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Abstract

Background—~Previous studies examining the relationship between micronutrient intakes and
survival following diagnosis of breast cancer have reported mixed results. This may be partly due
to considerable variance in amounts of micronutrients consumed from diet and supplements across
studies.

Methods—Early stage breast cancer survivors (n=3081) completed four 24-hour dietary and
supplement recalls at the baseline assessment (1995 to 2000) and were followed for a median of
9.0 years. Mean micronutrient intakes were compared to dietary reference intakes (DRI) to assess
micronutrient adequacy for both users and non-users of supplements. Cox regressions were
performed to assess whether intakes of selected micronutrients were associated with all-cause
mortality.

Results—412 deaths occurred between baseline and August 2009. Among these women, more
supplement users had adequate micronutrient intakes than non-users for 15 out of 17
micronutrients. Less than 10% of supplement users (< 2% of non-supplement users) reported
levels that exceeded the tolerable upper limit for each micronutrient except magnesium. After
adjusting for age, tumor characteristics, and health status variables, micronutrient intakes were not
significantly associated with all-cause mortality.

Conclusion—Dietary supplements may improve overall micronutrient intakes of breast cancer
survivors. However, vitamin and mineral intakes were not associated with all-cause mortality.
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INTRODUCTION

The 5-year relative survival rates for women who have been diagnosed with breast cancer is
approximately 89 % (1), resulting in approximately 2.5 million women in the US with a
history of breast cancer (2). Mortality within the first few years of a breast cancer diagnosis
is clearly associated with the tumor characteristics and treatment (3); however, other factors
become important in later years. Lifestyle variables, such as dietary habits, may have a more
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important role in long-term than short-term survival for women with a history of breast
cancer.

Observational studies have shown mixed results regarding the relationship between
micronutrient intakes and all-cause mortality in women diagnosed with breast cancer (4).
Studies reported a decreased risk of death for those with higher intakes of beta-carotene and
vitamin C (5-7); others have reported a similar effect but the finding did not reach
significance (8-9) and some reported there was no association between individual
micronutrients and all-cause mortality (10-12). The variation in study methodologies could
explain the lack of consistencies across these studies. The major differences include the
micronutrient source (food versus supplemental), total micronutrient intake level and
approach to measurement. For example, early studies reported only the food source (5,11)
while later studies reported total intake from both food and supplements (8,10). Irrespective
of source, a comparison of micronutrient intakes is also limited since four out of the six
studies do not provide sufficient information to determine the quantity that was associated
with the decreased risk of death (5,9-11). Often the conclusions of the study have compared
the risk of the top quintile to the lowest quintile or a p-value for trend, but it is difficult to
determine how the micronutrient intake distribution reported in one study compared to
another study without the values for the micronutrient intake. Thus far, investigations of
breast cancer survivors have not evaluated dietary intakes against the established dietary
reference intakes (DRI) set forth by the Food and Nutrition Board (13-16).

These studies have identified and cited other limitations such as lack of statistical power and
inadequate information regarding covariates such as type of treatment. In order to determine
the impact of micronutrient intake on breast cancer outcomes, a study is needed that has a
robust sample, appropriate data for both the food and supplemental sources and a guideline
to identify the estimated intake that may be associated with risk for recurrence or mortality.

The present analysis, which is based on a robust dataset collected in the Women’s Healthy
Eating and Living (WHEL) Study, had a large sample size, a relatively long follow-up
period, and sufficient data for the relevant covariates such as tumor and treatment
characteristics (17). The study uses the following DRIs to determine how breast cancer
survivors compare to national guidelines: 1) recommended dietary allowance (RDA), 2)
adequate intake (Al) and 3) tolerable upper limit (UL) (18-19). The specific aims were 1)
To evaluate the micronutrient contribution of dietary supplements to the total intake of
breast cancer survivors and 2) To evaluate whether the micronutrient intakes either below
the RDA (or Al) or above the UL, as defined per micronutrient, were associated with all-
cause mortality over a median follow-up of 9.0 years.

