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The Use of Complementary and Alternative Medicine among Breast Cancer 
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Professor John P. Pierce, Chair 

 
The dissertation contains three research papers which examined the following 

issues in breast cancer survivors (a) the primary methodological issue among the studies 

addressing the use of complementary and alternative medicine (CAM),which has been to 

establish criteria for a meaningful definition of a CAM user, (b) the impact on breast 

cancer prognosis for those women who used CAM therapies as an alternative to 

undergoing conventional systemic treatments, which have been recommended to them 

and (c) the use of dietary supplements, which is the most commonly used form of CAM 

and potentially the most likely to interfere with cancer treatment. 

xiv 
 



All three papers were secondary data analyses, using the dataset from the WHEL 

study, which assessed 3088 women at study enrollment. During the follow-up period, 

2562 WHEL study participants completed a structured telephone interview that measured 

CAM use, including the modality, the purpose for the use, and the frequency. The CAM 

and dietary supplement use data were the focus of these research papers. 

The study findings have shown that (a) there are important distinctions to be made 

among the different classes of CAM users, (b) complementary and alternative therapies 

should not be used in place of standard treatment for breast cancer patients and (c) dietary 

supplements may improve overall micronutrient intakes but were not associated with all-

cause mortality among this cohort of breast cancer survivors.  
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2 

The theme of this three paper dissertation was the use of complementary and 

alternative medicine (CAM) among breast cancer survivors. The studies were a 

secondary data analysis conducted on data that was collected in the Women’s Healthy 

Eating and Living (WHEL) Study. The WHEL study was a dietary trial, which examined 

the impact of an intervention that increased the daily intake of fruits and vegetables. 

Since the trial did not affect prognosis, the trial participants were treated as a cohort of 

breast cancer survivors in the following analyses. Each of the papers relates to the theme 

in the following ways: 

Study 1: Classification of CAM use and its correlates in early stage breast cancer 

patients. 

Relevance to theme: This study addressed the primary methodological issue among the 

CAM studies,which has been to establish criteria for a meaningful definition of a CAM 

user. 

Aims: 

1. To calculate the prevalence of CAM use according to a new classification system. 

2. To examine any differences in demographic, lifestyle and cancer characteristics 

across the classes of CAM users. 

3. To determine whether breast cancer survivors with low quality of life were more 

likely to use CAM therapies and whether the use of CAM therapies was 

associated with improvements in quality of life. 

Study 2: Prognosis following the use of complementary and alternative medicine in 

women with node positive or hormone receptor positive breast cancer.               

Relevance to the theme: This study tested the impact on breast cancer prognosis for 
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those women who used CAM therapies as an alternative to undergoing conventional 

systemic treatments, which have been recommended to them. 

Aims: 

1. To examine the prevalence of the use of CAM modalities and dietary supplements 

in a sub-group of women who had either a node positive or hormone receptor 

positive cancer. 

2. To investigate whether CAM use, including dietary supplements, was associated 

with the risk for additional breast cancer events among women had node positive 

or hormone receptor positive cancer who did not receive any systemic cancer 

therapies. 

Study 3: Dietary intake, supplement use, and survival among women diagnosed with 

early stage breast cancer. 

Relevance to the theme: This study addressed the use of dietary supplements, which is 

the most commonly used form of CAM and potentially the most likely to interfere with 

cancer treatment. 

Aims:  

1. To evaluate the micronutrient contribution of dietary supplements to the total 

daily intake for breast cancer survivors. 

2. To determine how well the dietary intakes of breast cancer survivors compared to 

national guidelines:  recommended dietary allowance (RDA), adequate intake 

(AI) and tolerable upper limit (UL).   

3. To evaluate whether the micronutrient intakes either below the RDA or above the 

UL, as defined per micronutrient, were associated with all-cause mortality.



 
 

 

 

 

 

 

 

 

 

 

 

Research Paper I: Classification of CAM use and its correlates in early stage breast 

cancer patients 
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Abstract 

Background: Self-reported use of Complementary and Alternative Medicine 

(CAM) has been shown to increase following a breast cancer diagnosis. The estimates of 

CAM use have varied widely, in part, because the criteria for being a CAM user differed 

across studies. The study objective was to examine the classification of CAM use and the 

characteristics of CAM users. 

Subjects and Methods: Participants were 2562 breast cancer survivors 

participating in the Women’s Healthy Eating and Living (WHEL) Study, aged 28-74 

years. A structured telephone interview assessed CAM use, including the modality, the 

purpose for the use, and the frequency.  

 Results: Approximately 80% of the women used CAM for general purposes but 

only 50% reported CAM use for cancer purposes. Visual imagery, spiritual healing, and 

meditation were the most frequently used practices for cancer purposes. CAM use, 

defined as consulting a CAM practitioner and regular use, was significantly related to 

younger age, higher education, increased fruit & vegetable intake, and lower body mass 

index (p < .05). CAM users, who had seen a practitioner, were also more likely to report 

poor physical and mental health than non-CAM users (p < .05). CAM use was not 

associated with the changes in physical and mental health between the baseline and year 

1 assessment. 

Conclusion: There are important differences in the definition of CAM use among 

breast cancer survivors that have been addressed in this study. Future studies need to 

further test the potential benefits and risks associated with each class of CAM use. 
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Introduction 

Although, the National Center for Complementary and Alternative Medicine 

(NCCAM), has addressed the definition of CAM, which currently stands as a group of 

diverse medical systems, practices, and products that are not presently considered to be 

part of conventional medicine (NCCAM, 2000); the challenge to reduce the 

inconsistencies in methodology across research studies has remained. The majority of the 

literature has examined CAM use broadly, simply categorizing breast cancer patients as 

CAM users or nonusers (1-6). This binary classification lacks the specificity necessary to 

inform either future research or clinical practice (7). This is reflected in the wide range of 

estimates given for the prevalence of self-reported CAM use among breast cancer 

patients (16.5% to 84.0%) (1, 8). By using a blunt measure of CAM use, many studies 

have not accounted for variation among CAM users in the purpose of use (cancer versus 

general purposes), the frequency or duration of use, or the method of administration (self 

versus practitioner). Further, studies have shown that correlates of CAM use differ when 

CAM use is defined in a binary fashion versus other methods. The binary method showed 

that CAM users are younger, female, and better educated than nonusers (9-12). However, 

studies that have examined CAM practices in more detail have revealed finer distinctions 

among CAM users (8, 13). For example, Buettner et al. (13) found that the significant 

correlates varied by the CAM modality, and that younger age was the only consistent 

correlate. It has also been suggested that the predictors of CAM use for cancer purposes 

may be different than those for general CAM use (8).  

A recent study has proposed a classification system to characterize CAM use, 

which takes into account the modality, whether a CAM practitioner had been consulted 
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and the frequency of the consultation (14). This system has the potential to be a more 

valid measurement tool for future CAM studies because it addresses the divergent 

definitions of CAM and simultaneously allows for cultural differences, which will make 

studies comparable across cultures. Further, the model distinguishes between patients 

who only have used self-help CAM modalities or just a casual visit and those patients 

who have employed a comprehensive course of CAM treatments involving a CAM 

practitioner. 

The present study was based on the dataset collected in the Women’s Healthy 

Eating and Living (WHEL) Study (15). The specific aims of the present study were 1) To 

calculate the prevalence of CAM use according to the new classification system, 2) To 

examine any differences in demographic, lifestyle and cancer characteristics among 

CAM users and 3) To determine whether breast cancer survivors with low quality of life 

were more likely to use CAM therapies and whether the use of CAM therapies was 

associated with improvements in quality of life. 

