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Abstract

Breast cancer risk and outcomes for breast cancer survivors are known to be influenced by body composition. A wealth
of literature surrounds the function and role of fat tissue, however considerably less is known regarding lean body mass
and its functional role in immune, hormonal and metabolic regulation in breast cancer aetiology. This review outlines
findings relevant to lean body mass before, and following breast cancer diagnosis. A paucity of research exists regarding
lean body mass and breast cancer risk. However, post-diagnosis lean body mass losses are commonly reported and
a concern for ongoing co-morbidity after treatment. A comprehensive mechanism for sarcopenic obesity in breast
cancer survivors is currently unknown. However, findings from other disease states indicate that the effects of chronic
inflammation and/or an increase in sedentary activity may partly explain the exaggerated losses of lean body mass.
Exercise has been a successful intervention for attenuating lean body mass losses after treatment, while weight loss
through energy restriction may exacerbate breast cancer related sarcopenia. Combining exercise with dietary intervention
to optimise lean body mass may be ideal; however there is insufficient evidence for this at present. Similarly, the role
of functional food supplements, such as omega-3 fatty acids and essential amino acids, may aid lean body mass

maintenance through anti-inflammatory action and increased muscle protein synthesis.

There were 1.15 million new cases of breast cancer
diagnosed worldwide in 2002," while in Australia alone,
12,600 new cases are diagnosed each year and at the
end of 2006 there were 144,000 breast cancer survivors
country-wide.? Significant advances in research have
increased our understanding of predisposing factors and
improved the management of breast cancer, resulting in
a five-year survival rate of 88% and a one-year survival
of 97%.2

Over the last three decades, numerous studies and meta-
analyses have established a relationship between body
composition and breast cancer aetiology and prognosis.®®
Postmenopausal breast cancer risk has a positive correlation
with body mass index (BMI),® while a lower BMI® but high
waist to hip ratio (WHR) is associated with an increased risk
of premenopausal breast cancer.*® At the time of diagnosis,
a higher BMI and WHR are both related to poorer prognosis,
irrespective of menopausal status.®

Due to the strong correlation found between BMI, WHR and
body fat mass, investigations have focused on the function
of fat tissue in breast cancer aetiology with specific reference
to its influence over sex hormone balance, endocrine
function, insulin and insulin-like growth factors and
adipokine expression.” More recently, better understanding
of the function of lean body mass (LBM) indicates that it
too exerts a powerful endocrine, immune and hormonal
influence within the body.®

For breast cancer survivors, simultaneous LBM loss with
fat tissue accumulation, known as sarcopenic obesity, is
common.®"" The complete aetiology of LBM loss in this
population is unclear, however it appears to be associated
with poorer metabolic outcomes, such as earlier onset of
cardiovascular disease and metabolic syndrome related
diseases.?'?'® |In addition, LBM has been shown to be

a positive predictor of survival in chronic heart failure,™
chronic kidney disease,' chronic obstructive pulmonary
disease,’® and cancer cachexia.'” Evidence from these
populations suggest that LBM loss may in part be related
to inflammatory mediators present as a result of the disease
state and treatment.'”8

The purpose of this review is: to provide a brief outline of
findings related to LBM before and after breast cancer
diagnosis; to explore the role of inflammation in LBM loss
in breast cancer survivor populations; and review the
established and potential roles of exercise and dietary
intake in LBM maintenance specific to the breast cancer
survivor population.

Search criteria

A literature search was carried out using MEDLINE and
Pubmed databases. Selected studies and review articles
were hand-searched for additional relevant references. Key
terms used included: breast cancer (breast neoplasms,
cancer of the breast, breast cancer survivor, breast
neoplasm risk); body composition (percentage body fat,
muscle mass, lean body mass, skeletal muscle, body
composition); exercise (physical activity, resistance training,
aerobic training); diet (energy intake, omega-3 fatty acids,
diet therapy, caloric/energy restriction). Additional search
criteria included, subjects >18 years of age, non-metastatic
breast cancer survivors and articles published in English.
Included articles were those that reported body fat
composition and/or lean body mass in relation to: breast
cancer risk (all study designs included); time after breast
cancer diagnosis (all prospective and retrospective cohort
studies, case series, non-randomised and randomised
studies); and diet and exercise, or combined interventions
post breast cancer diagnosis (all non-randomised and
randomised control trials).
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LBM prior to breast cancer diagnosis

