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The anterior pituitary gland regulates growth, metabolism, and reproduction 
by secreting hormones. Folliculo-stellate cells (FSC) are non-endocrine 
cells located among hormone-producing cells in the anterior pituitary 
glands, but little is known about the exact roles of those cells. Although, 
with their net organization, they seem to have an important role in the 
hormonal cells regulation and maintenance.
In this work, the fi rst ever made in this area, 33 pituitaries of three groups 
of mice (18 wild type [WT], 11 genetically obese [OB] and 4 under a high-
fat diet [HFD]) were studied in order to determine if there was any relation 
between the number of FSC and alterations of the basal metabolism in each 
group of mice. For that, immunohistochemical staining using the S-100 
protein was used and also the Image-J software, to calculate the percentage 
of FSC present in each sample.
The authors found that, although there wasn’t any significant difference 
between WT and OB mice, the group of HFD mice tend to have 
substantially higher percentage of FSC than the mice from other groups. 
This might suggest some yet unknown link between diet, precisely with a 
high-fat diet, and the presentation of FSC in the anterior pituitary.

Keywords:
Folliculo-stellate cells (FSC)
S-100 protein
Basal metabolism
Pituitary

1. Introduction

The pituitary gland (pituitary) is a highly complex en-
docrine structure that has the ability to respond to multiple 
signals from both central and peripheral locations [1]. It 
regulates and acts on diff erent systems of the body, being 

in close relationship with the hypothalamus [2].
Anatomically there are two lobes, an anterior or adeno-

hypophysis and a posterior or neurohypophysis, of whose 
physiology and histology there are long and consensual 
descriptions [3]. Regarding the roles of the anterior pitu-
itary, its action on growth through GH, on lactation with 
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prolactin, on gonadal activity through FSH and LH, as 
well as on adrenal and thyroid activity with ACTH and to 
TSH, respectively, are well known [4]. As for the neuro-
hypophysis, the effects of vasopressin, involved in water 
balance, and oxytocin, responsible for uterine contractions 
and lactation, stand out [5]. Although much is still un-
known [6]. In the anterior pituitary there are also described 
cells traditionally reported as support, the folliculo-stellate 
cells (FSC) [7]. These cells, characterized by their star-like 
appearance and ability to form follicles, do not appear to 
have the ability to produce hormones [8,9]. However, due to 
their network organization, they seem to play an important 
role in the regulation and maintenance of the population 
of hormonal cells, as they conduct stimulatory or inhibito-
ry factors from the hypothalamus and transport the secre-
tory products of the gland [10,11].

Even so, the pathophysiological role of the FSC net-
work is still poorly understood. After a long period of 
research on the pituitary, several hypotheses have been 
raised about the role of FSC in the adenohypophyseal 
machine, functions as varied as paracrine regulation, cell 
turnover and neuroimmune crosstalk, but many problems 
still remain without solution [12-14].

Other studies also suggest that these cells, which are pos-
itive for the S-100 protein, due to their heterogeneous and 
plural behavior, may have an extrapituitary origin [15,16]. Its 
proliferation may result from the invasion of the anterior pi-
tuitary lobe by other structures during organogenesis [17,18].

While some new studies tried to approach these cells 
from some different perspectives, none of the ones pub-
lished focused on the relationship between FSC and 
alterations of the basal metabolism, although the known 
relationship between pituitary hormones and metabolism. 
With this work, the first of its kind, we seek to understand 
whether there is a relationship between FSC and changes 
in basal metabolism associated with obesity, using the 
study of wild type (WT), obese (OB) and induced high-fat 
diet (HFD) mice.

2. Materials and Methods

B6 (C57BL/B6J, own production of the Gulbenkian 
Institute of Science) and ob/ob (Jackson Laboratory [JAX], 
stock no. 000632) mice were used in this study. All mice 
used for the study were male and were kept at controlled 
temperature and humidity under a 12 hour light/dark cy-
cle. The use of only male mice it was done to limit the 
hormonal variation that occurs in females and that could 
affect this study’s results. Food and water were provided 
without restrictions. The diet-induced obesity (DIO) mod-
el was generated by placing the animals on an HFD at the 
eighth week and lasting 12 weeks. All animal procedures 

were approved by the ethics committee of the Gulbenkian 
Institute of Science and by the National Network of Enti-
ties Responsible for Animal Welfare.

2.1 Histology and Immunohistochemistry

For the preparation of this work, 37 pituitary glands 
were obtained: 19 from WT mice (of which, due to lack 
of quality of the remaining samples, we were able to eval-
uate 18), 14 OB mice (of which, due to lack of quality of 
the remaining samples, we were able to evaluate 11) and 4 
HFD (all evaluated). Sacrifice and sample collection were 
performed between 01/11/2017 e 01/12/2017.

The mice’s pituitary glands were dissected and fixed 
with 4% buffered formaldehyde immediately after ex-
traction. Subsequently, after performing the macroscopic 
examination of the glands, they were processed according 
to the usual technical procedures for obtaining paraffin 
blocks for complete histological evaluation.

The presence and distribution of FSC was studied 
by immunohistochemistry in deparaffinized 3-micron 
histological sections, subjected to antigen recovery and 
incubated with an individual antibody directed against the 
specific cellular protein S-100β (polyclonal; provenance: 
Leica; dilution : 1/400) [19-22].

