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Abstract

Women with breast cancer often experience weight gain during and after treatment, significantly increasing risk for
recurrence as well as all-cause mortality. Based on a growing body of evidence, meditative movement practices may
be effective for weight management. First, we describe the effects of stress on factors associated with weight gain for
breast cancer survivors. Then, a model is proposed that utilizes existing evidence to suggest how meditative movement
supports behavioral, psychological, and neurohormonal changes that may explain weight loss. Application of the model

suggests how a novel “mindful-body-wisdom” approach may work to help reduce weight for this at-risk group.
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Background

Increasing rates of breast cancer along with improvements
in prognosis mean that the number of survivors is growing
across all US populations, regardless of race, ethnicity, and
socioeconomic status. As of January 2014, it was estimated
that there were 14.5million cancer survivors, representing
approximately 4percent of the population, with female
breast as the most common cancer site representing 41 per-
cent of female survivors (National Cancer Institute, 2014).
Weight gain is a common and persistent problem for many
breast cancer survivors (BCSs) (Kroenke et al., 2005). A
review of 23 studies that assessed weight gain in BCSs (17
of which reported on women previously diagnosed at stages
I-1IT) found that 50-96 percent of women with breast can-
cer experience significant weight gain during treatment and
many, including some women who remain weight stable
during treatment, report progressive weight gain in the
months and years after diagnosis (Vance et al., 2011).
Among those who gain weight, average increases range
from 2.5 to 6.2kg (Demark-Wahnefried et al., 1997;
Heideman et al., 2009; Nagaiah et al., 2010). In one of the
largest cohorts studied, with over 3000 BCSs participating
in the Women’s Healthy Eating and Living (WHEL) study,

weight gain was found to be positively associated with
chemotherapy of any type, but less likely among the oldest
and the most obese at diagnosis (body mass index
(BMI)>35kg/m?). Even in this very large study, however,
only 10percent returned to pre-diagnosis weight, reinforc-
ing that despite conditions that vary the risk, weight gain is
highly prevalent among stage I-III BCSs (Saquib et al.,
2007). The bulk of the studies do not report on weight gain
for women diagnosed with metastatic cancer, nor address
concerns about weight management (Saquib et al., 2007;
Vance et al., 2011). Further references to BCSs in this
review regarding patterns associated with weight gain and
suggestions for interventions to address the need of weight
management, then, primarily address women in the non-
metastatic stages, working toward recovery and prevention
of recurrence, past primary treatment.

Overweight and obesity at diagnosis, later weight gain,
and sedentary behavior add to the risk of recurrence and
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all-cause mortality for BCSs (Caan et al., 2006; Chlebowski
et al., 2002; Cleveland et al., 2007; Ewertz et al., 2011;
Nichols et al., 2009; Patterson et al., 2010), making physi-
cal activity (PA) and weight loss for overweight and obese
BCSs important targets of behavioral interventions.

Currently, there is a burgeoning interest in meditative
movement (MM) practices among BCSs, including Tai Chi
(TC), Yoga, and Qigong (QG). Evidence is accruing that
MM may nudge the scales in a favorable direction, reduc-
ing weight and/or BMI in a number of populations without
the typical, perceived hard work of vigorous PA and radical
intentional reductions in dietary energy intake. For exam-
ple, a number of studies have shown reductions in BMI or
weight loss in diabetic populations in response to TC (Chen
etal.,2010) or QG (Liu et al., 2011), and women with binge
eating disorders, post-menopausal women, and adults with
metabolic syndrome have reduced BMI in response to Yoga
(Lee et al., 2012; Mclver et al., 2009; Manchanda et al.,
2013). There is some indication that this pattern may also
hold for BCSs, a population particularly at risk for conse-
quences of overweight and obesity (Janelsins et al., 2011;
Larkey et al., 2012). It is possible that, with the added
impetus for recovering from fatigue and the hope for avoid-
ing recurrence, BCSs might be a population particularly
ready to adopt new behaviors and be more successful at
changing and maintaining a new health routine.

Our purpose in this article is to first summarize a set of
biobehavioral factors that interact, explaining how weight
gain occurs so frequently in BCSs, and then propose mech-
anisms for how this specific category of practices, MM,
may provide an opportunity for discovering a novel path to
weight loss.

