
AAiimm  ooff  tthhee  ssttuuddyy::  The objective of the
study was to determine the body com-
position (BC) changes in women with
breast cancer after endocrine therapy,
and the influence of aerobic training on
the parameters under discussion. 
MMaatteerriiaall  aanndd  mmeetthhooddss::  41 women aged
32-48 (mean ± SD 44.1 ±4.4) with breast
cancer during endocrine therapy (ET).
This was a nonrandomized, prospective
trial. The following examinations were
conducted in patients according to the
schedule: I before the beginning of ET;
II after 6 months of the ET; III after 
12 months of ET and after 6-month aer-
obic training. Body composition was
evaluated using dual X-ray absorp-
tiometry (DEXA) with respect to free fat-
ty mass, lean, fat and the percentage lo-
cation of android and gynoid fat. The
body build was evaluated with respect
to body height, body weight and selected
anthropometric parameters BMI and
WHR. 
RReessuullttss::  During the first six months of ET
without regular physical activity the fol-
lowing was reported: a significant increase
of body weight, BMI, the amount of fat-
ty tissue, including android fat distribution
(p < 0.05); the lack of any significant
change in the amount of gynoid fatty 
tissue (p > 0.05). At that time muscle 
(p < 0.05) and free fatty mass (p > 0.05)
reductions were reported. After the six-
month aerobic workout no significant
body weight or BMI increase was ob-
served. However, there was a significant
reduction in WHR (p < 0.05), which cor-
related with the decrease of android
fatty tissue (p < 0.05). The other elements
evaluated in the DEXA underwent sta-
tistically insignificant changes. 
CCoonncclluussiioonnss::  The outcome analysis al-
lows us to conclude that during breast
cancer ET the patients are reported 
to have negative changes in BC and phy -
sique. Therefore, this patient group is ad-
vised to receive regular rehabilitation
with the aim of reducing the side effects
of the treatment. However, aerobic train-
 ing seems to be insufficient in order to
fully reduce the side effects of this form
of cancer therapy.

KKeeyy  wwoorrddss::  aerobic exercise, body build,
oncology, hormonal therapy.
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Introduction