There is a lack of studies prospectively assessing LBM
in association with breast cancer risk using sensitive
measures such as dual-energy X-ray absorptiometry, CT
scanning, densitometry or bioelectrical impedance. Of the
studies that could be located, two prospective cohorts
consisting entirely of postmenopausal women, have
reported mixed results for the effect of LBM on breast
cancer risk as assessed by bioelectrical impedance.!92
In a Dutch postmenopausal population with a median
of six years follow-up, each 1kg/m? increase in LBM-to-
height ratio (LBM divided by height squared) was positively
associated with breast cancer risk, with seemingly no effect
from body fat to height ratio.?® This differed somewhat
to a postmenopausal Australian cohort measured at
baseline and again after nine years.'® Each 10kg increase
in absolute lean body and fat mass, and 10cm increase
in waist circumference, were associated with increased
breast cancer risk. However, when results were stratified
for time since onset of menopause and history of hormone
replacement therapy (HRT), a significant effect was only
found for those who had experienced menopause more
than 15 years before assessment, and in never-users of
HRT.19-21

These results are not surprising, as it is well established
that adult weight increases and higher BMI values are
significantly associated with postmenopausal breast
cancer risk.>?" Considering normal weight gain in healthy
adult populations involves a simultaneous increase in LBM
and fat mass,?? the association between breast cancer risk
and absolute LBM in these studies may be secondary to
the effects of significant long-term total body weight and
fat mass gain during adulthood.

In contrast to the above findings, when the ratio of fat
to skeletal muscle mass was measured at or shortly
following diagnosis in a Uruguayan case-control study,
a higher value for fat-to-muscle ratio was more indicative
of a breast cancer diagnosis.?®> Compared to the lowest
(1st) quartile of fat-to-muscle ratio, both 3rd and 4th
quartiles had an odds risk of 4.86 and 6.09 (p<0.0001)
independent of BMI and menopausal status. The authors
noted that to maintain skeletal muscle mass at a level
that was protective, regular exercise was mandatory.
Alternatively, these results may indicate the importance
of active lean tissue and its influence over immune
and hormonal regulation.?* Caution in interpretation of
these data is required. Limitations regarding the body
composition measurement methodology used, and
the applicability of findings to populations in developed
countries are not clear.

To date, few meaningful relationships between LBM
and risk of breast cancer have been uncovered. Current
evidence suggests that the effect of LBM may be
secondary to total weight and fat mass gains prior to
diagnosis. More prospective studies using accurate
and repeated measures of body composition, along
with markers of muscle function, are required to further
elucidate the protective or predisposing effect of LBM and
breast cancer risk.

Pattern of LBM changes after breast cancer
treatment

Sarcopenic weight gains are common after treatment
for breast cancer.”® Over the five years following active
treatment, 50-100% of survivors have been shown to
increase total weight,'®'" with the probability of re-attaining
their pre-diagnosis weight being inversely associated
with initial post-treatment weight gains.”? LBM growth
accounts for 20-40% of total weight gains in disease free
populations.?? Studies of breast cancer survivors have
shown that more than one year after chemotherapy, total
fat mass gains of 2.4kg to 6.7kg were accompanied by
LBM losses of -0.4kg to -1.7kg, respectively.®*? Women
who seemingly maintain their weight in the years after
treatment still undergo these adverse changes, such that
LBM losses match increases in adipose tissue.?® Factors
that are linked with more exaggerated changes include
premenopausal status at diagnosis, experiencing treatment
related menopause,?” receiving chemotherapy compared to
no chemotherapy, a lower BMI at diagnosis and those who
are least physically active after treatment.?® The sarcopenic
pattern is still prevalent, albeit of smaller magnitude in
postmenopausal breast cancer populations.?® 2°

In regards to timing of LBM changes, the most significant
changes are seen during adjuvant chemotherapy and in
the 6 to 12 months following this.®?52%% By observing
control groups in large randomised trials, the rate of
sarcopenic weight gain seems to normalise two to four
years post diagnosis,®'-** however total weight increases
can still occur after this point.™

LBM losses with concurrent fat and total weight gains are
associated with metabolic dysfunction including impaired
glucose metabolism, high triglyceride levels,* and chronic
inflamsmation in healthy and diseased populations.® While
the function of fat tissue has been a focus of previous
interventions aimed at breast cancer survivors, LBM should
be evaluated more closely in future, as it is known to be a
large contributor to glucose disposal,® triglyceride oxidation
and, when stimulated through exercise, can exert systemic
anti-inflammatory effects.®®

Contributors to LBM losses

Studies assessing moderators of weight change during
treatment (local surgery and radiotherapy, with or without
chemotherapy) have not conclusively explained the
reasons for the higher than expected total weight gains
and the sarcopenic nature of the body composition
changes.®?52737:38 The role of both resting metabolic rate
and energy intake do not fully explain the magnitude of
weight change after treatment.®?” It is thought that any
increases in fat mass are sufficient to mask the resting
metabolic rate reduction associated with LBM losses,®
while weight gains have been observed even after a
reduction in energy intake.?” In contrast, lower levels of
physical activity have been associated with increased
weight,® however total weight gains still seem to be greater
than predicted after accounting for the reduction in energy
expenditure associated with decreased physical activity.?
Therefore, auxiliary mechanisms other than those relating to
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conventional energy balance, such as chronic inflammation
metabolic disturbances related to sedentary activity, may
partly explain the exaggerated changes in LBM.

