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Abstract

Background: In recent years, several studies have shown the association between exercise and decreased risk of mortality in pa-
tients with breast cancer. However, the effects of combined resistance and endurance training on salivary Interleukin-12 (IL-12),
tumor necrosis factor (TNF-α), Cortisol, and Testosterone levels in patients with breast cancer have not been investigated.
Objectives: This study aimed at determining the effect of 8 weeks of combined resistance and endurance training on salivary IL-12,
TNF-α, Cortisol, and Testosterone levels in women with breast cancer.
Methods: Forty-two postmenopausal women with breast cancer were randomly selected and divided into training (intervention)
and control groups. The training group performed resistance training with 2 to 3 sets, 10 to 18 repetitions, 50 to 70% 1 repetition
maximum (1RM), and aerobic exercise with 50 to 70% maximum heart rate (maxHR) (12-14 degrees borg scale) for 20 to 40 minutes
for 8 weeks. The salivary IL-12, TNF-α, cortisol, and testosterone levels were measured, using the enzyme-linked immunosorbent
assay (ELISA) method. Two-way analysis of variance repeated measure was also used to analyze variance with the confidence interval
of 95%.
Results: In the training group, there was a significant decrease in salivary TNF-α levels, cortisol, TNF-α/IL-12 ratio, and variables of
weight, fat percentage, body mass index (BMI), and waist circumference (P < 0.05). Also, the results showed a significant increase
in salivary testosterone and testosterone/cortisol ratio in the intervention group (P < 0.05). However, no significant changes were
observed in the interaction between-group and time in IL-12 and waist–hip ratio (WHR) values (P > 0.05).
Conclusions: The results indicate that resistance and endurance training could be used as a useful method to improve salivary
pro-inflammatory factors and hormonal levels in patients with breast cancer. Medical oncologists can underline a resistance and
endurance training program for patients with breast cancer under their care.
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1. Background

Breast cancer is the most common cancer and one of
the leading causes of death in women (1, 2). Advancements
in early detection and therapeutic options have led to a
steady improvement in the survival of breast patients (3).

Exercise therapy/rehabilitation as an adjunctive strat-
egy has been studied in various cancer populations to im-
prove symptom control, inhibit tumor progression, and
reduce the side effects of cancer treatments (4, 5). Re-
ported data indicated that physical stress, such as en-

durance/resistance training, can influence various aspects
of mitochondrial biology (6). Following physical stress,
cortisol rises (7) and enhances the respiratory chain ef-
ficiency of mitochondria, which improves the prognosis
of patients with cancer (8). Therefore, endurance exer-
cise can lead to a decrease in tumor growth (9). Similarly,
inflammation as a crucial player in cancer development
significantly decreased after resistance training, and im-
mune responses increased (10). In general, the combina-
tion of resistance and aerobic exercises is more effective
than aerobic exercises in improving body composition,
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cardiovascular fitness, physical fitness (3, 11). Also, the com-
bination of resistance and aerobic exercises is associated
with decreased risk of breast cancer via different biological
processes, including regulation of the physiological and
metabolic process, changing sex hormones, maintaining
a healthy weight, reducing inflammation, and improving
the immune response (12). Therefore, catabolic/anabolic
and pro/anti-inflammatory biomarkers panel can be used
to determine the improvement status and anti-tumor ef-
fects of exercise therapy. Cortisol/testosterone biomarkers
ratio, as a valuable indicator for the anabolic-catabolic bal-
ance, can be used to assess the metabolic changes and the
organism response caused by acute and chronic physical
stressors such as exercise training (13).

Studies showed a negative correlation between breast
hyperplasia and testosterone-free levels before and after
menopause (14), while cortisol increases tumor size and ac-
celerates metastasis (15). Cortisol, as the most well-known
glucocorticoid, is released from the adrenal cortex into hu-
man serum or saliva in response to exercise and plays a
critical role in metabolism and responses to physiological
stress. Also, testosterone is considered a primary anabolic
hormone in biological and physiological processes in the
human (16).

As mentioned above, endurance/resistance training af-
ter cancer therapy improves the immune response that
could be mediated by a protective effect against increased
inflammatory activity (17). Therefore, the evaluation of
pro/anti-inflammatory biomarkers can help to understand
the efficacy of exercise training as effective adjuvant ther-
apy and combination with anti-cancer treatment (18).
Interleukin-12 (IL-12), a known potent pro-inflammatory
type 1 cytokine, is considered potential immunotherapy
for cancer (19). IL-12 inhibits angiogenesis, acts as the
host of natural killer (NK) and T cells and cellular immu-
nity, and induces the expression of different cytokines (20).
Also, exercise training can decrease systemic inflamma-
tion through the reduced production of macrophage or
adipocyte pro-inflammatory cytokines (17). Tumor necro-
sis factor (TNF-α) is considered the main arm of the im-
mune system and the main marker of inflammation. TNF-
α is one of the essential cytokines that can cause tumor
growth and metastasis (21).

