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Abstract
A reanalysis of the Women’s Health Initiative (WHI) randomized clinical trial found a significant
interaction between supplementation with vitamin D/calcium and estrogen therapy and the risk of
colorectal cancer risk, with reduced risks from supplementation limited to the placebo arms of the
estrogen trials. To explore whether the vitamin D effects are modified by estrogen therapy, we
report a largely cross-sectional, analysis of the association between sun exposure, which is an
important vitamin D source, and colorectal cancer risk among postmenopausal women in the U.S.
Radiologic Technologists study. Among 21,695 participants, there were a total of 108 cases. Sun
exposure was based on time outdoors and on ambient ultraviolet radiation (UV) exposure based on
residence linked to erythemal exposures derived from the Total Ozone Mapping Spectrometer
(TOMS) database. Although there was no relationship between outdoor time or ambient UV
measure and colorectal cancer risk in current hormone replacement therapy (HRT) users, in never/
past HRT users, there was an inverse association with higher ambient UV exposure, RR for
highest vs. lowest tertile=0.40; 95% CI 017, 0.93; p for trend = 0.04. Non-significant lower risks
were also associated with higher levels of outdoor time (≥3.5 hours/week) in never/past HRT
users. The interaction between both indicators of sun exposure and HRT and CRC risk was not
significant. These data, although exploratory, are consistent with evidence from the WHI
suggesting a decrease in colorectal cancer risk may be associated with vitamin D exposure among
postmenopausal women who are not taking HRT, but not among current HRT users.

Sunlight exposure has been linked to lower risk of colorectal cancer incidence and mortality
in several ecologic and observational studies.1–4 The association is hypothesized to be
mediated by vitamin D, specifically circulating 25-hydroxyvitamin D [25(OH)D], which is
derived in large part from solar radiation.5 Several studies of prospective circulating
25(OH)D and colorectal cancer support the hypothesis.6–8

Among the supportive studies is a case-control study of circulating 25(OH)D, which was
nested within the Women’s Health Initiative (WHI) randomized clinical trial.9 The trial
itself, however, found no benefit to colorectal cancer risk from the combined calcium and
vitamin D-supplement intervention.9 To examine the seemingly inconsistent results, Ding et
al.10 recently reanalyzed data from the Women’s Health Initiative (WHI) randomized
clinical trial, focusing on the potential interaction between estrogen therapy and the
combination of calcium and vitamin D supplements on colorectal cancer risk. The reanalysis
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by Ding et al., however, observed no association with colorectal cancer risk related to
supplementation in those randomly assigned to estrogen therapy and decreased risk
associated with supplementation in the placebo group.10, 11 The interaction between
estrogen/placebo groups was statistically significant. The authors concluded that estrogen
therapy may modify the effect on colorectal cancer risk of either calcium and/or vitamin D.

To explore the relationships observed by Ding et al., we report here a preliminary, largely
cross-sectional, analysis of the association between different measures of past sun exposure
and colorectal cancer risk among postmenopausal women in the U.S. Radiologic
Technologists (USRT) study who reported their status as either current or former and never
users of hormone replacement therapy (HRT). By examining the associations with reported
sun exposure, our analysis indirectly explores whether the effects of vitamin D, which is
derived in large part from UV exposure,12 are modified by estrogen therapy.

Methods
The USRT Study comprises a cohort of radiological technologists who were residing in the
United States and certified by the American Registry of Radiological Technologists for at
least two years between 1926 and 1982.13 An initial questionnaire was mailed in 1983–
1989, and a second, self-administered questionnaire (1994–1998) ascertained incident
cancers and obtained information on a variety of demographic and lifestyle risk factors. The
current study, however, is primarily cross-sectional, relying on data from a third
questionnaire self-administered in 2003–2005 with questions on past (lifetime) sun
exposure, residence, and cancers.

Study population
Our evaluation of colorectal cancer risk was limited to post-menopausal women who were
cancer-free (except for nonmelanoma skin cancer) as of the second questionnaire and who
responded to the third questionnaire, n=21,695. Seventy-three percent of respondents to the
second questionnaire in the current study answered the third questionnaire. Women were
included as post-menopausal if they indicated on the second questionnaire that they had
menopause (including surgical menopause) or were not still menstruating, even if they were
unsure whether menstrual cessation was permanent. Participants ranged in age from 34 to 90
years at the time of the second questionnaire. Eligible cases were those who reported a
diagnosis of colorectal cancer on the third questionnaire. Thus, all cases occurred after the
second questionnaire (1994–1998) and before the third (2003–2005).