Endocrine therapy (ET) is an integral part of oncological treatment for pa-
tients with breast cancer with oestrogen receptor expression, regardless of
age and menopausal status [1]. Based on the recommendations of the St. Gallen
Conference 2009 [2], which every two years sets out standards for the treat-
ment of breast cancer, women with breast cancer before menopause and af-
ter menopause were divided into three groups – sensitive to ET, with poten-
tial sensitivity and insensitive to ET. Lowering the level of oestrogen before
menopause can be achieved with ovarian ablation or suppression, and by block-
ing the oestrogen receptors present in the tumour cell through the applica-
tion of anti-oestrogen [3]. Women may be deprived of ovarian function us-
ing an operational method (ovariectomy) or by radiation (radiation castration).
In recent years, these treatments have been replaced by the use of drugs act-
ing on the pituitary and excluding ovarian function in a reversible manner, so-
called pharmacological castration [2, 4]. Tamoxifen is a standard adjuvant ther-
apy for premenopausal women with hormone-sensitive breast cancer with
indications only to use ET (patients with low risk and some patients with medi-
um risk) [3, 4]. A meta-analysis, EBCTCG [5], demonstrated that ovarian ab-
lation, surgical or radiation, as the sole method of adjuvant therapy signifi-
cantly improves asymptomatic and overall survival for women before 50 years
of age. Used in combination with tamoxifen it has comparable effects to
chemotherapy (CMF) [1, 4, 6]. Studies [6, 7] on the adjuvant treatment of pa-
tients with oestrogen receptor expression have demonstrated that the com-
bination of suppression or ablation of ovarian function in conjunction with
tamoxifen is considered to be safe and as effective as chemotherapy. The use
of GnRH analogues (LHRH), resulting in oestrogen deficiency, causes a num-
ber of adverse events [8] such as reduction in bone mineral density, adverse
metabolic changes and disturbances in the sphere of mental functioning.
Changes in body composition (BC) of women treated with blocking ovarian
function appear to be similar to post-menopausal ones [9, 10]. For women af-
ter menopause, weight gain occurs, having an unfavourable redistribution of
body fat, with an increase of visceral fat and a decrease in lean body mass
[11, 12]. Long-term hypo-oestrogenaemia is one of the major factors respon-
sible for the development of atherosclerosis and the severity of insulin resistance,
hypertension and impaired glucose metabolism [11, 13, 14]. Visceral obesity pro-
motes the release of large amounts of free fatty acids (FFA), which results in
the inhibition of glucose uptake by target cells, hyperinsulinaemia and sub-
sequent insulin resistance [15]. Insulin resistance and hyperinsulinaemia through
the intensification of the synthesis of lipoproteins of very low density
lipoproteins (VLDL) in the liver lead to the occurrence of hyperlipidaemia char-
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acterized by proatherogenic lipid profile, increased LDL
cholesterol and reduced levels of protective HDL fraction [16].
Both insulin resistance and hyperinsulinaemia contribute to
the reconstruction of vessel walls, disrupting their contrac-
tility, and increasing the clotting process, which enhances
the progression of atherosclerosis and leads to an incre ased
risk of developing diseases of the cardiovascular system [17].
Systematic physical training favourably affects the cardio-
vascular system, both directly and indirectly by modifying and
limiting the impact of other risk factors for cardiovascular
disease, especially obesity, dyslipidaemia and hypertension
[18-20]. The Post-Menopausal Oestrogen / Progestins In-
tervention Study showed that the level of physical activity
was positively correlated with serum HDL-C and negative-
ly with serum insulin and fibrinogen [21]. Published results
of studies on the impact of changes associated with ET in
breast cancer patients on the physical state are ambiguous.
Therefore, the attempt of an objective assessment of selected
components of the clinical condition in young women
treated with hormone for breast cancer has been made to
determine the effect of aerobic training on the test para-
meters.

Aim of the study

Evaluation of the impact of aerobic training on BC and
structure, that is, to determine the distribution and amount
of body fat, lean body mass and selected anthropometric as-
sessment of BC in women before menopause, hormonally
treated for breast cancer.

Material and methods

The study included fifty-three women, but the pro-
gramme was completed by forty-one at the age of 32-48 years
old (mean ± SD 44.3 ±4.9) diagnosed with breast cancer, on-
cologically treated in the period from October 2007 until De-
cember 2008 at the Cancer Centre in Poznan. The study was
approved by the Bioethics Committee at the Medical Uni-
versity in Poznan. Participation in the study was subject to
obtaining voluntary conscious consent of the patient. 

Criteria for inclusion in the study: age from 18 to 50 years
old, regular menses until incorporation hormone, female sex,
histologically confirmed breast cancer, hormonal therapy
planned and continued for a minimum of one year (Gosere-
lin 3.6 mg every 28 days, daily Tamoxifen 20 mg/day), no dis-
tant metastases, general condition good ECOG 0-1, no his-
tory of endocrine disease, rheumatic disorders, malabsorption,
and other cancers and no special diet. Criteria for exclusion
from the study: failure to meet inclusion criteria, patient with-
drawal from the study, chemotherapy, occurrence of distant
metastases and/or progression of disease resulting in the
use of palliative radiation therapy, death from any cause.

