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Abstract 
 
The Women’s Healthy Eating and Living (WHEL) Study was a randomized controlled trial to 
examine the effect of a high-vegetable, low-fat diet on breast cancer recurrence and mortality 
among breast cancer survivors.  Among WHEL Study participants, poorer physical health, as 
defined by an SF-36 Health Survey score in the 40th percentile or lower, was associated with 
higher risk of additional breast cancer events and all-cause mortality; estradiol was also 
positively related to breast cancer recurrence.  In the current analysis, we hypothesized that 
higher estradiol was associated with poor physical health.  Therefore, in a population of 1,027 
WHEL Study postmenopausal breast cancer survivors, we examined the relationship between 
circulating estradiol concentrations at enrollment and poor physical health.  Using multivariate 
logistic regression modeling, higher estradiol levels were associated with risk of poorer physical 
health.  However, these elevated levels appeared to be a marker for larger body size: after 
adjusting for body mass index (BMI), the association between estradiol and poorer physical 
health disappeared.  This suggests that estradiol and BMI are not independent risk factors for 
poor physical health; estradiol may instead be in the mechanistic pathway between obesity and 
poor physical health. 
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Introduction 
 
The 5-year survival rate for breast cancer has improved markedly in the last 30 years, attributable 
to increased mammographic screening and advances in treatment (Siegel R 2012).  In the United 
States, the number of female breast cancer survivors now numbers nearly 3 million; these 
women are living not only with the long-term consequences of cancer treatment but also the risk 
of recurrence and other secondary breast cancer outcomes (Siegel R 2012). 

In the Women’s Healthy Eating and Living (WHEL) Study, a large, randomized 
controlled trial conducted among breast cancer survivors (Pierce JP 2002), poorer physical health 
was previously associated with worse secondary breast cancer outcomes (Saquib N 2011).  It 
was postulated that poorer physical health may reflect more advanced disease (latent or clinical) 
or may serve as a marker of unfavorable energy balance. 

In another study among WHEL Study participants, the researchers found an association 
between higher concentrations of estradiol and risk of breast cancer recurrence.  Women who 
experienced a breast cancer recurrence had levels of estradiol that were more than double those 
in the recurrence-free group (Rock CL 2008).  There is an extensive body of literature examining 
the role of estrogens in breast cancer pathogenesis (Yager JD 2006) and breast cancer risk factors 
(Key TJ 2003, Endogenous Hormones and Breast Cancer Collaborative Group 2013).  In 
addition, pharmacotherapy targeting estrogens and their receptors is central to breast cancer 
treatment today (i.e. selective estrogen-receptor modulators and aromatase inhibitors) (Jordan 
VC 2007). 

The estradiol-physical health relationship may be complicated by components of the 
lifestyle cluster (diet, physical activity, body size).  For example, larger body size has been 
associated with lower estrogen levels in premenopausal women (Potischman N 1996) and higher 
estrogen levels in postmenopausal women (Key TJ 2003).  Those with larger body size may also 
be less physically active, which may lead to even higher estradiol levels, and therefore higher 
breast cancer risk (McTiernan A 2006).  In the WHEL Study, women with poorer physical health 
were significantly more likely to be obese and physically inactive and to have other co-
morbidities (Saquib N 2011).  In the RENEW trial, those randomized to a diet and physical 
activity intervention had, over the course of 12 months, less decline in physical function (Morey 
MC 2009).  Therefore, the purpose of this cross-sectional study was to explore the relationship 
between estradiol and poor physical health, in the context of the problem lifestyle cluster, in a 
group of postmenopausal breast cancer survivors (see Conceptual model below). 
 

 
 



3 
 

Methods 
 
Study population 
 
The WHEL Study was a large randomized controlled trial of female breast cancer survivors; it 
has been described elsewhere (Pierce JP 2002).  In brief, the trial included 3088 women aged 18 
to 70 at date of breast cancer diagnosis who were diagnosed with localized breast cancer (stage I-
IIIA) within the preceding 4 years.  Women with evidence of new or recurrent breast cancer 
were excluded from participation. 
 The current analysis included postmenopausal women from the original trial cohort.  
After limiting the study population to women with enrollment serum and physical health 
information (see Definition of variables and Laboratory analysis below), the final analytic 
population included 1027 postmenopausal breast cancer survivors. 
 