Pathology and other medical record information were requested to validate the self-reported
colorectal cancers. Among the 128 post-menopausal female participants reporting colorectal
cancer, medical record information was obtained for 78 (61%). Of these 78, medical records
validated the colorectal diagnosis (ICD-10, C18, C20) for 62 (79%). We excluded nine
(12%) incorrectly reported “colorectal cancers,” as well as seven (9%) who reported
“nearby” cancers of the rectosigmoid junction, anus, and small intestine. Although not
incorrectly reported, we also excluded four (5%) in situ colorectal cancers. Because a high
proportion of self-reported colorectal cancers were validated and there was no significant
difference by age, marital status, race and UV region of residence between those potentially
eligible cases for whom medical information was and was not obtained, we included
colorectal cancer cases for whom no medical record confirmation could be obtained (n=50).
Thus, there were a total of 108 cases.
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UV and other exposures
Although we relied on information on past sun exposure reported from the third
questionnaire, which was provided at the same time cancers were reported, we used
information on age, race, marital status, BMI, smoking and HRT use from the earlier
questionnaire (1994–1998), to reduce recall bias and facilitate appropriate temporal
relationships where possible. The questions on sun exposure covered five age periods (<13
years; 13–19 years; 20–39 years; 40–64 years; and ≥65 years), for which we obtained the
city, state, and country in which the participant lived for the longest time. We also asked
about amount of time spent outdoors (9am–3pm) in summer during weekdays (0, <1, 1–2,
3–4, 5–6 hours/day) and separately, during weekends (same hour categories) for each of the
age periods. Our study used exposure information reported for ages 20–39 years, because
that was the age group closest to, but preceding, the diagnoses in nearly all of the cases.

Personal UV exposures were based on summing the time subjects reported that they spent
outdoors (9am–3pm) for weekdays and weekends and categorizing time in four groups:
≤3.5, >3.5–7.0, >7.0–14.0, and >14 hours/week. Residential or ambient UV exposures were
based on linking the city/state/country locations reported with the Total Ozone Mapping
Spectrometer (TOMS) database. (http://toms.gsfc.nasa.gov)

The TOMS database, which is maintained by NASA, provides daily information on a noon-
time erythemal estimate (which incorporates UVA and mainly UVB, the part of the UV
spectrum responsible for cutaneous vitamin D production12) on a global scale in a 1.25
degree by 1 degree (longitude x latitude) grid. Using the NASA website, we linked
geographic location to the daily Version 8 Erythemal noon-time dose estimates (the units are
considered arbitrary). After selecting mean values for June, July, and August for the period
1978–2003, we based UV ambient exposures on tertiles of erythemal exposures for the
USRT study population (0<182.982; 182.982-≤211.400; > 211.400).

We also constructed a variable with three levels that combined both aspects of summer UV
exposure: personal time outdoors and ambient UV levels. The referent (low) level included
all those reporting both ≤ 7 hours/week outside and the lowest 50% of ambient UV. The
highest category consisted of those reporting both > 7 hours/week outside and the highest
50% of ambient UV. The middle category consisted of the remaining exposure
combinations.

Statistical analysis
Logistic regression analysis was used to estimate odds ratios (and 95% confidence
intervals), while controlling categorically for age (<60, 60–64, 65–69, 70–74, ≥75 yrs.), race
(white/nonwhite), BMI (<25, 25-<30, ≥30 kg/m2) and HRT status (in the unstratified
analysis). Personal and ambient exposures were also mutually adjusted for each other.
Monotonic trends across categories were tested by modeling median values per category as a
continuous variable in a logistic model. We also evaluated multiplicative interaction by
creating product terms and treating the categorical variables as continuous, ordinal variables.
All analyses were conducted using SAS (version 9.1; SAS Institute, Cary, NC), with two-
sided tests of significance (α=0.05).

Results
Table 1 presents the distribution for demographic and other factors for cases and non-cases.
Cases were older than non-cases, and a similarly, large majority of both groups were white.
Cases and non-cases were only slightly, and non-significantly, different with regard to BMI,
marital status, smoking status, physical activity, and use of menopausal hormone therapy.
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In table 2, we assessed colorectal cancer risk in relation to personal UV exposure (time
outdoors), ambient UV, and a variable combining time outdoors and ambient UV levels, in
all participants and in strata defined by HRT use at the time of the second questionnaire.
There was no trend for risk associated with time outdoors in the total study population or in
either of the two HRT strata. However, risks were non-significantly lower among those who
were outdoors for each of the periods greater that 3.5 hours/week in the total population and
among those formerly or never taking HRT, but there was no indication of decreased risk
with greater time spent outdoors among those currently on HRT. There was no interaction
by HRT status.

In the total population and in those currently on HRT, there was no association between
ambient UV and colorectal cancer risk. There was, however, a statistically significant trend
of inverse risk with residential UV exposure in those who had never used or were former
users of HRT. The p-value for the Wald test for interaction between HRT status and ambient
UV was 0.07.

