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Abstract

Purpose Low physical functioning among breast cancer sur-
vivors appears to reduce survival, although the mechanisms
underlying these associations are not clear. We examined
inflammation as a possible biological mediator of association
between low physical functioning and mortality after breast
cancer.

Methods Analysis included 2,892 participants from the
Women’s Healthy Eating and Living Study. All measures
were collected at study baseline. Physical function was
assessed by the Short Form 36 (SF-36) Health Survey
Physical Function subscale. Low physical function was de-
fined as the bottom tertile of the subscale score. Inflammation
was measured as serum concentration of C-reactive protein
(CRP). Cox proportional hazards modeled the associations of
low physical function and the putative mediator (i.e., CRP)
with all-cause and breast cancer-specific mortality.

Results There were 293 deaths during study follow up, with
243 due to breast cancer. Low physical functioning was asso-
ciated with a 50 % higher risk of all-cause mortality (HR,
1.49; 95 % CI, 1.2-1.9) and a 40 % higher risk of breast
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cancer-specific mortality (HR, 1.39; 95 % CI, 1.1-1.8), after
adjustment for covariates. The addition of CRP did not mark-
edly change the all-cause mortality hazard ratio attributed to
low physical functioning. However, the addition of CRP
modestly attenuated the breast cancer-specific mortality haz-
ard ratio such that it was no longer statistically significant.
Conclusions Interventions to improve physical functioning
may prevent early morbidity and mortality among breast
cancer survivors.

Implications for Cancer Survivors Functional status measure
may be a valuable indicator of long-term health outcomes
among breast cancer survivors.

Keywords Physical functioning - Obesity - Physical activity -
Inflammation - Breast cancer

Introduction

Breast cancer is the most common form of cancer and a
leading cause of death among women worldwide. In 2012,
an estimated 226,870 women in the USA were diagnosed with
breast cancer, and 39,510 died from the disease [1]. Although
incidence rates have remained unchanged since 2003, signif-
icant progress has been made in the detection and treatment of
breast cancer. Concomitantly, a steady increase in the number
of women surviving the disease has been observed [2], and
more than 2.7 million are alive today with a history of breast
cancer. This number is expected to increase to 3.4 million by
2015 [3]. Nonetheless, breast cancer survivors are susceptible
to a number of adverse events, such as secondary tumors,
cardiovascular disease, diabetes, diminished health-related
quality of life, and death [2, 4, 5]. Thus, understanding factors
that influence health outcomes for breast cancer survivors is a
research priority.
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Functional status measures, such as the ability to complete
everyday lifestyle activities, may be an important indicator of
short and long-term health outcomes. An estimated 39 % of
early-stage breast cancer survivors are limited in their physical
functioning abilities [6]. These limitations are linked to im-
mediate health consequences such as poor treatment tolerance,
psychological symptoms, disability, falls, and fractures [4, 7,
8]. Breast cancer survivors are susceptible to physical
functioning-related problems and often experience
treatment-related declines in their physical functioning capa-
bilities within the 1-year period following their cancer diag-
nosis [9]. Further, physical functioning-related problems may
persist even after treatment has been completed [10]. A
population-based study of 387 breast cancer survivors docu-
mented significant reductions in physical functioning at each
follow-up assessment throughout the 10-year study period
[11].

Limited physical functioning may also be an indicator of
breast cancer survival. In the Life After Cancer Epidemiology
(LACE) cohort of 2,202 women with breast cancer, a 40 %
higher death rate was reported among women with one or
more functional limitations, compared to women with no
limitations [6]. In a separate cohort of 689 early-stage breast
cancer survivors over age 65, Sehl et al., (2013) found that a
change in physical functioning in the first 2 years following
breast cancer diagnosis predicted 10-year survival [12].
Specifically, a 23-point decline in Short Form-36 physical
functioning subscale score was statistically significantly asso-
ciated with a 35 % decrease in 10-year survival (a 10-point
difference is considered statistically significant).