Methods 

Participants 

This project was part of a large multi-site clinical trial investigating the efficacy of 

diet 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 

(16). Major eligibility criteria included diagnosis within the past 4 years of primary 

operable invasive stage I (≥ 1 cm), II, or IIIA breast carcinoma (American Joint 
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Committee on Cancer, AJCC 4th edition); 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 that is  high 

in vegetables (including vegetable juice), fruit, and fiber and low in fat; however, the 

intervention did not address the use of complementary and alternative medicine such as 

dietary supplements (neither encouraged nor restricted) (15). The present analyses 

included WHEL participants who completed the complementary and alternative medicine 

assessment (n=2562). 

Measures  

The CAM assessment was administered over the telephone between January 2003 

and May 2004. The assessment followed the NCCAM domain structure, listing 17 

popular CAM practices (Table 1), and an opportunity for participants to list CAM 

practices not included in the list.  Interviewers asked whether each CAM practice had 

ever been used. A positive response elicited these follow-up questions: purpose for use 

(cancer versus non-cancer); when it was used (during or after cancer therapy); the 

frequency of use (occasional versus regular); whether they consulted a CAM practitioner; 

and whether they discussed CAM use with a physician. 

 Our CAM assessment excluded the NCCAM domain of biologically-based 

therapy (special diets, dietary supplement use) because half of the participants were 

following a special diet as designated by their participation in the WHEL intervention, 

and dietary supplement use was already being examined in detail separately in the WHEL 

Study. Hence, the analyses will only include the modalities included in four CAM 
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domains (alternative medical systems, mind-body medicine, body-based medicine and 

energy medicine).  

Demographic and medical information was self-reported by participants at study 

enrollment. Medical information was confirmed by reviewing the patient’s medical 

record. Body mass index (BMI, weight[kg]/height[m2]) was computed based on 

measurements of height and weight. At baseline, participants completed a “Personal 

Habits” questionnaire, developed for the Women’s Health Initiative Study(17) that 

included items assessing lifetime smoking history and current level of physical activity. 

The frequency, duration and intensity of physical activity were converted into metabolic 

equivalents (METs). Total energy expenditure was obtained by weighting time spent per 

week by METs: mild activity was weighted 3 METs, moderate was weighted 5 METs 

and vigorous activity was weighted 8 METs. Walking was weighted 2 to 6 METs 

according to intensity. As per Holmes (18), we chose 540 MET-min/wk as the 

recommended level of physical activity for breast cancer survivors, (19). 

At baseline, subjects were asked to complete a self-administered questionnaire 

regarding whether they were currently being treated for a wide variety of diseases and 

conditions (co-morbidities).  These diseases/conditions were selected based on 

prevalence in this population and their potential to predict outcomes in breast cancer 

survivors.  The specific diseases were combined into general systems (such as 

cardiovascular disease) to avoid the potential for double counting and to limit the 

problem of small sample sizes. The categories included the following: 

• Diabetic conditions: any hypoglycemia, prediabetic/diabetes requiring 

insulin, and diabetes not requiring insulin. 
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• Cardiovascular conditions: any high cholesterol requiring pills, high blood 

pressure, angina, peripheral arterial disease, or other heart related 

problems. 

• Digestive conditions: any stomach or duodenal ulcer, diverticulitis, 

ulcerative colitis, Crohn’s disease, pancreatitis, intestinal or polyp 

removal, irritable bowel syndrome, or malabsorption syndrome. 

• Arthritis 

• Osteoporosis   

Quality of Life. Participants completed a series of questionnaires at baseline and 

year 1, which included an SF-36 measurement of quality of life. This analysis used the 

two primary subscales of the SF-36: physical health (PH) and mental health (MH). The 

physical health summary score is composed of the indicators for physical functioning, 

general health, bodily pain, and role limitations due to physical problems; while mental 

health consisted of the mental health index, role limitations due to emotional problems, 

social functioning, and vitality. The score for each scale ranges from 0 to 100 (higher 

score, better health). Previously, WHEL participants in the lower two quintiles of 

physical health have been shown to have a worse prognosis than those in the upper three 

quintiles (20). For this analysis, those women in the lowest two quintiles for PH and MH 

were categorized as low. 

Analytic Methods 

Descriptive statistics were calculated for all demographic characteristics as well 

as lifestyle and treatment variables. Participants were evaluated according to whether 

they had ever used any type of CAM and whether that use had been for cancer (cancer 
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and/or treatment side effects) or non-cancer purposes. Among the modalities used for 

cancer, we further investigated the frequency of the CAM use. Participants were then 

characterized based on their pattern of use, which included the modality, the frequency of 

use and whether a CAM practitioner had been consulted. This categorization, which 

resulted in five classes of CAM use, was completed for the 1265 women who had 

reported using CAM therapies for cancer purposes. One-way ANOVAs and chi-square 

tests were used to examine the differences on demographic characteristics as well as 

health behaviors, treatment variables, and health status. Finally, chi-square tests and 

linear regressions were used to examine whether CAM use was associated with the 

changes (either categorical (low versus high) or mean score differences) in physical and 

mental health between the baseline and year 1 assessment.  

Results 

Participant characteristics of CAM survey respondents (n=2562) included the 

following. Participants had a mean age at baseline of 53 years, and the majority was 

white and had health insurance. Over half were college graduates and 70% were married. 

Slightly over half the sample had Stage II breast cancer at diagnosis and 70% reported 

having had chemotherapy. With regards to the health behaviors, the participants reported 

an average intake of 3 vegetable servings and 2.5 fruit servings per day, 53% had more 

than 540 METs of physical activity per week and only 4% of the sample was a current 

smoker.  The average body mass index (BMI) was 27.1 (sd=6.07), and 30% of the sample 

were obese. (Data not shown in tables). 

When we examined having ever used any CAM modalities, 80% of the 

participants reported use of at least one therapy with an average of 3.3 types of therapies. 
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Of these, 83% reported using mind-body interventions (e.g., meditation, yoga, spiritual 

healing) and 69% reported using body-based methods (e.g., chiropractic, massage). 

Thirty-nine percent reported having used a whole medical system (e.g., homeopathic 

medicine, acupuncture) and 24.2% had used an energy-based therapy (e.g., Reiki).  

Table 1 shows the distribution of CAM use for each modality and the purpose for 

the use. Massage therapy, meditation/relaxation and yoga were the most prevalent 

modalities overall; however, visual imagery, spiritual healing, and meditation were the 

most reported practices for cancer purposes. Of those who reported use of these three 

practices, most were using them for cancer purposes: 79.0% of visual imagery users, 

73.2% of spiritual healing users, and 58.7% of meditation users. On the other hand, 

massage therapy and chiropractic were the most commonly reported CAM practices for 

non-cancer purposes.   

Further examination of those women who used CAM for cancer purposes showed 

that the majority of CAM users had used it regularly (Table 2). For each of the CAM 

therapies, regular users accounted for at least 50% of the users with few exceptions. For 

example, one-third of the reiki users were regular users with the other two-thirds being 

occasional users and experimenters. Additionally, the percentage of regular users was 

highest among those who reported the use of spiritual healing, naturopathic medicine and 

chanting/music therapy. 