Systemic inflammation has proven to be a strong inhibitor
of muscle protein synthesis and increased muscle protein
degradation in ovarian, gastroesophageal and pancreatic
cancers.®®4° A full review of these mechanisms can be
found elsewhere.”’ In brief, increased circulating levels of
inflammatory cytokines such as tumour necrosis factor
(TNF-)alpha and interleukin-6 (IL-6), and increased genetic
expression of inflammatory markers through nuclear
factor-kappa B (Nf-kB), stimulate muscle degradation
while inhibiting muscle protein synthesis.*® At least
one prospective study revealed that elevated levels of
inflammatory markers have been positively associated with
body mass accumulation in healthy populations.*!

Direct associations between LBM changes and inflammatory
markers have not yet been made in breast cancer survivor
populations. Elevated levels of acute phase inflammatory
markers, C-reactive protein and serum amyloid A, have been
correlated with increased fatigue,*? increased incidence of
cardiovascular disease, insulin resistance,** and mortality
independent of BMI, stage of disease and race.** Cytokines
generated from active LBM (particularly skeletal muscle),
known as myokines,* contribute to the anti/inflammatory
balance of the body?® While the muscle-fat cytokine
interplay has not been fully elucidated, numerous studies
have confirmed that muscle activity has a significant anti-
inflammatory influence on the systemic cytokine milieu, and
further research may develop mechanisms that increase the
importance of functional LBM in healthy and breast cancer
populations.?

A reduction in physical activity and an increase in sedentary
activity are common after breast cancer diagnosis.®
Increased sedentary time, such as sitting or lying down,
has been related to increased adiposity in breast cancer
populations.*® This phenomenon can be explained through
an increase in abdominal fat deposition, decreased
insulin  sensitivity,*® decreased triglyceride oxidation,
and an inhibition of muscle synthesis,*” following muscle
deactivation related to physical inactivity. Decreased
energy expenditure plus the metabolic disturbances
associated with physical inactivity, may partially explain
discrepancies in predicted and actual weight gains found
in breast cancer survivors.

Inflammation and sedentary activity related changes in
metabolism have a significant role in LBM physiology. More
research is needed to fully elucidate exact physiological
mechanisms even in healthy populations, however
compelling evidence indicates that regularly stimulated as
opposed to dormant LBM may be closely related to LBM
changes.'® 48

Influences of exercise and diet on LBM

Diet and physical activity interventions have had a significant
impact on body composition changes in breast cancer
survivors despite their disappointing influence on LBM
following treatment.

Regular exercise in the well population has been shown to
reduce breast cancer risk by 25-30%,® and after diagnosis,
total mortality by ~40%, breast cancer mortality by 34%, and
breast cancer recurrence by 24%.%° Therefore, increased
physical activity is recommended for healthy populations
and breast cancer survivors alike.

With respect to LBM, randomised control trials that
involved resistance training have shown 0.5 to 0.88kg
LBM increases over 8 to 26 weeks.5"% In a population
that typically loses muscle mass, aerobic exercise during
and after treatment when compared to no intervention,
has been shown to attenuate and sometimes reverse LBM
losses.®? * However, a recent meta-analysis of randomised
control trials notes only body fat percentage is consistently
improved by aerobic exercise in this population.®* As
well as absolute LBM growth, improvement of muscle
function in conjunction with smaller absolute LBM growth
is an important outcome in this population. A landmark
randomised control trial by Schmitz et al (2009) investigated
the effect of year long, twice weekly resistance training on
outcomes relating to lymphoedema. The study did not
detect a significant change in LBM compared to control.
However upper and lower body strength increased by
29% and 32% respectively in the intervention group,
compared to 4% and 8% respectively in the control.®!
Similarly, VO, max was disproportionately improved after
aerobic exercise training compared to the relatively small
improvements of body composition.5%5 Considering the
varying abilites of individuals of different body shapes
and genetic predisposition to increasing absolute LBM,
functional outcomes may give a more consistent insight
into physiological improvement of LBM. Muscle strength
has been shown to be a better predictor of mortality than
muscle mass in ageing populations,*® VO, max has long
been an independent marker of mortality regardless of body
composition in other populations,®” and evidence shows
that exercise training and muscle contraction exerts anti-
inflammatory effects through myokine production.?* While
the data regarding outcomes and muscle function is lacking
in breast cancer survivors, these consistent relationships
in otherwise not dissimilar populations are suggestive of
similar links in breast cancer populations.

