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Abstract
Purpose

To compare the cardiovascular �tness of breast cancer (BC) survivors with an active lifestyle to those with a
sedentary lifestyle. 

Methods

A cross-sectional study was conducted. Participants were classi�ed into four different groups: sedentary with BC
(Sed-BCW), active with BC (Act-BCW), sedentary without BC (Sed-HW) and active without BC (Act-HW). VO2max was
estimated by the 6-minute walking test (6MWT); speed was measured by the 35-meter test; isometric strength was
measured by dynamometry tests; lower body maximum strength was measured by the squat test; explosive
strength was measured by the Sargent Jump Test; balance was measured by the 30-second balance test; and body
composition was measured by bioimpedance. 

ANOVA was used to analyze group differences and post hoc comparisons were developed with the Bonferroni test. 

Results

A total of 92 women were recruited. Signi�cant differences were found in VO2max between the Act-BCW and Sed-
BCW groups (MeanDif=5.86, p<0.001). No differences in VO2max were observed between the active groups
(MeanDif= 0.42, p= 0.753). 

Related body composition and fat mass levels were signi�cantly lower in the Act-BCW group than in the sedentary
groups (Sed-BCW MeanDif= -6.78; p= 0.012 and Sed-HW MeanDif= -12.07; p<0.001) 

Conclusions

Women who are Act-BCW can achieve similar values in physical condition as women who are Act-HW
and have better values than women in who are sedentary. Moreover, physical exercise might be a stronger
determinant of body composition than a previous history of BC. 

1. Introduction
Breast cancer (BC) is the most common tumor in women worldwide. In 2020, 34,088 new cases were estimated in
Spain, assuming a 3.81% percent increase from 2018. Approximately 130,000 women have been living with a
breast tumor diagnosis in the last �ve years [1]. Despite this, BC treatments lead to long-term side effects such as
physical impairments (i.e., cardiorespiratory �tness reduction) [2] and changes in body composition (i.e., fat gain)
[3]. These effects may negatively impact quality of life and survival rates of these women [4, 5]

In this sense, obesity has been described as a promoter of different cancer biomarkers, especially those related to
general in�ammation, such as IGF-1 [6, 7], C-reactive protein [8, 9], some interleukins, estradiol, and TNF-α [10–12],
and can impair immune function, altering leucocyte counts, and cell-mediated immune responses [13, 14].

For this reason, obesity is becoming an important topic of interest due to the possible relationship with cancer
prognosis by the role of in�ammatory cells in tumor proliferation, survival, and migration [15, 16]. This highlights
the relevance of obesity and weight control in breast cancer patients [17]. Severe obesity is associated with a
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signi�cant increase in relapses and deaths in patients with operable breast cancer receiving adjuvant
chemotherapy [18].

In the last ten years, there has been a strong interest in the role of exercise for breast cancer patients as an effective
tool to prevent different side effects resulting from cancer treatments [19], in particular, reducing obesity, [20]
fatigue and depression levels and increasing cardiovascular �tness (VO2max), functional capacity, and strength [21].
These bene�ts have been observed in patients during any stage of the illness, including in survivors [22], and are
related to the improvement of the quality of life of BC patients [23].

In addition, multiple studies have observed that physical exercise helps to rebalance the alterations in body
composition resulting from cancer treatments, reducing fat mass levels, and increasing lean mass. These factors
prevent different metabolic diseases and reduce relapse risk, which are associated with obesity. [24] [20]

It is important to note that VO2max has been described as an independent parameter of better survival in BC [25]
patients as well as in healthy women [26, 27]. However, several treatments used for BC patients in reducing VO2max

not only worsen fatigue perception and functional capacity but also negatively impact patients’ QoL and mortality
[28, 29].

Despite the relevance of VO2max in cancer survivors, little is known about the extent to which physically active BC
survivors are able to recover and achieve similar VO2max values compared to their healthy counterparts and whether
the impact of sedentary behavior on women’s VO2max and health is similar in cancer patients and healthy women.

With this in mind, we developed a cross-sectional study to compare the VO2max of BC patients to the VO2max of
controls with active and sedentary behaviors.

2. Methods
Study Hypothesis

BC patients can achieve the same level of VO2max as paired healthy women performing the same level of exercise.