The mechanisms through which low physical functioning
(or change in physical functioning) reduces breast cancer
survival may involve compensatory lifestyle adaptations such
as increased adiposity (i.e., BMI), physical inactivity, as well
as biological responses such as elevated secretion of proin-
flammatory cytokines and chemokines. In the LACE study,
limited physical functioning was strongly associated with
overweight and obesity (p <0.001) [6]. In the Reach out to
Enhance Wellness study of 641 older, sedentary breast cancer
survivors, a 2-year multicomponent diet and physical activity
intervention resulted in significant improvements in physical
activity, BMI, and functional limitations (p <0.001) [13].
Other strength- and aerobic-based exercise interventions have
found improvements in physical functioning, even indepen-
dent of weight loss [14]. Furthermore, strong relationships
between physical functioning and inflammation have been
observed among diverse groups of healthy and diseased pop-
ulations. A study of 2,287 adult men and women over 60 years
from the National Health and Nutrition Examination Survey
(NHANES 1999-2004) found 1 mg/l unit increases in
C-reactive protein (CRP) concentrations to be associated with
a 1 % increase in the prevalence ratios of physical functioning
problems (PR, 1.01; 95 % CI, 1.00-1.01; p=0.001) [15].
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Finally, a cross-sectional study of 542 older men and women
with various diseases observed significant inverse associa-
tions between objectively measured physical functioning and
the inflammatory markers CRP and interleukin-6 (both
p<0.01) [16].

The objective of this study is to examine mechanisms
through which low physical functioning contributes to all-
cause mortality among breast cancer survivors. As depicted
in Fig. 1, we explored the hypothesis that interrelationships
among physical functioning, BMI, physical activity, and in-
flammation influence mortality after breast cancer.
Specifically, low physical functional status may result in in-
creased body weight and low levels of physical activity, both
of which contribution to chronic inflammation, which is pos-
tulated to increase the risk of mortality among breast cancer
survivors. We prospectively examined associations between
baseline physical functioning (measured by the SF-36) and
clinical outcomes among participants in the Women’s Healthy
Eating and Living (WHEL) Study [17]. We explored inflam-
mation (as assessed by C-reactive protein) as a possible bio-
logical mediator of the association of poor physical function-
ing and mortality using a causal steps approach as outlined by
Baron and Kenny [18].

Methods

Study design and sample This study used data from the
Women’s Healthy Eating and Living (WHEL) Study, which
was a multisite clinical trial to test whether a diet rich in
vegetables, fruit, and fiber and low in fat reduced the risk of
breast cancer recurrence among 3,088 breast cancer survivors.
Details of the WHEL Study eligibility criteria, data collection
processes and procedures, and outcome ascertainment have
been described elsewhere [17, 19]. To summarize, the WHEL
study enrolled 3,088 women at seven study sites between
1995 and 2000. Women were diagnosed with primary opera-
ble invasive stage I (=1 cm), II, or IIIA breast carcinoma
within 4 years of enrollment; were ages 18—70 years at diag-
nosis; had no current or planned chemotherapy; presented no
evidence of recurrent disease or new breast cancer since
completion of initial treatment; and had no other diagnosed
cancers within the previous 10 years. Study participants com-
pleted a series of study questionnaires at their baseline clinic
visit (baseline assessment period). Height, weight, and a
fasting blood specimen were also collected at the baseline
clinic visit, prior to randomization. The Institutional Review
Boards at the seven study sites approved all study procedures.

As reported in 2007, the dietary intervention of the WHEL
study did not reduce additional breast cancer events or mor-
tality during the study’s 7.3-year follow-up period. Given this
null result [19], we treated WHEL participants as a single
cohort for this analysis.
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—— Solid arrows represent primary hypothesized pathways through which physical functioning

influences mortality (examined in this paper).

------ Dashed arrows represent other empirically supported (inverse) relationships among study variables.