Dietary interventions for breast cancer survivors
have shown successful weight loss through energy
restriction,®8" and with mixed results after low fat and
high fruit and vegetable consumption.®2¢ Randomised
control trials assessing weight loss through energy
restriction in breast cancer survivors have resulted in 3.3
to 9.5kg weight loss over 6 to 12 months.*°%" However,
there has been little focus on lean mass maintenance
in these studies. In otherwise healthy overweight and
obese populations, weight loss through energy restriction
without exercise inevitably results in losses of both
fat and LBM.56485 A recent randomised control trial
evaluated the efficacy of low carbohydrate or low fat
diets for weight loss in breast cancer survivors and
their potential hazard to LBM.®° Similar weight loss
was found for each group, however, while body fat
percentage, metabolic markers and C-reactive protein
decreased, a classification of sarcopenia categorised
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by appendicular LBM (<5.67kg/m?), measured by dual-
energy X-ray absorptiometry, increased from 8% to 18%
within the study cohort.®® Considering the known link
between breast cancer survival and the loss of LBM after
treatment, this study is the first in this population that
clearly indicates the need for additional interventions to
attenuate LBM during weight loss.

Combining exercise and dietary restriction for breast cancer
survivors has shown promise in attenuating LBM loss
during total body weight loss.®® Some studies have been
underpowered or have failed to measure LBM,5%° leaving
the need for more research into a model that has been useful
in non-breast cancer populations.®® Apart from exercise,
anti-inflammatory nutrients may have utility in this population
when addressing LBM maintenance. Long chain omega-3
fatty acids (LCn-8 FAs) through anti-inflammatory and
mitochondrial influence, are associated with protein sparing
and increased fat oxidation in overweight populations,”-"2
and LBM attenuation in cancer cachexia.®>”® In conjunction
with exercise, LCn-3FAs supplementation has shown
to exert more powerful effects again on fat oxidation and
LBM growth.” Substantial literature supports the ability
of LCn-3FAs to reduce inflammation through many of the
pathways associated with LBM loss.”*"® An Australian
study is currently underway investigating these relationships
within a breast cancer survivor cohort. Another potential
group of nutrients that show promise in LBM preservation
are supplemented essential amino acids. Emerging
findings indicate that essential amino acids, when dosed
appropriately, may independently stimulate muscle protein
synthesis.”” Supplementation has improved LBM in both
chronic heart failure and older female populations,” " and
has a theoretical potential in breast cancer populations.

Conclusions

Adipose tissue has long been a focus of breast cancer
aetiology and management. While little published research
exists, recent insights regarding the role of LBM in
inflammatory, immune and hormonal balance indicate an
intriguing avenue for improving breast cancer outcomes.
Sarcopenic weight gains during and after breast cancer
treatment are not fully understood, however inflammatory
regulation, inactivation of muscle tissue through sedentary
activity and muscle-fat communication via endocrine
pathways may provide further explanation of these adverse
changes. Regardless of the incomplete physiological
understanding, exercise interventions during and after
treatment are effective in attenuating and reversing
LBM losses in breast cancer survivors. Perhaps more
importantly, it has been shown to dramatically improve
muscle function in breast cancer populations. In contrast,
dietary energy restriction alone is effective in reducing
weight, however, the concurrent loss of LBM during weight
loss may expose survivors to more severe sarcopenic
changes. Optimal management of body composition is
still under investigation, however conclusions from other
populations would indicate a combined diet and exercise
approach is best. Finally, a potential role exists for specific
dietary supplements that address chronic inflammation
and inhibition of muscle protein synthesis likely present in
breast cancer survivors.

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

—

22.

23.

24,

25.

26.

2

<

28.

Parkin DM, Bray F, Ferlay J, Pisani P. Global Cancer Statistics, 2002. CA
Cancer J Clin. March 1 2005;55(2):74-108.

Australian Institute of Health and Welfare & National Breast and Ovarian
Cancer Centre. Breast cancer in Australia: an overview, 2009. Cancer series
no. 50. 2009;Cat. no. CAN 46. Canberra: AIHW.

Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass
index and incidence of cancer: a systematic review and meta-analysis of
prospective observational studies. Lancet. 2008;371:569-578.