Breast cancer and weight gain

The cascade of events during the diagnosis and treatment
phases for women with breast cancer leads to weight gain for
most, and then the problem persists into the post-treatment
survivorship phase. Explanations for weight gain related to
diet and PA levels are particularly relevant for this group of
vulnerable women. Higher calorie consumption has been
implicated as a possible reason for weight gain during breast
cancer treatment (Demark-Wahnefried et al., 1997; Heideman
etal., 2009; Rock et al., 1999). PA levels decline after diagno-
sis, with greater decline among women treated with chemo-
therapy and radiation or those who are obese (Irwin et al.,
2003). Changes in resting energy expenditure during breast
cancer treatment (Harvie et al., 2004) additionally contribute
to the energy imbalance by reducing the energy requirements
for individuals and resulting in weight gain even among those
who maintain the same level of consumption and activity.
Chemotherapy, especially those containing docetaxel and
hormonal therapies, appears to exacerbate the problem (even
more so for pre-menopausal women) (Demark-Wahnefried
et al., 2001; Vance et al., 2011).

Beyond the critical energy balance relationships, there is
an emerging picture of neuroendocrine factors associated
with stressful life events that appear to not only spur weight
gain for those who are highly stress reactive (i.e. respond to
stress with sudden increases in cortisol that may, in turn,
trigger eating) (Epel et al., 2001) but also contribute to
weight maintenance after treatment ends. Although the
relationships are complex and not fully understood, we
focus here on a few of the established relationships, focus-
ing on factors that have either been demonstrated as part of
the profile of BCSs or for sedentary, stressed, overweight
individuals—and in many cases, these profiles are similar.
What follows is a description of how a number of psycho-
logical and behavioral factors interact with neuroendocrine
markers related to BCSs and weight in stressful conditions
(particularly the diagnosis and treatment for breast cancer),
generally showing how “feeling physically poor” and “feel-
ing emotionally poor” work together to make healthy
behaviors and positive psychological states even less likely,
thus sustaining the cycle.

Women with breast cancer experience significant stress
during diagnosis and treatment of breast cancer (Andersen
et al., 1994; Shapiro et al., 2002), even after treatment
completion (Shapiro et al., 2002). In particular, continu-
ous psychological stress and emotional distress such as
anxiety, depression, and fear are shown to be prevalent in
BCSs (Han et al., 2005), conditions that have a substantial
negative influence on biological, physiological, and
behavioral factors. Prolonged or frequent stress over diag-
nosis and treatment of cancer gives rise to disruption of
the hypothalamic—pituitary—adrenal (HPA) axis (Elenkov
and Chrousos, 2002; Tsigos and Chrousos, 2002) result-
ing in metabolic disruption (Alokail et al., 2013; Tyrka
et al., 2012) including increased insulin resistance and its
concomitant metabolic abnormalities (Duggan et al.,
2010). These patterns indicative of metabolic syndrome,
along with sedentariness, are common in BCSs (Irwin
et al., 2009).

Chronic stress is further associated with changes in cor-
tisol patterns. Higher levels of cortisol and flatter diurnal
rhythms have been observed in women with breast cancer
(Abercrombie et al., 2003; Sephton et al., 2000), and early
stage survivors with fatigue show low waking levels of cor-
tisol with flattened slopes (Bower et al., 2005). The
increased sensitization of the HPA axis by psychological
stress and associated cortisol disruption contributes to
physiological and behavioral declines such as poor sleep
and fatigue (the most common symptom in cancer patients)
(Blesch etal., 1991; Bower et al., 2005). The rise in cortisol
secondary to chronic stress has been strongly associated
with weight gain (Vicennati et al., 2009).

Emotional distress prevalent among BCSs (Han et al.,
2005; Von Ah and Kang, 2008) may also be linked to emo-
tional eating, a key factor associated with weight gain.
Somatic dissociation (i.e. a stepping back from body
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awareness, often associated with extreme stress) accom-
panying the experience of breast cancer (Landmark and
Wahl, 2002) may persist into the survivorship phase
(Cohen et al., 1998). A tendency to remove oneself from
somatic experiences and reduction in body awareness
may be related to various forms of disordered eating,
including binge and emotional eating patterns (Katterman
etal., 2014).