Definition of variables 
 
At enrollment in the WHEL Study, participants completed multiple questionnaires that collected 
information about demographics and lifestyle (i.e. smoking, alcohol, physical activity).  
Information about original breast cancer tumor type, receptor status, and treatment modality was 
extracted from medical records.  Body mass index (BMI) was calculated as kg/m2, as measured 
at the baseline clinic visit.  Physical health information was collected from the SF-36 Health 
Survey, a 36 item self-reported questionnaire that assesses physical functioning, role limitations, 
due to physical health, pain, and general health perceptions.  Scores range from 0 to 100, with 
higher scores indicating better health. 
 
Laboratory analysis 
 
A subset of participants, as part of a nested case-control study within the larger WHEL Study, 
had serum collected at the time of enrollment.  This was done to study baseline levels of various 
steroid hormones (including estradiol) and the risk of subsequent breast cancer recurrence.  
Cases were matched to controls on the basis of clinical site, cancer stage, age at cancer diagnosis, 
date of cancer diagnosis, and date of randomization into the WHEL Study (Rock CL 2008).  
Samples were assayed in the Reproductive Endocrine Research Laboratory at the University of 
Southern California.  Total serum estradiol, a composite of steroid hormone binding globulin 
(SHBG)-bound, albumin-bound, and free hormone, was measured by radioimmunoassay after 
organic solvent extraction and celite column chromatography.  Using this method, the level of 
detection for total estradiol was 4 pg/mL.  If an individual sample’s estradiol level was below the 
sensitivity of the assay, the sample was assigned a value of 3 pg/mL (Rock CL 2008). 
 
 Statistical analysis 
 
Information about demographic, breast cancer, physical health, and lifestyle variables was 
summarized as means, standard deviations (s.d.), and proportions.  Serum estradiol values were 
log-transformed to approximate a normal distribution.  SF-36 scores were dichotomized at the 
40th percentile (SF-36 score ≤75.625) to correlate with previous studies among WHEL Study 
participants.  BMI was categorized according to World Health Organization classifications as 
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underweight/normal (<24.9 kg/m2), overweight (25-29.9 kg/m2), and obese (≥30 kg/m2).  
Physical activity was dichotomized to <10 or ≥10 MET-h/wk, according to national 
recommendations for weekly aerobic activity. 

Univariate logistic regression individually analyzed the effect of log-transformed serum 
estradiol and other baseline characteristics on the dichotomized physical health score.  
Multivariate analysis used logistic regression models to examine the effect of serum estradiol on 
physical health, adjusting for age at diagnosis, numbers of years from diagnosis to study entry, 
tamoxifen use, chemotherapy use, stage at diagnosis, alcohol consumption (>1g/day versus ≤1 
g/day), physical activity (≥10 MET-h/week versus < 10), and BMI (overweight or obese versus 
BMI <25 kg/m2).  These covariates were chosen to include established breast cancer risk factors 
and/or classic statistical confounders.  The univariate and multivariate regression models were 
used to calculate odds ratios (ORs) and 95% confidence intervals (95% CIs).  For the analysis 
using a combined BMI and physical activity variable, a p-value for trend was calculated using 
the combined variable as a continuous variable in the multivariate logistic regression model.  
Statistical analysis was performed using SAS 9.1.3. 
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Results 
 
Characteristics of the study population are presented in Table 1.  The 1027 postmenopausal 
breast cancer survivors were made up of largely White women with a mean age of 53 years old 
at time of diagnosis.  62.6% of the study population was overweight or obese. 

In univariate analyses (Table 1), poorer physical health (SF-36 score in the 40th percentile 
or less) was modestly associated with higher estradiol levels [odds ratio (OR) 1.16, 95% 
confidence interval (CI) 1.01-1.33].  In addition, women who were overweight and obese had 
nearly 1.5 and nearly 3 times increased risk, respectively, of reporting poorer physical health.  
Physical activity was inversely associated with poorer physical health: women with higher levels 
of physical activity were less likely to report poorer physical health.  Poorer physical health was 
also mildly associated, although not statistically significantly, with use of chemotherapy and 
higher breast cancer stage at time of diagnosis. 
 