Methodology

The study was not randomized, prospective study. Patients
enrolled in the study underwent the following tests scheduled: 
1) output test before the start of ET;
2) check-up after 6 months of ET, prior to the scheduled dai-

ly workout;

3) final examination after 12 months of follow-ET and after
6-month daily aerobic workout. 
The study was conducted according to the scheme: 

1) subjective examination; 
2) objective examination i.e. general medical examination,

taking into account the overall efficiency of the cardio-
respiratory system and qualification for physical exercise.
Anthropometric measurements were made: 

• body height (from the surface where the test person stands
to the top of the skull – with a height meter attached to
medical scales);

• body weight (by using medical importance, to the nearest
10 g, in the morning after defecation, before eating and ex-
ercise physical); on this basis the BMI (body mass index)
was calculated from the formula BMI [kg/m2] = (mc) [kg]
/(BV)2 [m2]); 

• waist circumference (WC) – centimetre tape, lying hori-
zontally and parallel to the base so that it ran through the
deepest place of the lateral profile of the body – the breath
holding measurement performed twice – if the two mea-
surements differed by more than 0.4 cm, two more mea-
surements were performed and from the results the
arithmetic mean was calculated;

• hip circumference (HC) – centimetre tape, arranged hori-
zontally and parallel to the base so that it ran through the
most protruding points back. On their basis WHR (waist hip
ratio) was calculated from the formula WHR = (WC) [m]
/(HC) [m] [22]; 

3) densitometry: BC was determined by Dual Energy X-ray
Absorptiometry (DEXA) using LUNAR PRODIGY ADVANCE
Camera Software enCORE (GE Healthcare v. 10.50.086),
which sets the amount of (g): lean body mass (LBM), free
fatty body mass (FFBM), fat body mass (FBM) and per-
centage of body fat throughout the body (% BF), includ-
ing the android (% AF) and gynoid scheme (% GF) [23]. 

Aerobic training

Between 6 and 12 months of ET the patients performed
daily aerobic exercise lasting from 45 to 55 minutes. To en-
courage the daily activities, patients were offered different
forms of exercise, ensuring the attractiveness for the sur-
veyed: fast walking or jogging on the ground or on a tread-
mill, cycling (stationary or recreation facilities), swim-
ming, roller skating. The maximum heart rate during
exercise was maintained at 65-70% of HRmax, calculated
from the formula HRmax = 220 – age [23]. During the test
breaks in training lasting up to three days a month were
allowed. The verification of the training was carried out
based on the diaries of physical activity of patients meet-
ings with the doctor at least once a month.

Statistical analysis

Statistical analysis was performed using STATISTICA v.7.
Quantitative data were determined by the mean, standard
deviation, minimum and maximum value in the group. Two
models of the results were used: longitudinal to assess
changes in time, and cross to assess the relationship of vari-
ables measured at the same time points. For the evaluation
of the distribution the Shapiro-Wilk test was used (compli-
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ance with the normal distribution). And the differences be-
tween the results of two studies were defined using the
Wilcoxon test. To assess the relationship between the data
obtained nonparametric correlation coefficient of Spearman
(rs) was used. As statistically significant results were accepted
with p equal to or less than 0.05.

Results

Evaluation of the test group: the average age of 44.3 years
(SD 4.9) min. 32.8 years, max. 48.2 years; growth average of
164.4 cm (SD 5.6) min. 152 cm, max. 172 cm; operated breast
side: right 17 (41.5%), left 24 (58.5%), breast conserving surgery
(BCT) in 27 women (65.8%) and total mastectomy (accord-
ing to Patey) in 14 patients (34.1%); degrees of clinical 
advancement T1,N0,M0 – 14 (34.1%) women, T1,N1,M0 – 
20 (48.8%) patients, T2,N1,M0 – 7 (17%) patients; receptors
ER (+) in 41 patients (100%).

Hormone therapy used for breast cancer in premenopausal
women studied resulted in a change in BC (Table 1). With-
in 6 months of ET with no regular physical activity a statis-
tically significant increase in body weight was found 

(p = 0.000011), BMI (p = 0.000013), WC (p = 0.00000) and
WHR (p = 0.000001). 