The high prevalence of fatigue among BCSs may dimin-
ish activities over daily life or lead to increasingly seden-
tary behaviors. These declined activities or sedentary
behaviors may cause isolation and depression, resulting in
further decrease in activity (Flechtner and Bottomley,
2003). This fatigue cycle can further influence emotional
eating and weight gain (Demark-Wahnefried et al., 2012;
Gerber et al., 2011).

HPA axis disruption also contributes to immune and
inflammatory factor dysregulation. Women with breast can-
cer and BCSs have shown significantly high C-reactive pro-
tein (CRP) and interleukin (IL)-6 (Al Murri et al., 2006;
Bower et al., 2002, 2003, 2011a; Howren et al., 2009;
Salgado et al., 2003). CRP, an indicator of systemic inflam-
mation, is known to be elevated in people who are over-
weight, and in a high proportion of BCSs (Al Murri et al.,
2006), both pre- and post-menopausal Bower et al. 2011b. It
has been shown that CRP binds to plasma leptin (the hunger-
suppressing hormone associated with overweight) and
impairs leptin signaling, suggesting CRP is not only a marker
for inflammation-related co-morbidities, but may be involved
in regulation of adiposity through leptin resistance and hun-
ger cues (Chen et al., 2006). Therefore, CRP linked to the
stress response (Owen et al., 2003; Steptoe et al., 2007;
Yudkin et al., 2000) may hold a clue to the continued weight
gain of BCSs and would be important to explore.

Many breast cancer patients and survivors, even years
after completing treatment, continue to experience sleep
dysfunctions (Vargas et al., 2010) that trigger inflammation
theorized to mediate emotional distress (e.g. anxiety,
depression) (Irwin et al., 2013) and fatigue. These persis-
tent symptoms are all associated with overweight (Patel
and Hu, 2008) and are potentially related to continued ele-
vation of cortisol and CRP with depressed leptin into the
evening hours (when cortisol should be decreasing to allow
sleep, and leptin should be increasing to curb hunger prior
to sleep) (Spiegel et al., 2004). Lower sleep duration is cor-
related with weight and weight gain (with progressively
higher weight gain with each hour less sleep than 7hours
per night), perpetuating the problem through the cycle of
biochemical imbalances that arise as sleep worsens. This
“perfect storm” seems to be a cycle that is difficult to break
(Patel et al., 2006).

Given the number of emotional, psychological, and
behavioral factors and neuroendocrine disruptions for some
BCSs contributing to gaining and maintaining overweight,
it appears that a multi-factor approach to turn this tide is

needed. In the next section, we discuss traditional approaches
and then consider an approach to weight management for
BCSs that addresses the stress response as a first step and
that initiates a mind-body type of PA to begin shifting emo-
tional distress, sleep patterns, and neurohormonal balance.

Weight loss for BCSs

PA and energy balance

Most weight loss interventions for the general population
aim to alter energy balance by increasing energy expendi-
ture through increasing the level of PA or reducing energy
intake, or both. Weight loss programs in general depend
heavily upon nutrition education, external control, and
behavior change models and are difficult to sustain with or
without PA (Howard et al.,, 2006; Rogers et al., 2005;
Teixeira et al., 2011). Randomized trials assessing the effec-
tiveness of popular diets among healthy individuals report
modest weight loss only among a minority of individuals
who are able to maintain a high level of adherence to these
restrictive diets (Dansinger et al., 2005). Furthermore, there
is generally poor sustainability in adherence to diets over
time among study participants. While the overall patterns of
activity intensity and activity-duration-to-inactivity ratios
are considered critical, it has also been shown that partici-
pation in regular PA is associated with weight maintenance
(Physical Activity Guidelines Advisory Committee, 2008).

Dietary counseling interventions produce modest weight
losses that diminish over time in general populations
(Dansinger et al., 2007) as well as cancer survivors (Mosher
et al., 2013). Weight loss interventions among BCSs have
been less studied, but again, generally follow the model of
increasing PA and/or lowering energy intake to reduce
weight and improve body composition (Christy et al., 2011;
Demark-Wahnefried et al., 2007; Greenlee et al., 2013;
McTiernan et al., 1998; Travier et al., 2014) with benefits
also shown for strength training (Schmitz et al., 2010).