All samples were evaluated by an experienced pathol-
ogist. The staining index for S-100 was calculated as the 
percentage of positive cells in at least 500 cells in the 
areas of highest immunostaining, analyzed under an opti-
cal microscope with 400x magnification. In all cases, the 
percentage of FSC was also calculated with the help of 
an immunohistochemical analysis image processing soft-
ware (Image J 1.49. National Institutes of Health, United 
States).

2.2 Statistical Framework

A basic statistical and comparative analysis appropriate 
to the data distribution was performed. For this, paramet-
ric and non-parametric (Kruskal-Wallis) one-way ANOVA 
statistical tests were used. A value of p<0.05 was consid-
ered statistically significant, also resorting to non-para-
metric multiple comparisons (Tukey-Kramer-Nemenyi, 
Conover’s and Dunn’s) between the different groups.

3. Results

After analyzing the pituitary glands, the data presented 
in Tables 1, 2 and 3 were obtained, which represent the 
percentage of FSC in each pituitary gland evaluated.

In WT mice, Table 1, there was a relative prevalence 
of FSC ranging from 3% to 60%. Percentage distributions 
are presented in Figures 1 and 2.
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Table 1. Percentage of FSC in WT mice - Percentage of FSC in relation to the total tissue observed in the pituitary sam-
ple of each WT mouse.

WT 1 WT 2 WT 3 WT 4 WT 5 WT 6 WT 7 WT 8 WT 9
WT 
10

WT 
11

WT 
12

WT 
13

WT 
14

WT 
15

WT 
16

WT 
17

WT 
18

17% 15% 35% 11% 25% 20% 3% 18% 20% 12% 17% 9% 60% 24% 46% 13% 16% 26%

Figure 1. Immunohistochemical staining of S-100 posi-
tive cells in the WT7 mouse - Microscopic images of the 
pituitary gland of a mouse revealing a 3% prevalence of 
FSC: Above, the immunohistochemical technique (using 
an antibody against the S-100 protein); below, with an 
image processor program, the proportionality of these 

cells (in brown) in relation to the remaining cells (nuclei 
in blue) is shown (Image J, ImmunoRatio plugin).

Figure 2. Immunohistochemical staining of S-100 posi-
tive cells in the WT13 mouse revealing a 60% prevalence 

of FSC.

The OB mice, in Table 2, have a similar distribution of 
FSC, ranging from 10% to 54%. Percentage distributions 
are presented in Figures 3 and 4.

The group of HFD mice, in Table 3, only varied be-
tween 85% and 93% (Figure 5).

Table 2. Percentage of FSC in OB mice - Percentage of FSC in relation to the total tissue observed in the pituitary sam-
ple of each OB mouse.

OB1 OB2 OB3 OB4 OB5 OB6 OB7 OB8 OB9 OB10 OB11

22% 25% 54% 10% 17% 16% 12% 26% 25% 19% 29%
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Figure 3. Immunohistochemical staining of S-100 posi-
tive cells in the OB3 revealing a 54% prevalence of FSC.

Figure 4. Immunohistochemical staining of S-100 posi-
tive cells in the OB4 mouse revealing a 10% prevalence 

of FSC.

Table 3. Percentage of FSC in HFD mice - Percentage of FSC in relation to the total tissue observed in the pituitary 
sample of each HFD mouse.

HFD1 HFD2 HFD3 HFD4

89% 93% 85% 93%

As seen in Table 4, an average of 22% FSC in WT 
mice, 23% FSC in OB mice and 90% FSC in HFD mice 
could be obtained. None of the data obtained was consid-
ered statistically as an outlier, having obtained a disper-
sion of data that could mean a tendency for the percentage 
of FSC to be higher when eating a diet rich in fatty acids.

In addition to what has already been described, visual-
izing the data in the scatter plot (Figure 6), it can be seen 
that the data referring to the HFD group are always higher 
than the data from the other two groups, which in turn are 
distributed very similar.

This diff erence is better visualized when the boxplots 
are analyzed in Figure 7. In these, there is a total overlap 
of the boxplots referring to the WT and OB groups, with 
no overlap of these to the boxplot of the HFD group.

Based on these descriptive data, as well as the values of 
the respective averages (22% [WT], 23% [OB] and 90% 
[HFD]) and standard deviations (0.14% [WT], 0.12% [OB] 
and 0.04% [HFD]), the data seem to point towards the hy-
pothesis that the means of the observations of the groups 
are signifi cantly diff erent, more particularly between the 
HFD group and the rest.
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Figure 5. Immunohistochemical staining of S-100 positive cells in the HFD4 mouse - Microscopic images of the pi-
tuitary of a mouse revealing a 93% prevalence of CFE (immunohistochemical technique using an antibody against the 

S-100 protein).

Table 4. Descriptive analysis of the data obtained - Qualitative statistics of each group of mice including Extremes, 
Quartiles, Interquartile Range, Limit of Upper and Lower Outliers and Mean.

WT OB HFD

Minimum 3% 10% 85%

1o Quartile 13.50% 16.50% 88%

3o Quartile 24.75% 25.50% 93%

Maximum 60% 54% 93%

IQR 11% 9% 5%

Outliers Lower Limit -3% 3% 81%

Outliers Upper Limit 77% 68% 101%

Mean 22% 23% 90%

Figure 6. Dispersion of the percentage of FSC in each mouse - Graphic representation of the percentage of FSC in the 
pituitary of each mouse (WT - green; OB - yellow and HFD - blue).
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Using the parametric and non-parametric one-way 
ANOVA (Kruskal-Wallis) statistical tests, we found that 
the hypothesis of equality of means/medians is rejected by 
both when they present p-value <0.05 (<<0.001 and 0.005, 
respectively), with signifi cant diff erences between the ob-
servation groups.

