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KEYWORDS Abstract

IGF-1; Introduction: The purpose of this study was to determine the effects of a combined strength
Breast cancer and high-intensity aerobic exercise program on the quality of life (QOL), fatigue, peak oxygen
survivors; consumption, strength and IGF-I in breast cancer survivors (BCSs) who had undergone surgery,
Quality of life; chemotherapy and/or radiation therapy and were being treated with tamoxifen.

Fatigue; Methods: Eight BCSs followed the exercise program three times per week for 22 weeks at
Strength exercise an intensity of 80%. Herat rate reserve (HRR), strength, QOL, fatigue and insulin-like growth
training; factor-1 were evaluated.

Physical activity Results: The eight participants had a 97.8% adherence rate to the training program. Increased

peak oxygen consumption (20%), increased strength (56.9%) in the arm without lymphadenec-
tomy (AWL), and increased strength (104%) in the lymphadenectomy arm (AL) were observed.
QOL was improved (24%) according to the SF36 and the FACT-B scales. Both general and mood
fatigue decreased (67.7%), as did the plasma IGF-I levels (22.8%).

Conclusions: A program of incremental strength and aerobic exercise at 80% of the HRR may
be effective in improving QOL, maximum oxygen consumption, and strength and in decreasing
fatigue and plasma levels of IGF-1in BCSs and does not generate or exacerbate lymphedema.
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PALABRAS CLAVE
IGF-1;
Supervivientes al
cancer de mama;
Calidad de vida;
Fatiga;

Ejercicios de fuerza;
Actividad fisica

Efectos de un programa combinado de ejercicios de fuerza y aerébicos de alta
intensidad en personas supervivientes al cancer de mama: estudio piloto

Resumen

Introduccién: El objetivo de este estudio fue determinar los efectos de un programa combinado
de ejercicios de fuerza y aerodbicos de alta intensidad sobre la calidad de vida, la fatiga, el
consumo maximo de oxigeno, la fuerza y el IGF-I en personas supervivientes al cancer de mama
que habian sido sometidas a cirugia, quimioterapia y/o radioterapia y tratadas con tamoxifeno.
Métodos: Ocho supervivientes al cancer de mama siguieron el programa de ejercicios, 3 veces
por semana durante un periodo de 22 semanas, con una intensidad del 80%. Se evaluaron
la reserva del ritmo cardiaco (HRR), la fuerza, la calidad de vida, la fatiga y el factor de
crecimiento insulinico tipo 1 (IGF-I).

Resultados: Los 8 participantes reflejaron un indice de adherencia del 97,8% al programa de
entrenamiento. Se observaron el incremento del consumo maximo de oxigeno (20%), el incre-
mento de fuerza (56,9%) en el brazo sin linfadenectomia y el incremento de fuerza (104%) en
el brazo con linfadenectomia. Se produjo una mejoria de la calidad de vida (24%) con arreglo
a las escalas SF36 y FACT-B. Disminuyeron la fatiga general y el desanimo (67,7%), al igual que
los niveles plasmaticos del IGF-I (22,8%).

Conclusiones: Un programa en el que se incremente la fuerza y el ejercicio aeroébico al 80% del
HRR puede resultar eficaz para mejorar la calidad de vida, el consumo maximo de oxigeno y la
fuerza, y disminuir la fatiga y los niveles plasmaticos de IGF-1, en las personas supervivientes
al cancer de mama, no generando ni exacerbando el linfedema.

© 2015 Consell Catala de UEsport. Generalitat de Catalunya. Publicado por Elsevier Espaia,

S.L.U. Todos los derechos reservados.

Introduction

Breast cancer is a neoplasia that requires intense and
prolonged treatment with coadjuvant treatments, gen-
erating various psychological and physiological effects.
These effects negatively affect the quality of life (QOL)
of breast cancer survivors (BCSs) and can last for many
years.

The severity and duration of symptoms depend on
the type of treatment. The effects of radiation therapy,
chemotherapy, and surgery are not limited to tumor cells.
These treatments damage previously healthy tissues, and
their effects have been correlated with fatigue, sleepiness,
anxiety, and emotional stress in BCSs. Fatigue has been
estimated to affect 96% of patients who receive chemother-
apy treatment and 78-100% of those who have undergone
radiotherapy.' Approximately 48% of these patients present
symptoms of depression and anxiety.”? Some studies have
indicated that radiotherapy may be involved in myocardial
interstitial fibrosis and atherosclerosis in the coronary and
carotid arteries.®> Chemotherapy and radiotherapy can be
linked to left ventricular function disorders due to alter-
ations in ventricular morphology, an abnormal relationship
between pressure and volume, and a decreased left ven-
tricular ejection fraction.® Additionally, surgery can be
accompanied by axillary dissection, which together with
radiotherapy, leads to a higher risk of lymphedema devel-
opment.