These biomarkers can be evaluated in biological sam-
ples such as blood, serum, and saliva. A blood sample is
commonly used as the best biological fluid to measure
biomarkers. However, blood collection involves risks to
subjects such as transient discomfort, bruising, and infec-
tion (22). Checking biomarkers in saliva has acquired great
interest because salivary sample collection is an easily ac-
cessible, non-invasive, and low-cost that have economic

and logistic advantages over venipuncture (22, 23). There-
fore, many studies have focused on assessing the inflam-
matory and hormonal biomarkers during and after exer-
cise training (4, 10, 14, 24). However, few studies on the ef-
fect of endurance/resistance training on saliva cytokines
and hormone levels affect inflammation in patients with
cancer.

2. Objectives

In this research, we studied endurance/resistance
training on the levels of salivary IL12, TNF-α, cortisol, and
testosterone in women with breast cancer.

3. Methods

We followed an experimental pretest-posttest research
design. In this study, 42 postmenopausal women with
breast cancer were randomly divided into control (age =
46.21± 8.71, BMI = 28.26± 0.89) and intervention (exercise
training) (age = 46.08 ± 8.93, BMI = 28.42 ± 0.55) groups.
Training and control groups were matched for body mass
index (BMI), age, and menopause status. All breast patients
were from Kermanshah Province of Iran with Kurdish eth-
nic backgrounds and had been admitted to the Kerman-
shah University of Medical Sciences Hospital. The diagno-
sis of breast cancer was according to standard clinical, ra-
diological, and histological parameters (25, 26). An oncol-
ogy specialist determined entry requirements for subjects.
All of the patients with breast cancer were at stages I (n
= 18, 43%) and II (n = 24, 57%), and the tumor size was be-
tween 1.2cm and 5 cm (median: 1.7). Patients with breast
cancer were diagnosed postmenopausal by a gynecologist.
The national comprehensive cancer network (NCCN) de-
fines menopause as no menses for 1 year in the absence
of prior chemotherapy or tamoxifen use or no menses af-
ter surgical removal of all ovarian tissue (27). Patients par-
ticipating in the study were eligible if they were at least
2 years after adjuvant tamoxifen or letrozole therapy, not
engaged in any formal exercise programs, without muscu-
loskeletal disturbances for at least 1 year, and without men-
struation in the last 1 year. Also, subjects were excluded if
they have a history of oral and dental inflammatory, alco-
hol drinking, or smoking. Before starting the main train-
ing, the purpose of the research and its method, as well as
the risks and benefits that were involved, were explained to
the subjects. Besides, all participants signed the informed
consent form in line with the principles of the Helsinki II
declarations. This study was approved by the Ethics Com-
mittee of Kermanshah University of Medical Sciences, Iran
(IR.KUMS.REC.1397.708).
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3.1. Training Protocol

Before starting the main training, 1 week before the
start of the main training, anthropometric measurements
such as age, weight, BMI, waist-hip ratio (WHR), fat percent-
age, and waist circumference were performed (Table 1).

To reduce the learning effects, all subjects participated
in a meeting 1 week before starting the main program to
learn the main movements of the gym. Also, 48 hours be-
fore the start of the exercise program, the subjects per-
formed a one-repetition maximum (1RM) test by using the
indirect Brzysky method (Equation 1; indirect estimation
formula for one repeated major).

1RM =
Weight of displaced

[1.0278 of displaced.m (1RM)n prog]

The training included 8-week endurance and resis-
tance training, 3 days per week, including 10 minutes
warm-up and cool-down with a 40% maximum heart rate.
The main part of the training was divided into resistance
and aerobic exercise training. The main movements of
resistance training included a barbell chest press, barbell
curl, lying barbell triceps, pull-down of posterior cervical
muscles, and lower body movements, including smith ma-
chine squat, leg extensions, lying leg curls, and standing
calf raises. The rest period of each exercise for the subjects
was 1 to 3 minutes and was set according to the number of
weeks of the training program. Also, aerobic training in-
cluded walking and running. In aerobic training, every 10
to 15 minutes, the subjects’ heart rates were evaluated by
counting the subjects’ pulse within 15 seconds and calcu-
lating 1 minute. In addition to this method, the Borg RPE
scale was used to control the intensity of aerobic training.
The intensity of the borg rating of perceived exertion (RPE)
was between 12 and 14. The intensity of resistance and aer-
obic exercises and the duration of each are shown in Table
2.

The saliva samples were examined for checking IL-12,
TNF-α, testosterone, and cortisol by the German ZELLBIO
human-specific saliva kit and enzyme-linked immunosor-
bent assay (ELISA) method. Also, BMI, WHR, and weight
were measured by the body composition ZEUS 9.9. To ana-
lyze the salivary levels of IL-12, TNF-α, testosterone, and cor-
tisol, the first salivary was sampled between 8 and 10 A.M.
with fasting from 2 hours before with no tooth brushing.
The second sampling was performed 2 days after the last
session of training under all initial sampling conditions.

3.2. Statistical Method

Descriptive statistics were used to describe the char-
acteristics of the subjects. To compare the differences be-
tween the variables, two-way ANOVA repeated measures

were used. Bonferroni’s post hoc test was used to exam-
ine significant differences. The significance level of all tests
was set as P < 0.05. SPSS version X9 was used for data anal-
ysis.