Fig. 1 Simplified model illustrating the hypothesized relationships be-
tween low physical functioning, inflammation, lifestyle factors, and mor-
tality after breast cancer. Solid arrows primary hypothesized pathways

Assessment of physical function At the baseline assessment
period, physical function was assessed using the 10-item
physical function subscale (PF-10) of the Medical Outcomes
Study Short Form-36 (SF-36) [20]. This physical function
subscale provides an assessment of the impact of health on
the performance of activities ranging from basic self-care to
vigorous physical activity. The subscale has been widely used
for healthy and diseased populations and has suitable con-
struct validity and sensitivity to change [20]. Physical function
subscale scores range from 0 to 100, with higher scores
indicating better physical function. A proportion of our sam-
ple received subscale scores of 100 and thus was right cen-
sored. To account for this right censoring, we categorized
physical functioning scores into tertiles. Women in the bottom
tertile of physical function scores were considered the “low
physical function” group. Women in the upper two tertiles
were considered the “adequate physical function” group.

Other assessments Height and weight were measured at base-
line clinic visits using standard protocols. Body mass index
(BMI, in kilogram per square minute) was calculated and
grouped according to the following categories: underweight
(<18.5 kg/m?), normal weight (18.5-24.99 kg/m?), over-
weight (25-29.99 kg/m?), obese I (30-34.99 kg/m?), and
obese II (>35 kg/m?).

Physical activity levels were ascertained at baseline by a
questionnaire adapted from the Women’s Health Initiative
[21]. This questionnaire assessed the frequency, duration,
and speed of walking outside the home, as well as frequency
and duration of participating in intensity levels of exercise
(e.g., mild, moderate, and strenuous). The WHEL physical

through which physical functioning influences mortality (examined in
this paper). Dashed arrows other empirically supported (inverse) rela-
tionships among study variables

activity measures have been validated against physical activity
recalls and objective accelerometry-based assessments [22].
We converted physical activity into units of metabolic equiv-
alent (MET) hours per week and categorized into quintiles of
distribution, as was previously published [23, 24].

Fasting blood specimens were collected at baseline clinic
visit by venipuncture using a standardized protocol that includ-
ed protection of samples from light. Aliquots of serum samples
were stored at —80C. Serum concentrations of high-sensitivity
CRP were assayed at the University of Vermont Laboratory for
Clinical Biochemistry Research using a single serum cryovial
from each participant. Determination of serum CRP concen-
tration was based on an electrochemiluminescence singleplex
system (Meso Scale Discovery, Gaithersburg, MD, USA). The
lower detection limits for CRP was 0.0001 mg/L and the inter-
assay coefficients of variation were between 7 and 12 %. We
use the Centers for Disease Control and Prevention and the
American Heart Association cut-points for CRP to present
descriptive trends of CRP by physical function tertiles. CRP
was analyzed as a continuous variable in Cox proportional
hazards regression models based on model fit parameters.
Specifically, treatment of CRP as a continuous variable in
regression models had a smaller Akaike information criterion
than when CRP was categorized. A logarithmic transformation
normalized the distribution of CRP concentrations for use in
regression analyses.

Outcome ascertainment The outcomes of interest include all-
cause mortality and breast cancer-specific mortality. Death
from all cause was assessed as the time from cancer diagnosis
to death from any cause, or the end of the follow-up period.
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Breast cancer mortality was the time from cancer diagnosis to
death from breast cancer, or the end of the follow-up period.
Outcome information was acquired through active surveil-
lance (semi-annual telephone calls) and periodic review of
the Social Security Death Index to confirm death of women
who could not be reached. Cause of death was obtained from a
death certificate for each decedent and confirmed by the
WHEL Clinical Director.