The effects of insulin-like growth factor (IGF) on the
stimulation of cell proliferation, mitosis, and apoptosis
have been demonstrated and can induce the transforma-
tion of normal cells into cancerous cells and promote tumor
development.® Experiments on transgenic mice have shown
that the over-expression of IGF-I leads to increased rates of

mammary tumors.* High IGF-I plasma levels are associated
with increased mammographic density and tumors that carry
BRCA1 mutations.

Epidemiological studies, systematic reviews, and meta-
analyses of randomized controlled trials have revealed a
direct association between IGF-I plasma levels and the risk
of breast cancer,” suggesting that women with high IGF-I lev-
els or low IGFBP-3 plasma levels have higher relative risks
(1.5-1.6 times) of developing breast cancer compared with
women with lower levels. Pre-menopausal women with IGF-
I levels in the highest quartile may have twice the risk of
developing breast cancer as those in the lowest quartile.
Conversely, low IGF-1 levels are associated with decreased
cancer risk.® Several studies have demonstrated a relation-
ship between high concentrations of IGF-I and the risk of
recurrence and death in BCSs.’

There is now ample epidemiological and experimental
evidence for the role played by physical activity in the
rehabilitation of female BCSs. Meta-analyses and system-
atic reviews of randomized clinical trials have confirmed the
positive effects of physical exercise on biological and car-
diopulmonary function and the reduction of sex hormones,
body fat mass, insulin, IGFs, adipocytokines, and mammo-
graphic density, as well as increased immune function and
improved antioxidant defense systems and QOL in BCSs.?°

Studies conducted in rats'® and in humans have shown
that physical exercise during and after chemother-
apy sessions protects the cardiovascular system from
the cardiotoxic agents contained in chemotherapeutic
agents (e.g., cyclophosphamide, methotrexate, 5-
fluorouracil, anthracycline-based drugs, and taxanes)
by increasing endothelial nitric oxide synthesis and atten-
uating chemotherapy-induced lipid peroxidation in the
myocardium.
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Physical exercise can decrease liver and muscle insulin
resistance and increase glucose metabolism through a vari-
ety of mechanisms, such as increased post-receptor insulin
signaling. This reduced insulin resistance may diminish cir-
culating levels of insulin, which can in turn decrease IGF
bioavailability through insulin-mediated changes in IGFBP
levels."

Additionally, physical exercise has been associated with
an increased life expectancy and decreased risks of cancer
recurrence and lymphedema development.'? Scientific evi-
dence is solid and plentiful regarding the positive effect of
physical exercise on QOL and fatigue in women with breast
cancer.”

Despite the extensive scientific evidence of the relation-
ship between breast cancer and physical exercise, there
is currently no consensus regarding the following variables
that might be involved: exposure period, critical exposure
time, intensity, frequency, and duration of physical activ-
ity. Overall, studies of physical activity and cancer have had
inadequate control of intensity and volume, making exercise
prescription difficult because the physiological and biolog-
ical responses depend on the exercise load.” Some studies
recommend vigorous physical activity, while others propose
low-intensity physical activity to reduce risk, which is not
easily demonstrated given that major hormonal changes
occur during high-intensity exercise.

Intense exercise has a better effect on controlling
changes in estrogen metabolism, body fat mass, adipocy-
tokines, mammographic density, immune function, and
antioxidant defense systems, as well as reducing endogenous
circulatory estrogen hormone levels (as cumulative expo-
sure) and reducing glucose and insulin circulation (which
can affect the levels of IGF-1 and FBP and thereby lead
to decreased bioavailability of IGF-1," low levels of inflam-
matory markers, increased threshold of ACTH and cortisol
secretion)—further improving physical capacity and QOL.

Scientific evidence in epidemiological studies, case con-
trol studies, systematic reviews, and meta-analyses supports
the best impact of a high-intensity aerobic exercise program
for reducing breast cancer risk. A review of 57 studies’” iden-
tified a significant trend of a reduced risk of breast cancer
with increasingly higher levels of physical activity. A more
recent study'® in 2008, in which 34 case-control studies and
28 cohort studies were analyzed, reported a 22% risk reduc-
tion with moderate-intensity exercise and a 26% reduction
with high-intensity exercise. The same evidence was ana-
lyzed in a review by the World Cancer Research Fund,"
in which an association between increased exercise inten-
sity and decreased risk was observed. Animal studies have
demonstrated that high-intensity exercise increases the life
span of tumor-bearing rats by 2.8 times and reduces tumor
mass by 10%.'®

Methods

The study was performed in the exercise physiology labo-
ratory at the National Pedagogical University, was approved
by the Country Clinical Ethics Committee (Bogota, Colom-
bia), and was developed in three phases. The first phase was
aimed at establishing the baseline QOL, fatigue, strength,
maximal oxygen uptake, and plasma concentrations of IGF-I.