4. Results

The results of the study showed that after 8 weeks of re-
sistance and aerobic training for patients with breast can-
cer, the level of il-12 in the salivary of the training group in-
creased from 17.96 ± 1.52 pg/mL to 21.17 ± 1.72 pg/mL, but
this increase was not significant (P = 0.105). However, the
TNF-α in the training group significantly decreased from
53.84± 2.48 pg/mL to 47.64± 2.63 pg/mL, and the effects of
time and interaction between the groups were also signifi-
cant (P < 0.001); however, the TNF-α/IL-12 ratio decreased
from 2.815 ± 0.74 to 2.323 ± 0.93 (P = 0.002). Also, in
the training group, salivary testosterone significantly in-
creased from 28.46±0.70 pg/mL to 30.53±0.67 pg/mL (P =
0.001). Besides, in the training group, cortisol significantly
decreased from 132.12± 11.03 pg/mL to 124.49± 12.14 pg/mL
(P = 0.001). The testosterone/ cortisol ratio significantly in-
creased from 0.252 ± 0.11 to 0.361 ± 0.17 (P = 0.003) (Table
3). Weight in overweight patients with breast cancer sig-
nificantly decreased from 70.13 ± 1.71 kg to 68.72 ± 1.70 kg
in the training group (P = 0.001). BMI also decreased from
28.42 ± 0.55 kg/m2 to 26.78 ± 0.55 kg/m2 (P = 0.001). The
effect of time and group interaction was also significant (P
= 0.001). There was no significant change in WHR, and its
level changed from 0.86 ± 0.01 to 0.87 ± 0.01 (P = 0.93).
Also, after 8 weeks of training, the fat percentage in the
training group significantly decreased from 37.23 ± 0.89%
to 35.99 ± 0.90% (P = 0.001). Besides, the waist circumfer-
ence decreased from 93.39 ± 1.89 cm to 92.04 ± 1.90 cm,
which was significant (P = 0.033). These changes are shown
in Table 1.

5. Discussion

This study aimed at determining the influences of 8
weeks of resistance and endurance training on salivary lev-
els of IL-12, TNF-α, TNF-α/IL-12, testosterone, cortisol, testos-
terone/cortisol ratio, and anthropometric characteristics
in women with breast cancer. The main purpose of this
study, which distinguished it from previous studies, was
to measure IL-12 and TNF-α in saliva. Saliva has differ-
ent components that act as mirror health of the human
body and help to provide biomarkers for disease. Also,
there were few studies on the effects of resistance and
endurance training in these patients. In this study, we
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Table 1. Anthropometric Characteristics of Subjects a

Variable

Mean and Standard Deviation

Control (Age = 46.21± 8.71) Training (Age = 46.08± 8.93)

Pre Post P-Value Pre Post P-Value

Weight 70.59± 2.21 70.86± 2.14 0.099 70.13± 1.71 68.72± 1.70*↓† 0.001

BMI 28.26± 0.89 43.28± 0.88 0.084 28.42± 0.55 26.78± 0.55*↓† 0.001

WHR 0.87± 0.01 0.88± 0.01 0.07 0.86± 0.01 0.87± 0.01↑ 0.93

Fat percent 37.07± 1.31 37.53± 1.30 0.007 37.23± 0.89 35.99± 0.90*↓† 0.001

Waist 94.82± 2.25 94.21± 2.28 0.86 93.39± 1.89 92.04± 1.90*↓† 0.033

a* Significant difference with pre-test, † Significant difference with the control group by interaction, ↑ Increase, ↓ decrease, - Unchanged.

Table 2. Resistance and Aerobic Exercise Protocols

Weeks 1 2 3 4 5 6 7 8

Resistance intensity 2 (50/18) 2 (55/16) 2 (60/14) 2 (60/14) 3 (65/12) 3 (65/12) 3 (70/10) 3 (70/10)

Resistance time (min) 20 25 30 30 35 35 40 40

Aerobic intensity (% max HR) 50 55 60 60 65 65 70 70

Borg scale 12 12 12 13 13 13 14 14

Aerobic time (min) 20 25 30 30 35 35 40 40

Table 3. Changes in Pre-test and Post-test Variables in the Control and Training Groups a

Measurement Steps (Mean and Standard Deviation)

Control Training

Pre Post P Value Pre Post P Value

IL-12 18.95± 1.02 19.50± 0.97 0.607 17.96± 1.52 21.17± 1.72*↑ 0.006

TNF-α 50.70± 2.72 53.16± 2.60 0.341 53.84± 2.48 47.64± 2.63*↓† 0.001

TNF-α/ IL-12 2.642± 0.70 2.838± 0.84 0.189 2.815± 0.74 2.323± 0.93*↓† 0.001

Cortisol (C) 128.70± 8.62 123.82± 10.62 0.996 132.12± 11.03 124.49± 12.14*↓† 0.001