METHODS
Study Design and Participants

This project was part of a large multi-site clinical trial investigating the efficacy of a dietary
intervention to reduce risk for breast cancer recurrence (the WHEL Study). The WHEL
Study enrolled participants at seven clinical sites between 1995 and 2000: each of the
institutional review boards at these sites approved the protocol, and all participants provided
written, informed consent. Details of the study protocol are described elsewhere (20). Major
eligibility criteria included diagnosis within the past 4 years of primary operable invasive
stage | (= 1 cm), Il, or 1A breast carcinoma; age 18-70 years at the time of diagnosis; no
current or planned chemotherapy; no evidence of recurrent disease or new breast cancer
since completion of initial treatment; and no other cancer in the past 10 years. As previously
reported, the intervention aimed to promote the adoption of a diet very high in vegetables,
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fruit, and fiber and low in fat; however, the intervention did not address the use of dietary
supplements (neither encouraged nor restricted) (17).

The present analyses included WHEL Study participants who completed one set of 24-hour
dietary and supplement recalls at the baseline assessment, which included 3-4 prescheduled
recalls during a 3-week period, stratified to include both weekdays (Monday-Thursday) and
weekend days (Friday-Sunday). Dietary recalls were collected via telephone interviews by
trained dietary assessors. Vitamin and mineral intakes from food and from supplement
sources was averaged over the four days. The Minnesota Nutrition Data System (NDS) was
used for the collection and nutrient analysis of the dietary data.

Demographic and medical information—Demographic and medical information was
self-reported by participants at study enrollment. Medical information was confirmed by
reviewing the participant’s medical record.

Dietary supplements—Detailed data on dietary supplement use, including dosage
verification from the label or distributor, was collected at baseline and at each follow-up
throughout the study (21). During each recall, participants were asked to name all dietary
supplement formulations that they had ingested during the previous 24 hours and to report
the number of tablets or capsules ingested from each formulation. Throughout the study,
each new supplement reported was entered into the database using the DataEase software
program and verified by the WHEL Coordinating Center. For each supplement, the database
includes the name, manufacturer and/or brand name, and the nutrient content in standardized
units per tablet or capsule. Detailed protocols regarding dietary and supplement data
collection, which include verification by label review and manufacturer information, have
been described elsewhere (21-22).

Health behaviors: Smoking status and physical activity—At baseline, participants
completed a “Personal Habits” questionnaire (23), adapted from the Women’s Health
Initiative Study. This questionnaire assessed lifetime smoking history (current, past, never)
as well as physical activity (9-item measure). Responses were converted to metabolic
equivalent tasks (METS) in minutes per week (24) and 540 MET/min/week was determined
as the threshold for adequate energy expenditure.

Outcome—All-cause mortality (survival time) is the time from enrollment to reported/
confirmed death from all causes. Death was confirmed through acquisition of death
certificates and review of social security death records. Follow-up time was censored at the
last documented staff contact date or follow-up completion (August 24, 2009).

Analytic methods—Descriptive statistics were computed on all the micronutrient
variables from both sources (food and supplements) and each variable was logarithmically
transformed to improve the normality of the distribution. The mean micronutrient intakes
from food of non-supplement users were compared to that of supplement users. We
examined the additional micronutrient intake from supplements among the users.
Supplemental micronutrients were calculated from the participant reports of both single and
multiple-ingredient products. We stratified the sample by nonusers and users of
supplements; then using the raw scores combined from both sources, each stratum was
categorized into the following groups: 1) ‘Below the RDA’ 2) ‘Adequate Consumption’, an
amount that was between the RDA level and the upper limit (UL) and 3) ‘Exceeding the
UL’. The women were categorized according to the recommended dietary allowance for
their age category (13-16). If the recommended dietary allowance had not been set for any
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particular micronutrient, we used the Adequate Intake (Al) level. Al was substituted for
vitamin D, vitamin, K and calcium. In addition, we only examined preformed vitamin A,
retinol; however, the RDA and UL applied in this analysis was for total vitamin A. For each
of the selected micronutrients, we compared the percent with adequate intake between
nonusers and users of supplements.