Then, the second phase consisting of an intervention pro-
gram was conducted over a period of 22 weeks, with three
weekly sessions of one hour each. Finally, the third phase,
which took place after the end of surgery, consisted of re-
performing the first-phase evaluations.

Recruitment strategies and eligibility

The group of participants consisted of women living in
Bogota (Colombia) who had been diagnosed with breast
cancer, had completed the phase of chemotherapy and/or
radiotherapy, had undergone a partial or total mastectomy
with lymph node dissection, and were in the phase of hor-
monal therapy (tamoxifen) and ovarian function restriction.
The recruitment for this study was conducted through a pub-
licly advertised campaign in all oncology centers during a
six-month period and at informative talks held at breast
cancer patient association meetings at the Amese and Sim-
mos foundations. Only 15 patients attended, of whom only
11 met the inclusion criteria and voluntarily participated in
the study, with no economic incentive. The inclusion criteria
were as follows: patients with stage 0-Ill cancer who had
completed radiation therapy and/or chemotherapy treat-
ments and surgery, who were not under estrogen therapy
treatment, and who were able to perform regular physical
activity. Women excluded from the study included patients
who had chronic uncontrolled diseases; who were tak-
ing hypotensive, diuretic, anti-inflammatory, hormonal, or
lipid-lowering drugs; who were smokers or habitual drinkers;
and who were participating or had participated in exercise
programs over the past year.

All participants were informed of all study details and
signed informed consent forms.

Intervention program

The intervention was conducted under the supervision of
exercise physiology specialists, who designed a personalized
exercise routine according to the physical condition of each
participant. Three weekly individual and supervised sessions
were conducted for a total of 22 weeks in the exercise phys-
iology laboratory.

The aerobic workouts were performed on a treadmill
(Precor 5000; Precor, Woodinville, WA, USA). The intensity
was adjusted according to the heart rate reserve, as pro-
posed by Karvonen'®; the intensity was set at 60% for the
first six weeks, 70% for the next six weeks, and 80% for
the remaining nine weeks. Cardiac frequency was monitored
with a Polar XTrainer Plus (Polar Electro, Kempele, Finland).
The volume of the sessions was incremental: for the first four
weeks, a duration of 20 min was used, and subsequently, the
duration was increased in 5-minute increments every three
weeks until reaching a duration of 50 min. The modified Borg
scale of perceived exertion was applied after completing
each interval.

Due to the population characteristics, the strength pro-
gram was initiated at an intensity of 10% of 1RM based on
the results of previous studies in female BCSs who had com-
pleted the adjunctive therapies and surgery. The volume was
kept constant through the entire program, and two sets of
12 repetitions with a recovery of 2 min were performed. In
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the first six weeks the exercises were performed at 10% of
maximum strength (1RM); thereafter, every four weeks, the
load was increased by 10%. The strength workouts included
sitting arm extension, bench press, and fly.

Before and after the intervention, the following deter-
minations were made:

Clinical history. A doctor constructed the medical his-
tory, performing an assessment of the general health status
of each patient and certifying safe participation in the
program. Further information on marital status, level of
education, surgical technique, employment status, and the
relationship with cancer type, extension, and treatments
performed was recorded.

QOL

A presentation that explained in detail each of the question-
naires used to assess the QOL FACT-B, SF-36 and the fatigue
PFS was conducted. After explaining each instrument and
ensuring that the patients understood the purpose of the
questionnaires, we proceeded to apply the instruments using
a methodology for self-administration supported by trained
laboratory personnel to provide keys and definitions to assist
the participants when they did not understand some of the
questions. It was verified that all questions were answered.
Once the training program was completed, the same proto-
col was performed.

The Functional Assessment of Cancer Therapy (FACT-B),
Spanish version, evaluates QOL perception related to health
in breast cancer patients in five dimensions: physical wel-
fare (seven sub-scales), social and family (six sub-scales),
emotional (six sub-scales), functional (seven sub-scales),
and health concerns. Likewise, the Short Form 36 Health
Survey (SF36) was administered to evaluate physical func-
tioning, physical role functioning, physical pain, general
health, vitality, social role functioning, emotional role func-
tioning, and mental health. Additionally, the SF-36 includes
a transition item that inquires about changes in the gen-
eral health status with respect to the previous year. The
Piper Fatigue Scale (PFS) questionnaire quantifies fatigue
according to four sub-scales (behavioral/severity, affective
meaning, sensory, and cognitive/mood). These question-
naires have been used extensively to assess QOL and fatigue
in breast cancer patients.