As the assumptions of homogeneity of variances and 
normality were not verifi ed and in order to better assess the 
differences between groups, non-parametric multiple com-
parisons were used (Tukey-Kramer-Nemenyi, Conover’s 
and Dunn’s - Tables 5, 6 and 7, respectively) having always 
verified the existence from two homogeneous groups: one 
formed by the WT and OB observation groups and the other 
formed by the HFD observations (p <0.05).

Table 5. Tukey-Kramer-Nemenyi.

Table 6. Conover’s.

Table 7. Dunn’s.

4. Discussion

As mentioned above, there is a tendency for the per-
centage of FSC in HFD mice to be higher than in WT and 
OB mice. This could mean two diff erent things, as we are 
looking at percentages: an increase in the number of FSC 
in HFD mice; or that is a decrease in other cell popula-
tions in these mice, consequently increasing the relative 
prevalence of FSC in the pituitary glands of these mice.

As for WT and OB mice, there does not seem to be a 
signifi cant diff erence between the two groups of samples, 
so it can be inferred that FSC are not aff ected by geneti-
cally induced obesity.

In the light of current knowledge, we can try to explain 
the results obtained through a range of aspects.

It is now known that in vitro the Hedgehog signaling 
pathway leads FSC to stimulate the production and re-
lease of GH by the anterior pituitary, but the production 
of CXCL12 by FSC can have the same effect [23,24]. By 
establishing a communication network between the FSC 
and with the hormone-producing cells, this may corre-
spond in vivo to a physiological reaction mechanism to 
the increased intake of fatty acids, evident in HFD mice, 
infl uencing the expression of FSC [25,26].

However, recent studies show that S-100 positive cells 
in the anterior pituitary may not be just FSC, but may 
even mark pituitary stem/progenitor cells [27,28]. Previously, 
it was hypothesized that the FSC themselves could be a 
type of pluripotent adult stem cell [29-31]. This question is 
still open [32].

It is also suggested by Higuchi, M., et al. (2014) [33], 
that these S-100 positive cells will have the ability, albeit 
infrequently, to become hormone-producing cells, or the 
fact of recognizing in folliculo-stellate-like cells an inter-
mediate stage in the diff erentiation to hormone-producing 

Figure 7. Boxplots distribution of the percentage of FSC in the diff erent groups of mice - Graphic representation of the 
distribution of the variation of the numerical data obtained through quartiles.
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cells [34,35]. Through the expression of SOX2 in progenitor 
cells, the variation in the prevalence of FSC can be influ-
enced [36]. Hence, the increase in FSC in HFD mice may 
be due to this physiological response of cell differentiation 
in the attempt to adapt to a diet rich in fatty acids.

On the other hand, the plurality of cells that showed 
positive S-100 staining may influence the results in the 
sense that the differences observed may be due not to 
changes in FSC, but in other populations of S-100 positive 
cells.

For this exclusion, in future studies, perhaps another 
specific marker for FSC should be used, or a panel of 
markers that would make the marking more specific. 
These could include, among others, Claudin-9, a marker 
of tight junctions of FSC [37], Aldolase C [38] or IL-6 itself, 
which is stimulated by Adenosine, produced by FSC [39,40].

FSC are also defined as the major intrapituitary source 
of cytokines and growth factors [41]. Therefore, there is a 
need, given the existence of several subtypes of FSC, to 
characterize them individually and arrange specific mark-
ers that allow their study [42,43]. As well as their characteri-
zation depending on the age of the individual [44,45].

5. Conclusions

In the vast world that can be a small organ like the 
pituitary, there are still many questions to be clarified re-
garding FSC. With this work, we intend to pave the way 
for what can be followed in further investigations.

Despite the discrepancy between the number of sam-
ples within each group, which will need confirmation in 
studies with a more significant sample, we can intuit that 
a diet rich in fatty acids will lead to an increase in the rel-
ative prevalence of FSC in mice, or at least, to an increase 
in S-100 positive cell populations, whose physiological 
mechanisms, both the origin of the alterations and the 
consequences thereof, should be studied later.
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Repeated blood transfusions in thalassemia patients is followed by endo-
crinopathies as diabetes, hypothyroidism, hypogonadism, hypoparathy-
roidism, and disorders in calcium and vitamin D homeostasis. The aim 
of this study was to evaluate the association of beta-thalassemia patients 
endocrinopathies and osteoporosis. Serum level of some factors related to 
the function of gonads, thyroid, adrenal, and pancreas along with serum 
levels of calcium, phosphate, albumin, vitamin D, and iron were measured. 
Bone marrow density was tested via dual-energy x-ray absorptiometry 
(DXA densitometry). In this study, 56 patients with major thalassemia were 
investigated. Paraclinical analysis indicated osteopenia in 17 (30.4%) and 
osteoporosis in 39 patients (69.6%) in addition to other types of endocrine 
disorders, such as hypogonadism in 29 (51.8%), hypothyroidism in 13 
(23.2%), hypoparathyroidism in 1 (1.8%), hypocortisolism in 2 (3.6%), and 
diabetes in 9 (16.1%) patients. Endocrinopathies had no signifi cant rela-
tionship with osteoporosis and osteopenia in men. However, hypogonadism 
had a signifi cant relationship with osteoporosis and osteopenia in women 
with thalassemia. Estradiol level was lower in women with osteoporosis 
in comparison with women with osteopenia. Ferritin levels had neither 
association with osteoporosis nor with LH levels (P>0.05). Secondary hy-
pogonadism disorders are the main causes of osteoporosis and osteopenia 
in female beta-thalassemia patients. 