Among those who reported at least one type of CAM use for cancer, we found 

five different classes of users (Figure 1). Of these 1265 participants, 56.8% reported 

themselves to be regular users who consulted a CAM practitioner, 10.7% reported 

occasional users who consulted a CAM practitioner, and 17.1% reported use on either an 
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occasional or regular basis without a practitioner consultation. Those who had only 

experimented with CAM therapies (5.9%) or had only used spiritual healing/prayer 

(9.6%) accounted for rest of the sample. For the following comparisons, we combined the 

CAM users who had not seen a practitioner into one category. 

  As shown in table 3, we compared three groups of CAM users to non-CAM users 

on demographic characteristics, health behaviors, tumor and treatment characteristics and 

health status (Table 3). We found that CAM users differed significantly from non-CAM 

users; all three groups of CAM users had a lower mean age than that of the non-users. 

Further, CAM users were more likely to be white and have a college education and less 

likely to be obese. CAM use was also related to a greater consumption of fruits and 

vegetable and more physical activity. Additionally, non-CAM users were more likely to 

have a co-morbid condition (such as arthritis and cardiovascular diseases) than CAM 

users. Further comparisons were made among the groups of CAM users and we found the 

same trends in the covariates. Regular CAM users who had consulted a practitioner were 

more likely to be younger, white, have higher education, have a lower BMI and have 

fewer co-morbid conditions than the other CAM users(p-trends < .05). However, CAM 

use was not related to any cancer characteristics such as tumor stage, tumor grade, or 

receptor status. No significant differences were observed across the groups of CAM use 

for surgery, chemotherapy or radiation treatment. 

CAM use was significantly related to participants’ baseline physical and mental 

health score.  The proportion of the sample with low physical and mental health was 

higher among CAM users, who consulted a CAM practitioner, than non-users of CAM.   

For each group, we examined the participants who had low PH and MH scores at 
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baseline. The percentage of participants who reported improvements in PH and MH at the 

year 1 follow-up did not differ significantly between any of the CAM users and the non-

CAM users. (Table 4). Approximately, one-third of each group (users and non-users of 

CAM) went from having a low physical/mental health score at baseline to an adequate 

physical/mental health score at year 1.   Although the mean score changes for physical 

and mental health were higher among the CAM users (mean (sd) PH=0.9 (14.3), MH= 

0.5 (14.7)) than among the non-CAM users (mean (sd) PH=0.2 (12.8), MH= -0.6 (13.7)), 

the changes were not statistically different between these two groups.  

Discussion 

There are important differences in the categorization of CAM use among breast 

cancer survivors that have been addressed in this study. By applying the new 

classification criteria for CAM use, we found that the prevalence of self-reported CAM 

use varied according to the definition that was chosen. When we considered having ever 

used any CAM modalities, approximately 80% of the sample reported CAM use. The 

prevalence estimate dropped to only 50% when CAM use was restricted to cancer 

purposes. Among CAM users for cancer purposes, we also found variation when 

frequency and consultation with a CAM practitioner was considered. The final estimate 

of CAM use was 28%, which included women who used at least one CAM modality with 

regularity and consulted a CAM practitioner. This wide variation is comparable to the 

findings of the Norwegian study of cancer survivors, which originally reported the model 

of classification (14). They found that the reported use of CAM varied from 72% at CAM 

level 5 (any use including prayer) to 11% at CAM level 1 (seen a CAM practitioner more 

than four times). Additionally, that study compared estimates across studies and found 
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that the definition of CAM was directly correlated with the prevalence. When the CAM 

definition was more inclusive, then the estimate of prevalence was higher (8, 21-25). Not 

only do the definitions of CAM use influence estimates of prevalence but they also 

impact the reported characteristics of CAM users and their differences from non-CAM 

users (10). 

  After categorizing the participants according to CAM, we examined the 

characteristics associated with each class of CAM users. Not only did we find that CAM 

users differed significantly from non-CAM users on demographic characteristics, health 

behaviors and health status, we also found significant differences among the classes of 

CAM users. Those women who had seen a practitioner and used CAM regularly were the 

youngest; the most highly educated and had the lowest BMI. This group also engaged in 

other health behaviors to a higher degree. They reported nearly six servings of fruit and 

vegetable servings per day (on average) and the majority of them had adequate daily 

physical activity.  Other studies have shown age and education to be consistently related 

to CAM use (10, 24, 26) but few have examined health behaviors such as diet and 

physical activity. We also showed that CAM use was associated with having a co-morbid 

condition. CAM users who had seen a practitioner and used CAM regularly had lower 

levels of cardiovascular diseases and arthritis. Previous studies have not examined co-

morbid conditions with CAM use so it is unknown whether there is any causal 

relationship between the two factors (27).  

CAM users who had consulted a practitioner (class 1 & 2) reported worse 

physical and mental health than CAM users who had not seen a practitioner and non-

users at baseline. Since the reported reasons for using CAM are associated with quality of 
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life; this finding is plausible in the context of breast cancer. Reasons for CAM use have 

included the following: to strengthen their immune system, reduce pain and fatigue, to 

alleviate treatment side-effects, and have a direct anti-cancer effect (12, 25). Further, the 

investigation of changes in physical and mental health between baseline and year 1 

indicated that CAM users had improvements in quality of life but the magnitude of those 

changes was not enough to show statistical differences among the groups. However, our 

findings should be interpreted with caution since this study was not designed to test the 

efficacy of CAM modalities. Earlier studies that have tested CAM efficacy have shown a 

positive effect on quality of life for CAM users (28-32). It is important to note that CAM 

use was defined differently in our study compared to others, which could account for the 

variation in findings.  

The proposed study has limitations that should be considered; the WHEL study 

participants may not be representative of all breast cancer survivors. They are 

predominantly white and highly educated, which could have inflated the estimates of 

CAM use. Also, not all of the women enrolled in the WHEL study, participated in the 

CAM survey since it was administered during the follow-up period. This could have 

introduced some recall bias as well as sampling bias given that some of the correlates of 

early recurrence are also associated with CAM use. Additionally, our analysis of quality 

of life was exploratory given that we have not established temporality. In contrast this 

study had several strengths, such as a large sample size and adequate CAM data in order 

to adopt the previously reported classification system. This study examined 

characteristics among different types of CAM users that have not been examined 

previously in breast cancer survivors. 
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CAM is not a homogenous field; rather, it is a categorical term that covers a broad 

range of more than 100 healing philosophies, approaches, and therapeutic modalities that 

allopathic medicine does not commonly accept, use, or make available. But as CAM 

becomes increasingly popular among breast cancer patients, it is critical to address the 

potential benefits and risks associated with its use (33). The classification system for 

CAM users employed in this study has important implications for practitioners and 

researchers. Physicians could better ensure patient safety if they were aware of the CAM 

use among patients and any potential interactions it might have with conventional 

treatment (34). For researchers, this system for classification could provide a reliable way 

to compare CAM use among studies and across various populations. Future research 

should consider adopting this system in order to more accurately assess use and therefore, 

test CAM effectiveness on breast cancer outcomes. 
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Table 1.1. Prevalence of self-reported CAM use for both cancer and non-cancer purposes 

among a cohort of 2562 breast cancer survivors enrolled in the WHEL study. 