Testosterone (TS) 28.64± 0.68 27.86± 0.38 0.133 28.46± 0.70 30.53± 0.67*↓† 0.001

TS/C 0.262± 0.09 0.264± 0.11 0.97 0.252± 0.11 0.361± 0.17*↑†# 0.001

a* Significant difference with pre-test, # Significant differences with the control group, † Significant difference with the control group by interaction, ↑ Increase, ↓
decrease, - Unchanged.

tested endurance/resistance training on salivary levels of
IL-12, TNF-α, TNF-α/IL-12 ratio, testosterone, cortisol, testos-
terone/cortisol ratio in patients with breast cancer. The re-
sults of this study showed that after 8 weeks of resistance
and aerobic training in patients with breast cancer in the
training group, salivary IL-12 increased, but this increase
was not significant.

The results of the current study are inconsistent with
the findings of Lester et al. (2010) that resulted in the as-
sociation between stressful gross anatomy tests with sali-
vary levels of IL-12 (28). Slavish et al. (2015), in a systematic
review study, showed that several inflammatory markers
reliably determined from saliva and have increased signif-

icantly in response to stress across multiple studies with
different effect sizes ranging (29). The different results
of these studies can be attributed to differences in train-
ing protocol, and population studied, or various methods
used to measure the level of inflammatory and hormones.
Therefore, this increase in IL-12 may be due to the low in-
tensity of exercise, which is consistent with the results of
Deckx et al. (2016) and Goh et al. (2014). The findings of
Deckx et al. revealed that 12-week simultaneous training
did not change the serum IL-12 levels in subjects with Multi-
ple sclerosis (MS), the production of inflammatory media-
tors and TNF-αdecreased, and 12-week exercise program re-
duced the secretion of inflammatory mediators upon Toll-
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like receptor stimulation and promoted the immune regu-
latory function of circulating plasmacytoid dendritic cells
(30). The findings of this research were also consistent with
the results of Goh et al. (2014). They found that 5 weeks
of aerobic training, as well as 2 months of simultaneous
training, did not change the serum levels of TNF-α and IL-12
in patients with breast cancer (31). IL-12 inhibits angiogen-
esis (32), while TNF-α causes tumor growth (21). The find-
ings showed that salivary levels of TNF-α decreased signif-
icantly in the training group. The findings of this study
were consistent with the study of Hagstrom et al. (2016)
that investigated the effect of 16-week resistance training
on TNF-α in a woman with breast cancer.

The mechanism of decreased TNF-α expression may
be related to lactate. Lactate increases response to acute
resistance training, and the cyclic adenosine monophos-
phate (cAMP) can be adjusted by adjusting lactate. The TNF-
α expression is suppressed by cAMP (10). Also, the TNF-
α/IL-12 ratio, which consists of 2 different factors, can be
considered an effect of training on the tumor. This ratio
decreased, and this decrease indicates that these patients
have improved inflammatory factors.

Reducing salivary cortisol is another possible mech-
anism for increasing T-cells in peripheral blood circula-
tion after training since cortisol has a significant effect
on lymphopenia (reduced white blood cell count) (33). In
this study, cortisol significantly decreased in the training
group. Therefore, exercise training decreases cortisol as
a stress hormone and improves the treatment of patients
with breast cancer. The findings of the present research
were consistent with the results of Vadiraja et al. (2009)
that investigated the effect of yoga training on patients
with breast cancer. Changes in stress response in patterns
and their signaling pathway of hypothalamic–pituitary–a-
drenal (H-P-A) can reduce cortisol and, subsequently, im-
prove the immune function and increase the number of
NK cells following the training (4). Deckx et al. (2016) stud-
ied the effect of 12-week aerobic and resistance combina-
tion training on cortisol levels in MS patients and found
that exercise training increases cortisol levels (30). This
was inconsistent with the results of our research.

Meanwhile, based on the research of Dimitrakakis et
al. (2010), the serum level of testosterone in patients with
breast cancer was lower than that in the control group
(14). However, our findings showed that salivary levels of
testosterone significantly increased in the training group
(P = 0.001). In previous studies, acute and short-term train-
ing with high intensity increased serum levels of testos-
terone and moderate physical activity increased the con-
centration of testosterone in the blood (34). These results
are consistent with our findings. However, our findings

showed that salivary levels of testosterone significantly in-
creased in the training group. Testosterone is one of the
most important anabolic steroid hormones in men and
women that are responsible for different physical charac-
teristics, while cortisol plays a catabolic role. Menopause
is also accompanied by a reduction in the proportion of
anabolic hormones to the catabolic ratio. In this regard,
Majumdar et al. found that 8 weeks of resistance train-
ing on the adaptive responses of androgens and serum
cortisol in postmenopausal women was associated with
a 71% increase in serum testosterone and a 125% testos-
terone/cortisol ratio. The testosterone response to corti-
sol, especially the ratio of these two hormones, indicates
the anabolic-catabolic state. When this ratio is high, it in-
dicates an anabolic state, but when it is reduced to 30% or
higher, it indicates a catabolic state (7). These results were
consistent with our findings, which showed that the testos-
terone/cortisol ratio significantly increased. Friedenreich
et al. reported that the alteration in the cortisol: corticos-
terone ratio in breast women suggests the possibility of an
alteration in the adrenal steroid biosynthesis pathway as a
result of an exercise intervention (12).