Biomarkers

Insulin growth factor IGF-1 (somatomedin C): the analytical
plasma concentrations of IGF-1 in blood were measured by
the Institute of specialized medical diagnosis (IDIME), which
used the ELISA method (R & D Human IGF-I Quantikine ELISA
Kit®) for high quality and reproducibility. The first analysis
was performed before the beginning of the training program,
and the second was performed 72 h after the last session.
The two samples were taken at 8 AM before breakfast.

Physical activity

At the beginning of the study, the participants answered two
surveys: one about their physical activity levels in the last

six months and another about their physical activity over the
last seven days (7-day PAR).

Anthropometric measures

Body mass was evaluated with an electronic scale (Health
O Meter with 50g precision; Welch Allyn, Inc., Skaneateles
Falls, NY, USA) and height with a height rod (Martin); body
mass index (BMI) was calculated according to the formula
BMI =weight (kg)/height (m)?. Bicep, triceps, sub-scapular,
suprailiac, abdominal, thigh, and gastric skin folds were
evaluated with a Harpenden adipometer (Baty International,
West Sussex, UK), and the sum was calculated. The muscular
perimeter of the arm was evaluated with a Mabis anthro-
pometric tape. All measurements were taken twice by the
same specialist according to the International Society for
the Advancement of Kinanthropometry (ISAK) methodology,
and the average values were recorded.

Maximum dynamic strength

The characteristics of the population and the limited
information available on the assessment of maximum
strength 1RM in patients with breast cancer, the method
of repetitions with the equation proposed by Bryzcki 1-
RM=100repswt was used/(102.78-2.78 reps.) and validated
in several studies.

The evaluation was conducted separately with free
weights for each arm in the following movements: sitting
arm extension, bench press, and fly.

The protocol began with a low load of 1kg. The partici-
pants performed repetitions, stopping when at least 10 tests
had been performed. Then, the scale (OMNI-RES) was admin-
istered. According to the patient’s assessment, the load was
progressively increased by 0.5-1 kg. The maximum force was
determined when the patient was unable to perform more
than eight repetitions with a load to improve the accuracy
of estimating the maximum force. To avoid the effects of
fatigue, rest periods of 2 min were allowed between each
set.

Physical function

The estimation of VO2max was performed indirectly on
a Precor 5000 treadmill during a progressive and con-
tinuous workout beginning at a speed of 5km/h and an
inclination of 6%, which was increased every 2min by
2% to exhaustion or until the participants experienced
intense dyspnea, dizziness, chest pain, or an abnormal
blood pressure or cardiac response. To calculate the
maximum oxygen consumption, the equation proposed
by the American College of Sports Medicine was used
(VO2max =3.5mlkg~" min~" + (velm/min x 0.2) + (% inclina-
tion x velm/min x 1.8).%°

Statistical analyses

Given the size of the sample, descriptive statistics were
used to determine the effect of 22 weeks of training on
the variables. The values were described as averages and
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Table 1 Baseline patient characteristics: averages and
standard deviations (SDs) of the continuous variables and fre-
quencies and percentages of the discrete variables.

Variable Average SD/%
n
Age (years) 45.63 8.12
Marital status
Married 7 87.5
Single 1 12.5
Education
Graduate or professional 3 37.5
degree
Some college or 5 62.5
vocational training
Occupation status
Independent 2 25
Housewife 3 37.5
Employed 3 37.5
Breast cancer stage
I 1 12.5
1B 4 50
11 1 12.5
A 2 25
Type of cancer
Infiltrating ductal 7 87.5
Infiltrating lobular 1 12.5
Surgery
Mastectomy 8 100
Axillary dissection 8 100
Treatment types
Radiation 5 62.5
Chemotherapy 7 87.5
Chemotherapy plus 5 62.5
radiation
Hormone treatment 7 87.5

standard deviations, as well as percentage changesusing
non-parametric analysis the Wilcoxon test and significance
level (p <0.05) it was established.

Results

The tests to determine baseline levels were conducted
in January 2013, and the intervention program ended
in December 2013. Eleven patients began the program,
and eight completed 97.8% of the workout sessions.
Three did not complete the sessions due to exercise obli-
gations and were not considered in the final results because
it was not possible to perform the final measurements after
exercise, although initial measurements were considered.
None of the patients experienced adverse effects during the
course of the exercise program.

Table 1 lists the sociodemographic characteristics, cancer
characteristics, and types of treatment received. Tables 2-4
present the results of the morphofunctional variables, QOL,
and biomarker measurements after 22 weeks of training.