Keywords:
Thalassemia
Osteoporosis
Bone mineral densitometry
Endocrinopathies

1. Introduction 

Thalassemia is a genetic disorder resulting in disorders 
of hemoglobin synthesis which is diagnosed by a lack or 
shortage of human hemoglobin globin chains [1]. Patients 

with major beta thalassemia are in need of frequent blood 
transfusion. Frequent blood transfusion increases iron level 
of the body [2]. The human body has a limited capacity for 
controlling such kind of iron overload [3]. Liver, heart, and 
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endocrine glands have the highest sensitivity toward iron 
overload. However, iron deposits in most of the organs, 
such as the pancreas, pituitary gland, and parathyroid [4].  
The most common disorder of endocrine glands in patients 
with major thalassemia is hypogonadism which is more 
commonly caused by iron deposit in pituitary gland [5]. Che-
lator agents as Deferoxamine (DFO) are used for the pre-
vention of iron overload in major thalassemia patients [6].  
However, inappropriate application of chelator agents 
reduces bone density and causes growth retardation in 
patients with major thalassemia [7]. Bielinsk et al. reported 
that all the patients with major thalassemia are exposed to 
reduced bone density [8]. Reduced bone density emerges as 
osteoporosis and osteopenia disorders which are the main 
underlies of disabilities in patients with major thalassemia 
and increase the risk of bone fracture [9]. Iron overload may 
cause calcium and vitamin D homeostasis disorders [10].  
Vitamin D deficiency in patients with major thalassemia 
along with iron overload will intensify their bone disor-
ders [11]. Due to the high prevalence of thalassemia in our 
country, we have decided to investigate the reasons caus-
ing osteoporosis in these patients.

2. Materials and Methods

This is an analytic-cross sectional study which investi-
gates patients with major thalassemia who have referred 
to Motahari Hospital in Jahrom. This study was approved 
by Research Ethical Committee of Jahrom University 
of medical sciences (with registration code of IR.JUMS.
REC.1395.108). Major thalassemia was diagnosed in the 
patients based on their number of blood transfusions (more 
than 8 blood transfusions) in the year before participating 
in the study and Hb electrophoresis. Excluding criteria is 
age below 10 or more than 50 years old, celiac and mal-
absorption and patients who were receiving treatments 
with growth hormone and glucocorticoids were excluded. 
Participants’ at least have had ten to fifty years of disease 
duration based on their age and all of them were on chela-
tion/blood transfusions more than 8 times in a year. 

3. Evaluation

T-score based densitometry determines the osteoporosis 
(T-score lower than –2.5 indicates standard deviation in 
DXA densitometry) and osteopenia (T-score ranging from 
–1 to –2.5 indicates standard deviation in densitometry) 
in participants more than 45 years old and z score were 
used to determine secendary osteoprosis in younger par-
ticipants, Z Score –2.5 or less is compatible with criteria 
for definition of secondary osteoporosis [12]. Densitometry 
in this study was carried out using Hollogic discovery WI 

DXA device, made in Germany. Cortisol and adrenocor-
ticotropic hormone (ACTH) were investigated via Elec-
trochemiluminescence (ECL) method (ACTH was only 
estimated in patients with hypocortisolism). T4 level was 
estimated via ECL method. TSH levels were estimated via 
ECL method. Thyroid peroxidase autoantibody (TPOAb) 
was only analyzed in patients with hypothyroidism.

Fasting blood sugar was analyzed by SELECTRA E. 
Hemoglobin A1c (HbA1C) was only analyzed in patients 
with diabetes via chemical machine.

Calcium and Phosphate were analyzed by the pho-
tometric method. Albumin, which is used for determining 
hypocalcemia, was analyzed via bromocresol green method. 
Vitamin D deficiency is lower than 15 ng/mL levels, vitamin 
D insufficiency is between 15 ng/dL ~ 20 ng/dL levels, and 
normal vitamin D is higher than 20 ng/mL levels [13].

4. Statistical Analysis

Data analysis was done via SPSS software version 21. 
The relationships between endocrine disorders were com-
pared based on the Chi-square test. Nonparametric Mann–
Whitney test was used to compare the levels of variables in 
patients with the osteoporosis. Moreover, the correlation be-
tween data was analyzed by Pearson test. Normal data were 
reported as mean ± standard deviation, and nonparametric 
data were reported as median (first and fourth quartiles). P < 
0.05 was considered as the significance level. 

5. Results 

In this study, 56 patients with major thalassemia and 
the average age of 27.37 ± 7.93 were investigated. Demo-
graphic data of the participants are presented in Table 1. 
Paraclinical analysis indicated osteopenia in 17 (30.4%) 
and osteoporosis in 39 patients (69.6%) in addition to 
other types of endocrine disorders, such as hypogonadism 
in 29 (51.8%), hypothyroidism in 13 (23.2%), hypopara-
thyroidism in 1 (1.8%), hypocortisolism in 2 (3.6%), and 
diabetes in 9 (16.1%) patients. 