Exercise has been declared an important “medicine” for
anumber of symptoms and improving quality of life among
cancer survivors (Schmitz et al., 2010) while addressing
weight gain; there are many good reasons for promoting
these lifestyle behaviors among BCSs. While there is lim-
ited evidence that certain dietary patterns, particularly low
fat intake, are associated with breast cancer recurrence
(Prentice et al., 2006; Rock et al., 2004), PA has been shown
to reduce risk for recurrence among BCSs (Chen et al.,
2011; Holmes et al., 2005; Irwin et al., 2008; Patterson
et al., 2010).

The recent American College of Sports Medicine (ACSM)
guidelines (Schmitz et al., 2010) recommend that cancer sur-
vivors follow PA guidelines for the general population
(Physical Activity Guidelines Advisory Committee, 2008),
with adaptations to fit the disease profile. Reduction in insu-
lin resistance is common with PA initiation; insulin
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Figure I. Proposed model of effects of meditative movement on weight.

resistance has been associated with carcinogenesis through
stimulation of insulin/insulin-like growth factor (IGF)-1
signaling pathways that promote cell proliferation and sup-
press apoptosis (Gallagher and LeRoith, 2010). Furthermore,
hormonal profiles predicting recurrence are more favorable
among survivors with lower BMI and those who are physi-
cally active (McTiernan et al., 2006), further making PA an
important intervention target, both for overall weight man-
agement as well as for a number of symptoms. Specifically
among BCSs, PA has been shown to have a number of posi-
tive effects on health and fitness in BCSs independent of
weight loss, including improvements in upper and lower
body strength, fatigue, depression, body image, and health-
related quality of life (Duijts et al., 2011; Speck et al., 2010).
Only a limited number of trials have demonstrated signifi-
cant BMI loss, albeit small, among cancer survivors, with
successes only achieved with nearly a year of intensive PA
and dietary interventions (Demark-Wahnefried et al., 2007,
Duijts et al., 2011; Speck et al., 2010). In a 10-month PA and
dietary intervention study, patients gained weight back with
no significant differences between control and study groups
at the 2-year follow-up (Christy et al., 2011). Exploratory
work is needed to evaluate a novel approach to weight man-
agement among this high-risk population.

MM: a potential intervention for weight loss for
BCSs

MM is defined by Larkey et al. (2009) as practices that com-
bine movement or postures, with meditative states and a
focus on the breath to achieve deep states of relaxation,
including forms such as QG, TC, or Yoga. Women who have

been diagnosed with breast cancer are increasingly explor-
ing complementary and alternative options during and after
treatment, including mind/body exercise practices such as
MM (e.g. Yoga, TC, QG) (Boon et al., 2007; Carpenter
et al., 2009; Fouladbakhsh and Stommel, 2010; Matthews
et al., 2007). Although these practices are often less exertive
than conventional aerobic exercise, there is a growing body
of evidence that MM—mind/body practices that also utilize
movement—may reduce a number of symptoms and
improve quality of life for BCSs (Jahnke et al., 2010;
Janelsins et al., 2011; Larkey et al., 2014; Lee et al., 2010;
Lengacher et al., 2009; Moadel et al., 2007; Oh et al., 2012a,
2012b; Speed-Andrews et al., 2010). These changes in
symptom reduction and quality of life in response to MM
practices are, in and of themselves, important outcomes that
have been addressed in the current literature for each of
these practices, Yoga, TC, and QG. We turn our attention
now to the potential for MM to affect a critical factor associ-
ated with breast cancer recurrence, weight loss.

Although, to date, there are only two studies that indi-
cate that MM affects weight loss among BCSs (Larkey
et al., 2012; Janelsins, Davis, Wideman et al, 2011), there
are a number of dynamics inherent in MM practices that
address the very factors that may be related to weight loss.
Thus, although it might not appear that lower levels of
exertion associated with many of the MM practices would
predict a change in weight, consideration of these factors
beyond the PA intensity suggests other influences may be
operating.