After the 22-week training period, no significant
decreases were observed in weight, BMI, and skinfold
summation. The peak oxygen consumption exhibited a sig-
nificant increase of 5.1 ml/kg/min. Significant increases in
strength with the three types of movement occurred in both
arms as follows; 2.9-3.0kg BSVG and BCVG in the sitting
arm extension, corresponding to increases in the maximum
strength of 56% and 104%, respectively. In the bench press,
increases of 1.8kg and 2.1kg BSVG and BCVG, represent-
ing increases in the maximum strength of 42% and 101%,
respectively, were recorded. In the fly stroke, increases of
1.6 kg for the BSVG and 2.1kg in the BCVG were recorded,
representing increases in the maximum force of 41% and
103%.

QOL

Table 3 presents the results of the QOL evaluation of the
subjects before and after the training program. In the SF36,
a significant reduction in the impact of the disease on QOL
increased 73.1 points in the physical component and 73.7 in
the mental component, corresponding to a 25% improvement
in the overall QOL. The same trend was observed in the total
score, which revealed that FAT-B decreased by 22.6 points,
corresponding to a 24% improvement. The fatigue level
also decreased by 3.8 points in the mood component and
3.6 points in general fatigue; this score was equivalent to
a 68% reduction in the fatigue exhibited by these patients
before beginning the training program.

Table 4 presents the changes in the IGF-I plasma concen-
trations before and after the training. The program led to
a significant decrease of 34 wg/ml, corresponding to a 22%
reduction in the plasma biomarker IGFI.

Discussion

Increased oxygen consumption in BCSs after a train-
ing program has been reported in several meta-analyses
of randomized controlled trials, which have noted sig-
nificant gains (p<0.01) with values between 2.2 and
3.4mlkg " min~", equivalent to increments between 13.8%
and 23%.%2" In our aerobic training program, which utilized
an intense split method, the same phenomenon was evi-
dent but with an average increase in oxygen consumption
of 5.1mlkg~" min~", equivalent to 20%.

This higher value of increased oxygen consumption
obtained in our study relative to the values observed in
studies involving other groups might have resulted from our
use of a higher-intensity exercise, which is consistent with
existing evidence that this type of exercise leads to more
elevated levels of peak oxygen consumption. At this inten-
sity level, cardiovascular changes are observed, including
increases in arterial elasticity, cardiorespiratory fitness, car-
diac output, and arteriovenous oxygen levels, as well as
decreases in the resting cardiac frequency (5.8% or higher)
and increases in oxidative enzyme levels, capillary densities,
and myoglobin concentrations.

The functional and metabolic changes induced by a work-
out at 60% of the maximum cardiac frequency for short
periods are not considered very important.?
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Table 2 Effects of exercise training on the morphofunctional outcomes.

Variable Baseline Post-intervention % Change p
Mean/SD Mean/SD
Weight (kg) 59.7 £ 7.0 58.3 £ 5.5 -2.4 0.161
BMI (kg/m?) 25.0 + 3.0 24.4+2.4 —3.1 0.161
Skin-fold sum (mm) 166.0 + 36.9 157.9 + 28.7 —4.8 0.208
Sitting extension arms AL (kg) 2.8 +1.2 59+1.4 104 0.012
Sitting extension arms AWL (kg) 5.1 £1.0 8.0+ 1.0 56.9 0.012
Bench press AL (kg) 2.0£0.8 4.1 +£1.5 102.2 0.012
Bench press AWL (kg) 43+ 1.1 6.2 +1.2 421 0.012
Fly AL (kg) 2.0+0.8 41+1.4 103.1 0.011
Fly AWL (kg) 4.0 +£ 1.0 5.7+ 1.0 41.2 0.012
Peak oxygen consumption (mlkg=" min=") 25.5 + 4.9 30.6 + 5.7 20 0.011
Wilcoxon test and significance level (p <0.05).
Table 3  Effects of exercise training on QOL.
Variable Baseline Post-intervention % Change p
Mean/SD Mean/SD
HRQL SF36 physical 263.1 £ 79.1 336.1 + 47.5 27.8 0.012
HRQL SF36 mental 249.3 +71.6 323.1 +£29.8 22.8 0.017
HRQL FACT-B total score 92.6 + 11.7 115.3 £ 9.9 24.4 0.012
PSP cognitive fatigue/mood 5.3 £1.7 1.5+ 0.7 -71.5 0.012
PSP fatigue/overall fatigue 5.3+2.5 1.7 £ 0.9 —67.7 0.018
Wilcoxon test and significance level (p <0.05).
Table 4 Effects of exercise training on IGF-I.
Variable Baseline Post-intervention % Change p
Mean/SD Mean/SD
IGF-1 (png/ml) 151.3+55.7 116.8 +42.5 —22.8 0.012

Wilcoxon test and significance level (p <0.05).