The relationship between Hypogonadism and Os-
teoprosis has been described in Table 2. According to 
this table, although there was no significant relationship 
between hypothyroidism, hypocortisolism, type 1 dia-
betes, hypoparathyroidism, and hemochromatosis with 
osteoporosis or osteopenia disaggregated by gender, there 
was a significant relationship between osteoporosis and 
hypogonadism in women under investigation (P < 0.05). 
This kind of relationship was not observed in male pa-
tients. Hypogonadal women with major thalassemia were 
7.55 times more exposed to the risks of osteoporosis in 
comparison with non-hypogonadal women (CI%95:1.49-
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38.20). The results of paraclinical tests are presented in 
Table 3.

The results of the Mann-Whitney test in comparison 
of estradiol level in women with osteoporosis and women 
with osteopenia, indicated that women with osteoporosis 
had lower estradiol median (Mann-Whitney U = 37.00, 
p-value = 0.001). The results of paraclinical tests are pre-
sented in Table 3. These results indicate that patients with 
osteopenia had significantly higher Luteinizing hormone 
(LH) levels in comparison with patients with osteopo-
rosis (P < 0.01). No significant difference was observed 
between vitamin D levels of patients with osteopenia and 
osteoporosis. 

Correlation of different variables indicated that with an 
increase in age of osteoporosis patients, parathyroid hor-
mone (PTH) level increases (r = 0.324, p = 0.032), how-
ever, albumin level decreases (r =–0.384, p = 0.035). With 
an increase in the weights of patients with osteoporosis, 
Bone Mineral Density (BMD) increases (r = 0.322, p = 
0.045). Increased levels of follicle stimulating hormone 
(FSH) and LH in patients with osteoporosis are correlated 
with decreased levels of BMD (r = 0.362, p = 0.024 and 
r = 0.392, p = 0.012 respectively). Thyroid function tests 
indicated that T4 increases along with BMD and vitamin 
D in patients with osteopenia (r =0.528 p = 0.029 and  
r =0.553 p = 0.021 respectively). 

Table 1. Basal characteristics of study subjects. 

Characteristic Men Women P Value

 Number, n (%) 22   34 - 

Age, y 27.63±8.66 27.20±8.07 >0.05

Weight, cm 56.86±8.9 48.35±8.96 0.002

height, kg 163±8.22 153.70±6.85 <0.01

Education * 2(9.09) 8(23.52) >0.05

Diabetes mellitus History, n (%) 3(13.63) 5(14.70) >0.05

Fracture History, n (%) 0(0) 7(20.58) 0.023

 Heart disease History†, n (%) 0(0) 2(5.88) >0.05

Thyroid disease History, n (%) 1(4.54) 2(5.88) >0.05

Dairy consumption**, n (%) 18(81.81) 32(94.11) >0.05

Sunlight exposure***, n (%) 1(4.54) 14(14.17) <0.01

Vitamin D****, n (%) 2(9.09) 10(29.41) 0.006

cm: centimeters. y: years of old. kg: kilograms. †: history of being admitted in hospital for cardiac disease. *: university educated 
patients. **: number of patients with lower than 5 unit dairy consumption per day. ***: number of patients with lower than 30 
minutes sunlight exposure per day. ****: number of Vitamin D deficient patients.

Table 2. The relationship between Hypogonadism and Osteoporosis

No.
Osteoporosis Osteopenia

Chi square
test

% No. %

Women

Hypogonadal 17 50 17 50 OR=7.55(CI%95:1.49-38.20)
p-value=0.010

chi-square value=6.68Non-Hypogonadal 6 17.64 6 17.64
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6. Discussion

Bone changes in patients with major thalassemia, and 
their expansive effects on physiology of endocrine system, 
have transformed thalassemia into a great dilemma [14]. 
Osteopenia was observed in 17 (30.4%) and osteoporosis 
in 39 patients (69.6%) and no healthy person underwent 
BMD analysis. These results were consistent with the 
reported results of Bielinski et al. on patients with thalas-
semia who were exposed to osteopenia and osteoporosis [8].  
Anapliotou et al. claimed that all the patients with thal-
assemia experience decreased the level of BMD [15]. The 
most common disorders in patients with thalassemia are 
bone disorders which emerge as rickets, scoliosis, severe 
bone pains, deformation of spinal cord, severe osteope-
nia and osteoporosis, and multiple fractures. Pathogens 
of bone disorders are caused by the endocrine disorders, 
nutrition disorders, iron overload, reduced trabecular 
bone, thinning of cortex, and inefficient hematopoiesis [16].  
Patients with major thalassemia have low levels of BMD. 
Most of them suffer from severe bone fractures and pains [17].  
The results of this study indicated that, unlike men, there 
was a significant relationship between osteoporosis and 
hypogonadism in women. Moreover, there was no signif-
icant relationship between other types of endocrine disor-
ders, such as diabetes, hemochromatosis, hypoparathyroid-

ism, hypocortisolism, hypothyroidism, and osteoporosis 
in both men and women. Hypogonadism in women refers 
to weak or abnormal axis of hypothalamus- pituitary 
gland-ovary which may be observed as estradiol deficien-
cy and increased levels of LH and FSH [18]. Primary hypo-
gonadism or hypergonadotropic hypogonadism due to iron 
overload and iron deposits in gonads, is a possible mech-
anism of secondary osteoporosis in thalassemia also other 
mechanism is, hypogonadotropic hypogonadism  or sec-
ondary hypogonadism due to iron deposits in pituitary and 
its dysfunction [19]. Estradiol protects the bones and pre-
vents osteoporosis by decreasing apoptosis of osteoblasts 
and increasing apoptosis of osteoclasts [20]. Our study 
revealed that lower levels of estradiol are connected to 
osteoporosis, and patients with hypogonadism have lower 
levels of estradiol. These findings are consistent with the 
reposted findings of Anapllotou et al. who indicated that 
an increase in the level of estrogen of female major thal-
assemia patients will improve the BMD status [15]. There-
fore, Hypogonadal women with major thalassemia were 
7.55 times more exposed to the risks of osteoporosis in 
comparison with non-hypogonadal women (CI%95:1.49-
38.20). These findings are consistent with the results of 
previous researches. Iron overload causes hypogonadism 
in gonadotropic cells of the pituitary gland of patients with 