Statistical analyses Cohort descriptors (age, education, and
breast cancer characteristics) and lifestyle variables are pre-
sented by tertiles of physical functioning scores. Spearman’s
rank-order correlations were computed for the interrelation-
ships among physical functional status, physical activity MET
hours/week, BMI, and CRP. A causal steps mediation analysis
was conducted to explore the role of CRP as a potential
mediator of the relationship between low physical functioning
and health outcomes [18]. Univariate logistic regression
modeled odds ratios and confidence intervals for associations
of predictor variables with low physical functioning. Delayed-
entry Cox proportional hazards were used to model the rela-
tive risk of low physical functioning (versus adequate func-
tioning) on all-cause mortality and breast cancer-specific mor-
tality after adjustment for age, cancer stage and grade, educa-
tion, race, and time between diagnosis and study entry.
Models for breast cancer death censored deaths from other
causes. Mediation was assessed by comparing the hazard
ratios associated with physical functioning in the model de-
scribed above (base model) to the hazard ratios associated
with physical functioning in models containing the putative
mediator (CRP). Mediation was indicated by physical func-
tioning hazard ratios moving substantially toward the null
when CRP was included. Hosmer-Lemeshow goodness-of-
fit statistics were computed for all logistic regression models.
Kolmogorov-type Supremum tests and Kaplan—Meier curves
assessed the proportionality assumption for all Cox models.
All logistic regression models satisfied the Hosmer—
Lemeshow goodness-of-fit statistic, and all Cox proportional
hazard models fulfilled the proportionality assumption.
Statistical tests were two-sided, and analyses were conducted
in SAS version 9.3 (Cary, NC, USA).

Results

The final analytic sample was composed of all women who
completed the quality of life assessment and had an assayable
blood specimen collected at baseline (7 =2,892). The mean (SD)
baseline age of participants was 52.8 (8.9)years and BMI was
27.3 (6.1)kg/m”. Roughly half of the women met the physical
activity recommendations of 150 min of moderate—vigorous
physical activity per week. With regard to the tumor at
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characteristics at diagnosis, 45.4 % were stage Il and 15.9 %
stage III; approximately 74.3 % of the original tumors were
estrogen-receptor positive. At the end of the 7.3-year follow-up
period, there were 293 (10.0 %) deaths from all causes.
Approximately 83 % of deaths (n=243) were due to breast
cancer.

Compared to women in the bottom tertile of physical func-
tioning scores (lower physical functioning), women in the upper
tertiles were younger, received more years of formal education,
and had tumors of lower stage and grade (all p <0.05; Table 1).
Women in the upper tertiles of physical functioning scores were
less overweight or obese and more physically active compared
to women in the lowest tertile of physical functioning scores
(p<0.001). Further, women in the upper tertiles of physical
functioning scores had lower CRP concentrations, compared
to women in the lowest tertile of physical functioning scores
(p <0.001). Physical functioning was not significantly related to
menopausal status or breast cancer treatment (data not shown).

As shown in Table 2, lifestyle variables and CRP were
modestly and statistically significantly correlated with physi-
cal functioning (all p <0.001). BMI and CRP were inversely
correlated with physical functioning, whereas physical activ-
ity was directly correlated. Both lifestyle variables were sig-
nificantly correlated with CRP. The strongest association was
between BMI and CRP (r,=0.6).

Logistic regression analyses yielded statistically significant
associations of low physical functioning (dichotomous out-
come) with CRP concentrations, BMI, and physical activity
(all p<0.001; Table 3). Specifically, women with high CRP
concentrations were threefold more likely to have low phys-
ical functioning. Obese women were five times more likely to
have low physical functioning compared to normal-weight
women. Finally, women who did not meet physical activity
recommendations were three times more likely to have low
physical functioning.

Multivariable-adjusted associations between low physical
functioning (dichotomous variable) and breast cancer out-
comes were calculated using a delayed-entry survival model
(Table 4). Low physical functioning scores at baseline were
associated with risk of death from all-cause, and death due to
breast cancer. Specifically, women in the low physical func-
tioning category had a 50 % higher risk of all-cause mortality
relative to those who were in adequate physical functioning
(HR, 1.49; 95 % CI, 1.2-1.9), adjusted for age, stage, grade,
race, and education. Similarly, women in the low physical
functioning category had a 40 % higher risk of breast cancer-
specific mortality (HR, 1.39; 95 % CI, 1.1-1.8; base models).