    Ever Used CAM Purpose of Use 

CAM Types 
% Users 
 (n=2047) 

Cancer a 
(n=1265) 

Non-Cancer 
(n=782) 

Alternative Medicine 
System     

 Acupuncture 21.4 (549) 36.6 (201) 63.4 (348) 

 Homeopathic Medicine 13.1 (336) 36.3 (122) 63.7 (214) 

 Naturopathic Medicine 10.1 (258) 58.5 (151) 41.5 (107) 

Mind-Body Medicine    

 Biofeedback 8.8 (225) 23.1 (52) 76.9 (173) 

 Visual Imagery 30.1 (772) 79.0 (610) 21.0 (162) 

 Meditation/Relaxation 41.6 (1066) 58.7 (626) 41.3 (440) 

 Yoga 33.9 (868) 29.8 (259) 70.2 (609) 

 Chanting/Music Therapy 13.5 (347) 58.5 (203) 41.5 (144) 

 Spiritual Healing 31.3 (801) 73.2 (586) 26.8 (215) 

 Qigong/Tai chi 14.1  (362) 28.7 (104) 71.3 (258) 

Body-based Medicine    

 Chiropractic Medicine 31.5 (806) 8.3 (67) 91.7 (739) 

 Massage Therapy 43.2 (1108) 30.0 (332) 70.0 (776) 

Energy Medicine    

 Crystals 2.5 (65) 35.4 (23) 64.6 (42) 

 Magnets 8.1 (207) 16.4 (34) 83.6 (173) 

 Reiki 8.5 (219) 51.6 (113) 48.4 (106) 

  Therapeutic Touch 6.8 (173) 59.5 (103) 40.5 (70) 
 

a Cancer purposes included for cancer specifically, treatment side-effects or both.
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Table 1.2. Frequency of self-reported CAM use for cancer purposes among a cohort of 

1265 breast cancer survivors enrolled in the WHEL study. 

      Frequency of CAM Use for Cancer Purposes 

CAM Types n=1265 
Only 

Experimented Occasional Regular 
Alternative Medicine 
System      

 Acupuncture 201 14.9% 13.9% 71.1% 

 
Homeopathic 
Medicine 122 13.1% 14.8% 69.7% 

 
Naturopathic 
Medicine 151 15.2% 11.3% 73.5% 

Mind-Body Medicine     

 Biofeedback 52 11.5% 38.5% 50.0% 

 Visual Imagery 610 7.5% 23.1% 67.7% 

 Meditation/Relaxation 626 5.1% 23.0% 71.9% 

 Yoga 259 14.7% 23.9% 61.4% 

 
Chanting/Music 
Therapy 203 8.9% 18.2% 72.9% 

 Spiritual Healing 586 3.8% 10.2% 86.0% 

 Qigong/Tai chi 104 21.2% 29.8% 49.0% 

Body-based Medicine     

 Chiropractic Medicine 67 10.4% 17.9% 71.6% 

 Massage Therapy 332 8.7% 30.1% 61.1% 

Energy Medicine     

 Crystals 23 13.0% 26.1% 60.9% 

 Magnets 34 2.9% 20.6% 76.5% 

 Reiki 113 31.0% 33.6% 35.4% 

  Therapeutic Touch 103 18.4% 36.9% 44.7% 
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CAM Use for Cancer
CAM 5, 
9.6%

CAM 3, 
17.1%

CAM 2, 
10.7%

CAM 1, 
56.8%

CAM 4, 
5.9%

CAM 1: CAM practitioner & regular use 
CAM 2: CAM practitioner & occasional use 
CAM 3: CAM user without a practitioner 
CAM 4: Experimented only 
CAM 5: Prayer/Spiritual Healing only 

 

 

Figure 1.1. Percentages according to each class of CAM users in a cohort of breast 

cancer survivors who reported CAM use for cancer purposes and were enrolled in the 

WHEL study (n=1265). 

 

 



 

Table 1.3. Comparison of sample characteristics according to CAM use in a cohort of breast cancer survivors enrolled in the  
 
WHEL study (n=1780). 
 

  No CAM use 

CAM without 
consultation of a 

practitioner   
(class 3-5) 

CAM with a 
practitioner 

& Occasional 
Use 

(class 2) 

CAM with a 
practitioner & 
Regular Use 

(class 1) p-value 
Sample Size (n) 515 412 135 718   
Demography      
Age (mean (SD)) 54.1 (9.33) 52.8 (8.8) 52.7 (8.13) 51.3 (8.15) 0.001
Ethnicity  (% non-Hispanic White) 78.4 85.9 89.6 88 0.001
Education (% College & Beyond) 48.7 54.9 60 64.8 0.001
% Obese (BMI > 30 kg/m2) 31.1 23.1 23.7 18.2 0.001
      
Health Behaviors      
Fruit/Vegetables (servings/day) 4.9 (2.85) 5.3 (2.77) 5.8 (2.97) 5.7 (2.77) 0.001
% Adequate Physical Activity  44.4 54 55.9 63.6 0.001
% Current Smokers 3.9 3.2 2.2 4.1 0.68
      
Health Status      
Co-morbid Conditions (% with 1 or more) 46.7 44.1 39.2 38.3 0.05
      Diabetic Conditions 3.9 7.1 4.3 4 0.16
      Cardiovascular Diseases 25.6 23.7 18.9 18.7 0.05
      Digestive Diseases 8.2 9.7 10.9 9.5 0.81
      Arthritis 23.2 18.1 22.6 14.7 0.01
      Osteoporosis 7 5.7 6.6 7.4 0.82

22
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Table 1.4. Comparisons of baseline physical and mental health scores and comparisons of changes in physical and mental health 

from baseline to year 1 follow-up according to CAM use in a cohort of breast cancer survivors enrolled in the WHEL study 

(n=1780). 

 

    

Baseline 
Physical 
Health  Year 1 Physical health  

Baseline 
Mental 
Health Year 1 Mental health 

    
% Low 

(n) % (n)  
% Low 

(n) % (n) 
  Sample Size (n) a   No Change Improved    No Change Improved

No CAM use 410 31.2 (128) 60.2 (77) 39.8 (51)  32.0 (131) 57.3 (75) 42.7 (56) 
 
CAM without consultation 
of a practitioner (class 3-5) 354 36.2 (128) 66.4 (85) 33.6 (43)  37.2 (132) 54.5 (72) 45.5 (60) 
 
CAM with a practitioner 
& Occasional Use (class 2) 112 42.9 (48) 70.8 (34) 29.2 (14)  44.6 (50) 66.0 (33) 34.0 (17) 
 
CAM with a practitioner 
& Regular Use (class 1) 576 42.3 (243) 62.1 (151) 37.9 (92)  40.6 (234) 61.1 (143) 38.9 (91) 

  
Chi-square p-

value 0.002 0.496  0.024 0.441 
 
a Sample size for each category was reduced due to missing data in the physical and mental health scores.
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Abstract 

Background:  The use of complementary and alternative medicine (CAM) among 

breast cancer patients has increased despite the limited evidence for its efficacy. Certain 

breast cancer patients may have worse prognosis if CAM modalities are used in absence 

of conventional treatment. The purpose of this study was to assess CAM use among 

women with either node or hormone receptor positive breast cancer.  

Methods:  Breast cancer survivors, participating in a randomized dietary trial 

(n=2562) who completed baseline assessments and a CAM use questionnaire, were 

followed for a mean of 7.3 years. Cox regression models were conducted to evaluate the 

use of CAM modalities and dietary supplements on time to an additional breast cancer 

event.  