Study design

A cross-sectional study was designed to include active and sedentary adult women with and without a diagnosis of
BC. The study was approved by the ethics committee at the Carlos III Health Institute. The study was conducted
following the principles of the Declaration of Helsinki. Participants received all necessary information, and they
signed written informed consent forms to participate.

In total, 92 women were recruited on an ongoing basis from April to June 2018 at a sport center in Madrid, Spain
(Tigers Running Club). The patients were divided into four groups meeting the following inclusion criteria:

Two groups of active women were de�ned as those who performed more than 150 minutes of exercise per week,
with a minimum of 60 minutes of resistance exercise and 90 minutes of cardiovascular exercise [30]:

Group 1: active healthy women.

Group 2: active women with a diagnosis of BC in the last �ve years.
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Two groups of sedentary women were de�ned as those who performed less than 90 min/week of physical exercise:

Group 3: sedentary healthy women.

Group 4: sedentary women with BC in the last �ve years.

The exclusion criteria included women with bone metastatic disease, as well as any musculoskeletal,
cardiovascular, or neurological disorder that could constitute a contraindication to exercise. Eligible women were
scheduled for their testing appointment.

The participants underwent initial testing in the following order: body composition, the 6MWT, 35-meter test,
dynamometry tests, balance test, Sargent jump test, and squat test. The women completed the following
questionnaires: the quality of life, depression, fatigue, memory, and oncology physical exercise questionnaires. All
tests were performed in a single session.

Objectives

Primary objective

To compare the VO2max of BC patients with an active lifestyle to those with a sedentary lifestyle.

VO2max was estimated using the 6MWT, collecting the �nal distance. VO2max was estimated using the following
formula [31]:

22.506-0.271*weight+0.051*distance(6MWT)-0.065*years.

Secondary objectives

To compare the �tness conditions and body compositions of BC patients with an active lifestyle to those with a
sedentary lifestyle.

To assess the participants’ �tness conditions, the following tests were developed: a 35-meter test (speed);
dynamometry tests (isometric strength); a 60” squat test (lower body maximum strength); a Sargent jump test
(explosive strength); and a 30 second balance test (balance).

Body composition was measured by bioimpedance (Tanita BC-601) at the beginning of the assessment to
determine weight, fat mass, lean mass, water percentage, bone mass, and visceral fat. All women had to follow the
same dietary recommendations before the test.

Statistical Analyses

Sample size

The sample size of 23 participants per group was estimated with a statistical power of 80% to detect a minimum
difference in VO2max of 3.9 ml/kg/min (1.67-5.1 ml/kg/min) between groups, assuming a total sample of 92
women [32].

Statistical Analyses
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Descriptive analyses using the mean and standard deviation for continuous variables and percentages for
categorical variables were used.

Analyses of variance (ANOVA) were used with continuous variables to compare the groups. Post hoc comparisons
were calculated using the Bonferroni test. Comparisons between categorical variables were performed using the
chi-square test.

All statistical analyses were performed using SPSS version 21 software (SPSS Inc., Chicago, IL). Con�dence
intervals were set at 95%, and the signi�cance value was set at p<0.05.

3. Results
Of the 106 participants who were contacted at the beginning of the study, fourteen refused to participate after initial
acceptance. (Figure 1)

Patient Characteristics

Baseline Demographic and Medical pro�le of Cancer Patients Participating in the study are shown in Table 1.
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Table 1
Baseline demographic and medical pro�le of each group of participants.

  Act- BCW

n (%)

Sed- BCW

n (%)

Act- HW

n (%)

Sed- HW

n (%)

Employment Situation

Worker 19 (82.6) 12 (63.16) 18(90) 21(95.5)

Retired 1 (4.4) 4(21.05) 1(5) 0 (0)

Housewife 0 (0) 0 (0) 0 (0) 1 (4.6)

Student 1(4.3%) 0 (0) 0 (0) 0 (0)

Unemployed 1 (4.4) 3 (15.8) 1 (5) 0 (0)

Treatment received

Chemotherapy: 19 (90.5) 16 (88.9)    

-Anthracycline scheme 10 (43.48) 11 (47.82)    

-Non anthracycline scheme 13 (56.52) 12 (52.18)    

Radiotherapy 17 (77.3) 16 (84.2)    