The analysis of changes in BC (Table 2) showed statisti-
cally significant changes, which related to decline of mus-
cle tissue – LBM (p = 0.00614), increase of body fat – 
FBM (p = 0.00708), including the android distribution 
(p = 0.00000). Under the influence of hormonal blockade
a decrease in FFBM (p = 0.051) and an increase of body fat
with gynoid distribution were also found (p = 0.57), but they
were not statistically significant. 

After 6 months of daily aerobic exercise in the study
group of women studies following changes in BC were ob-
served: significant reduction in WC (p = 0.012134) and WHR
(p = 0.00308), negligible weight loss (p = 0.43), BMI 
(p = 0.17) and waist circumference (p = 0.11). The changes
observed in this study were confirmed by densitometric eval-
uation of BC. An increase in quantity of muscle tissue – LBM
(p = 0.45), decrease in FFBM (p = 0.34) and fat percentage
– %BF (p = 0.15) were observed, but they were not statis-
tically significant. The only statistically significant change
found in DEXA analysis under the influence of aerobic 

TTaabbllee  11..  Results of the anthropometric measurements and BMI and WHR indicators in different periods of the research

MMeeaann  ±±  SSDD  MMiinn..  ––  MMaaxx.. BBeeffoorree  tthhee  eennddooccrriinnee  tthheerraappyy AAfftteerr  66  mmoonntthhss  ooff  oobbsseerrvvaattiioonn AAfftteerr  1122  mmoonntthhss  ooff  oobbsseerrvvaattiioonn

Body weight [kg] 60.08 ±6.98 65.19 ±11.01 64.89 ±10.51
49-82 47-94 48-92

BMI [kg/m2] 22.31 ±3.1 24.2 ±4.17 24.16 ±3.92;
17.11-30.12 17.24-34.95 18.14-34.21

WC [m] 0.73 ±0.07 0.79 ±0.09 0.78 ±0.08
0.64-0.96 0.65-1.04 0.65-0.98

HC [m] 0.97 ±0.67 0.99 ±0.05 0.99 ±0.05
0.9-1.12 0.9-1.1 0.92-1.12

WHR 0.75 ±0.04 0.8 ±0.05 0.78 ±0.05
0.68-0.78 0.7-0.95 0.71-0.91

SD – standard deviation; Min. – Max. – maximal value – minimal value; BMI – body mass index; WC – waist circumference; HC – hip circumference; 

WHR – waist-hip ratio

TTaabbllee  22..  Results of the body composition in different periods of the research

MMeeaann  ±±  SSDD  MMiinn..  ––  MMaaxx.. BBeeffoorree  tthhee  eennddooccrriinnee  tthheerraappyy AAfftteerr  66  mmoonntthhss  ooff  oobbsseerrvvaattiioonn AAfftteerr  1122  mmoonntthhss  ooff  oobbsseerrvvaattiioonn

FFBM [g] 2508.1 ±320.4 2419.3 ±341.3 2395.8 ±320.7 
1938-3135 1756-3220 1925-3025

LBM [g] 37391.5 ±5211.6 36139.9 ±5206.5 36532.2 ±5304.8
22687-49468 21287-49445 21187-48930

FMB [g] 21058.7 ±7152.1 24792.8 ±9767.6 25624 ±9841.2
9045-37788 10829-49561 11933-51817

BF [%] 33.7 ±6.5 37.8 ±7.8 37.4 ±7.7
22.7-44.3 24.3-53.7 24.8-49.7

GF [%] 40.8 ±6.1 42.2 ±7.6 43.7 ±6.4
27.3-52.4 22.1-55.2 29.7-56.8

AF [%] 34.2 ±8.7 41.3 ±10.2 39.9 ±9.8 
15.8-48.4 16.2-59.2 16.6-53.3 

SD – standard deviation; Min. – Max. – maximal value – minimal value; FFBM – free fat body mass; LBM – lean body mass; FBM – fat body mass; 
% BF – % body fat; % AF – % android fat; % GF – % gynoid fat



exercise was the reduction in the percentage of fat content
with android distribution (p = 0.00033). The upward trend
of the percentage of fat with gynoid distribution still per-
sisted (p = 0.07). 