In model 2, the addition of log-transformed CRP to the all-
cause mortality base model modestly attenuated the all-cause
mortality hazard ratio associated with low physical function-
ing, although it remained statistically significant (HR, 1.36;
95 % CI, 1.1-1.74). However, the addition of log-transformed
CRP to the breast cancer mortality base model moved the
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Table 1 Women’s Healthy Eating and Living (WHEL) study participant characteristics by tertiles of physical functioning scores

Baseline characteristics

Tertiles of physical functioning (low to high)

1 2 3 p value
N=929 N=1249 N=T714
Physical function score; median (IQR) 70.0 (20.0) 90.0 (5.0) 100 (0) <0.001
Age, years; mean (SD) 54.5 (9.0) 52.8 (8.9) 50.5 (8.6) <0.001
Education, has college degree % 45.1 56.0 62.1 <0.001
Race, white % 82.6 87.3 853 0.006
Grade 3 % 38.7 345 345 0.08
Stage 3 % 18.2 16.0 12.4 0.005
C-reactive protein % <0.001
<l mg/L 20.2 359 46.2
1-3 mg/L 29.8 343 30.7
>3 mg/L 50.0 29.9 23.1
BMI (kg/m?) % <0.001
<25 25.7 47.5 57.4
25-29.9 304 32.0 29.6
>30 43.9 20.5 13.1
Not meeting physical activity guidelines® % 65.4 44.7 30.5 <0.001

#2008 physical activity guidelines for averaging >150 min of moderate—vigorous physical activity per week

hazard ratios associated with low physical functioning to-
wards the null (HR, 1.28; 95 % CI, 0.98-1.67).

Discussion

In this cohort of early-stage breast cancer survivors, low self-
rated physical functioning was significantly associated with a
50 % greater risk of all-cause mortality, and a 40 % greater risk
of breast cancer-specific mortality. It is notable that low phys-
ical functioning, BMI, physical activity, and CRP were all
significantly interrelated; and the relationship between low
physical functioning and breast cancer-specific mortality was
attenuated in models adjusted for CRP. These results suggest
that inflammation could be a central biological mechanism
through which low physical function contributes to early
death from breast cancer.

Our results are similar to the study of self-reported physical
functional ability and all-cause mortality among 2,002 breast

cancer survivors in the LACE study [6]. The authors of that
study found that women with low physical functioning had a
40 % greater risk of all-cause mortality, but found no associ-
ation between low physical functioning and breast cancer-
specific mortality. In contrast, our data suggest that low phys-
ical functioning was associated with breast cancer-specific
mortality. This discrepancy between the LACE and WHEL
findings may be due differences in participant and tumor
characteristics. Specifically, WHEL study participants were
younger at diagnosis, had more aggressive tumor patterns, and
a lower proportion of hormone positive original tumors [17,
25]; all of which are established risk factors for recurrence and
breast-cancer-specific mortality [26, 27]. The discrepancy
between LACE and WHEL findings may also be due to the
fact that the LACE cohort was composed of older women who
were more likely to have comorbidities linked to early mor-
tality [28]. Accordingly, a greater proportion of women in the
LACE cohort died from causes other than breast cancer (i.c.,
comorbidities), compared to women in the WHEL cohort.

Table 2 Spearman’s rank-order correlation matrix of physical functioning, lifestyle variables, and CRP concentrations from Women’s Healthy Eating

and Living (WHEL) study participants

Physical function Physical activity BMI (kg/m?) Ln (CRP)
Physical function 1.00 0.34" -035" -0.29"
Physical activity -0.29" -0.29
BMI (kg/m?) 1.00 0.59
Ln (CRP) 1.00
*p<0.001
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Table 3 Separate logistic regression models examining the odds of low
physical functioning by Women’s Healthy Eating and Living (WHEL)
study participant characteristics

Baseline characteristics OR (95%CI) p value
Age, years 1.03 (1.02-1.04)  <0.001
Education (has college degree vs. not) 0.59 (0.51-0.69)  <0.001
Race (white vs. other) 0.72 (0.58-0.89)  <0.001

Grade (3 vs. other)
Stage (3 vs. other)
C-reactive protein

120 (1.03-1.41)  0.02
129 (1.05-1.58)  0.02

<l mg/L Referent

1-3 mg/L 1.64 (1.34-2.02) <0.001

>3 mg/L 3.31(2.73-4.02) <0.001
Body mass index (kg/m?)