Endocrine therapy 19 (86.4) 18 (94.7)    

Targeted therapies (Herceptin): 10 (45.5) 10 (52.6)    

-Herceptin at the measuremnt´s time 3 (13.04) 1 (4.35)    

Lymphedema 10 (50) 6 (33.4)    

Comorbidities

No comorbidities 14 (66.7) 7 (43.8) 17 (89.5) 7 (35)

1-3 comorbidities 7 (33.3) 9 (56.2) 2 (10.5) 12 (60)

> 3 comorbidities - - - 1 (5)

Patient age was the �rst considered variable. All women were paired with a ratio of ± three years of age. There were
no differences in age between the BC patient (49.48 vs. 50.57: p=0.687) or healthy women groups (52.26 vs. 47.43
years, p=0.076).

In terms of employment, more than 60% of the patients were working at the time. Almost 70% of the BC patients
were receiving endocrine therapy at the time of the analysis.

The participants reported different comorbidities: osteoporosis, cholesterol problems, high sugar levels, high fat
levels, high blood pressure, cardiac problems, and thyroid problems. Interestingly, signi�cant differences were found
between the breast cancer groups (p=0.017).

Finally, no relationship was found among the treatment types (chemotherapy, radiotherapy, endocrine therapy, and
targeted therapies) or in the number of comorbidities in women with BC.
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Table 2 presents �tness pro�le, body composition and physical activity levels of each of group of women.

Table 2
Health-related �tness and quality of life of each group of participants

OUTCOMES Act-BCW (n=23)

M ±SD

Sed-BCW (n=23)

M±SD

Act-HW (n=23)

M±SD

Sed-HW (n=23)

M±SD

Age (years) 49.48± 8.73 50.57 ± 10.06 47.43 ± 8.31 52.26 ± 9.27

Height (cm) 163.04 ±4.74 162.78 ± 5.08 163.65 ±6.27 162.30 ± 4.47

Physical status

VO2max (ml/kg/min) 38.35±3.11 34.11±4.40 37.68±3.01 32.187+5.31

6MWT (m) 766.74± 51.69 695.21± 47.47 769.78± 67.94 690.17 ± 63.63

35 meters (sec) 7.2 ± 0.89 8.9±2.41 6.9 ±0.91 9.6± 4.6

Strength Index 2.40±0.46 1.76± 0.42 2.50±0.42 2.02±0.42

Squat test (reps) 46.09±7.39 40.61±6.88 48.96±7.14 41.17±5.85

Sargent jump (cm) 18.19±4.45 14.85±6.04 18.53±6.29 14.65±3.81

Balance test (OE- RL) (sec) 29.87±0.46 26.94±7.43 28.65±4.49 25.49±9.27

Balance test (OE-LL) (sec) 29.52±2.29 25.42±9.02 29.61±1.88 26.07±9.02

Balance Test (CE-RL) (sec) 13.66±10.78 9.53±10.14 10.87±9.71 7.53±6.10

Balance Test (CE-LL) (sec) 13.23± 10.92 8.02±8.27 12.17±9.39 10.06±10.17

Body Composition

Total weight (kg) 60.05± 7.20 67.94 ± 12.22 62.70 ±8.63 71.38 ± 13.29

BMI (kg/m²) 22.65 ±2.99 25.65 ± 4.76 23.57 ± 2.71 27.74 ± 4.72

Fat mass (%) 28.51± 6.45 35.30 ± 6.9 40.09 ± 12.57 40.58 ± 8.49

Lean mass (%) 67.75± 6.03 62.55 ±5.92 67.02 ± 5.17 59.16 ± 7.15

Water (%) 52.13± 4.53 47.48 ±4.73 51.48 ± 3.98 46.22 ± 4.02

Bone weight (kg) 2.05 ± 0.13 2.06 ± 0.22 2.13 ± 0.34 2.10 ± 0.29

Visceral fat 5.00 ±2.09 7.26 ± 3.06 5.22 ± 1.95 7.83± 2.40

Physical Activity Level

IPAQ (mets) 2465.84±1922.65 1064.84±1144.55 1626.23±1552.80 879.96±1067.08

Cardiovascular �tness

In terms of the cardiovascular �tness of active women, VO2max levels were signi�cantly better in comparison with
the sedentary groups (p<0.001). No signi�cant differences were found between the Act-HW and Act-BCW groups
(p=0.75). No differences were found between the sedentary groups (p=0.214). However, there were signi�cant
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differences in VO2max between the Act-BCW and Sed-BCW groups (p=0.000). These results are presented in Tables
3 and 4 and in the box plot graphic in Figure 2. Women in the Sed-BCW group did not show signi�cant differences
compared with their healthy counterparts (p=0.21).