Results:  The women who did not receive any systemic treatment had a higher 

risk for time to additional breast cancer events compared to those who received systemic 

treatment (HR=1.6, 95% CI: 1.01, 2.47). Among women who did not receive systemic 

treatment, CAM use was not significantly related to additional breast cancer events. 

There was no significant difference between high supplement users ( > 3 formulations per 

day) and low supplement users for additional breast cancer events (HR=1.01, 95% CI: 

.42, 2.42). 

Conclusion:  The risk for an additional breast cancer event was higher for those 

who had a node or hormone receptor positive cancer and did not receive any systemic 

treatments, which the use dietary supplements or CAM therapies did not change. This 
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study indicates that complementary and alternative therapies should not be used in 

place of standard treatment for breast cancer patients.  
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Introduction 

Improvements in breast cancer recurrence and survival have consistently been 

associated with the use of systemic cancer treatments (chemotherapy and anti-estrogen 

therapy) following surgery (1-3). Despite the effectiveness of these treatments, a 

significant proportion of women do not receive them (4, 5). A decision by the patient to 

decline treatment has been one of the primary reasons for the under use of systemic 

treatment (5, 6).  It is plausible that not all patients understand the impact of their 

decisions regarding treatment (5). Patients misunderstanding or lacking information 

regarding the effectiveness of the treatments as well as having fears of the side effects 

have been associated with not pursuing systemic treatments (7, 8). Another potential 

factor is an untested belief that using alternative therapies and/or having a healthy 

lifestyle may protect against a cancer recurrence or death (9-11). 

Approximately 80% of breast cancer patients and survivors use some form of 

complementary and alternative medicine (CAM), which has been defined as a group of 

diverse medical and health care systems, practices, and products that are not presently 

considered to be part of conventional medicine (12). Dietary supplements such as 

vitamins, minerals and herbals remain the most commonly used form of CAM (13, 14). 

Even though several studies have examined the prevalence and patterns of CAM use 

following a breast cancer diagnosis (15-19), few studies have reported the impact on 

breast cancer outcomes (20, 21). To date, the literature has suggested that there is 

insufficient evidence to determine the effect of the CAM therapies on breast cancer 

prognosis (22). One small observational study (n=33) that examined the use of 

biologically-based CAM therapies as a primary treatment for breast cancer found that 
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patients who used only CAM therapies had higher rates of recurrence and death than 

those who used standard treatment (23).  

 Because the use of CAM therapies has been largely studied among breast cancer 

patients who have had conventional treatment, the impact of CAM use among women 

who have not received the standard treatments is unknown. The Women’s Healthy Eating 

and Living (WHEL) study provided the unique opportunity to investigate the potential 

risk or benefits of alternative therapies because of the extensive data collected on CAM 

use, including dietary supplements, as well as a large sample size and a long follow-up 

time period. Since the WHEL dietary intervention did not affect prognosis (24), the trial 

participants were treated as a cohort of breast cancer survivors. The objectives of this 

study were 1) To examine the prevalence of the use of CAM modalities and dietary 

supplements in a sub-group of women who had either a node positive or hormone 

receptor positive cancer and 2) To investigate whether CAM use, including dietary 

supplements, was associated with the risk for additional breast cancer events among 

women had node positive or hormone receptor positive cancer who did not receive any 

systemic cancer therapies. 

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 

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 
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(25). Major eligibility criteria included diagnosis within the past 4 years of primary 

operable invasive stage I (≥ 1 cm), II, or IIIA breast carcinoma (American Joint 

Committee on Cancer, AJCC 4th edition); 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 that is very 

high in vegetables, fruit, and fiber and low in fat; however, the intervention did not 

address the use of complementary and alternative medicine such as dietary supplements 

(neither encouraged nor restricted) (24). The present analyses included WHEL 

participants who completed baseline assessments for medical information (specifically 

treatment) and dietary supplement use as well as a follow-up CAM use questionnaire. 

Measures 

Demographic and medical information was self-reported by participants at study 

enrollment. Medical information, including the types of cancer treatments (type of 

surgery, radiation, chemotherapy, and anti-estrogen therapy) each patient received, was 

confirmed by reviewing the patient’s medical record.  Co-morbid conditions were 

classified in the following categories: 

• Diabetic conditions: any hypoglycemia, prediabetic/diabetes requiring 

insulin, and diabetes not requiring insulin. 

• Cardiovascular conditions: any high cholesterol requiring pills, high blood 

pressure, angina, peripheral arterial disease, or other heart related 

problems. 
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• Digestive conditions: any stomach or duodenal ulcer, diverticulitis, 

ulcerative colitis, Crohn’s disease, pancreatitis, intestinal or polyp 

removal, irritable bowel syndrome, or malabsorption syndrome. 

• Arthritis 

• Osteoporosis   

The complementary and alternative medicine (CAM) assessment was 

administered over the telephone between January 2003 and May 2004. The assessment 

included 17 therapies listed as CAM therapies according to the National Center for 

Complementary and Alternative Medicine (NCCAM, 2000). The therapies included the 

following  

• Whole medical systems: acupuncture, homeopathic medicine, naturopathic 

medicine 

• Mind-body medicine: biofeedback, visual imagery, meditation/relaxation, 

yoga, chanting/music therapy, spiritual healing, qigong/tai chi 

• Body-based medicine: chiropractic medicine & massage therapy 

• Energy medicine: crystals, magnets, reiki, therapeutic touch 

• Biologically-based medicine: dietary supplements 

Interviewers asked whether each CAM practice had ever been used and the 

participant was given the opportunity to list any additional CAM practices that had not 

been included on the list. For this analysis the participants were categorized as either 

having had used at least one CAM therapy for cancer purposes (CAM user) or having 

never used any CAM therapies (CAM non-user). Dietary supplement use was tested 

independently and was not used in defining CAM use. 
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In the WHEL Study, detailed data on dietary supplement use were collected at the 

baseline assessment. During each of the four recalls, participants were asked to name all 

dietary supplements they had ingested during the previous 24 hours and the number of 

tablets or capsules ingested of each.   Supplements were categorized according to 

formulation type such as multivitamin, minerals, and herbal remedies.  Participants’ total 

number of formulation was taken into account, and any participant who used more than 

three formulations per day was categorized as ‘high supplement users’. Detailed 

protocols regarding data collection and the dietary supplement database have been 

described elsewhere (26, 27).  

At baseline, participants completed a “Personal Habits” questionnaire (28), 

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 to the physical activity questions were converted into metabolic equivalent 

tasks (METs) in minutes per week (29) and 540 MET/min/week was determined as the 

threshold for adequate energy expenditure. 

Primary outcomes were time to additional breast cancer events and all-cause 

mortality (time to death).  Time to additional breast cancer events was the time from 

study enrollment (1995-2000) to the development of an additional breast cancer event, 

defined as a recurrence from the original cancer or developing a new breast cancer. 

Follow-up time for breast cancer events was censored at the earliest of the following: 1) 

time of a participants’ non-breast cancer death 2) the last documented staff contact date, 

or 3) study completion (June 2006).  For all-cause mortality, follow-up time was 
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censored at the time of the last document staff contact date or at the study completion 

(June 2006). 

Analytic Methods 

The use of systemic cancer treatments, such as chemotherapy and anti-estrogen 

therapy, were examined in relation to nodal status and receptor status. There were a total 

of 175 participants who had not received either treatment; however 40 of those women 

had tumors that were both node negative and receptor negative and therefore may not 

have been recommended either systemic treatment. All further analyses were restricted to 

women who had a positive node or positive hormone receptor since the current standard 

of care includes systemic cancer treatment. 