A number of recent studies indicate that weight, or more
specifically BMI, may be reduced in response to MM prac-
tices (Cade et al., 2010; Liu et al., 2010; Manchanda et al.,
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2000), particularly for those who are overweight or obese
(Chen et al., 2010), even when compared to non-MM exer-
cise controls (Chen et al., 2010; Cheung et al., 2005;
Dechamps et al., 2009).

Findings from a recent pilot study (Larkey et al., 2012)
indicate that with a low-intensity QG/TC intervention, BMI
can be significantly reduced compared to a similar, low-
intensity exercise that excludes the meditative and breath
focus aspects of the QG/TC intervention and this low-
intensity exercise may serve as a bridge to more moderate-
intensity activities. Furthermore, a trend in the direction of
decreased BMI was shown for BCSs in a recently published
pilot study of TC compared to a sedentary psychosocial
support control, also showing a significant difference in
insulin levels (stable levels in TC) (Janelsins et al., 2011).
Why might this be? We propose a model that suggests how
MM components (PA, meditative states, and breath focus)
may affect a number of factors that shift the burden of stress
(Figure 1) and propose how MM may provide a multi-fac-
tor program for weight loss among overweight/sedentary
BCSs with a previous diagnosis of up-to-stage-11I breast
cancer. For purposes of the presentation of this model and
the relationships proposed, the factors discussed in the text
are intended to be applied to BCSs. Although the formal
definition of a survivor includes those from the time of
diagnosis, we use the term, survivor in this case, to refer to
those who have completed primary treatment (i.e. surgery,
radiation, chemotherapies) and the literature supporting the
proposed relationships is primarily focused on the post-
treatment survivorship phase.

PA component of MM

QG and TC have been reported to be low to moderate level
of intensity (Manzaneque et al., 2004; Taylor-Piliaec and
Froelicher, 2004) while Yoga practices may vary even
more greatly up to high intensity (Ross and Thomas, 2010),
and thus, there is a wide variety in the level of intensity in
the MM practices showing up in intervention research.
MM exercises have been associated with an increase in
adherence to PA programs (Dechamps et al., 2007), and
overall patterns of increased activity in daily life, even
beyond the MM practice (Larkey et al., 2009). While PA
alone is considered to be a necessary lifestyle intervention
to promote weight loss, MM may bring additional ele-
ments to bear on the constellation of critical factors. We
suggest that increases in overall PA resulting from partici-
pation in MM may contribute to weight loss based on the
PA increases alone. Even with varying levels of intensity,
reduced sedentary behavior and increased overall PA over
time have been linked to reduced stress, improvements in
CRP levels (Kasapis and Thompson, 2005), improved cor-
tisol patterns, blood glucose and sleep regulation
(Chodzko-Zajko et al., 2009), reduced insulin resistance
(Mayer-Davis et al., 1998), and lowered BMI with reduced
fat/lean ratios.

Meditative states, breathing practice, mood, and
weight

A key component of MM is the mindful or meditative state
and the relaxation response associated with slow, deep
breathing. A growing body of research suggests that mind-
fulness-based interventions may reduce stress-related emo-
tions (anxiety, depression) (Carlson et al., 2007; Ospina
et al., 2007; Shapiro et al., 2002; Von Ah and Kang, 2008),
metabolic imbalance (Daubenmier et al., 2012), and disor-
dered eating (Katterman et al., 2014) through an emphasis
on body awareness, emotional self-regulation, and atten-
tion to inner “wisdom” cues, as well as decreased BMI
(Kristeller and Hallett, 1999; Kristeller and Wolever, 2011;
Lillis et al., 2009). Mindfulness practices may also help
maintain weight loss post-surgery in bariatric patients
(Engstrom, 2007), possibly facilitated by reductions in
emotional eating and caloric intake.

While breathing practices alone have not been directly
tested/associated with weight loss, the calming of emo-
tional states and self-regulation associated with MM breath-
ing practices (Bhattacharya et al., 2002; Joseph et al., 2005;
Martarelli et al., 2009) implies potential for changing emo-
tional eating patterns and dietary intake. Both Yoga and
TC have been shown to improve metabolic state and psy-
chological symptoms (Cohen et al., 2008; Liu et al., 2010;
Ross and Thomas, 2010; Tsang and Fung, 2008).
Furthermore, there is evidence that mindfulness practice
may reduce waking cortisol levels along with weight loss
among obese women (Daubenmier et al., 2011).