Table 3
Mean difference, 95% Con�dence Interval (CI) and p value of health-related �tness and quality of life between Act-

BCW and the other groups.

  Act-BCW vs Sed-BCW Act-BCW vs Act-HW Act-BCW vs Sed-HW

Mean
Dif

95% CI p-
value

Mean
Dif

95% CI p-
value

Mean
Dif

95% CI p-
value

Physical status

V02
(ml/kg/min)

5.86 3.16 to
8.55

<0.001 0.42 -2.26 to
3.12

0.75 7.55 4.86 to
10.24

<0.001

6MWT
(meters)

71.52 37.36 to
105.68

<0.001 -3.04 -37.20
to 31.11

0.86 76.57 42.41 to
110.72

<0.001

35m
(seconds)

-1.87 -3.44 to
-0.30

0.020 0.17 -1.40 to
1.74

0.83 -2.39 -3.96 to
-0.82

0.003

Jump (cm) 5.48 1.47 to
9.49

0.008 -2.87 -6.88 to
1.14

0.16 4.91 0.90 to
8.92

0.017

Strength
Index

0.63 0.31 to
0.95

<0.001 -0.09 -0.40 to
0.21

0.53 0.376 0.07 to
0.68

0.015

Body Composition

BMI -3.00 -5.29 to
-0.71

0.11 -0.91 -3.21 to
-1.38

0.43 -5.09 -7.38 to
-2.79

<0.001

Fat Mass
(%)

-6.78 -12.52
to -1.54

0.012 -11.57 -16.80
to -6.33

<0.001 -12.07 -17.31
to -6.83

<0.001

Lean Mass
(%)

5.20 1.62 to
8.78

0.05 0.72 -2.86 to
4.3

0.70 8.59 3.72 to
13.45

<0.001

Water (%) 4.65 2.11 to
7.19

<0.001 0.65 -1.89 to
3.19

0.61 5.91 3.37 to
8.45

<0.001

Bone Mass
(%)

-0.17 -1.70 to
0.14

0.82 -0.87 -0.24 to
0.65

0.26 -0.61 -0.21 to
0.91

0.43

Visceral fat -2.26 -3.68 to
-0.84

0.002 -0.22 -1.64 to
-1.20

0.76 -2.83 -4.24 to
-1.41

<0.001

Physical Activity Level

IPAQ (mets) 1400.10 543.90
to
2258.09

0.002 839.60 -17.49
to
1696.70

0.055 1585.87 728.77
to
2442.97

0.055
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Table 4
Mean difference, 95% Con�dence Interval (CI)and p value of health-related �tness and quality of life between Sed-

BCW and other groups.

  Sed-BCW vs Act-HW Sed-BCW vs Sed-HW Act-HW vs Sed-HW

  Mean
Dif

95% CI p-
value

Mean
Dif

95% CI p-
value

Mean
Dif

95% CI p-
value

Physical status

V02
(ml/kg/min)

-5.42 -8.12 to
-2.73

<0.001 1.70 -0.99 to
4.40

0.21 7.12 4.43 to
9.82

<0.001

6MWT
(meters)

-74.57 -108.72
to -40.41

<0.001 5.04 -29.11 to
39.20

0.77 -79.61 45.45 to
113.77

<0.001

35m
(seconds)

2.04 0.47 to
3.61

0.011 -0.052 -2.09 to
1.05

0.51 -2.57 -4.14 to
-0.99

0.002

Jump (cm) -8.35 -12.36 to
-4.34

<0.001 -0.57 -4.57 to
3.44

0.78 7.78 3.77 to
11.79

<0.001

Strength
Index

-0.73 -1.04 to
-0.41

<0.001 -0.25 -0.56 to
0.06

0.11 047 0.18 to
0.77

0.002

Body Composition

BMI 2.09 -0.21 to
4.38

0.74 -2.09 -4.38 to
0.21

0.07 -4.17 -6.47 to
-1.88

<0.001

Fat Mass
(%)