Table 3. Para clinical Results

BMD

p-valueOsteopeniaOsteoporosis

-3917n

0.09026(22-27)29(21-33)Age

0.0107.2(4.95-13.25)4.2(1.1-7.6)LH

0.8172.5(1.84-4.25)2.4(0.6-5.5)FSH

0.2694.965(1.92-7.22)2.13(0.777-5.61)Testosterone

0.001103.3(33.9-21)8.37(5-59)Estradiol

0.34018.7(14.4-28)19(11.9-23)Cortisol

0.0648.7(7.3-10)7.7(6.6-8.9)T4

0.5683.4(1.715-4.235)2.8(1.8-4)TSH

0.31890(81-120.5)95(87-109)FBS

0.4328.1(6-8.5)7.1(4.875-7.8)HBA1c  

0.7549.5(9.35-10)9.7(9.4-10)Ca

0.4924.6(4-5.15)4.8(4.2-5.4)p

0.8934.5(4.15-4.8)4.5(4.3-4.7)Alb

0.22213.9(7.05-23.15)21.4(9.1-30.5)PTH

0.95722.1(10.65-25.85)18.7(10.5-26)Vitamin D

0.206951(711.5-1439)895(677-1004)Ferritin

0.1421.8(0.95-3.05)3.75(1.725-7)TPOAb

TSH: thyroid-stimulating hormone, FBS: Fasting blood sugar, LH: Luteinizing Hormone, FSH: follicle stimulating hormone, HbA1C: 
Hemoglobin A1C, PTH: parathyroid Hormone, TPOAb: thyroid peroxidase antibody, Alb: Albumin, Ca: Calcium, P: phosphorus
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major thalassemia [21]. In the present study higher levels of 
ferritin was correlated with reduced serum level of calci-
um in men (p = 0.06, r = 508). These results are consistent 
with the reported results of Li Wang et al. They claimed 
that extracellular iron overload reduces absorption of cal-
cium [22]. The role of calcium deficiency in development 
of osteoporosis is well documented [23,24]. Furthermore, 
our study indicated that high levels of FSH and LH in 
patients with osteoporosis will reduce BMD. However, 
women with osteopenia had significantly higher levels 
of LH than patients with osteoporosis. The exact role of 
LH in skeletal hemostasis is an area of uncertainty [25].  
Bone protection is caused by strong effect of FSH hor-
mone on bones and gender differences. Jie Wang also has 
referred to destructive role of FSH on bones [26]. But our 
subjects were patients with thalassemia which may reduce 
the value of this comparison. Berge et al. stated that fer-
ritin has not a direct relationship with the level of female 
sex hormones [27], however, it has a direct relationship 
with male sex hormones [28]. Xu ZR et al.’s study, which 
was carried out on the society of Chinese women, indicat-
ed that increased LH decreases BMD [29]. These results are 
consistent with our findings. It seems that the relationship 
between LH level and osteoporosis or osteopenia is not 
dependent on the number of blood transfusions in patients 
with thalassemia. In fact, iron overload and its deposit in 
gonads may be followed by a simultaneous increase of LH 
and FSH levels, while this was not the case with our sub-
jects. Therefore, primary ovarian failure was not observed 
in our subjects and we should look after other factors for 
hypo-gonadotropic hypogonadism. Thyrotoxicosis or ex-
cessive increase in thyroid hormones is associated with 
osteoporosis. Hypothyroidism can also reduce BMD [30].  
But our study showed that T4 increase is positively cor-
related with an increase in BMD scores. However, the in-
crease in T4 of our patients occurred in the normal range. 
So the appropriate increase in T4 levels can reduce the 
risk of osteoporosis in thalassemia patients. T4 accelerates 
bone remodeling. High levels of thyroid hormones in hy-
perthyroidism, due to excessive increase in the velocity of 
the bone remodeling cycle, can lead to incomplete cycles 
and osteoporosis [31]. In a cohort study in patients under-
going thyroidectomy, it was shown that thyroidectomy 
increases the chance of osteoporosis [32]. While several 
researches revealed that in the absence of endogenous 
thyroid hormone production after total thyroidectomy, 
replacement therapy with exogenous T4 does not affect 
BMD [33], it seems that thyroid hormones at normal con-
centrations tend to regulate bone metabolism and reduce 
the risk of BMD. Increased T4 was also correlated with 
increased vitamin D in osteoporosis patients. According to 

studies, thyroid hormones in hyperthyroid patients reduce 
the level of vitamin D by suppressing the transcription 
of the 25-Hydroxyvitamin D3 1α-Hydroxylase gene that is 
responsible for the production of vitamin D in the kidney [34].  
It seems that these results are not consistent with our 
study, but changes in the T4 concentration of our subjects 
are occurring in normal range and vary with changes due 
to abnormal levels. However, there was no relationship 
between vitamin D levels of our participants and osteopo-
rosis. 