Tsang and Fung (2008) propose a model of cascading
effects for QG and TC for patients with depression shedding
light on several routes through which weight loss may occur,
including changes in symptoms (fatigue and sleep) and in
serotonin levels, cortisol, and slowed release of glucocorti-
coids. Although very little has been done to test methods of
normalizing cortisol in cancer patients, interventions that
reduce stress have been relatively successful. Cortisol levels
were reduced in acute response to Yoga practice (Kamei
et al., 2000), and normal slopes were restored in a group of
breast and prostate cancer patients who practiced mindful-
ness meditation (Carlson et al., 2004).

In summary, we propose that MM elements (meditative
state, movement, breath focus) may increase emotional
self-regulation and body awareness, eating behaviors, and
PA in favor of weight loss. Diurnal cortisol slope improve-
ments, reduced insulin resistance, and decreased CRP lev-
els (reducing leptin resistance) may be centrally involved in
the MM/weight loss relationship as mechanisms of change.

Discussion

Although at first consideration, MM practices may not be
seen as adequate exertion to change the metabolic processes
expected to change for weight loss results, we suggest that
there are other effects of various components of MM that
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may make a difference through other routes. Overall
increase in activity levels as women become less sedentary
is a typical result of MM practice. Furthermore, the stress
effects on the HPA axis induced by breast cancer diagnosis
and treatment may potentially be reversed through normal-
izing metabolic patterns, and inflammatory and immune
biomarkers. At the same time, these markers of biochemical
change may also reflect behavioral changes in sleep and
emotional eating, turning the tide of the many factors noted
to be related to the weight gain in the first place. With the
growing evidence for MM practices to be effective for
weight loss, and the factors theorized to be associated with
these results, there is a need to examine more specifically
these practices, and potential mechanisms of change for
BCSs, in research designs addressing the full model.

The model of behavioral/physiological, psychological,
and biological responses to MM expected to support
weight loss among overweight BCSs includes a number of
testable relationships. In the conceptual model (see Figure
1), we propose several possible pathways by which MM
interventions may impact weight loss. One pathway
depicted suggests that the MM intervention leads to
improved physiological (behavioral) responses (e.g.
improved sleep quality), which then lead to weight loss.
Evidence for MM intervention effects on sleep and the
relationship of sleep and weight have been established, but
the throughput of these relational factors has not been
directly tested. This portion of the model could be tested
using multiple regression analyses or path analyses to
examine the role of physiological responses as mediators
of the effect of MM on weight loss. Mediation models
could also be used to examine the impact of MM interven-
tions on psychological responses (e.g. emotional self-reg-
ulation), which then lead to weight loss, another pathway
depicted in the conceptual model. Additionally, multiple
mediator models could be used to examine the effect of an
MM intervention on physiological and psychological
responses simultaneously and whether one of these
responses has an impact on weight loss while controlling
for the effect of the other. Relevant research questions
include “does MM have a stronger impact on physiologi-
cal or psychological responses?” and “are physiological or
psychological responses the stronger mediator of MM’s
impact on weight loss?” Finally, three path mediation
models could be used to test the effects of the MM inter-
vention on physiological/psychological responses which
then lead to biological responses (e.g. diurnal cortisol
slope improvement) and ultimately weight loss.

Finally, we recognize that one of the most powerful ben-
efits that could accrue to finding MM effects on weight loss
is the potential for preventing recurrence. As with any
model that is in the early stages of being tested, the various
components related to weight loss need to be tested first to
better understand the relationships. If findings confirm this
model, the next step would be to design studies for the

longer term to examine effects on recurrence mediated by
MM forms of activity.

Conclusion

A model is proposed describing MM as an intervention
venue for overweight BCSs that may provide an advantage
over the typically prescribed diet and exercise solutions for
some individuals, and asserting that this is a ripe area for
testing in rigorous research. MM interventions may not
only directly and indirectly address the usual culprits in
weight gain (e.g. sedentariness and dietary intake) but also
may begin to shift a number of underlying psychological
and bio-mechanisms related to stress, potentially having
more systematic and longer term effects.
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