-4.79 -10.03 to
0.44

0.012 -5.29 -10.52 to
-0.05

0.07 -0.50 -5.74 to
-4.73

0.85

Lean Mass
(%)

-4.48 -8.06 to
-0.90

0.015 3.39 -0.19 to
6.97

0.06 7.87 4.29 to
11.45

<0.001

Water (%) -4.00 -6.54 to
-1.46

0.002 1.26 -1.28 to
3.80

0.33 5.26 2.72 to
7.80

<0.001

Bone Mass
(%)

-0.70 -0.22 to
0.83

0.37 -0.43 -0.20 to
0.109

0.57 0.026 -0.13 to
0.18

0.73

Visceral fat 2.04 0.62 to
3.46

0.005 -0.57 -1.98 to
0.85

0.43 -2.61 -4.03 to
-1.19

0.43

Physical Activity Level

IPAQ (mets) 1585.87 728.77 to
2442.97

<0.001 184.88 -672.22
to
1041.97

0.67 746.27 -110.82
to
1603.36

0.09

Body compositions, physical conditions, and physical activity levels

In terms of body composition, the Act-BCW group showed signi�cantly better results in total weight, body mass
index, lean mass, water percentage, and visceral mass compared to the sedentary groups. Moreover, the Act-BCW
group had a signi�cantly lower body fat percentage than the Act-HW group (p<0.001). No signi�cant differences
were found in the rest of the measured variables between the active groups (Table 3) or between the sedentary
groups (Table 4).
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Regarding physical conditions, the Act-BCW group showed signi�cantly higher results than the sedentary groups in
the 35-meter test, dynamometry tests (right hand, left hand, legs and back) squat test, and Sargent jump test. There
were no differences between the Act-BCW and Act-HW groups.

4. Discussion
In this work, we found that women who are Act-BCW can achieve the same values in cardiovascular �tness,
physical condition and body composition as active healthy women and signi�cantly better values than sedentary
women with BC.

Our results con�rm that women who were Act-BCW presented an 11.8% higher V02max than their counterparts who
were Sed-BC, a signi�cant difference that might impact not only BC patients´ health but also the survival of women
with BC. In addition, the results of this investigation con�rm the main hypothesis of the study, showing that women
who are Act-BCW can achieve the same values in V02max, or even higher values, than women who are Act-HW.

Bearing in mind that cardiovascular capacity is an independent predictor of mortality in cancer [33] and is 25%
lower than the V02max (relative to age and sex) in healthy individuals, the results of our trial are an important
scienti�c contribution that once again emphasizes the importance of physical exercise in improving cancer patient
health during and after treatments, which can lead clinicians to consider approaching the treatment of cancer
patients in an integral way.

Related to body composition, our results show that physical activity is an effective, supportive care method in BC
patients to achieve fat mass and lean mass levels that are similar to healthy active women. In contrast, body
composition values were not signi�cantly worse in sedentary patients than in their healthy counterparts, suggesting
that BC by itself does not imply a body composition imbalance. Therefore, physical exercise is a stronger
determinant of a balance or imbalance in body composition than a previous history of BC.

This study aligns with previous evidence [34] showing that approximately 65% of all breast cancer survivors are
overweight or have obesity; it is also known that a sedentary lifestyle and obesity are associated with poorer
outcomes after a BC diagnosis and a signi�cant increase in recurrence and elevated total mortality [35], possibly
through their relationships with some biomarkers that are promoters of in�ammation [36].

Findings from a recent report suggested that BC patients with obesity had a 35% higher risk of BC-related death [37]
[18]. Additionally, BC treatment is related to an increase in body fat as well as a decrease in lean body mass and
bone mineral density. These changes can put these women at increased risk for frailty fractures and osteoporosis,
as well as further risk for comorbid chronic diseases and cancer recurrence [38].

Apart from maximum oxygen consumption and body composition, we observed that active women had a better
functional capacity than sedentary women, again showing the importance of exercise to maintain body
functionality and prevent the most common physical disabilities in these patients, such as arthralgia or muscle
pain, which might promote medication withdrawal [39].