Cox proportional hazard regression was used to determine the unadjusted association
between adequate micronutrient intakes and all-cause mortality for the entire sample. The
Hazard ratios (and associated 95% confidence intervals) were the measure of association.
Univariate associations were also examined for variables known to affect all-cause mortality
such as: patient characteristics, lifestyle factors, and tumor characteristics. A sensitivity
analysis was conducted to determine whether the results varied as a function of
micronutrient intake. We redefined the categories of dietary adequacy at the level of two-
thirds of the RDA. For those micronutrients that had an adequate sample size, we conducted
Cox proportional hazard regressions that compared those who had reported inadequate
intakes to those with adequate intakes.

Participant Characteristics

Participants (n=3081) had a mean age at enrollment of 53 years. The majority of the sample
was white non-Hispanic (85.3%), college graduates (84.9%) and married (70.6%). Slightly
over half of the sample had Stage Il breast cancer at diagnosis (56.4%) and 70% reported
having had chemotherapy. Of the sample, 85% reported using dietary supplements; and
among supplement users, the median number of supplement formulations used per day was
four. The most frequently used supplements were multivitamins/minerals and calcium.

Table 1 shows that the demographic characteristics are significantly different in supplement
users compared to non-supplement users. The supplement users tended to be older, non-
Hispanic white, and more educated. Supplement users were also less likely to be obese and
more likely to be physically active. Only 24% of the supplement users were obese (body
mass index [BMI] greater than 30 kg/m?) compared to 36% of the non-supplement users.
More supplement users reported greater than 540 MET/min/week than non-supplement
users, 57% and 40%, respectively. Although smoking rates are low in this sample, non-
supplement users were more likely to be a current smoker. Supplement users were more
likely to be currently using anti-estrogen therapy and have less time since their diagnosis,
but there were no other group differences in the types of cancer treatments the women had
received prior to the study.

Patterns of micronutrient intake—Mean micronutrient intakes from both food and
supplement sources are reported for nonusers and users of supplements in Table 2. These
data show no evidence that this cohort of breast cancer survivors exceeded the upper intake
levels (i.e., safe levels) through either solely food intake or food and supplements in
combination. Among 11 vitamins examined, the average food intakes of retinol, folate, and
vitamin E were below the RDA. Supplement users obtained nearly adequate intakes of folate
and vitamin E from supplements and foods combined. It is notable that for vitamin E only,
the amount obtained from supplements greatly exceeded that obtained from foods. Food
intakes of vitamin D, on average, were below the adequate intake level but supplementation
increased the mean level above the adequate intake. Among 7 minerals examined, only
calcium and magnesium intakes from foods were below the RDA/AI. However, supplement
users obtained nearly adequate amounts of these minerals from food and supplements
combined. In addition, among the supplement users who specifically took these minerals,
the majority reached an adequate intake for their age and gender.
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Adequate intakes—As shown in Figure 1, we stratified by supplement use and reported
the percentages of women who had reached the reported adequate intakes through food
sources or in combination with supplements per micronutrient. For vitamin intakes, the
percentage of supplement users who reached adequate micronutrient levels was greater than
that of the non-supplement users, with the exception of niacin. In the case of niacin, 64% of
supplement users exceeded the upper intake level. The vitamins with the most prominent
differences in intakes between the groups were retinol, folate, vitamin E and vitamin D. As
depicted in Figure 1, mineral intake differences were primarily seen in calcium, copper and
zinc. For these minerals, the use of supplements made it more likely that the intake reached
an adequate level. It should be noted that less than 10% of the women were consuming an
adequate amount of magnesium, which could be due to the narrow range for adequate
consumption (320 mg/d to 350 mg/d). The majority of the supplement users (65 %)
exceeded the upper limit for magnesium and the majority of the non-supplement users were
below the RDA level (73 %). Overall, a greater percentage of supplement users consumed
an adequate amount of each micronutrient compared to nonusers of supplements.

All-Cause Mortality—As shown in Table 3, micronutrient intakes that were below the
RDA were not significantly associated with all-cause mortality. In the unadjusted regression
model, those women who had vitamin B-12 intakes below the RDA had a reduced risk of
mortality. Low vitamin B-12 intake may be an indicator of consuming less animal products,
but this could have been a chance finding given that the effect was no longer significant
after adjusting the model for the covariates. Results of the sensitivity analysis suggested that
lowering the value to two-thirds of the RDA value did not change the findings or
conclusions of this study.