Table 1: Baseline characteristics of study participants (n = 1027) and univariate 
associations with poorer physical health* 

Characteristic OR (95% CI) 

Baseline serum estradiol, mean ± s.d. (pg/mL) 21.2 ± 69.9 1.16 (1.01-1.33) 
Age at diagnosis, mean ± s.d. (years) 53.5 ± 8.2 1.01 (0.99-1.03) 
Ethnicity, %  
         White 86.0 ----- 
         Black 2.8 1.84 (0.87-3.87) 
         Hispanic 4.8 1.44 (0.81-2.55) 
         Asian 3.3 0.93 (0.46-1.87) 
         Other 3.1 0.90 (0.43-1.86) 
Tumor type, %  
         Infiltrating ductal 81.1 ----- 
         Infiltrating ductal and lobular invasive 5.7 0.77 (0.54-1.40) 
         Lobular invasive 9.4 1.12 (0.72-1.76) 
         Other 3.8 1.34 (0.66-2.71) 
ER+, % 72.7 0.98 (0.73-1.31) 
PR+, % 63.0 1.15 (0.88-1.51) 
Breast cancer stage at diagnosis, %  
         I 28.7 ----- 
         II 63.5 1.28 (0.95-1.73) 
         IIIA 7.8 1.65 (0.99-2.77) 
Chemotherapy, % 71.9 1.33 (0.99-1.81) 
Tamoxifen use (current), % 67.2 0.92 (0.70-1.22) 
Smoking status, %  
         Never 54.0 ----- 
         Current 4.0 1.06 (0.80-1.41) 
         Former 42.0 1.26 (0.87-1.81) 
Alcohol consumption  
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         ≤ 1g/day 60.1 ----- 
          > 1g/day 39.9 0.58 (0.44-0.75) 
BMI (kg/m2), mean ± s.d. 28.0 ± 6.3  
         Underweight/normal, n (%) 384 (37.4) ----- 
         Overweight, n (%) 331 (32.2) 1.40 (1.03-1.91) 
         Obese, n (%) 312 (30.4) 2.95 (2.16-4.03) 
Physical activity (MET-h/week), % 13.6 ± 14.1  
         < 10 51.5 ----- 
         ≥ 10 48.5 0.49 (0.38-0.64) 

*Univariate logistic regression models to calculate odds ratios of being in the bottom 40% of SF-
36 physical health scores. 
 
In multivariate modeling (Table 2), poorer physical health was associated with higher estradiol 
levels (p = 0.02) (Model 1).  However, following adjustment for BMI, an independent risk factor 
for poorer physical health in earlier univariate modeling, the association between increased 
serum estradiol levels and poorer physical health was no longer present (Model 2).  Larger body 
size (increased BMI) and decreased physical activity remained associated with poorer physical 
health in the fully adjusted multivariate model (Model 2). 
 
Table 2: Multivariate analysis of participant characteristics with physical health** 

 
Model 1 

OR (95% CI) 
Model 2 

OR (95% CI) 
Baseline serum estradiol, 

log-transformed (continuous) 
1.20 (1.03-1.39) 1.06 (0.91-1.24) 

Age at diagnosis (continuous) 1.02 (1.01-1.04) 1.02 (1.00-1.04) 

Tamoxifen use 
(current versus none) 

0.80 (0.61-1.05) 0.82 (0.63-1.09) 

Chemotherapy use 
(prior versus none) 

1.10 (0.76-1.59) 1.06 (0.73-1.54) 

Physical activity 
(≥10 MET-h/week versus < 10) 

0.52 (0.40-0.67) 0.59 (0.45-0.77) 

BMI category 
(Reference BMI < 25 kg/m2) 

----- ----- 

Overweight ----- 1.35 (0.98-1.87) 

Obese ----- 2.45 (1.73-3.47) 

**Multivariate logistic regression models to calculate odds ratios of being in the bottom 40% of 
SF-36 physical health scores.  Models were adjusted for the variables included in the table plus 
years from diagnosis to study entry, stage at diagnosis, and alcohol consumption (>1g/day versus 
≤1 g/day). 
 