Descriptive statistics were computed on all the variables including demographic 

information, health behaviors, and CAM use as well as tumor and treatment 

characteristics. We examined correlates associated with systemic treatment use in order 

to determine differences in participant characteristics between those who had received 

systemic treatment to those who had not received systemic treatment. Cox proportional 

hazard regression was used to determine the unadjusted association between the use of 

systemic treatment and each outcome: time to additional breast cancer event and all-cause 

mortality.  The reference group was those women who received either chemotherapy, 

anti-estrogen therapy or both; while the comparison group included those who had not 

received any systemic treatments. The hazard ratios and associated 95% confidence 

intervals were the measure of association. Additionally, models were adjusted for age, 

tumor stage and time since diagnosis, each of which were related to additional breast 

cancer events and all-cause mortality:   
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Further, Cox proportional hazard regressions were used to determine the impact 

of CAM use in the absence of systemic treatment. Among the ‘no systemic treatment’ 

group (n=135),we tested the association between the use of CAM (non-users vs. users) 

and time to an additional breast cancer event as well as supplement use (low vs. high) and 

time to an additional breast cancer event. All-cause mortality was not tested in this sub-

group because of the small number of events. The reference group for the first model 

included those women who had not used any CAM therapies for cancer purposes and the 

reference group for the second model included the women who had not used dietary 

supplements. The hazard ratios and associated 95% confidence intervals were the 

measure of association.  

Results 

The WHEL study included 359 participants diagnosed with both node negative 

and hormone negative cancers for whom systemic therapy is not required for standard of 

care. Of the 2567, with either node positive or hormone receptor positive cancers, 95% 

received systemic therapy and 5% (n=135) did not. Of the 95% of the sample, 26% had 

anti-estrogen therapy only, 27% had chemotherapy only, and 47% had received both 

therapies (Table 1). As shown in Table 2, if participants with node positive or hormone 

positive disease did not get systemic therapy then their risk of an additional breast cancer 

event increased by 60% (HR=1.6, 95% CI: 1.01, 2.47). However, there was no increase 

in overall mortality. 

Participant characteristics for the node positive or hormone positive sub-sample 

differs slightly depending on the receipt of systemic therapy. The women who did not 

receive systemic treatment were less educated and more likely to be White. Additionally, 
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those who did not receive systemic treatment appeared to have more co-morbid 

conditions although this was only borderline statistically significant (Table 3). 

  Eighty percent of this node positive or hormone positive sub-group reported 

having used at least one of the CAM modalities on a previous occasion. Approximately 

half of the sub-group reported using a CAM modality for cancer purposes, which 

included alleviating treatment side effects.  There were no differences in CAM modality 

use by systemic therapy use (Table 4).  Mind-body medicine (e.g., meditation, yoga, 

spiritual healing) was the most commonly reported domain (40%) of CAM for cancer. 

Use of the other three domains for cancer purposes (whole medicine system, body-based 

therapies and energy-based therapy) were used by less than 5% of the sample. 

Among this population, 85% of the women used at least one supplement 

formulation per day (Table 5), with those who did not receive systemic therapy more 

likely to use herbal remedies as well as some vitamin supplements. The average number 

of formulations used per day was three; the group without systemic treatment appeared 

more likely (borderline) to use more than three supplements per day (Figure 1). 

CAM users without systemic treatment had a similar risk for additional breast 

cancer events as non-CAM user without systemic treatment (Table 6). In the second 

model, there were no significant differences between high supplement users and low 

supplement users for additional breast events (Table 6). Both models were adjusted for 

age, tumor stage and time since diagnosis. Models that tested statistical interactions were 

not significant, indicating that neither CAM use nor supplement use modified the 

relationship between systemic treatment use and additional breast cancer events.  
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Discussion 

 Our results showed that breast cancer events were more likely for those who did 

not receive any systemic treatment; and using dietary supplements or additional CAM 

therapies did not change the risk for having an additional breast cancer event.  Our first 

finding was in congruence with earlier studies that have shown those who did not receive 

adequate systemic treatment were at a higher risk of recurrence (3, 30, 31). Studies have 

suggested that prognosis was better for women who had a combination of chemotherapy 

and/or anti-estrogen treatment depending on the node and receptor status of the tumor 

(32). There are various reasons that breast cancer patients do not receive the standard of 

care in oncology; patient refusals account for approximately one-third of the cases in 

addition to the absence of a physician recommendation and health care barriers (4, 6). It 

is possible that beliefs in complementary and alternative medicine may contribute to the 

patient’s decision to decline systemic treatment. 

In women who had not used any systemic treatments, the risk of additional breast 

cancer events did not differ by CAM use. Our results support the conclusion of earlier 

studies that reported the exclusive use of alternative therapies did not improve breast 

cancer outcomes; however, CAM use may be useful as supportive care to cancer patients 

(22, 33). Although this was not within the scope of the present study, the majority of the 

scientific evidence in favor of CAM therapies has been for addressing components of 

quality of life such as pain, fatigue, and depression. Studies have suggested potential 

benefits for the following therapies: acupuncture and massage (34, 35), as well as 

meditation, guided imagery and relaxation (36-38). In addition to alleviating symptoms, 
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these therapies are considered to be gentle, noninvasive techniques that can be easily 

integrated into comprehensive cancer care (34). 

The existing concern regarding CAM use among breast cancer patients is the high 

prevalence of supplement use, despite the lack of evidence for its efficacy. We 

investigated heavy supplement use among those who had not received either systemic 

treatment and found that heavy supplement users did not have a significantly different 

risk for additional breast cancer events compared to low supplement users. Studies that 

have investigated the association between supplement use and breast cancer outcomes 

have found either no benefit or potential harm from their use. In terms of breast cancer 

prognosis, nutrient-based supplements (vitamins and minerals) have not shown benefit or 

harm among those who have received the appropriate cancer treatments (39, 40). Others 

found increased rates of recurrence and death among patients who used various high-dose 

vitamins and herbal therapies in place of treatments such as surgery and systemic 

therapies(23). While few studies have examined the relationship between herbal remedies 

and breast cancer outcomes, the findings have indicated potential harm associated with 

certain herbal supplements such as those with blood thinning properties or estrogenic 

effects (34, 41). Until there is sufficient data to determine the efficacy of herbal 

supplements, oncologists have advised patients to use caution regarding these products.   

We acknowledge our study has limitations and the findings may not be 

generalizable to all women who have had a breast cancer diagnosis. The study sample 

may not fully represent the group of women who do not receive systemic treatments. 

Earlier studies have reported that lack of adherence to cancer treatment is often 

associated with ethnic minorities and lower socioeconomic status (4); while our study 
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was predominantly non-Hispanic white. Our study does not discriminate among the types 

of systemic treatments offered to patients nor the changes in treatment regimens that have 

occurred since 2000. Secondly, CAM use was broadly defined and its measurement was 

cross-sectional; we did not have data regarding the duration of use per therapy nor the 

statistical power to test each therapy.  Further, within the sample for this study, 452 

(treatment n= 428, no treatment n=24) women did not complete the CAM survey. There 

was a higher rate of events among those who did not completed the survey; however the 

rate of events was equivalent between those who received systemic treatment and those 

who did not. 

The study sample was both a strength and weakness. It is unique to have data on 

women who under use conventional medicine because they do not often enroll in 

research studies, but it is difficult to make conclusions based on a small group of women. 