Using the variable that combined both time outdoors and ambient UV levels, we found no
association with colorectal cancer in the total population, and no association in current HRT
users. In never/past HRT users, risks were lower in those categorized as exposed to medium
or high exposures, although the trend was not significant. The test for interaction was also
not significant.

We also compared six combinations consisting of two status categories of HRT (never/
former and current users) and three categories of combined personal/ambient UV levels
(low/medium/high). Compared to a referent group (OR=1.0) of never/former users with low
UV exposures, we found that the risk for the three levels of UV in current HRT users were
similar to each other (OR = 0.59, 0.38, and 0.58 respectively) and similar to former/never
users with medium and high UV exposures (OR= 0.36 and 0.50 respectively).

Discussion
In this study of postmenopausal women, two indicators of UV exposure (time outdoors and
ambient UV), and a variable combining the two factors, were evaluated in relation to
colorectal cancer risk, to assess whether HRT status modifies disease risk. Although there
was no relationship between outdoor time, ambient UV exposure and colorectal cancer risk
in current HRT users, there was a statistically significant inverse trend with higher ambient
exposure in never/past HRT users. The test for interaction by HRT status, however, was not
significant. Non-significantly lower risks were also associated with levels of personal UV
exposures ≥ 3.5 hours/week in never/past HRT users. Thus, these data, although limited,
suggest that higher UV levels may offer protection against colorectal cancer in women,
primarily to former/never HRT users.

In this study, the group with the highest risk was comprised of those who were neither
current HRT users nor had medium or high UV exposure. Several studies have found current
HRT protection against colorectal cancer risk. 14, 15 It is possible that HRT confers
protection at least in part through biological mechanisms involving vitamin D (via UV and
other sources) and/or components of the vitamin D signaling pathway. The mechanisms may
include estrogen’s established role in elevating levels of the hormonally active form of
vitamin D (1,25 dihydroxyvitamin D, 1,25(OH)D)).16–18 This relationship may reflect an
effect of estrogen on reducing levels of 25-hydroxyvitamin D-24-hydroxylase,17, 18 which
is thought to degrade the active form of vitamin D; or on increasing vitamin D binding
protein,19 which might in turn increase circulating levels of 25(OH)D. There is also some
indication that estrogen may increase vitamin D receptor (VDR) expression.20, 21
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As a largely cross-sectional study of prevalent colorectal cancer or colorectal cancer
survivors with relatively small case numbers, our results are necessarily exploratory.
Moreover, while recall of past sunlight exposures may introduce exposure misclassification,
it is unlikely that past residential locations would be substantially affected by case status. In
addition, although we were unable to validate all of the self-reported colorectal cancer cases,
the relatively high validation rate for self-reported colorectal cases suggests that
misclassification of case status is not substantial. In any case, it seems unlikely to be
differential by both UV exposure and HRT status.

One key study weakness is that the USRT study findings involve risk associated with
surrogates for UV exposure, and not vitamin D per se. Notably, we did not have information
on multiple factors about outdoor time that may affect vitamin D production, including time
of day, season, and protective behavior (e.g., sunscreen).

We plan to update the analysis prospectively when future cases are ascertained, but in the
interim, the present analysis offers suggestive insights based on multiple indicators of UV
exposure, which few observational studies of non-skin cancers have obtained. Moreover, the
fact that the USRT study is nationwide, with participants in all 50 states, provides a
particularly wide variation in ambient UV exposures.

These data from the USRT cohort study are consistent with evidence derived from the
WHI10 suggesting a decrease in colorectal cancer risk may be associated with vitamin D
exposure among postmenopausal women who are not taking HRT, but not among HRT
users. They are also in line with findings from the Nurses’ Health Study22 that found
significantly reduced colorectal adenoma risk associated with vitamin D intake in past users
of postmenopausal hormones, suggestively lower risks in never users, but no association in
current users. When reviewed in the context of Ding et al., the UV associations support
vitamin D as a factor affecting colorectal cancer risk in postmenopausal women who are not
taking HRT. These results reinforce the importance of taking HRT status into account in
analyses of vitamin D and colorectal cancer risk. Larger prospective studies of colorectal
cancer risk with information on vitamin D status over time and HRT use would help
elucidate whether the association reflects a true preventive effect.
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Table 1

Distribution of colorectal cancer cases and non-cases according to selected factors

Characteristic Cases (n=108) Non-cases (n=21,587) Test of signficance, p-value

Mean

 Age at baseline (years) * 57.5 53.5 <0.0001

 Body mass index (kg/m2) 26.2 25.8 0.45

Percent of group

 Caucasian 95.4 95.3 0.96

 Currently married 65.4 72.4 0.11

 Current smoker 16.7 13.7 0.37

 Physical activity, walking/hiking >1 hour/week 52.0 55.5 0.48

 Menopausal hormone therapy, current use 49.5 51.7 0.66
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