The findings of this study showed that 8-week en-
durance/resistance training in patients with breast can-
cer significantly decreased weight from 70.13 ± 1.71 kg to
68.72 ± 1.70 kg, decreased BMI from 28.42 ± 0.55 kg/m2 to
26.78 ± 0.55 kg/m2, decreased fat percentage from 37.23
± 0.89% to 35.99 ± 90% in the training group, and de-
creased waist circumference from 93.39± 1.89 cm to 92.04
± 1.09 cm (P < 0.001). There was no significant change in
WHR, whose level changed. This may be due to our lim-
itation in this study that the control of the subject’s nu-
trition was not possible during the training period. Stud-
ies show that exercise training improves body composi-
tion and fitness (35), while the findings of Matthews et
al. (2007) are different. They did not see any significant
changes in weight, BMI, and body composition due to ex-
ercise training in women with breast cancer (36). This dif-
ference seems to be following the type, intensity, duration,
number of weeks of training, the gender and age of the
subjects, as well as the methods for measuring these indi-
cators. Kim et al. (2015) examined the effect of 12 weeks of
walking on body composition and immune system in pa-
tients with breast cancer. Results are consistent with our
findings regarding weight, fat percent, and BMI (37). Her-
rore et al. (2005) investigated the effects of short-term re-
sistance and short-term aerobic exercise programs on the
body composition of women breast cancer survivors. The
results showed that the fat in the training group decreased,
and the muscle mass increased, and our findings were con-
sistent with the results of Herrore et al. ‘s study about the
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fat percentage (35).

5.1. Conclusions

In general, it can be said that resistance and endurance
training can play an essential role in improving inflam-
matory factors and modifying hormonal factors. Resis-
tance and endurance training could be used as a useful
method to improve salivary pro-inflammatory factors and
hormonal levels in patients with breast cancer. Medical on-
cologists can underline a resistance and endurance train-
ing program for patients with breast cancer under their
care.

Acknowledgments

We would like to thank the subjects, who helped us in
our study. Special thanks go to Dr. Hamid Reza Mozaffari,
who examined the subjects for oral and dental inflamma-
tory disease.

Footnotes

Authors’ Contribution: All authors contributed to the
study concept, design, data collection, statistical analysis,
and drafting of the manuscript.

Clinical Trial Registration Code: IRCTID:
IRCT20181024041445N1

Conflict of Interests: The authors declare that they have
no conflict of interest. All authors read and approved the
final manuscript.

Ethical Approval: This study was approved by the Ethics
Committee of Kermanshah University of Medical Sciences,
Iran (IR.KUMS.REC.1397.708).

Funding/Support: This work was financially supported
by a grant from the Kermanshah University of Medical Sci-
ences Office of Vice Chancellor for Research, Kermanshah,
Iran. (Grant No: 97793).

Informed Consent: All participants signed the informed
consent form in line with the principles of the Helsinki II
declarations.

References

1. Nasiri M, Peeri M, Matinhomaei H. Endurance training attenuates an-
giogenesis following breast cancer by regulation of MiR-126 and MiR-
296 in breast cancer bearing mice. Int J Cancer Manag. 2017;10(6). doi:
10.5812/ijcm.8067.

2. Yari K, Rahimi Z, Payandeh M, Rahimi Z. MMP-7 A-181G polymor-
phism in breast cancer patients from Western Iran. Breast Care (Basel).
2015;10(6):398–402. doi: 10.1159/000442231. [PubMed: 26989359].
[PubMed Central: PMC4789881].

3. De Luca V, Minganti C, Borrione P, Grazioli E, Cerulli C, Guerra E,
et al. Effects of concurrent aerobic and strength training on breast
cancer survivors: a pilot study. Public Health. 2016;136:126–32. doi:
10.1016/j.puhe.2016.03.028. [PubMed: 27161493].

4. Vadiraja HS, Raghavendra RM, Nagarathna R, Nagendra HR, Rekha
M, Vanitha N, et al. Effects of a yoga program on cortisol rhythm
and mood states in early breast cancer patients undergoing adju-
vant radiotherapy: a randomized controlled trial. Integr Cancer Ther.
2009;8(1):37–46. doi: 10.1177/1534735409331456. [PubMed: 19190034].

5. Betof AS, Dewhirst MW, Jones LW. Effects and potential mech-
anisms of exercise training on cancer progression: a transla-
tional perspective. Brain Behav Immun. 2013;30 Suppl:S75–87. doi:
10.1016/j.bbi.2012.05.001. [PubMed: 22610066]. [PubMed Central:
PMC3638811].

6. Picard M, McEwen BS. Psychological stress and mitochondria:
A systematic review. Psychosom Med. 2018;80(2):141–53. doi:
10.1097/PSY.0000000000000545. [PubMed: 29389736]. [PubMed
Central: PMC5901654].