<25 Referent

25-29.9 1.91 (1.60-2.36)  <0.001

>30 491 (4.03-5.98) <0.001
Not meeting physical activity guidelines®  2.89 (2.47-3.40)  <0.001

Bottom tertile of physical functioning scores (tertile 1) as assessed by the
Short Form 36 (SF-36) Health Survey Physical Function Subscale

*Meets 2008 physical activity guidelines for averaging >10 metabolic
equivalent (MET) hours per of physical activity

Our results are also consistent with evidence linking CRP
to poor prognosis in several types of solid cancers, including
breast cancer. A study of 2,910 breast cancer survivors found
that elevated levels of CRP were associated with all-cause and
breast cancer mortality [29]. Inflammation may also contrib-
ute to the development of other co-morbid conditions, such as
cardiovascular disease [30], Alzheimer’s disease [31], and
other cancers [32]. Thus, our finding that inflammation may

Table 4 Physical functioning and health outcomes: Associations of
Physical Functioning with All-Cause Mortality and Breast Cancer-Spe-
cific Mortality. Models are delayed-entry Cox proportional hazard
models, adjusted for the time interval between breast cancer diagnosis
and physical functioning assessment

All-cause mortality Breast cancer mortality
HR (95 % CI) HR (95%CI)
Events (n=293) Events (n=243)

Model 1 (base model)
Low physical
functioning®
Adequate physical
functioning
Model 2
Low physical
functioning
Adequate physical
functioning
Ln (C-reactive protein)

149 (1.17-1.89) 139 (1.07-1.80)

Referent Referent

136 (1.07-1.74) 128 (0.98-1.67)

Referent Referent

117 (1.06-129)  1.16 (1.04-1.28)

All models adjusted for age, stage, grade, education, and race

 Bottom tertile of physical functioning scores (tertile 1)
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play an intermediate role in the relationship between low
physical functioning and breast cancer mortality, suggests that
interventions to improve physical functioning might prevent
morbidity as well as mortality.

The finding that lifestyle factors such as physical inactivity
and obesity are significantly associated with both low physical
functioning and CRP may indicate that lifestyle and physical
functioning may work through effects on obesity and physical
activity to increase inflammation (which may have subsequent
effects on mortality). Specifically, physical activity and/or
weight loss may produce beneficial effects in breast cancer
survivors by modulating circulating biomarkers of inflamma-
tion; and these effects of lifestyle on biomarkers of inflamma-
tion are both biologically plausible and supported by epide-
miologic evidence. For example, a randomized controlled trial
conducted by Nakajima and colleagues demonstrated that a 6-
month high-intensity walking program (26 min of interval
walking training, a minimum of 2 days per week) can lead
to an increase in methylation of a gene known to secrete
proinflammatory cytokines [33]. Consistent with this biolog-
ical support, epidemiological studies in breast cancer popula-
tions have noted evidence of a protective effect of physical
activity on inflammation. An analysis of data from 1,183
women in the Health, Eating, Activity, and Lifestyle
(HEAL) cohort of breast cancer survivors found that higher
levels of physical activity were associated with lower concen-
trations of C-reactive protein [34]. With respect to the ob-
served associations between obesity and inflammation, there
is mechanistic evidence that tumor necrosis alpha (TNF-x)
production is increased in obesity, which can stimulate the
production of CRP [35-37]. Statistically significant correla-
tions between CRP and BMI have also noted in breast cancer
cohorts [34].