Connolly BS, Barnett C, Vogt KN, Li T, Stone J, Boyd NF. A Meta-Analysis
of Published Literature on Waist-to-Hip Ratio and Risk of Breast Cancer.
Nutrition and Cancer. 2002;44(2):127-138.

Harvie M, Hooper L, Howell AH. Central obesity and breast cancer risk: a
systematic review. Obes Rev. 2003;4(3):157-173.

Protani M, Coory M, Martin JH. Effect of obesity on survival of women with
breast cancer: systematic review and meta-analysis. Breast Cancer Res
Treat. 2010;123:627-635.

Roberts DL, Dive C, Renehan AG. Biological Mechanisms Linking Obesity
and Cancer Risk: New Perspectives. Annual Reviews. 2010;61:301-316.
Mourtzakis M, Bedbrook M. Muscle atrophy in cancer: a role for nutrition and
exercise. Applied Physiology, Nutr Metab. 2009;34(5):950-956.
Demark-Wahnefried W, Peterson BL, Winer EP, Marks, L, Aziz N, Marcom P,
et al. Changes in Weight, Body Composition, and Factors Influencing Energy
Balance Among Premenopausal Breast Cancer Patients Receiving Adjuvant
Chemotherapy. J Clin Oncol. 2001;19:2381-2389.

Rooney M, Wald A. Interventions for the Management of Weight and Body
Composition Changes in Women With Breast Cancer. Clin J Oncol Nurs.
2007;11(1):41-52.

Harvie M. The Importance of Controling Body Weight After a Diagnosis
of Breast Cancer: The Role of Diet and Exercise in Breast Cancer Patient
Management. 2010:73-96.

Nichols HB, Trentham-Dietz A, Egan KM, et al. Body Mass Index Before and
After Breast Cancer Diagnosis: Associations with All-Cause, Breast Cancer,
and Cardiovascular Disease Mortality. Cancer Epidemiology. Biomarkers &
Prevention. 2009;18:1403-1409.

Healy LA, Ryan AM, Carroll P, Ennis D, Crowley V, Boyle T, et al. Metabolic
Syndrome, Central Obesity and Insulin Resistance are Associated with
Adverse Pathological Features in Postmenopausal Breast. Clin Oncol.
2010;22(4):281-288.

Levine B, Kalman J, Mayer L, Fillit HM, Packer M. Elevated Circulating Levels
of Tumor Necrosis Factor in Severe Chronic Heart Failure. N Engl J Med.
1990;323(4):236-241.

Horwich TB, Fonarow GC. Cardiovascular and survival paradoxes in dialysis
patients: Reverse Epidemiology beyond Dialysis Patients: Chronic Heart
Failure, Geriatrics, Rheumatoid Arthritis, COPD, and AIDS. Seminars in
Dialysis. 2007;20(6):549-553.

Sin DD, Man SF. Systemic inflammation and mortality in chronic obstructive
pulmonary disease. Can J Physiol Pharmacol. 2007;85(1):141-147.

Argiles JM, Busquets S, Felipe A, Lopez-Soriano FJ. Abstract. Molecular
mechanisms involved in muscle wasting in cancer and ageing: cachexia
versus sarcopenia. The International Journal of Biotechnology & Cell Biology.
2005;37:1084-1104.

Schaap LA, Pluijm SMF, Deeg DJH, Visser M. Inflammatory Markers and Loss
of Muscle Mass (Sarcopenia) and Strength. Am J Med. 2006;119(6):526.
e529-526.e517.

Maclnnis RJ, English DR, Gertig DM, Hopper JL, Giles GG. Body Size
and Composition and Risk of Postmenopausal Breast Cancer. J Cancer
Epidemiol Prev. 2004;13(12):2117-2125.

Mellemkjaer L, Bigaard J, Tjonneland A, et al. Body Composition and
Breast Cancer in Postmenopausal Women: A Danish Prospective Cohort
Studylast]. Obesity. 2006;14(10):1854-1862.

. Lahmann PH, Lissner L, Gullberg B, Olsson H, Berglund G. A prospective

study of adiposity and postmenopausal breast cancer risk: The Malmé diet
and cancer study. Int J Cancer. 2003;103(2):246-252.

Forbes GB, Brown MR, Welle SL, Lipinski BA. Deliberate overfeeding in
women and men: energy cost and composition of the weight gain. Br J
Nutr. 1996;56:1-9.

Ronco AL, Boeing H, De Stefani E, Schulz M, Schulze M, Pischon T. A case-
control study on fat-to-muscle ration and risk of breast cancer. Nutrition and
Cancer. 2009;61(4):466-474.

