10):2496-2502. doi:
1055-9965.EP1-10-0747[pii]10.1158/1055-9965.EPI-10-0747. [PubMed: 20802021]

Terry MB, Neugut Al, Bostick RM, Sandler RS, Haile RW, Jacobson JS, Fenoglio-Preiser CM,
Potter JD. Risk factors for advanced colorectal adenomas: a pooled analysis. Cancer Epidemiol
Biomarkers Prev. 2002; 11(7):622-629. [PubMed: 12101109]

Belanger CF, Hennekens CH, Rosner B, Speizer FE. The nurses' health study. Am J Nurs. 1978;
78(6):1039-1040. [PubMed: 248266]

Rimm EB, Stampfer MJ, Colditz GA, Chute CG, Litin LB, Willett WC. Validity of self-reported
waist and hip circumferences in men and women. Epidemiology. 1990; 1(6):466—473. [PubMed:
2090285]

Cancer Causes Control. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Charlton et al.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 11

Therneau TM, Hamilton SA. rhDNase as an example of recurrent event analysis. Statistics in
medicine. 1997; 16(18):2029-2047. [PubMed: 9308130]

Colin EM, Van Den Bemd GJ, Van Aken M, Christakos S, De Jonge HR, Deluca HF, Prahl JM,
Birkenhager JC, Buurman CJ, Pols HA, Van Leeuwen JP. Evidence for involvement of 17beta-
estradiol in intestinal calcium absorption independent of 1,25-dihydroxyvitamin D3 level in the
Rat. J Bone Miner Res. 1999; 14(1):57-64. DOI: 10.1359/jbmr.1999.14.1.57 [PubMed: 9893066]

Issa JP, Ottaviano YL, Celano P, Hamilton SR, Davidson NE, Baylin SB. Methylation of the
oestrogen receptor CpG island links ageing and neoplasia in human colon. Nat Genet. 1994; 7(4):
536-540. DOI: 10.1038/ng0894-536 [PubMed: 7951326]

Lointier P, Wildrick DM, Boman BM. The effects of steroid hormones on a human colon cancer
cell line in vitro. Anticancer Res. 1992; 12(4):1327-1330. [PubMed: 1503430]

Newcomb PA, Pocobelli G, Chia V. Why hormones protect against large bowel cancer: old ideas,
new evidence. Adv Exp Med Biol. 2008; 617:259-269. DOI: 10.1007/978-0-387-69080-3_24
[PubMed: 18497049]

Oshima CT, Wonraht DR, Catarino RM, Mattos D, Forones NM. Estrogen and progesterone
receptors in gastric and colorectal cancer. Hepatogastroenterology. 1999; 46(30):3155-3158.
[PubMed: 10626177]

Schwartz B, Smirnoff P, Shany S, Liel Y. Estrogen controls expression and bioresponse of 1,25-
dihydroxyvitamin D receptors in the rat colon. Mol Cell Biochem. 2000; 203(1-2):87-93.
[PubMed: 10724336]

Slattery ML, Ballard-Barbash R, Edwards S, Caan BJ, Potter JD. Body mass index and colon
cancer: an evaluation of the modifying effects of estrogen (United States). Cancer Causes Control.
2003; 14(1):75-84. [PubMed: 12708728]

Smirnoff P, Liel Y, Gnainsky J, Shany S, Schwartz B. The protective effect of estrogen against
chemically induced murine colon carcinogenesis is associated with decreased CpG island
methylation and increased mRNA and protein expression of the colonic vitamin D receptor. Oncol
Res. 1999; 11(6):255-264. [PubMed: 10691027]

Barone M, Tanzi S, Lofano K, Scavo MP, Guido R, Demarinis L, Principi MB, Bucci A, Di Leo A.
Estrogens, phytoestrogens and colorectal neoproliferative lesions. Genes & nutrition. 2008; 3(1):
7-13. DOI: 10.1007/s12263-008-0081-6 [PubMed: 18850193]

Piper JM, Kennedy DL. Oral contraceptives in the United States: trends in content and potency. Int
J Epidemiol. 1987; 16(2):215-221. [PubMed: 3301706]

Cancer Causes Control. Author manuscript; available in PMC 2017 June 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Charlton et al.

Table 1

Page 12

Age-standardized characteristics of ever and never OC users among 73,058 NHS participants at the midpoint
of follow-up (1998) between 1986-2008 [means (SD) or %].

Age, years
Height, inches
Physical activity, MET-hours/week
Smoking, pack-years
Processed or red meat, servings/day
Folate intake, pg/day
Calcium, mg/day
BMI, kg/m2*
<25
25-29.9
30+
Aspirin use, times/week
0-3
4-6
7-10
11+
Alcohol intake, gm/day?
<5
5-9.9
10-14.9
15+

Age at first birth, years@?
<24
24-25
26-29
30+
Parity?
0
1
2
3+
HT duration, years
Never/Premenopausal
<5
5-<10
10+

Never users (N=35,676)

Ever users (N=37,382)

71.0 (6.4)
64.5 (2.4)
16.8 (19.8)
11.8 (18.7)
04(0.2)
653 (253)
1,277 (508)

41
33
21

68
18

34
29
26
10

25
59

30
26
17
27

65.5 (6.3)
64.6 (2.4)
17.7 (20.7)
11.8 (17.9)
0.4(0.2)
657 (255)
1,290 (507)

43
33
21

69
17

61
11

38
28
24

30
59

22
28
22
29

aMay not add to 100% due to missing data.
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