7. Singh A, Petrides JS, Gold PW, Chrousos GP, Deuster PA. Differen-
tial hypothalamic-pituitary-adrenal axis reactivity to psychological
and physical stress. J Clin Endocrinol Metab. 1999;84(6):1944–8. doi:
10.1210/jcem.84.6.5746. [PubMed: 10372691].

8. Akbari H, Taghizadeh-Hesary F, Heike Y, Bahadori M. Cell energy:
A new hypothesis in decoding cancer evolution. Arch Iran Med.
2019;22(12):733–5. [PubMed: 31823627].

9. Shahabpour E, Koushkie Jahromi M, Salasi M, Tamadon GH. [Effect of
endurance training on vascular endothelial growth factor and vas-
cular endothelial growth factor receptor 2 in tumor of breast cancer
bearing mice]. J Gorgan Univ Med Sci. 2018;20(3):11–8. Persian.

10. Hagstrom AD, Marshall PW, Lonsdale C, Papalia S, Cheema BS, To-
ben C, et al. The effect of resistance training on markers of immune
function and inflammation in previously sedentary women recover-
ing from breast cancer: a randomized controlled trial. Breast Cancer
Res Treat. 2016;155(3):471–82. doi: 10.1007/s10549-016-3688-0. [PubMed:
26820653].

11. Brennan B. Combined resistance and aerobic training is more effec-
tive than aerobic training alone in people with coronary artery dis-
ease. J Physiother. 2012;58(2):129. doi: 10.1016/S1836-9553(12)70095-4.
[PubMed: 22613245].

12. Friedenreich CM, Wang Q, Shaw E, Heer EV, Zhou R, Brenner DR, et al.
The effect of prescribed exercise volume on biomarkers of chronic
stress in postmenopausal women: Results from the Breast Cancer
and Exercise Trial in Alberta (BETA). Prev Med Rep. 2019;15:100960. doi:
10.1016/j.pmedr.2019.100960. [PubMed: 31384527]. [PubMed Central:
PMC6664156].

13. Alghadir AH, Gabr SA, Aly FA. The effects of four weeks aerobic train-
ing on saliva cortisol and testosterone in young healthy persons. J
Phys Ther Sci. 2015;27(7):2029–33. doi: 10.1589/jpts.27.2029. [PubMed:
26311920]. [PubMed Central: PMC4540811].

14. Dimitrakakis C, Zava D, Marinopoulos S, Tsigginou A, Antsaklis A,
Glaser R. Low salivary testosterone levels in patients with breast can-
cer. BMC Cancer. 2010;10:547. doi: 10.1186/1471-2407-10-547. [PubMed:
20937135]. [PubMed Central: PMC2958955].

15. Lawenda BD, Kelly KM, Ladas EJ, Sagar SM, Vickers A, Blumberg
JB. Should supplemental antioxidant administration be avoided
during chemotherapy and radiation therapy? J Natl Cancer Inst.
2008;100(11):773–83. doi: 10.1093/jnci/djn148. [PubMed: 18505970].

16. Sayyah M, Vakili Z, Ehtram H, Sarbandi F, Amooyi Z. Effects of aero-
bic exercise on testosterone and cortisol hormone of blood serum
of sedentary male students. Int J Sport Stud Hlth. 2019;In Press. doi:
10.5812/intjssh.87635.

17. Daou HN. Exercise as an anti-inflammatory therapy for cancer
cachexia: a focus on interleukin-6 regulation. Am J Physiol Regul Integr
Comp Physiol. 2020;318(2):R296–310. doi: 10.1152/ajpregu.00147.2019.
[PubMed: 31823669].

6 Int J Cancer Manag. 2021; 14(2):e109039.

http://dx.doi.org/10.5812/ijcm.8067
http://dx.doi.org/10.1159/000442231
http://www.ncbi.nlm.nih.gov/pubmed/26989359
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4789881
http://dx.doi.org/10.1016/j.puhe.2016.03.028
http://www.ncbi.nlm.nih.gov/pubmed/27161493
http://dx.doi.org/10.1177/1534735409331456
http://www.ncbi.nlm.nih.gov/pubmed/19190034
http://dx.doi.org/10.1016/j.bbi.2012.05.001
http://www.ncbi.nlm.nih.gov/pubmed/22610066
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3638811
http://dx.doi.org/10.1097/PSY.0000000000000545
http://www.ncbi.nlm.nih.gov/pubmed/29389736
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5901654
http://dx.doi.org/10.1210/jcem.84.6.5746
http://www.ncbi.nlm.nih.gov/pubmed/10372691
http://www.ncbi.nlm.nih.gov/pubmed/31823627
http://dx.doi.org/10.1007/s10549-016-3688-0
http://www.ncbi.nlm.nih.gov/pubmed/26820653
http://dx.doi.org/10.1016/S1836-9553(12)70095-4
http://www.ncbi.nlm.nih.gov/pubmed/22613245
http://dx.doi.org/10.1016/j.pmedr.2019.100960
http://www.ncbi.nlm.nih.gov/pubmed/31384527
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6664156
http://dx.doi.org/10.1589/jpts.27.2029
http://www.ncbi.nlm.nih.gov/pubmed/26311920
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540811
http://dx.doi.org/10.1186/1471-2407-10-547
http://www.ncbi.nlm.nih.gov/pubmed/20937135
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2958955
http://dx.doi.org/10.1093/jnci/djn148
http://www.ncbi.nlm.nih.gov/pubmed/18505970
http://dx.doi.org/10.5812/intjssh.87635
http://dx.doi.org/10.1152/ajpregu.00147.2019
http://www.ncbi.nlm.nih.gov/pubmed/31823669


Monazzami A et al.