Pedersen BK. The diseasome of physical inactivity — and the role of myokines
in muscle—fat cross talk. J Physiol. 2009;587(23):5559-5568.

Harvie MN, Campbell IT, Baildam A, Howell A. Energy Balance in Early Breast
Cancer Patients Receiving Adjuvant Chemotherapy. Breast Cancer Res
Treat. 2004;83(3):201-210.

Kutynec Cl, McCargar L, Barr Sl, Hislop TG. Energy balance in women with
breast cancer during adjuvant treatment. J Am Diet Assoc. 1999;99:1222-
1227.

. Goodwin PJ, Ennis M, Pritchard Ki, et al. Adjuvant Treatment and Onset

of Menopause Predict Weight Gain After Breast Cancer Diagnosis. J Clin
Oncol. 1999;17:120-129.

Irwin ML, Crumley D, McTiernan A, et al. Physical activity levels before and
after a diagnosis of breast carcinoma. Cancer. 2003;97(7):1746-1757.

CancerForum Volume 35 Number 2 July 2011



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52,

53.

54.

55.

Aslani A, Smith RC, Allen BJ, Pavlakis N, Levi JA. Changes in body
composition during breast cancer chemotherapy with the CMF regimen.
Breast Cancer Res Treat. 1999;57(3):285-290.

30. Battaglini C, Bottaro M, Dennehy C, et al. The effects of an individualized
exercise intervention on body composition in breast cancer patients
undergoing treatment. Sao Paulo Medical Journal. 2007;125(1):22-28.
Schmitz KH, Ahmed RL, Troxel A, et al. Weight Lifting in Women with Breast-
Cancer-Related Lymphedema. N Engl J Med. 2009;361(7):664.

Irwin ML, Alvarez-Reeves M, Cadmus L, et al. Exercise Improves Body
Fat, Lean Mass, and Bone Mass in Breast Cancer Survivors. Obesity.
2009;17(8):1534-1541.

Matthews C, Wilcox S, Hanby C, et al. Evaluation of a 12-week home-
based walking intervention for breast cancer survivors. Supp Care Cancer.
2007;15(2):203-211.

Thomson CA, Rock CL, Giuliano AR, et al. Longitudinal changes in body
weight and body composition among women previously treated for breast
cancer consuming a high-vegetable, fruit and fiber, low-fat diet. Eur J Nutr.
2005;44(1):18-25.

Hamilton MT, Hamilton DG, Zderic TW. Role of Low Energy Expenditure and
Sitting in Obesity, Metabolic Syndrome, Type 2 Diabetes, and Cardiovascular
Disease. Diabetes. November 2007 2007;56(11):2655-2667.

Flynn MG, McFarlin BK, Markofski MM. State of the Art Reviews: The Anti-
Inflammatory Actions of Exercise Training. American Journal of Lifestyle
Medicine. May/June 2007 2007;1(3):220-235.

Kumar N, Allen KA, Riccardi D, et al. Fatigue, weight gain, lethargy and
amenorrhea in breast cancer patients on chemotherapy: is subclinical
hypothyroidism the culprit? Breast Cancer Res Treat. 2004;83(2):149.
Demark-Wahnefried W, Hars V, Conaway MR, et al. Reduced rates of
metabolism and decreased physical activity in breast cancer patients
receiving adjuvant chemotherapy. Am J Clin Nutr. 1997;65(5):1495-1501.
Fearon KCH, von Meyenfeldt MF, Moses AGW, et al. Effect of a protein and
energy dense n-3 fatty acid enriched oral supplement on loss of weight and
lean tissue in cancer cachexia: a randomised double blind trial. Gut. October
2003 2003;52(10):1479-1486.

Al-Majid S, Waters H. The Biological Mechanisms of Cancer-Related Skeletal
Muscle Wasting: The Role of Progressive Resistance Exercise. Biol Res Nurs.
2008;10(1):7-20.

Duncan BB, Schmid MI, Chambless LE, Folsom AR, Carpenter M, Heiss
G. Fibrinogen, Other Putative Markers of Inflammation, and Weight Gain in
Middle-aged Adults—The ARIC Study. Obes Res. 2000;8(4):279-286.
Collado-Hidalgo A, Bower JE, Ganz PA, Cole SW, Irwin MR. Inflammatory
Biomarkers for Persistent Fatigue in Breast Cancer Survivors. Clin Cancer
Res. May 1, 2006 2006;12(9):2759-2766.

Rose DP, Komninou D, Stephenson GD. Obesity, adipocytokines, and insulin
resistance in breast cancer. Obes Rev. 2004;5(3):153-165.