Our results should be interpreted with caution given that we may not have adequate 

statistical power. Other strengths of the study include having had long-follow-up period 

and sufficient data for several covariates (i.e. tumor and treatment characteristic) that are 

known to be associated with breast cancer prognosis and they were controlled for in the 

multivariate models.  Since this was one of the first observational studies to examine 

CAM use as an alternative to conventional treatment, future studies need to continue to 

investigate the effects of these therapies. 

 This study adds to the body of literature needed to address the public health 

concerns surrounding CAM use among cancer patients. Although complementary and 

alternative therapies have not always been respected by conventional medical 

practitioners, their emergence as a new and prevalent health behavior is well documented 
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(42). Future studies should address the benefits and limitations of each CAM therapy to 

protect the health of cancer patients.  
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Table 2.1. Distribution of the use systemic cancer treatments across tumor characteristics 

of nodal and receptor status γ. 

    Negative Node Positive Node 

    
Receptor  
Negative 

Receptor 
Positive 

Receptor  
Negative 

Receptor 
Positive 

Both Chemotherapy & 
Antiestrogen 1339 49 443 59 788 

Antiestrogen only 733 19 622 0 92 

Chemotherapy only 769 251 182 197 139 

No systemic treatment 175 40 124 4 7 

  Total n 359 1371 260 1026 
 γ Receptor negative refers to those with ER-/PR- and receptor positive refers to those with either ER+ or 

PR+ or both 
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Table 2.2. Adjusted α Hazard Ratios (HR) of time to additional breast cancer events and 

all-cause mortality in relation to systemic (chemotherapy/anti-estrogen) treatment use in a 

cohort of breast cancer survivors enrolled in the WHEL study. 

    
Additional Breast Cancer 

Events All-cause Mortality 

  
Sample 
size (n) event HR (95% CI) event HR (95% CI)

Any systemic 
treatment 2522 427 1 266 1 
No systemic 
treatment 135 22 1.6 (1.01, 2.47) 10 

1.05 (.55, 
2.00) 

α Cox regression models were adjusted for age at randomization, tumor stage, and time since diagnosis. 

β Sample excluded participants who have node negative and receptor negative tumors. 
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Table 2.3. Differences in baseline clinical and demographic characteristics between 

women who did not receive systemic cancer treatment and those who did receive 

systemic cancer treatment in a cohort of breast cancer survivors enrolled in the WHEL 

study. 

   
No systemic 
treatment 

Any systemic 
treatment p-value

Sample Size (n)   135 2522   
Demography     
Age  < 45 17.8 16.3 0.22 
 45 to 55 36.3 41.9  
 55 to 65 28.1 29.5  
 > 65 17.8 12.2  
     
Ethnicity  (% non-Hispanic White) 91.9 85.8 0.05 
Education (% College & Beyond)  46.7 55.4 0.05 
% Obese (BMI > 30 kg/m2)  22.2 25.3 0.58 
     
Health Behaviors     
% Adequate Physical Activity   56.7 55.1 0.71 
% Current Smokers  5.2 4.4 0.65 
     
Health Status     
Year of Cancer Diagnosis 1991 - 1994 27.4 21.3 0.11 
 1995 - 1997 50.4 49.5  
 1998 - 2000 22.2 29.1  
     

Co-morbid Conditions (% with 1 or more) 54.5 44.6 0.07 

 
Diabetic 
Conditions 7.1 4.8 0.34 

 
Cardiovascular 
Diseases 26.7 23.6 0.50 

 
Digestive 
Diseases 14.1 10.2 0.25 

 Arthritis 23.5 20.2 0.46 
  Osteoporosis 7.1 6.4 0.80 
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Table 2.4. Percentage of participants with reported use of each CAM modality for cancer 

purposes among women who did not receive systemic treatment compared to systemic 

treatment users in a cohort of breast cancer survivors enrolled in the WHEL study  γ. 

CAM Types 
No Systemic 
Treatment 

Any Systemic 
Treatment 

Chi-square 
p-value 

  Sample size (n) 111 2094   
Alternative Medicine System     
 Acupuncture 8.1 7.9 0.94 
 Homeopathic Medicine 7.2 4.7 0.22 
 Naturopathic Medicine 9.9 5.9 0.08 
Mind-Body Medicine    
 Biofeedback 0.9 2.2 0.34 
 Visual Imagery 20.7 24.5 0.36 
 Meditation/Relaxation 20.7 25.1 0.30 
 Yoga 6.3 10.3 0.17 
 Chanting/Music Therapy 9.0 8.0 0.71 
 Spiritual Healing 64.5 74.4 0.22 
 Qigong/Tai chi 5.4 3.9 0.42 
Body-based Medicine    
 Chiropractic Medicine 4.5 2.7 0.27 
 Massage Therapy 8.1 13.3 0.11 
Energy Medicine    
 Crystals 0.9 0.9 0.99 
 Magnets 2.7 1.2 0.17 
 Reiki 5.4 4.3 0.58 
  Therapeutic Touch 3.6 4.1 0.79 
% using CAM for cancer 45.9 50.0 0.41 

 

γ Estimates were based upon the participants who completed the CAM survey (n=2562) 
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Table 2.5. Percentage of participants with reported use of each dietary supplement 

formulation among women who did not receive systemic treatment compared to systemic 

treatment users in a cohort of breast cancer survivors enrolled in the WHEL study β . 

  
No Systemic 
Treatment 

Any Systemic 
Treatment 

Chi-square 
p-value 

Sample size (n) 135 2522   
Supplement Category    
Multivitamin & mineral 55.6 53.2 0.59 
Multivitamin   10.4 6.1 0.05 
Calcium 43 47.3 0.33 
Antioxidant 11.9 9.9 0.45 
Amino acids/Proteins 5.2 3.3 0.25 
Vitamin A 2.2 1.6 0.57 
Vitamin B complex 28.9 19.6 0.01 
Vitamin C  50.4 42 0.06 
Vitamin D 1.5 1.9 0.73 
Vitamin E 48.9 46.4 0.58 
Vitamin K 0 0.1 0.69 
Herbals 35.6 26.4 0.02 
Herbals -Phytoestrogens 9.6 7.4 0.34 
Miscellaneous 23.0 17.4 0.10 
% High Supplement Use     

(>3 formulations/day) 63.0 55.7 0.10 
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Figure 2.1. Distribution of the number of supplement formulations used by a cohort of 

breast cancer survivors enrolled in the WHEL. 
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Table 2.6.   Adjusted a Hazard Ratios (HR) of time to additional breast cancer events in 

relation to the use of complementary and alternative medicine (CAM) for cancer 

purposes and supplement use among women who did not receive systemic treatment in a 

cohort of breast cancer survivors enrolled in the WHEL study (n=135). 

    Additional breast cancer events 
  N Events HR (95% CI) 
Supplement Use    

Low (0 to 2) 50 8 reference 
    

High (3 or more) 85 14 1.01 (.42, 2.42) 
    
CAM Use    

None 60 11 reference 
    

Any 51 4 0.4 (.10, 1.14) 
 

a Cox regression models were adjusted for age at randomization, tumor stage, and time since diagnosis. 
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Abstract 

Background:  Previous studies examining the relationship between micronutrient 

intakes and survival following the diagnosis of breast cancer have reported mixed results. 