These higher results may also be due to an increased
workload or the method used for interval training; the pro-
gram was conducted entirely on a treadmill and involved the
youngest in the group of patients. These factors are consis-
tent with existing evidence suggesting that these elements
have a high impact on the peak oxygen consumption.

The fractionated method has great advantages with
regard to oxygen consumption. At the heart level during
Smalls, the heart works at high intensity during both
charging and recovery. The effort exerted by the heart in
each iteration over the long term will lead to myocardial
hypertrophy, whereas the rest intervals cause dilation of
the atria and ventricles. The fractionated exercise also
has a profound effect on the respiratory and circulatory
systems (increased arterial and cardiopulmonary elasticity,
cardiac output, and venous oxygen differences) to meet
the oxygen demand required by the muscles.

The force is a component of the physical form, which is
closely linked to health and QOL. This relationship is much
more evident in the BCSs by the negative effects of adjunc-
tive therapies and surgery. To date, no study has established
a regime of resistance training with medium or high loads

for BCSs, most likely because of clinical concerns regarding
inducing or exacerbating lymphedema.

BCSs who have undergone lymph node dissections often
experience limitations of force in the affected arm, caus-
ing difficulties lifting or carrying objects, which reduces the
physical function and limits the ability to perform daily and
household activities.?*

Our literature review revealed very few studies that
include strength programs in this population. Of 36 stud-
ies identified, only 10 implemented strength training. These
data are consistent with what was found in the review of
intervention programs including physical exercise in patients
with breast cancer, conducted in 2010 by the ACSM, in
which only 11 of 53 studies included work force?; a sys-
tematic review by Bataglini et al.?' in 2014 identified
11 studies.

These reviews indicate that in all these studies, a sig-
nificant post-training program might yield an increase. This
fact is confirmed in the meta-analysis conducted by Fong in
2012,% which reported significant gains in the bench press
(6kg; p<0.01), leg press (19kg, p<0.01), and 3.5-kg grip
(p=<0.03).



Effects of combined strength and high-intensity aerobic exercise program in breast cancer survivors 9

Our study is the first to compare the response to training
of the lymphadenectomy arm versus the arm without lym-
phadenectomy. A better response in the lymphadenectomy
arm (compared with the same training load) was observed.
Our results indicate a 56.9% gain in muscle functional per-
formance for the arm without lymphadenectomy and a 104%
gain for the lymphadenectomy arm. Studies such as the
investigation by Ahmed et al.?> have compared the effect
of strength training on the circumference of the two arms in
women with breast cancer. These results can be attributed
to neuromuscular changes and/or muscular hypertrophy and
have important implications for BCSs because the therapies
used to treat cancer can cause peripheral nerve disruptions
that are associated with muscular atrophy?® and can lead
to lymphedema. Strength workouts stimulate the skeletal
muscles, as well as lymphatic and venous drainage, and can
exert positive effects on the sympathetic activities of ves-
sels.

Various studies’’ have reported that breast cancer and
its treatments significantly affect QOL through the impair-
ment of physical function, bodily pain, vitality, social and
family roles, emotional welfare, mental health, and general
health.

The results obtained in different studies and meta-
analyses®'® analyzing the effects of a physical activity
program on QOL in patients with breast cancer have
yielded great heterogeneity in the results. Some authors
have reported significant improvements after surgery, but
other authors have not. However, despite this disparity, the
consensus values indicated that QOL improvement in these
patients is associated with increased physical activity.

These differing results may be attributable to a variety
of factors such as the methodological diversity used in each
intervention, i.e., the type of exercise, intensity, frequency
and duration of intervention.®

The effects of our training program on the QOL of these
patients led to an overall improvement of 24.4%, which was
reflected in an increase of 23 points in the total score on
the FAT-B scale and 73 points on the SF-36 scale—values rep-
resenting a significant clinical difference (CID) considering
that >9 points is considered a CID effect. When separately
analyzing the results of the components that evaluates the
SF-36, a 27% increase in the physical component and a 22%
increase in the mental component were observed, with a
score of 85.6 in mental health, 83.1 in physical function,
and 88.1 in social function, slightly higher than those identi-
fied in the meta analysis by Fong et al. The average scores of
the studies analyzed for these categories were 78, 82 and 84,
with average effect values of 2.4, 3.0, and 3.4, respectively.