Combining body size (BMI) and physical activity into categories captured the risk of poorer 
physical health by a composite measure of energy balance.  Non-obese, less physically active 
women (n = 431) and obese, more physically active women (n = 117) had similar risk of poorer 
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physical health, with odds ratios of 1.54 (95% CI 1.11-2.10) and 1.65 (95% CI 1.04-2.63), 
respectively, when compared with the non-obese, more physically active women (n = 517) in the 
analytic population (Figure).  Women who were both obese and less physically active had more 
than 3 times higher risk of being in poorer physical health, with an odds ratio of 3.54 (95% CI 
2.46-5.12) (p-value for trend <0.0001). 
 
Figure: Risk of poor physical health by BMI and physical activity level (multivariate model) 
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Discussion 
 
Poor physical health has previously been associated with higher risk of cancer recurrence and 
mortality among breast cancer survivors (Patterson RE 2011, Saquib N 2011).  This analysis 
looked specifically at the relationship between poor physical health and higher levels of estradiol, 
which have also been independently associated with poorer secondary outcomes (Rock CL 2008).  
In this analysis of 1027 postmenopausal breast cancer survivors, we found that higher estradiol 
levels were associated with risk of poorer physical health.  However, these elevated levels 
appeared to be a marker for obesity:  after adjusting for BMI, the association between estradiol 
and poorer physical health disappeared.  This suggests that estradiol and BMI are not 
independent risk factors for poor physical health; estradiol may instead be in the mechanistic 
pathway between obesity and poor physical health.  A revised conceptual model is shown below. 
 

 
 
Increased body size may lead to poorer breast cancer outcomes through several mechanisms.  
Our data suggest that the relationship between obesity and poor physical health is mediated by 
increased estradiol, which itself is independently associated with breast cancer risk (McTiernan 
A 2006, Rock CL 2008, Saquib N 2011).  Other studies postulate that inflammatory markers 
present in adipose tissue contribute to increased breast cancer risk in larger women, a process 
thought to be mediated by hormones, including estradiol (Demark-Wahnefried W 2012).  Some 
studies have speculated that improved breast cancer survivorship outcomes can be explained by 
reduction in biomarkers associated with insulin resistance, inactivity and adipose tissue, such as 
adipokines like leptin and adiponectin (Friedenreich CM 2011, George SM 2011, Irwin ML 
2011).  Separately, obesity has also been associated with deliberately reduced doses of 
chemotherapy (Griggs JJ 2007), which cannot be excluded as a cause for poorer secondary breast 
cancer outcomes among breast cancer survivors of larger size. 
 Future directions in this research field may include: 1) assessing if free estradiol or 
bioavailable estradiol, components of the total estradiol value used in this study, are more 
specifically associated with poor physical health; 2) using newly available assays to look at 
specific estrogen and estrogen metabolites (Ziegler RG 2010), again to better characterize the 
influence of estrogen(s) on poor physical health and secondary breast cancer outcomes among 
breast cancer survivors; 3) determining if change in estradiol levels over a follow-up period is 
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related to changes in physical health over time (mixed modeling); and 4) exploring the role of 
co-morbidities (Demark-Wahnefried W 2012) in the context of physical health, the problem 
lifestyle cluster (energy balance components), and breast cancer outcomes. 

The big picture goal of this body of research would be to determine if interventions in 
obesity would impact estrogen exposure, physical health, and ultimately survivorship in 
postmenopausal breast cancer survivors.  Our findings of the highest risk of poor physical health 
in those with the poorest energy balance (the obese and inactive women) suggest that this is an 
appropriate place to implement interventions, as has already been done (Alfano CM 2007, 
Friedenreich CM 2011, George SM 2011). 

In conclusion, this study found an association between higher estradiol levels and poorer 
physical health in a large group of postmenopausal breast cancer survivors from the WHEL 
Study.  Including body size in multivariate modeling negated the estradiol-physical health 
relationship, suggesting that estradiol and BMI are not independent risk factors for poor physical 
health.  It is possible that estradiol may instead mediate the pathway between obesity and poor 
physical health. 
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