18. Koelwyn GJ, Wennerberg E, Demaria S, Jones LW. Exercise in regu-
lation of inflammation-immune axis function in cancer initiation
and progression. Oncology (Williston Park). 2015;29(12):908–20. 922.
[PubMed: 26676894]. [PubMed Central: PMC4909049].

19. Nguyen KG, Vrabel MR, Mantooth SM, Hopkins JJ, Wagner ES, Ga-
baldon TA, et al. Localized Interleukin-12 for Cancer Immunother-
apy. Front Immunol. 2020;11:575597. doi: 10.3389/fimmu.2020.575597.
[PubMed: 33178203]. [PubMed Central: PMC7593768].

20. Terra R, Silva SAGD, Pinto VS, Dutra PML. Effect of exercise on immune
system: response, adaptation and cell signaling. Rev Bras Med Esporte.
2012;18(3):208–14. doi: 10.1590/s1517-86922012000300015.

21. Szlosarek P, Charles KA, Balkwill FR. Tumour necrosis factor-
alpha as a tumour promoter. Eur J Cancer. 2006;42(6):745–50.
doi: 10.1016/j.ejca.2006.01.012. [PubMed: 16517151].

22. Williamson S, Munro C, Pickler R, Grap MJ, Elswick RJ. Compari-
son of biomarkers in blood and saliva in healthy adults. Nurs Res
Pract. 2012;2012:246178. doi: 10.1155/2012/246178. [PubMed: 22619709].
[PubMed Central: PMC3350846].

23. Byrne ML, O’Brien-Simpson NM, Reynolds EC, Walsh KA, Laughton
K, Waloszek JM, et al. Acute phase protein and cytokine levels in
serum and saliva: a comparison of detectable levels and correlations
in a depressed and healthy adolescent sample. Brain Behav Immun.
2013;34:164–75. doi: 10.1016/j.bbi.2013.08.010. [PubMed: 23999491].

24. Shi X, Liu J, Xiang Z, Mitsuhashi M, Wu RS, Ma X. Gene expression anal-
ysis in Interleukin-12-induced suppression of mouse mammary carci-
noma. Int J Cancer. 2004;110(4):570–8. doi: 10.1002/ijc.20145. [PubMed:
15122590]. [PubMed Central: PMC2957898].

25. Yari K, Rahimi Z, Moradi MT, Rahimi Z. The MMP-2 -735 C allele is
a risk factor for susceptibility to breast cancer. Asian Pac J Cancer
Prev. 2014;15(15):6199–203. doi: 10.7314/apjcp.2014.15.15.6199. [PubMed:
25124598].

26. Yari K, Payandeh M, Rahimi Z. Association of the hypermethyla-
tion status of PTEN tumor suppressor gene with the risk of breast
cancer among Kurdish population from Western Iran. Tumour Biol.
2016;37(6):8145–52. doi: 10.1007/s13277-015-4731-1. [PubMed: 26715274].

27. Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman J, Chirieac LR, et
al. Non-small cell lung cancer, version 5.2017, NCCN clinical practice
guidelines in oncology. J Natl Compr Canc Netw. 2017;15(4):504–35. doi:
10.6004/jnccn.2017.0050. [PubMed: 28404761].

28. Lester SR, Brown JR, Aycock JE, Grubbs SL, Johnson RB. Use of saliva
for assessment of stress and its effect on the immune system prior to
gross anatomy practical examinations. Anat Sci Educ. 2010;3(4):160–7.

doi: 10.1002/ase.161. [PubMed: 20607858].
29. Slavish DC, Graham-Engeland JE, Smyth JM, Engeland CG. Salivary

markers of inflammation in response to acute stress. Brain Be-
hav Immun. 2015;44:253–69. doi: 10.1016/j.bbi.2014.08.008. [PubMed:
25205395]. [PubMed Central: PMC4275319].

30. Deckx N, Wens I, Nuyts AH, Hens N, De Winter BY, Koppen G, et
al. 12 weeks of combined endurance and resistance training re-
duces innate markers of inflammation in a randomized controlled
clinical trial in patients with multiple sclerosis. Mediators Inflamm.
2016;2016:6789276. doi: 10.1155/2016/6789276. [PubMed: 26903712].
[PubMed Central: PMC4745915].

31. Goh J, Niksirat N, Campbell KL. Exercise training and immune
crosstalk in breast cancer microenvironment: exploring the
paradigms of exercise-induced immune modulation and exercise-
induced myokines. Am J Transl Res. 2014;6(5):422–38. [PubMed:
25360210]. [PubMed Central: PMC4212920].