The analysis of correlation between selected parameters
of structure and composition of the body before the start of
ET showed a statistically significant correlation (p < 0.05) for
% BF and BMI, WHR, % fat content with android distribution.
FFBM increased with increasing BMI, WHR. With the increase
in LBM a reduction in the percentage of body fat including an-
droid distribution was observed – the relationship was not sta-
tistically significant. 

It has been found out that after 6 months of ET the cor-
relation between the % BF and FFBM, BMI and WHR were
not subjected to significant deviations in relation to output
research. However, a statistically significant correlation be-
tween FFBM and LBM was found. After 6 months of aero-
bic training in patients in the 12th month of observation there
were significant relationships between the selected para-
meters estimating the structure and composition of the body.
Statistically significant relationships were similar to those
before the start of ET. It was also found that with the increase
in WHR an increase in LBM was observed (which was not
apparent in previous results). A summary of statistical
evaluation of correlation between the assessed parameters
is shown in Table 3.

Discussion

Hormone therapy is used in 60-70% of patients with breast
cancer [1]. In the oncological treatment the therapeutic suc-
cess is measured by 5-year survival and clinical studies 
[4-7] have proved the efficacy of this form of therapy for breast
cancer. The study of pre-menopausal women treated with

hormone shows that within six months of treatment there
were significant increases in body weight and BMI, and the
sex typical gynoid construction changed into android (i.e. with
an increase in fat around the abdomen and chest). Similar
changes in body composition were observed in the research
of Nadel et al. [13] on a population of 2081 peri- and post-
menopausal women, where it was found that obesity was
present in 39% of women from rural areas and 21% of women
from the city. The authors studying the effect of obesity on
treatment and prognosis in malignant tumours stress 
[24-26] that it may be an important predictor of poor survival,
independent of other prognostic factors. Petrelli et al. [27]
found that high BMI is a poor prognostic factor, and the rel-
ative risk of death in patients with high BMI (more than 
40 kg/m2) was more than three times higher than in patients
with low BMI (18.5-20.5 kg/m2). Also, Daling et al. [28] found
in younger women a significant relationship between high
BMI and poorer prognosis (increased mortality). It was found
[29] that the relationship between sugar and fat disturbances
and tumour progression is caused by hyperinsulinaemia as
cell insulin resistance. Obesity and overweight are the
cause of diseases of the cardiovascular, respiratory, nervous
and musculoskeletal systems [17, 19]. The HOPE study
(Hart Outcomes Prevention Evaluation) [18] showed that in-
creased WC increases the risk of cardiovascular death by 24%,
myocardial infarction by 20% and mortality by 32%. Also,
Jansen et al. in the NHANES III study confirmed that the best
measure of the risk of cardiovascular diseases is the WC [19].
An important place in the complex pathogenesis of the meta-
bolic syndrome is abdominal obesity and insulin resistance.
The accumulation of fat in the trunk is related, inter alia, to
increased activity of the sympathetic nervous system, and
the role of physical exercise is to stimulate the parasym-
pathetic antagonist system [20]. One of the important so-

TTaabbllee  33.. Correlation between selected parameters of body building and composition in the different periods of the research

%%  AAFF LLBBMM  FFFFBBMM  BBMMII  WWHHRR  

BBeeffoorree  eennddooccrriinnee  tthheerraappyy  

BF [%] pp ==  00..000000 p = 0.181 pp ==  00..001144 pp ==  00..000000 pp ==  00..000000
AF [%] – p = 0.120 pp ==  00..003388 pp ==  00..000000 pp ==  00..000044
LBM – p = 0.126 p = 0.345 p = 0.489
FFBM – pp ==  00..001133 pp ==  00..000044
BMI – pp ==  00..000000