When analyzing patients’ limitations in being more active, a lack of time was the main barrier to performing
physical exercise, given the impression that they do not perceive exercise as a key factor in maintaining and
recovering their health. Therefore, this could be an aspect to be considered in future studies. Developing strategies
that include oncologists, nurses, other care providers and exercise-oncology specialists not only encourages
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patients to practice exercise but also highlights the importance of patients having an active lifestyle because it has
been demonstrated that BC survivors who maintain an active lifestyle can achieve the same values in physical
condition as active healthy women.

STRENGTHS AND LIMITATIONS

The main strength of this study is its originality since no previous studies were found comparing the physical
condition of these four groups of women. Moreover, using �eld tests added a pragmatic element to the study,
making it a more real-life scenario than a research laboratory.

The main limitations include the small sample size, the cross-sectional nature of the study, and the lack of
resources.

Despite the limitations of the study, we can conclude that performing at least 150 minutes/week of physical
exercise is crucial for BC patients, given that there is an improvement in their physical capacity and V02max, which is
directly linked with better survival.

Moreover, exercise helps breast cancer patients recover a healthy body composition, increasing lean mass and
decreasing body fat. This effect counteracts the negative impact of several treatments on women’s weight a
characteristic that is associated with a worse prognosis.

Declarations
Funding: NOT APPLICABLE

Con�icts of interest/Competing interests: All the authors have approved the manuscript and agree to its submission
and it doesn´t exist any con�ict of interest. DISCLOSURES INCLUDED.

Availability of data and material: all the used data were accurate and come from the o�cial source. Authors
con�rm the absence of data manipulation, the consistency and reliability of the research, and the originality of the
manuscript.

Code availability: The authors con�rm that the data supporting the �ndings of this study are available within the
article and are also available from the corresponding author (S.C) upon reasonable request.

Authors' contributions: all the authors contributed equally, dividing the work into study design, data collection,
structure, drafting and revision, bringing a well stablished structure, consistency, and quality to the manuscript.

Ethics approval: The study was approved by the ethics committee at the Carlos III Health Institute, Spain.

Consent to participate: Participants received all necessary information, and they signed written informed consent
forms to participate.

Consent for publication: participants and authors signed written informed consent to accept the publication of the
data.

References



Page 12/16

1.           European Cancer Information System (2020) Incidence and mortality estimates 2020.
https://ecis.jrc.ec.europa.eu/

2.           Neil-Sztramko SE, Kirkham AA, Hung SH, et al (2014) Aerobic capacity and upper limb strength are reduced
in women diagnosed with breast   cancer: a systematic review. J Physiother 60:189–200.
https://doi.org/10.1016/j.jphys.2014.09.005

3.           Engin A (2017) Obesity-associated Breast Cancer: Analysis of risk factors. Adv Exp Med Biol 960:571–606.
https://doi.org/10.1007/978-3-319-48382-5_25

4.           Lovelace DL, McDaniel LR, Golden D (2019) Long-Term Effects of Breast Cancer Surgery, Treatment, and
Survivor Care. J Midwifery Womens Health 64:713–724. https://doi.org/10.1111/jmwh.13012

5.           Miaja M, Platas A, Martinez-Cannon BA (2017) Psychological Impact of Alterations in Sexuality, Fertility,
and Body Image in Young   Breast Cancer Patients and Their Partners. Rev Investig Clin organo del Hosp
Enfermedades la   Nutr 69:204–209. https://doi.org/10.24875/ric.17002279

6.           Fairey AS, Courneya KS, Field CJ, et al (2005) Effect of exercise training on C-reactive protein in
postmenopausal breast cancer   survivors: a randomized controlled trial. Brain Behav Immun 19:381–388.
https://doi.org/10.1016/j.bbi.2005.04.001

7.           Gunter MJ, Hoover DR, Yu H, et al (2009) Insulin, insulin-like growth factor-I, and risk of breast cancer in
postmenopausal   women. J Natl Cancer Inst 101:48–60. https://doi.org/10.1093/jnci/djn415

8.           Heikkilä K, Ebrahim S, Lawlor DA (2007) A systematic review of the association between circulating
concentrations of C  reactive protein and cancer. J Epidemiol Community Health 61:824–833.
https://doi.org/10.1136/jech.2006.051292