32. Dias S, Thomas H, Balkwill F. Multiple molecular and cellular changes
associated with tumour stasis and regression during IL-12 ther-
apy of a murine breast cancer model. Int J Cancer. 1998;75(1):151–
7. doi: 10.1002/(sici)1097-0215(19980105)75:1<151::aid-ijc23>3.0.co;2-i.
[PubMed: 9426704].

33. Colato A, Fraga L, Dorneles G, Vianna P, Chies JAB, Peres A. Impact
of aerobic water running training on peripheral immune-endocrine
markers of overweight-obese women. Sci Sport. 2017;32(1):46–53. doi:
10.1016/j.scispo.2016.04.003.

34. Baslund B, Lyngberg K, Andersen V, Halkjaer Kristensen J, Hansen M,
Klokker M, et al. Effect of 8 wk of bicycle training on the immune
system of patients with rheumatoid arthritis. J Appl Physiol (1985).
1993;75(4):1691–5. doi: 10.1152/jappl.1993.75.4.1691. [PubMed: 8282621].

35. Herrero F, San Juan AF, Fleck SJ, Balmer J, Perez M, Canete S, et al. Com-
bined aerobic and resistance training in breast cancer survivors: A
randomized, controlled pilot trial. Int J Sports Med. 2006;27(7):573–80.
doi: 10.1055/s-2005-865848. [PubMed: 16802254].

36. Matthews CE, Wilcox S, Hanby CL, Der Ananian C, Heiney SP, Gebret-
sadik T, et al. Evaluation of a 12-week home-based walking interven-
tion for breast cancer survivors. Support Care Cancer. 2007;15(2):203–
11. doi: 10.1007/s00520-006-0122-x. [PubMed: 17001492].

37. Kim JJ, Shin YA, Suk MH. Effect of a 12-week walking exercise pro-
gram on body composition and immune cell count in patients with
breast cancer who are undergoing chemotherapy. J Exerc Nutrition
Biochem. 2015;19(3):255–62. doi: 10.5717/jenb.2015.15092812. [PubMed:
26525495]. [PubMed Central: PMC4624127].

Int J Cancer Manag. 2021; 14(2):e109039. 7

http://www.ncbi.nlm.nih.gov/pubmed/26676894
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4909049
http://dx.doi.org/10.3389/fimmu.2020.575597
http://www.ncbi.nlm.nih.gov/pubmed/33178203
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7593768
http://dx.doi.org/10.1590/s1517-86922012000300015
http://dx.doi.org/10.1016/j.ejca.2006.01.012
http://www.ncbi.nlm.nih.gov/pubmed/16517151
http://dx.doi.org/10.1155/2012/246178
http://www.ncbi.nlm.nih.gov/pubmed/22619709
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3350846
http://dx.doi.org/10.1016/j.bbi.2013.08.010
http://www.ncbi.nlm.nih.gov/pubmed/23999491
http://dx.doi.org/10.1002/ijc.20145
http://www.ncbi.nlm.nih.gov/pubmed/15122590
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2957898
http://dx.doi.org/10.7314/apjcp.2014.15.15.6199
http://www.ncbi.nlm.nih.gov/pubmed/25124598
http://dx.doi.org/10.1007/s13277-015-4731-1
http://www.ncbi.nlm.nih.gov/pubmed/26715274
http://dx.doi.org/10.6004/jnccn.2017.0050
http://www.ncbi.nlm.nih.gov/pubmed/28404761
http://dx.doi.org/10.1002/ase.161
http://www.ncbi.nlm.nih.gov/pubmed/20607858
http://dx.doi.org/10.1016/j.bbi.2014.08.008
http://www.ncbi.nlm.nih.gov/pubmed/25205395
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4275319
http://dx.doi.org/10.1155/2016/6789276
http://www.ncbi.nlm.nih.gov/pubmed/26903712
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4745915
http://www.ncbi.nlm.nih.gov/pubmed/25360210
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4212920
http://dx.doi.org/10.1002/(sici)1097-0215(19980105)75:1<151::aid-ijc23>3.0.co;2-i
http://www.ncbi.nlm.nih.gov/pubmed/9426704
http://dx.doi.org/10.1016/j.scispo.2016.04.003
http://dx.doi.org/10.1152/jappl.1993.75.4.1691
http://www.ncbi.nlm.nih.gov/pubmed/8282621
http://dx.doi.org/10.1055/s-2005-865848
http://www.ncbi.nlm.nih.gov/pubmed/16802254
http://dx.doi.org/10.1007/s00520-006-0122-x
http://www.ncbi.nlm.nih.gov/pubmed/17001492
http://dx.doi.org/10.5717/jenb.2015.15092812
http://www.ncbi.nlm.nih.gov/pubmed/26525495
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4624127

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Training Protocol
	Table 1
	Table 2

	3.2. Statistical Method

	4. Results
	Table 3

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Clinical Trial Registration Code: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