Our analysis has several limitations. CRP and physical
functioning measures were ascertained from blood specimens
and surveys collected at the same time point. Therefore, we
were not able to eliminate the possibility of reverse causality
for the association of low physical functioning and higher
CRP concentrations. It is possible that the relationship be-
tween low physical functioning and inflammation is bidirec-
tional. Data from laboratory and animal studies suggest that
high levels of circulating inflammatory biomarkers may result
in skeletal muscle catabolism. In rats, direct infusion of IL-6
results in muscle atrophy and a loss of myofibrillar protein
[38]. However, human data suggests the effect of inflamma-
tion on muscle breakdown may be minimal. The association
between physical functioning and inflammation appears to
remain strong, even after adjusting for dual energy X-ray
absorptiometry measured lean body mass [16]. The same
possibility of reverse causality exists for the relationship be-
tween low physical function and lifestyle factors such as
physical activity and obesity. We acknowledge that unhealthy
lifestyles such as physical inactivity and obesity may
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contribute to low physical functioning; however, it is equally
probable that low physical functioning exacerbates character-
istics of an unhealthy lifestyle (the direction explored in this
analysis). For example, women with low physical functioning
due to joint pain (a common symptom of physical functional
status) may become less physically active, more susceptible to
weight gain, and consequently at an elevated risk of early
mortality. No study, to our knowledge has examined the
temporal relationships of physical functioning and lifestyle
factors such as physical activity and obesity.

Additional limitations include the fact that, although we
adjusted for potential confounders, we cannot exclude residual
confounding by unmeasured factors (such as anti-inflammatory
medication use) or by imperfectly or incompletely measured
confounders. We also used a self-report measure of physical
activity; however, this measure has been validated by seven
physical activity recalls and 7-day accelerometers [22]. Further,
we used a single, nonspecific biomarker to represent inflam-
matory processes. We also acknowledge that inflammation
processes involve numerous molecules that interact in complex
ways. However, CRP is thought to be a useful indicator of
multiple inflammatory processes. CRP has a strong covariance
with other biomarkers of inflammation and hepatic synthesis of
CRP is augmented by proinflammatory cytokines, such as IL-6,
IL-1beta, and TNF-« [31, 39].

WHEL study participants were healthier than the general
population of breast cancer survivors. Over 53 % of WHEL
women met physical activity recommendations at study base-
line (compared to roughly 37 % in the general population of
breast cancer survivors) [40]. The fact that lifestyle was a
mediator of the relationship between physical functioning
and mortality in this healthier sample of women suggests that
the observed relationships will be even stronger in less healthy
populations. However, this finding needs to be replicated in
more general populations of breast cancer survivors.

Strengths of this study include use of a valid and reliable
measure of physical functioning, and an objective biomarker
of inflammation. We also used verified patient data on tumor
characteristics and deaths during the study follow-up period
and we had detailed information on potential confounding
characteristics including demographic and lifestyle variables.
Further, the results of this study are strengthened by the fact
that our study used data from a geographically diverse popu-
lation of women participating in a multisite trial.

Findings from this study contribute to the evidence that
functional status measures are important indicators of long-
term prognosis following breast cancer treatment. To our
knowledge, this is the first study to explore mechanisms of
association between low physical functioning and early mor-
tality among breast cancer survivors. Our findings offer the
strongest evidence to date that inflammation may be a biolog-
ical mechanism through which low physical functioning im-
pacts breast cancer mortality. Much work still needs to be

done in both elucidating and intervening in the relation of
inflammation, and physical functional status with mortality in
breast cancer survivors. Future interventions aimed at improv-
ing physical functioning and measuring inflaimmatory bio-
markers at different time points are needed. These studies
could clarify the causal associations between physical func-
tional status and inflammation. If confirmed, self-reported
information on physical functional status may be a valuable
indicator of future morbidity and mortality. These findings
underscore the need for functional status measures, which can
identify high-risk population subgroups, to be incorporated
into survivorship care plans.
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