Pierce BL, Ballard-Barbash R, Bernstein L, et al. Elevated Biomarkers of
Inflammation Are Associated With Reduced Survival Among Breast Cancer
Patients. J Clin Oncol. July 20, 2009 2009;27(21):3437-3444.

Pedersen BK. State of the Art reviews: Health benefits related to exercise
in patients with chronic low systemic inflammation. American Journal of
Lifestyle Medicine. 2007;1:289-298.

Lynch BM, Dunstan DW, Healy GN, Winkler E, Eakin E, Neville O. Objectively
measured physical activity and sedentary time of breast cancer survivors,
and associations with adiposity: findings from NHANES (2003-2006).
Cancer Causes Control. 2010;21:283-288.

Biolo G, Ciocchi B, Stulle M, et al. Metabolic consequences of physical
inactivity. J Ren Nutr. 2005;15(1):49-53.

Emaus A, Veierad M, Tretli S, et al. Metabolic profile, physical activity,
and mortality in breast cancer patients. Breast Cancer Res Treat.
2010;121(3):651-660.

Friedenreich CM, Cust AE. Physical Activity and breast cancer risk: impact
of timing, type and dose of activity and population subgroup effects. Br J
Sports Med. 2008;42:636-647.

lbrahim E, Al-Homaidh A. Physical activity and survival after breast cancer
diagnosis: meta-analysis of published studies. Med Oncol. 2010:1-13.
Courneya KS, Segal RJ, Mackey JR, et al. Effects of Aerobic and Resistance
Exercise in Breast Cancer Patients Receiving Adjuvant Chemotherapy: A
Multicenter Randomized Controlled Trial. J Clin Oncol. October 1, 2007
2007;25(28):4396-4404.

Herrero F, San Juan AF, Fleck SJ, et al. Combined Aerobic and Resistance
Training in Breast Cancer Survivors: A Randomized, Controlled Pilot Trial. Int
J Sports Med. 2006;27(7):573-580.

Schmitz KH, Ahmed RL, Hannan PJ, Yee D. Safety and Efficacy of Weight
Training in Recent Breast Cancer Survivors to Alter Body Composition,
Insulin, and Insulin-Like Growth Factor Axis Proteins. J Cancer Epidemiol
Prev. 2005;14(7):1672-1680.

Kim C, Kang D-H, Park J-W. A Meta-Analysis of Aerobic Exercise
Interventions for Women With Breast Cancer. Western Journal of Nursing
Research. 2009;31(4):437-461.

Courneya KS, Mackey JR, Bell GJ, Jones LW, Field CJ, Fairey AS.
Randomized Controlled Trial of Exercise Training in Postmenopausal Breast
Cancer Survivors: Cardiopulmonary and Quality of Life Outcomes. J Clin
Oncol. May 1, 2003 2003;21(9):1660-1668.

56.

57.

58.

59.

60.

6

=

62.

63.

64.

65.

66.

67.

68.

69.

70.

7

—

72.

73

74.

75.

76.

7

78.

79.

Newman AB, Kupelian V, Visser M, et al. Strength, But Not Muscle Mass, Is
Associated With Mortality in the Health, Aging and Body Composition Study
Cohort. The Journals of Gerontology Series A: Biological Sciences and
Medical Sciences. January 1, 2006 2006;61(1):72-77.

Willams T. Physical fitness and activity as separate heart disease risk
factors: a meta-analysis. Medicine & Science in Sports and Exercise.
2001;33(5):754-761.

Loprinzi CL, Athmann LM, Kardinal CG, et al. Randomized Trial of Dietician
Counseling to Try to Prevent Weight Gain Associated with Breast Cancer
Adjuvant Chemotherapy. Oncology. 1996;53(3):228-232.

Jen KLC, Djuric Z, DiLaura NM, et al. Improvement of Metabolism among
Obese Breast Cancer Survivors in Differing Weight Loss Regimenslast][ast].
Obesity. 2004;12(2):306-312.

Thompson CATATSJWBECENGFPA, 1152 P. Changes in Body Weight
and Metabolic Indexes in Overweight Breast Cancer Survivors Enrolled in a
Randomized Trial of Low-Fat vs. Reduced Carbohydrate Diets Nutrition and
Cancer. 2010;62(9):1142-1152.

.Shaw C, Mortimer P, Judd PA. A randomised controlled trial of weight

reduction as a treatment for breast cancer-related lympedema. Cancer.
2007;110:1868-1874.