This may be due in part to considerable variance in the amounts of micronutrients 

consumed from the diet and supplements across studies.  

Methods:  Women (n=3081) who had been diagnosed and treated for early stage 

breast cancer completed a set of 24-hour dietary and supplement recalls at the baseline 

assessment and then were followed for a mean of 9.0 years. Mean micronutrient intakes 

were compared to the 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; 

hazard ratios were the measure of association.   

Results:  412 deaths occurred between baseline and August 24, 2009. Overall, a 

greater percentage of supplement users had adequate micronutrient intakes than non-users 

of supplements. Few of these breast cancer survivors reported levels that exceeded the 

tolerable upper limit for micronutrient intakes. After adjusting for covariates, 

micronutrient intakes, from food and supplements, were not significantly associated with 

all-cause mortality in this cohort of breast cancer survivors.  

Conclusion:  Dietary supplements may improve the overall micronutrient intakes 

of breast cancer survivors. However, vitamin and mineral intakes were not associated 

with all-cause mortality in this study.  
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Introduction 

The 5-year relative survival rates for women who have been diagnosed with 

breast cancer has increased to 89.3 % (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 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 
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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 (AI) 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 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 
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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 I (≥ 1 cm), II, or IIIA breast carcinoma 

(American Joint Committee on Cancer, AJCC 4th edition); 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, 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 a set of 

24-hour dietary and supplement recalls at the baseline assessment. Each set included 3-4 

prescheduled recalls during a 3-week period, stratified to include both weekdays 

(Monday-Thursday) and weekend days (Friday-Sunday).  Vitamin and mineral intakes 

from food and from supplement sources was averaged over the four days. 

Measures  

Demographic and medical information was self-reported by participants at study 

enrollment. Medical information was confirmed by reviewing the participant’s medical 

record. 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 
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(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 and verified by the WHEL 

Coordinating Center. Detailed protocols regarding dietary and supplement data 

collection, which include verification by label review and manufacturer information, have 

been described elsewhere (21, 22).  

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. 

The primary outcome was all-cause mortality (survival time), which was 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 
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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. 

If the recommended dietary allowance had not been set for any particular micronutrient, 

we used the Adequate Intake (AI) level. 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.  

Results 
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Participants 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 II 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/m2) 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. 

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 
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vitamins examined, the average food intakes of retinol, folate, vitamin E and vitamin D 

were below the RDA. Supplement users obtained nearly adequate intakes of folate, 

vitamin D and 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.  

Among 7 minerals examined, only calcium and magnesium intakes from foods were 

below the RDA.  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 the recommended dietary 

allowance level for their age and gender. 

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 
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supplement users consumed an adequate amount of each micronutrient compared to 

nonusers of supplements. 

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 
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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 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 
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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.  

These women reported healthier dietary patterns than the general population, such as a 

higher fruit and vegetable intake and lower fat intake. These dietary patterns, 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 
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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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Table 3.1. 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)   n=556 n=2525   
Age (mean (SD))  50.6 (9.31) 53.8 (8.79) 59.18*** 
Ethnicity  
 (% non-Hispanic White)  79.9 86.5 16.19*** 
Education 
 (% College & Beyond)  50.4 55.0 4.08* 
% Obese (BMI > 30 kg/m2)  36 23.6 43.98*** 
% Adequate Physical Activity   39.4 56.9 53.9*** 
% Current Smokers  7.1 3.9 10.33*** 
Years since Diagnosis  
(mean (SD))  2.1 (1.09) 1.9 (1.02) 5.53* 
Stage at Diagnosis I 39.5 38.4 1.05 
 IIA 31.5 33.6  
 IIB 13.2 12.3  
 IIIA 12.1 12.1  
 IIIC 3.7 3.7  
% Chemotherapy   73.1 69.3 3.2 
% Radiation  61.4 61.6 0.01 
% Lumpectomy   52.7 52.1 0.05 
Anti-estrogen Use  
(% current)   53.6 62.8 16.41*** 

 

¥ Significance values are as follows: ‘ * ’ p < .05, ‘ ** ’ p < .01, ‘ *** ’ p < .001 

 



 
 

Table 3.2. Mean daily intakes (95% CIs) from food and supplement sources stratified by supplement use among a cohort of breast 

cancer survivors enrolled in the WHEL study. 

  
Nonusers of 

Supplements (n=556) Users of Supplements (n=2525)  
Recommended Dietary 

Allowance (RDA) 
Upper Intake 

Level (UL) 
  Food Only Food Supplements      
Vitamins       
Retinol (RE)  343 (333, 352) 349 (344,354)  102 (95, 109)  700 3000 
Thiamin (mg)  2.5 (2.5, 2.5) 2.6 (2.6, 2.6) 4.8 (4.6, 4.9)  1.1 nd* 
Riboflavin (mg)  2.6 (2.6, 2.6) 2.7 (2.7, 2.7) 4.7 (4.6, 4.8)  1.1 nd 
Niacin (mg)  20 (20, 20) 21 (21, 21) 14 (14, 14)  14 35 
Vitamin B6 (mg)  2.7 (2.6, 2.7) 2.9 (2.9, 2.9) 5.8 (5.6, 6.0)  1.3 – 1.5 100 
Folate (mcg)  273 (267, 277) 315 (312, 317) 87 (83, 92)  400 1000 
Vitamin B12 (mcg) 4.3 (4.2, 4.4) 4.6 (4.5, 4.6) 11.0 (10.6, 11.4)  2.4 nd 
Vitamin C (mg)  105 (102, 107) 132 (130, 137) 171 (163, 179)  75 2000 
Vitamin E  
(alpha-Toc eq) 9 (9, 9) 10 (10, 10) 92 (88, 95)  15 1000 
Vitamin D (mcg)  4.7 (4.6, 4.8) 5.0 (5.0, 5.1) 6.0 (5.9, 6.1)  5 – 10 50 
Vitamin K (mcg) 94 (92, 97) 114 (112, 114) 4 (4, 4)  90 nd 
Minerals       
Calcium (mg)  683 (671, 695) 752 (746, 758) 202 (193, 211)  1000 – 1200 2500 
Copper (mg)  2 (2, 2) 2 (2, 2) 2 (2, 2)  2 10 
Iron (mg)  14 (14, 14) 16 (15, 16) 5 (5, 5)  8 – 18 45 
Magnesium (mg)  270 (266, 273) 306 (304, 308) 32 (31, 34)  320 350 
Phosphorus (mg)  1041 (1027, 1053) 1105 (1099, 1111) 9 (8, 9)  700 4000 
Selenium (mcg)  95 (94, 96) 100 (99, 100) 13 (12, 13)  55 400 
Zinc (mg)  10 (10, 10) 10 (10, 10) 8 (8, 8)  8 40 

*nd= not determined 68 

 



69 
 

 

 

Mineral Intake

0.0

20.0

40.0

60.0

80.0

100.0

Calc
ium (m

g) 

Cop
per 

(m
g) 

Iro
n (m

g) 

Mag
nes

ium (m
g) 

Pho
sp

hor
us

 (m
g) 

Sele
nium (m

cg
) 

Zinc (
mg) 

%
 A

de
qu

at
e

Nonusers of Supplements Users of Supplements
 

 

Figure 3.1.  Percentages of women who reported adequate intake (AI) levels for each 

micronutrient through food sources or in combination with supplements. 

 



70 
 

Table 3.3.   Adjusted a 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 c 
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. 

b 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. 

c Na=not applicable 
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