AAfftteerr  66  mmoonntthhss  ooff  eennddooccrriinnee  tthheerraappyy  wwiitthhoouutt  rreegguullaarr  pphhyyssiiccaall  aaccttiivviittyy  

BF [%] pp ==  00..000000 p = 0.766 pp ==  00..000011 pp ==  00..000000 pp ==  00..000000
AF [%] p = 0.965 pp ==  00..001177 pp ==  00..000000 pp ==  00..000000
LBM pp ==  00..000000 p = 0.454 p = 0.168
FFBM pp ==  00..000033 pp ==  00..002244
BMI pp ==  00..000000

AAfftteerr  66  mmoonntthhss  ooff  aaeerroobbiicc  ttrraaiinniinngg  aanndd  1122  mmoonntthhss  ooff  eennddooccrriinnee  tthheerraappyy  

BF [%] pp ==  00..000000 p = 0.894 pp ==  00..000022 pp ==  00..000000 pp ==  00..000033
AF [%] p = 0.821 pp ==  00..002222 pp ==  00..000000 pp ==  00..000000
LBM pp ==  00..000000 p = 0.761 pp ==  00..004488
FFBM pp ==  00..001166 pp ==  00..001122
BMI pp ==  00..000000

Statistically significant correlations are in bold.
FFBM – free fat body mass; LBM – lean body mass; % BF – % body fat; % AF – % android fat; % GF – % gynoid fat
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lutions to reduce obesity and related adverse effects is to seek
appropriate forms of physical activity to reduce negative
changes in the body in the course of the disease. The use
of improving exercises in women treated for breast cancer
is rarely a problem considered in oncological treatment. Re-
habilitation studies conducted according to “evidence based
medicine” allow you to select curative exercises and a suit-
able form of treatment for patients taking the conse-
quences of oncological treatment on the body into account.
Aerobic training in patients with breast cancer before
menopause applied in the present study resulted in a sig-
nificant reduction in body weight and BMI. Changes under
the influence of the effort involved the area of the abdomen
(reduction of WC, WHR, and % fat android). Similar changes
in the construction were observed by Irving et al. [30] in
women with metabolic syndrome in peri- and post-
menopausal age (average age 51 ±9). After 16 weeks of in-
tense aerobic training they reported a significant reduction
in WC and fat in the abdominal area [30]. Slentz et al. [31]
obtained similar results also in patients (men and women)
with metabolic syndrome. The results presented in the
work of Ohkawara et al. [32] are analogous to changes in the
present study in women with cancer. The applied training of
a magnitude 10 MET × h / w (brisk walking, light running, sta-
tionary cycling) [32] resulted in a significant reduction in vis-
ceral body fat. In a study of women with breast cancer, car-
dio workout, despite the use of different forms of exercise,
did not cause a significant recovery of muscle tissue lost in
the first six months of ET with no regular physical activity.
Velthuis et al. [33] found a reduction in fat tissue and its per-
centage in the option of total body in DEXA in post-
menopausal women, as in the present study of cancer pa-
tients; however, they also observed a significant increase in
muscle mass, which may result from the long period of aer-
obic training (12 months training), compared with a group of
women with cancer (6 months). In young women treated with
hormonal cancer, despite their regular physical activity,
they observed a tendency to a decrease in the amount of LBM.
This confirms the observation that the basic metabolic rate
is related to the amount of LBM in women [12], as in the study
of De Lorenzo et al. [34], where the LBM in patients with meta-
bolic syndrome showed lower values than in healthy persons.
Therefore, it seems that the difficulty in reducing the
changes in the structure and composition of the body resulting
from hormonal treatment of breast cancer before menopause
may result from abnormalities similar to changes in meta-
bolic syndrome. For this reason, in this group of patients reg-
ular improvement should be conducted to reduce the side
effects of this form of oncological treatment. Application of
aerobic training in the study caused a reduction in body weight
and waist circumference, but it WC to fully offset the impact
of ET on BC of patients.
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