7. Conclusions

Hypogonadotropic hypogonadism is the most common 
endocrine disorder which was observed in our subjects 
(51.8%). Moreover, there was a significant relationship 
between osteoporosis and hypogonadism in our female 
subjects. It can be deducted that secondary hypogonadism 
disorders in women may lead in osteoporosis and osteo-
penia. However, there was no significant relationship be-
tween hypogonadism, hypothyroidism, hypocortisolism, 
type-1 diabetes, and hypoparathyroidism with osteoporo-
sis or osteopenia in men.
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Background: The study aims to investigate and evaluate the impact 
of irisin on physical activity and obesity. Materials and Methods: In 
the search for scientific literature related to this review the US National 
Library of Medicine (PubMed) used MEDLINE and SportDiscus data 
and the terms “irisin”, “physical activity”, and “obesity”, were used. The 
relevant literature has also taken its source from the research of relevant 
articles from reference lists derived from data studies. Results: Irisin, an 
emerging myokine in the scientifi c community, has received high attention 
as a potential contributor to obesity. This hormone is also associated with 
physical activity. Conclusions: Irisin was recently identifi ed as a myokine 
known to respond to physical activity. Adequate recognition of this 
hormone may play an active role in the prevention and treatment of obesity.
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1. Introduction

Obesity is a global public health problem in several 
countries. Mexico and the U.S are the countries with the 
highest rates of obesity [1]. Due to the positive eff ects of 
physical exercise and activities on the prevention of obe-
sity, it is important that exercise is an indispensable part 
of a healthy life. The sedentary lifestyle, which occurs 
when children and adolescents who were born and grew 
up in the digital age, that is, intensively use modern age 
technologies such as the internet and smart phones, tab-

lets, computers, spend excessive time on computers and 
information technologies, can increase the risk of obesity 
in children and dolescents [2-4].

Irisin was recently identified as a myokine that is 
known to be responsive to physical activity. In their study, 
Boström et al. [5] introduced irisin to the world of science 
as a PGC-1α-dependent myokine. Irisin aff ects white adi-
pose tissue to stimulate UCP1 expression in mitochondria 
and enhances thermogenesis [5]. Data state that irisin caus-
es white fat to become brown, thus provoking mitochon-
dria to burn more of the stored fat [6,7].
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Irisin is a myokine that was newly revealed in the 
world of science. According to the latest studies, cytokines 
and other peptides play important roles in multifactorial 
pathogenic mechanisms concerning obesity [8].

Irisin has received high interest as a potential contrib-
uting factor to obesity. Irisin, a hormone, is secreted from 
fibronectin type III domain-containing protein 5 (FNDC5), 
which is found in skeletal muscle [5,9,10].

Irisin is viewed as an attractive potential curative el-
ement for obesity and metabolic disorders. Nonetheless, 
the physiological determinants of irisin and its secretion 
form are not yet known exactly [11-14].

2. Discussion

In a research study of Boström et al. add further infor-
mation about irisin and in particular that irisin promotes 
mitochondrial biogenesis which improves fat metabo-
lism. In addition, according to the mice study, when irisin 
level increases, more calories are spent regardless of the 
physical activity level. Another result of the study is that 
regular physical activity increases irisin levels, suggesting 
an exercise period of 3 weeks for mice and 10 weeks for 
humans. Boström and colleagues conducted a study on 
mice. The research resulted in increased irisin levels mea-
sured up to 65% after 3 weeks of swimming exercise [5].  
A similar human study by these investigators indicated 
consistent results as irisin levels increased after endurance 
exercise of 2.5 months [15].

The amount of irisin release from adipose tissue was 
determined to be lower in lean rats than in obese rats [16].

Short-term endurance exercise triggered the release of 
irisin by sc and visceral adipose tissue in rat studies. Sim-
ilarly in a study that was conducted on human subjects, 
acute aerobic training increased circulating irisin but only 
transiently [6,17,18].

In one study targeting pigs, however, no effect of exer-
cise on FNDC5 gene expression was found [19]. But how-
ever, another study found that exercise increased irisin 
release in mice and humans [5].

A study by Stengel et al. determined lower plasma iri-
sin levels in people with anorexia and a linear association 
between irisin and BMI [20].

Pardo et al. claimed that for every 1kg increase in fat 
mass, there is a twofold increase in irisin [21]. And research 
on adults demonstrated that FNDC5/irisin secretion in-
creases after short periods of endurance training [16]. And 
in another research in obese subjects determined an in-
crease of irisin levels by 12% after 12 months of lifestyle 

change. However, they weren’t found associated with 
BMI alterations [22].

Irisin is a recently discovered hormone. It is reported to 
have an important role in energy homeostasis and obesity [23-25].

Results of a study demonstrated a positive relationship be-
tween irisin and BMI, fasting blood glucose, TG, and diastol-
ic BP. In addition, the study indicated a negative relationship 
between irisin and circulating HDL cholesterol [20,26].

3. Conclusions

It is possible to come across many scientific publi-
cations that physical activity is a very effective method 
among many methods for the healthy regulation of energy 
balance in the treatment process of the obesity problem, 
which is increasing its impact all over the world due to a 
sedentary life and unhealthy eating habits. With a more 
comprehensive examination of this positive effect in terms 
of the irisin hormone, the importance of this hormone for 
a healthy life will be understood more clearly.