9.           Han Y, Mao F, Wu Y, et al (2011) Prognostic role of C-reactive protein in breast cancer: a systematic review
and  meta-analysis. Int J Biol Markers 26:209–215. https://doi.org/10.5301/JBM.2011.8872

10.         Fairey AS, Courneya KS, Field CJ, et al (2005) Randomized controlled trial of exercise and blood immune
function in postmenopausal   breast cancer survivors. J Appl Physiol 98:1534–1540.
https://doi.org/10.1152/japplphysiol.00566.2004

11.         Hagstrom AD, Marshall PWM, Lonsdale C, et al (2016) The effect of resistance training on markers of
immune function and in�ammation in   previously sedentary women recovering from breast cancer: a randomized
controlled trial. Breast Cancer Res Treat 155:471–482. https://doi.org/10.1007/s10549-016-3688-0

12.         Hutnick NA, Williams NI, Kraemer WJ, et al (2005) Exercise and lymphocyte activation following
chemotherapy for breast cancer. Med Sci Sports Exerc 37:1827–1835.
https://doi.org/10.1249/01.mss.0000175857.84936.1a

13.         de Heredia FP, Gómez-Martínez S, Marcos A (2012) Obesity, in�ammation and the immune system. Proc
Nutr Soc 71:332–338. https://doi.org/10.1017/S0029665112000092

14.         Maurizi G, Della Guardia L, Maurizi A, Poloni A (2018) Adipocytes properties and crosstalk with immune
system in obesity-related   in�ammation. J Cell Physiol 233:88–97. https://doi.org/10.1002/jcp.25855



Page 13/16

15.         Coussens LM, Werb Z (2002) In�ammation and cancer. Nature 420:860–867.
https://doi.org/10.1038/nature01322

16.         Grivennikov SI, Greten FR, Karin M (2010) Immunity, in�ammation, and cancer. Cell 140:883–899.
https://doi.org/10.1016/j.cell.2010.01.025

17.         Jiralerspong S, Goodwin PJ (2016) Obesity and Breast Cancer Prognosis: Evidence, Challenges, and
Opportunities. J Clin Oncol  Off J Am Soc Clin  Oncol 34:4203–4216. https://doi.org/10.1200/JCO.2016.68.4480

18.         Pajares B, Pollán M, Martín M, et al (2013) Obesity and survival in operable breast cancer patients treated
with adjuvant   anthracyclines and taxanes according to pathological subtypes: a pooled analysis. Breast Cancer
Res 15:R105. https://doi.org/10.1186/bcr3572

19.         Zeng J, Wu J, Tang C, et al (2019) Effects of Exercise During or Postchemotherapy in Cancer Patients: A
Systematic  Review and Meta-Analysis. Worldviews evidence-based Nurs 16:92–101.
https://doi.org/10.1111/wvn.12341

20.         Dieli-Conwright CM, Courneya KS, Demark-Wahnefried W, et al (2018) Aerobic and resistance exercise
improves physical �tness, bone health, and quality  of life in overweight and obese breast cancer survivors: a
randomized controlled trial. Breast Cancer Res 20:124. https://doi.org/10.1186/s13058-018-1051-6

21.         Ferioli M, Zauli G, Martelli AM, et al (2018) Impact of physical exercise in cancer survivors during and after
antineoplastic   treatments. Oncotarget 9:14005–14034. https://doi.org/10.18632/oncotarget.24456

22.         Holmes MD, Chen WY, Feskanich D, et al (2005) Physical activity and survival after breast cancer diagnosis.
JAMA 293:2479–2486. https://doi.org/10.1001/jama.293.20.2479

23.         Mishra SI, Scherer RW, Geigle PM, et al (2012) Exercise interventions on health-related quality of life for
cancer survivors. Cochrane database Syst Rev 2012:CD007566.
https://doi.org/10.1002/14651858.CD007566.pub2

24.         Schmitz KH, Courneya KS, Matthews C, et al (2010) American College of Sports Medicine roundtable on
exercise guidelines for cancer   survivors. Med Sci Sports Exerc 42:1409–1426.
https://doi.org/10.1249/MSS.0b013e3181e0c112