In our intervention, a significant decrease of 67.7% was
identified in the state of total fatigue, and a change of
—3.51, larger than —3 points, was considered an important
CID. This positive effect of exercise on fatigue has been
observed in different studies, and meta-analyses have also
identified decreased fatigue and improved mood. Valenti
et al.”® reported a significant effect (p < 0.001). Flude et al.?®
obtained p <0.001. Cantarero et al.>* found improvements in
the affective component (F=7.347, p=0.002), sensory com-
ponent (F=5.199, p=0.010), cognitive component (9.001;
p=0.001), severity (F=3.377, p=0.044), and total fatigue
score (F=10.002, p<0.001). Fong et al.® observed that

physical activity was associated with a slight reduction in
fatigue (—1.0, —1.8 to —0.1, p=0.03)

If these findings are accurate, then all the studies show
the positive effect of exercise in reducing fatigue in BCSs,
but the magnitude of this effect differs.

Radiation therapy and tamoxifen consumption directly
affect metabolism, leading to an increase in body fat mass
that is usually between 2.5 kg and 11 kg. This disruption can
be maintained up to six months after treatment, affecting
50-90% of women.

The results show great heterogeneity with respect to
the effect of physical activity on body weight regulation
in these patients. The meta-analysis of Fong et al.® identi-
fied reduced (—0.4, —0.6 to —0.2; p<0.01) body mass index
(BMI) and reduced (—1.1kg, —1.6 to —0.6 kg; p<0.001) body
weight after a physical activity program. These results are
consistent with the meta-analysis of Speck et al.>' who also
reported a significant decrease in weight (—0.25, p=0.05),
but this finding was not clinically important.

In our study, we observed that the training program led
to a decrease of 2.4% in body weight, 3.1% in BMI, and
4.9% in the sum of skinfolds. However, these results are
not statistically significant (p <0.16), nor do they represent
an important clinical difference, which is consistent with
the findings reported in clinical trials and meta-analyses of
exercise in patients with breast cancer.®?'

This very significant reduction in body weight may be due
to the combination of two effects: increased muscle mass
and physical activity produces increased fat mass resulting
from treatment with tamoxifen. DEXA studies have shown
the impact of an AF program in patients with breast cancer
in reducing fat mass.>? Moreover, the probable duration and
energy expenditure of our program did not indicate that our
patients would exhibit significant changes in body weight.
In addition, the muscle groups used would not result in a
significant change in muscle mass gained.

The decrease in fat mass causes a significantly attenu-
ated risk of cancer recurrence due to the harmful effects
of adipocytes on estrogen metabolism because toxins and
drugs are stored in adipose tissue, constituting a continu-
ous source of carcinogens.?® Studies in patients with breast
cancer have demonstrated that intense exercise and fat
mass loss leads to a shift in estrogen metabolism,** and
decreased metabolism of abdominal fat, particularly vis-
ceral fat, appears to be more active than fat deposits.

The results of our study revealed a decrease of 8.11 mm
in the fold sum, equivalent to 4.8%; these values are not
statistically significant (p<0.20) and represent an impor-
tant clinical difference, which is consistent with the findings
reported in clinical trials and meta-analyses of physical
exercise in patients with breast cancer.®

One characteristic of breast cancer is the risk of recur-
rence. Hence, the necessity of tracking BCS biomarkers and
IGF-1 is one of multiple biomarkers for breast cancer and its
impact on the etiology is proven.

Fong et al.? in their meta-analysis of four randomized
controlled trials of breast cancer, identified an associa-
tion between physical activity and a significant reduction
(p<0.04) in the serum concentrations of IGF-1, in con-
trast with the non-significant results reported in previous
studies.® A case in another meta-analysis demonstrated a
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small decrease in the IGF-I levels within one year and an
increase in the control group.'

Fairey et al."" conducted a study over 15 weeks that
included three 35-minute sessions at 70% intensity per week
and reported a 7.2% decrease in IGF-Il in the exercise group
and a 3.71% increase in the control group. The authors
identified significant differences between the two groups
(—10.9%). Irwin et al.” reported a 3% decrease in IGF-I
plasma levels in the exercise group and a 5.5% increase in the
control group, representing a clinically significant difference
(p=0.089). The exercise program in that study comprised
moderate-intensity aerobic exercise for 150 min per week
for 24 weeks. Schmitz et al.*? in their study of a strength
training program of two sessions per week for 24 weeks, did
not observe any effects of exercise on IGF-1 levels.

The results of these studies demonstrate the modulatory
effect of physical exercise on IGF-I and IGFBP-3 plasma con-
centrations, suggesting that exercise causes physiological
effects on IGF-I and IGFBP-3, modulates similar therapies, "
and decreases the plasma concentrations of IGF-I, thereby
decreasing the risk of recurrence.

However, the effects of exercise on plasma levels of IGF-
I and IGFBP-3 are linked to the intensity and duration of
exercise.