Chlebowski RT, Blackburn GL, Thomson CA, et al. Dietary Fat Reduction
and Breast Cancer Outcome: Interim Efficacy Results From the Women’s
Intervention Nutrition Study. J. Natl. Cancer Inst. December 20, 2006
2006;98(24):1767-1776.

Saquib N, Natarajan L, Rock CL, et al. The impact of a long-term reduction
in dietary energy on body weight within a randomized diet trial. Nutrition and
Cancer. 2008;60(1):31-38.

Bryner RW, Ullrich IH, Sauers J, et al. Effects of Resistance vs. Aerobic
Training Combined With an 800 Calorie Liquid Diet on Lean Body Mass and
Resting Metabolic Rate. J Am Coll Nutr. April 1, 1999 1999;18(2):115-121.
Stiegler P, Cunliffe A. The Role of Diet and Exercise for the Maintenance
of Fat-Free Mass and Resting Metabolic Rate During Weight Loss. Sports
Medicine. 2006;36:239-262.

Mefferd K, Nichols JF, Pakiz B, Rock CL. A cognitive behavioral therapy
intervention to promote weight loss improves body composition and blood
lipid profiles among overweight breast cancer survivors. Breast Cancer
Research and Treatment. 2007;104:145-152.

Demark-Wahnefried W, Case LD, Blackwell K, et al. Results of a Diet/
Exercise Feasibility Trial to Prevent Adverse Body Composition Change in
Breast Cancer Patients on Adjuvant Chemotherapy. Clinical Breast Cancer.
2008;8(1):70-79.

68. Morey MC, Snyder DC, Sloane R, et al. Effects of Home-Based Diet
and Exercise on Functional Outcomes Among Older, Overweight Long-term
Cancer Survivors: RENEW: A Randomized Controlled Trial. JAMA. May 13,
2009 2009;301(18):1883-1891.

Demark-Wahnefried W, Clipp EC, Lipkus IM, et al. Main Outcomes of the
FRESH START Trial: A Sequentially Tailored, Diet and Exercise Mailed Print
Intervention Among Breast and Prostate Cancer Survivors. J Clin Oncol. July
1, 2007 2007;25(19):2709-2718.

Buckley JD, Howe PRC. Anti-obesity effects of long-chain omega-3
polyunsaturated fatty acids. Obesity Reviews. 2009;10(6):648-659.

. Hill A, Buckley JD, Murphy KJ, Howe PRC. Combining fish-oil supplements

with regular aerobic exercise improves body composition and cardiovascular
disease risk factors. Am J Clin Nutr. 2007;85:1267-1274.

Kabir M, Skurnik G, Naour N, et al. Treatment for 2 mo with n 3
polyunsaturated fatty acids reduces adiposity and some atherogenic
factors but does not improve insulin sensitivity in women with type 2
diabetes: a randomized controlled study. Am J Clin Nutr. December 1, 2007
2007;86(6):1670-1679.

. Colomer R, Moreno-Nogueira JM, Garcia-Luna PP, et al. n-3 Fatty acids,

cancer and cachexia: a systematic review of the literature. Br J Nutr.
2007;97(05):823-831.

Calder PC. Polyunsaturated fatty acids and inflammatory processes: New
twists in an old tale. Biochimie. 2009;91(6):791-795.

Mishra A, Chaudhary A, Sethi S. Oxidized Omega-3 Fatty Acids Inhibit
NF-{kappa}B Activation Via a PPAR{alpha}-Dependent Pathway. Arterioscler
Thromb Vasc Biol. September 1, 2004 2004;24(9):1621-1627.

Babcock TA, Kurland A, Helton WS, Rahman A, Anwar KN, Espat NJ.
Inhibition of activator protein-1 transcription factor activation by omega-3
fatty acid modulation of mitogen-activated protein kinase signaling kinases.
JPEN J Parenter Enteral Nutr. 2003;27(3):176-180.

. Volpi E, Ferrando AA, Yeckel CW, Tipton KD, Wolfe RR. Exogenous amino

acids stimulate net muscle protein synthesis in the elderly. Journal of Clinical
Investigations. 1998;101:2000-2007.

Aquilani R, Opasich C, Gualco A, et al. Adequate energy-protein intake is
not enough to improve nutritional and metabolic status in muscle-depleted
patients with chronic heart failure. Eur J Heart Fail. 2008;10:1127-1135.
Dillon EL, Sheffield-Moore M, Paddon-Jones D, et al. Amino Acid
Supplementation Increases Lean Body Mass, Basal Muscle Protein
Synthesis, and Insulin-Like Growth Factor-I Expression in Older Women. J
Clin Endocrinol Metab. May 1, 2009 2009;94(5):1630-1637.

CancerForum Volume 35 Number 2 July 2011