25.         Jones LM, Stoner L, Brown C, et al (2019) Cardiorespiratory �tness predicts cardiovascular health in breast
cancer survivors,  independent of body composition, age and time post-treatment completion. Breast Cancer
26:729–737. https://doi.org/10.1007/s12282-019-00975-2

26.         Fardman A, Banschick GD, Rabia R, et al (2020) Cardiorespiratory �tness and survival following cancer
diagnosis. Eur J Prev Cardiol 2047487320930873. https://doi.org/10.1177/2047487320930873

27.         Al-Mallah MH, Sakr S, Al-Qunaibet A (2018) Cardiorespiratory Fitness and Cardiovascular Disease
Prevention: an Update. Curr Atheroscler Rep 20:1. https://doi.org/10.1007/s11883-018-0711-4

28.         Piraux E, Caty G, Aboubakar Nana F, Reychler G (2020) Effects of exercise therapy in cancer patients
undergoing radiotherapy treatment: a  narrative review. SAGE open Med 8:2050312120922657.
https://doi.org/10.1177/2050312120922657



Page 14/16

29.         Wang X, Wang N, Zhong L, et al (2020) Prognostic value of depression and anxiety on breast cancer
recurrence and mortality: a systematic review and meta-analysis of 282,203 patients. Mol Psychiatry 25:3186–
3197. https://doi.org/10.1038/s41380-020-00865-6

30.         Patel A V, Friedenreich CM, Moore SC, et al (2019) American College of Sports Medicine Roundtable Report
on Physical Activity,   Sedentary Behavior, and Cancer Prevention and Control. Med Sci Sports Exerc 51:2391–2402.
https://doi.org/10.1249/MSS.0000000000002117

31.         Mänttäri A, Suni J, Sievänen H, et al (2018) Six-minute walk test: a tool for predicting maximal aerobic
power (VO(2 ) max) in   healthy adults. Clin Physiol Funct Imaging. https://doi.org/10.1111/cpf.12525

32.         McNeely ML, Campbell KL, Rowe BH, et al (2006) Effects of exercise on breast cancer patients and
survivors: a systematic review and   meta-analysis. C  Can Med Assoc J = J l’Association medicale  Can 175:34–41.
https://doi.org/10.1503/cmaj.051073

33.         Jones LW, Eves ND, Haykowsky M, et al (2008) Cardiorespiratory exercise testing in clinical oncology
research: systematic review   and practice recommendations. Lancet Oncol 9:757–765.
https://doi.org/10.1016/S1470-2045(08)70195-5

34.         Picon-Ruiz M, Morata-Tarifa C, Valle-Go�n JJ, et al (2017) Obesity and adverse breast cancer risk and
outcome: Mechanistic insights and  strategies for intervention. CA Cancer J Clin 67:378–397.
https://doi.org/10.3322/caac.21405

35.         Cortesi L, Sebastiani F, Iannone A, et al (2020) Lifestyle Intervention on Body Weight and Physical Activity
in Patients with Breast   Cancer can reduce the Risk of Death in Obese Women: The EMILI Study. Cancers (Basel)
12:. https://doi.org/10.3390/cancers12071709

36.         Ballard-Barbash R, Friedenreich CM, Courneya KS, et al (2012) Physical activity, biomarkers, and disease
outcomes in cancer survivors: a   systematic review. J Natl Cancer Inst 104:815–840.
https://doi.org/10.1093/jnci/djs207

37.         Blair CK, Wiggins CL, Nibbe AM, et al (2019) Obesity and survival among a cohort of breast cancer patients
is partially mediated   by tumor characteristics. NPJ breast cancer 5:33. https://doi.org/10.1038/s41523-019-0128-
4

38.         Thomas GA, Cartmel B, Harrigan M, et al (2017) The effect of exercise on body composition and bone
mineral density in breast cancer   survivors taking aromatase inhibitors. Obesity (Silver Spring) 25:346–351.
https://doi.org/10.1002/oby.21729

39.         Thorne C (2007) Management of arthralgias associated with aromatase inhibitor therapy. Curr Oncol 14
Suppl 1:S11-9. https://doi.org/10.3747/co.2007.152

Figures



Page 15/16

Figure 1

CONSORT diagram: �ow of participants.
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Figure 2

Box plot of VO2 levels of the four different groups of participants
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