Berg, in their studies on the impact of physical exer-
cise on IGF-1, concluded that low and moderate exercise
intensities lasting less than 30 min are associated with a
moderate increase or no change in the total circulating IGF-
I. Conversely, exercises performed at high intensity and for
a duration exceeding 45 min can lead to a reduction in total
and free IGF-I. Further issues are linked to the time from
the end of the year and the time at which the blood sample
was collected, which can vary according to the anabolic and
catabolic phases of IGF-I after exercise.®

A systematic review?® analyzing 115 publications
regarding the effects of exercise on IGF-I in different types
of populations confirms this discrepancy.

High levels of physical activity can reduce the risk of
breast cancer through the insulin-signaling pathway. Exer-
cise reduces insulin and glucose circulation, which can affect
IGF-1 and IGFBP levels, leading to decreased hyperinsu-
linemia and insulin resistance. This effect may reduce the
bioavailability of IGF-1 and thereby reduce the risk of breast
cancer.'* One possible mechanism that has been proposed to
explain this decrease in IGF-| levels is that aerobic resistance
exercise can lower insulin resistance in several ways, includ-
ing increased insulin receptor signaling, increased mRNA
glucose transporter protein expression, increased glycogen
synthase and hexokinase expression, decreased release and
increased clearance of free fatty acids, increased release
of glucose in the muscles due to an increase in capil-
lary density, and a change in muscle composition to utilize
this greater availability of glucose. This reduced insulin
resistance may decrease the circulating insulin levels and
simultaneously decrease the bioavailability of IGF-I due
to increased insulin mediation, thus altering the IGBP-3
concentration.*’

The scientific evidence presented shows an association
between high levels of insulin and IGF-I and low levels of
IGFBP-3 and an increase in the risk of breast cancer or asso-
ciated death. It is therefore important to identify the factors
that can reduce IGF-1 levels. The responses of insulin and

IGF-1 to physical exercise are key to improving the patient
prognosis.

Conclusions

The results of this study indicate that high-intensity aerobic
exercise combined with strength workouts three times per
week for 60 min over 22 weeks has a positive effect on QOL,
cardiopulmonary function, muscular function, and plasma
IGF-1 levels in BCSs who have undergone surgery and radio-
therapy and/or chemotherapy treatments and who are
receiving hormone therapy treatment.

Receiving treatments for breast cancer does not affect
the ability of improved VO2max following an intensive aer-
obic workout, as in these patients, positive changes were
observed in the chronic physiological variables after exer-
cising.

Patients undergoing mastectomy often exhibit functional
asymmetry in demonstrating the dynamics of the muscle
groups acting on the shoulder and elbow, on the affected
side maximum strength. As a result of strength training,
improvement occurs in the demonstration of force in both
upper limbs, although further improvement occurs at the tip
of the affected side, which is likely to exhibit lower initial
strength levels.

Physical training in women treated for breast cancer
yields significantly better perceived QOL when measured
with instruments to evaluate the general population and
those developed to measure those affected by breast cancer.
These improvements are also observed in the items explor-
ing both physical and psychological factors.

Personalized chronic exercise improves the perception of
fatigue that often affects women who are treated for breast
cancer.

Moderate strength training combined with intense aero-
bic training in women who have undergone mastectomy for
breast cancer produces a significant decrease in plasma IGF
levels; this protein is used in the clinic as a biomarker of the
risk of recurrence of breast cancer.

Future studies should determine the dose-response rela-
tionship, and the role of exercise in BCS should be better
understood because the biological mechanisms underlying
the association between physical activity and the reduc-
tion in breast cancer risk are related to exercise duration,
frequency, intensity and exposure time.

Physical activity programs for survivors of cancer patients
should develop strategies to achieve good adhesion to the
program.3®

Strengths and limitations

According to our prior literature review, this study is one
of the few that has investigated the effects of a high-
intensity aerobic training program on BCSs. Thus, we were
able to identify a positive impact of this program on BCSs
and to validate the training program methodology and mon-
itoring. However, the study is limited by the low number
of participants and the lack of a randomized controlled
design, which leads to statistical power limitations with
regard to the quality of the analyses and the stratification.
These limitations prevent us from inferring the effects of
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the exercise program on BCSs. The present investigation is
also limited because it is not a randomized controlled trial.
The low number of participants was due to the conditions
for program implementation. Additionally, only the IGF-I
biomarker was measured, and intermediate measurements
were not taken to identify the effects of exercise during the
training period. Studies that involve a greater number of
biomarkers, such as insulin and IGFBP-3 and its associated
cytokines, should be conducted. Various measurements of
these biomarkers should be obtained throughout the pro-
gram’s progress to identify the physical exercise duration,
intensity, and frequency required to positively affect the
biomarkers. Similarly, it is necessary to conduct a greater
number of studies that involve different levels of intensity
to permit confirmation of a dose-response effect of aerobic
exercise on the levels of these biomarkers.
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