Micronutrient intakes above the UL were not significantly associated with a higher risk of
mortality. Intakes of folate, iron and selenium that were above the UL had an elevated
hazard ratio but these estimates were not statistically different from the reference group
(adequate intake).

DISCUSSION

We examined the micronutrient intakes of breast cancer survivors enrolled in the WHEL
Study and found that dietary supplements contributed a substantial portion of the total intake
for most micronutrients that were examined among those women who reported using them.
The mean intake was higher in supplement users as compared to non-users for nearly every
micronutrient. For such micronutrients as retinol, folate, vitamin D, and vitamin E; dietary
supplement use contributed a significant proportion of the total intake. Our findings
corroborate earlier findings that dietary supplements can improve dietary quality for certain
micronutrients. One study reported that over half of the participants reported micronutrient
intakes below the RDA level from food alone, but after accounting for supplements, less
than 17% were classified as having micronutrient inadequacies (25). In addition, Burnett-
Hartman (26) found that supplement use, either in the form of multivitamins or single-
micronutrient supplements, was observed to be associated with adequate intakes of minerals.
Additionally, vitamin E and folate are among the micronutrients for which intakes were
commonly increased through supplement use in our study and in early studies (25). Overall,
the previous studies in addition to the present analysis have indicated that supplement users
are more likely than non-users to have adequate intakes of micronutrients.

We examined whether micronutrient intake was associated with all-cause mortality and
found that for most micronutrients examined in this study, there was not a statistically
significant association. Although our analytic approach differed, our findings were in
accordance with the previous studies (10-12). Others have typically used the group with the
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lowest intake as the reference group and examined the risk according to increases in
micronutrient intakes, while we have defined our reference group as those who have intakes
between the levels of the RDA and UL and compared the risk for mortality to those with
levels below the RDA. We found that those with micronutrient intakes below the RDA had
an equivalent risk for mortality as those above the RDA. In the unadjusted regression model,
those women who had vitamin B-12 intakes below the RDA had a reduced risk of all-cause
mortality; however, the effect was no longer statistically significant after controlling for the
covariates. Low vitamin B-12 intakes may be a reflection of a diet that consists of more
plant-based foods and fewer animal products. Dietary recommendations for the prevention
of chronic diseases include avoiding red meat and whole-fat dairy product, both of which are
sources of vitamin B-12. Prudent dietary patterns, such as this, have been shown previously
to reduce the risk of all-cause mortality among breast cancer survivors (27).

Although the term ‘mega-dose’ does not have a standardized or accepted definition, some
investigators have hypothesized that a very high intake (mega-dose) of certain
micronutrients could improve overall survival of cancer patients (28-29). The proposed
mechanisms are uncertain but micronutrients which are known to have antioxidant
properties (such as vitamins C and E, beta carotene, selenium, and zinc) may reduce the free
radicals in the body and lower chronic disease risk (30-31). For the purpose of comparison,
we evaluated the group who has exceeded the upper limit for these micronutrients and did
not find any evidence to support this hypothesis. Those who exceeded the upper limit did
not have any lower risk of death than those with adequate micronutrient intakes. Further
studies are needed to examine the question of whether high intakes of micronutrients could
benefit or harm breast cancer patients. Previous studies have shown mixed results (32—-34)
and this was study was not specifically designed for answering the question regarding the
effect of excessive or mega-dose intakes.

Certain limitations of this study need to be acknowledged. The participants of the present
study are not a representative sample of women with a breast cancer diagnosis since they
have previously agreed to participate in a dietary intervention. These women reported
healthier dietary patterns than the general population, such as a higher fruit and vegetable
intake and lower fat intake. Changes in dietary patterns following diagnosis, which included
dietary supplements, may limit the representation of those with micronutrient inadequacies
and therefore limit our ability to show their impact on survival. Further, the micronutrient
intakes are based on self-reported data, using methodologies with well-known limitations for
accuracy.

Given that the WHEL study had a large sample and a long follow-up period; the study had
adequate power to address the research question. The study had extensive dietary data as
well as data for the relevant covariates such as tumor characteristics and treatment
modalities, which were collected using quantifiable and validated measures. This study
addressed the impact of dietary adequacy, using the dietary reference intakes, instead of
categorizing the micronutrient intake according to quintiles. Because the large variance in
micronutrient exposure across studies, reporting supplement use in a binary fashion or by
quintile makes comparisons of results across studies more challenging. Should future studies
use the dietary reference intakes as a standard method of describing exposures, then
researchers could synthesize study results more easily and clinicians could provide more
precise nutritional guidance to cancer patients. In conclusion, more supplement users had
adequate micronutrient intakes than non-users of supplements; however, micronutrient
intakes, from food and supplements, were not significantly associated with all-cause
mortality in this cohort of breast cancer survivors.
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Figure 1.
Percentages of women who reported adequate intake (Al) levels for each micronutrient

through food sources or in combination with supplements.
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Table 1

Sample characteristics of a cohort of breast cancer survivors enrolled in the WHEL study.

Nonusers of Supplements

Users of Supplements

F-test or Chi-square

Sample Size (n)

Age (mean (SD))

Ethnicity (% non-Hispanic White)

Education (% College & Beyond)

% Obese (BMI > 30 kg/m2)

% Adequate Physical Activity

% Current Smokers

Years since Diagnosis (mean (SD))

Stage at Diagnosis |
1A
11B
A
1c

% Chemotherapy

% Radiation

% Lumpectomy

Anti-estrogen Use (% current)

n=556
50.6 (9.31)
79.9
50.4
36
39.4
7.1
2.1 (1.09)

39.5
315
13.2
12.1
3.7

73.1
61.4
52.7
53.6

n=2525

53.8 (8.79)
86.5
55.0
23.6
56.9
3.9

1.9 (1.02)
38.4
33.6
12.3
12.1
3.7
69.3
61.6

52.1
62.8

59.18™"
16.19™*
4.08"
43.98"
53.9""
10.33™*
553"

1.05

3.2
0.01
0.05

16.417"

¥ ..o
Significance values are as follows:

*
p <.05,

F%k

p<.01,

Fok

*
p <.001
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Table 3

Adjusted 2 hazard ratios (HR) of all-cause mortality in relation to daily micronutrient intakes from food and
supplements in a cohort of US breast cancer survivors followed for a median 9.0 years.

All-Cause Mortality b n=2939; Events =388 HR (95 % CI)

Micronutrients Below RDA Above UL
Retinol (RE) 1.05 (.86, 1.30) 0.9 (.61, 1.48)
Thiamin (mg) 0.9 (.59, 1.49) na
Riboflavin (mg) 1.1(.70,1.81) na
Niacin (mg) 0.8 (.52, 1.51) 1.02 (.83, 1.26)
Vitamin B6 (mg) 1.02 (.74, 1.42) 0.9 (.63, 1.53)
Folate (mcg) 1.1 (.88, 1.36) 1.3 (.89, 1.78)
Vitamin B12 (mcg) 0.7 (.50, 1.05) na
Vitamin C (mg) 1.3(.93,1.92) 1.1 (.79, 1.60)
Vitamin E (alpha-Toc eq) 0.9 (.77, 1.25) 1.6 (.73,3.71)
Vitamin D (mcg) 0.9 (.79, 1.18) 0.9 (.13, 7.11)
Vitamin K (mcg) 1.06 (.86, 1.31) na
Minerals

Calcium (mg) 0.9(.74,1.12) 1.1(.68, 1.71)
Copper (mg) 1.06 (.86, 1.30) na

Iron (mg) 1.6 (.91, 2.90) 1.3(.93,1.97)
Magnesium (mg) 1.02 (.68, 1.53) 1.03 (.69, 1.53)
Phosphorus (mg) 1.04 (.64, 1.67) na
Selenium (mcg) 1.2 (.55, 2.50) 1.5(.78, 2.96)
Zinc (mg) 1.1 (.83, 1.45) 1.00 (.68, 1.48)

a . . - . . . . . .
Cox regression models were adjusted for age at randomization, tumor stage, tumor grade, time since diagnosis, body mass index, smoking,
randomization group, hot flashes, group by hot flash interaction and physical health.

Reference group for each survival analysis includes those with ‘adequate’ micronutrient intake, which is set between the recommended dietary
intake and the upper limit for each micronutrient.
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