It is known that a physically active life is very import-
ant for a healthy life. The habit of regular exercise, which 
increases the secretion of irisin and some other hormones, 
especially increases muscle endurance, muscle strength, 
muscle flexibility, as well as prevents obesity (excessive 
weight), helps maintain weight, reduces the risk of cardio-
vascular disease, regulates sleep quality, increases bone 
mineral density, increases blood flow. It has been shown 
that it contributes to the reduction of fat and glucose lev-
els, thus reducing the incidence of certain types of cancer 
and chronic health complaints that may occur with aging.
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Chronic stress is a consistent sense of feeling pressured and overwhelmed 
for a long period of time and it has been defi ned as a maladaptive state that 
is associated with altered hypothalamic pituitary adrenal (HPA) axis. The 
hyperactivity of the HPA axis is commonly assessed by cortisol levels. 
Physical activity (PA) and exercise have been demonstrated to regulate 
cortisol patterns in different healthy study populations, but also in BC 
patients and survivors. The PA and exercise are related but have distinct 
concepts that are commonly misused. Nowadays, the regular practice of PA 
and exercise has been widely recognized as one main strategy to manage 
chronic stress and its related markers, like cortisol, remains elusive. In the 
present review, the authors focused on the evidence of the PA and exercise 
on cortisol patterns of BC patients and survivors. 
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1. Introduction

Breast cancer (BC) is the leading cause of death in
women, with diagnosis numbers growing each year [1]. Al-
most two million cases of BC were diagnosed in last years, 
according to the World Health Organization (WHO) [2]. 
Both non-pharmacological and pharmacological treat-

ments of BC can result in adverse side-eff ects at distinct 
levels, such as physical function, metabolic, cardiorespi-
ratory and psychological [3,4]. These consequences may be 
associated with an interaction between pharmacological 
therapies and physiopathological and psychological con-
ditions of each woman at the moment of diagnosis. After 
a diagnosis of BC, women experience emotional distress, 
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depression and anxiety, which can persist for prolonged 
periods, irrespective of the clinical treatment outcome [5]. 

Chronic stress is a consistent sense of feeling pressured 
and overwhelmed for a long period of time and it has 
been defined as a maladaptive state that is associated with 
altered immunity, hypothalamic pituitary adrenal (HPA) 
axis, and sympathetic nervous system (SNS) functioning [3].  
Although research is still limited, the dysregulation of 
HPA axis and SNS, depression and anxiety have been re-
ported in BC patients and survivors [5]. Studies show that 
almost 50% of BC patients experienced depression and/
or anxiety during cancer treatments [4,6] and approximately 
25% of women have clinically important levels of emo-
tional distress up to 12 months after treatment [5]. 

The hyperactivity of the HPA axis in response to a 
chronic stress is commonly assessed by cortisol awaken-
ing responses (CAR), i.e., the rapid increase in cortisol 
secretion roughly within the first 30 min of wakening that 
of wakening that occurs daily, signifying the physiological 
stress response to waking [7]. Cortisol levels are usually 
highest before awakening and decrease during the day [7]; 
however, the majority (>60%) of patients with BC show 
flattened circadian profiles, high levels, or unpredictable 
fluctuations [8,9].

Physical activity (PA) and exercise have been recog-
nized as a part of a healthy lifestyle, being associated with 
reduced risk of BC through several mechanisms, includ-
ing by regulating sex-steroids hormones [10], maintaining a 
healthy weight [11], reducing inflammation [12], and improv-
ing the immune response [13]. Some studies reported that 
PA and exercise were able to decrease levels of cortisol 
across different healthy study populations [14-16]. In the 
systematic review and meta-analysis conducted by De  
Nys et al. [17], ten original studies were comprised includ-
ing randomized controlled trial (RCTs) and non-RCTs 
with relevant control group. Here, they found moder-
ate-certainty evidence for PA as an effective strategy in 
lowering cortisol levels in women with different clinical 
conditions. Although the PA and exercise are related they 
are distinct concepts that in this study were misused. In 
addition, the role of PA and exercise as beneficial strategy 
to manage chronic stress and its related markers, such as 
cortisol, remains elusive. In the present review, we fo-
cused on the evidence of the PA and exercise on cortisol 
fluctuations of BC patients and survivors. 

2. Hypothalamic-pituitary-adrenal Axis in 
Response to Chronic Stress

In response to chronic stress, the physiologic mecha-
nisms involve the neuroendocrine pathways constituting 
the SNS and HPA axis [3,4]. Both mechanisms are initiated 

by releasing several neurotransmitters and hormones that 
affluence behavioural and biochemical changes [18]. Under 
chronic stress, the brain’s nerve impulses can continuous-
ly activate the hypothalamus to produce the corticotro-
pin-releasing factor, which is targets the pituitary gland. 
In its turn, pituitary gland releases the adrenocorticotropic 
hormone (ACTH) [19] that reaches the adrenal cortex by 
blood stream and promotes the synthesis of corticoste-
roids, including cortisol. In addition, SNS was triggered 
by chronic stress and, thus, stimulating the production 
and secretion of as norepinephrine and epinephrine, both 
known as catecholamines [18,19]. Both, corticosteroids and 
catecholamines, may contribute to a decline in the func-
tions of the prefrontal cortex and the hippocampus, and 
may enhance the activation of the SNS and the HPA by 
regulating the expression of glucocorticoid receptors [18,20]. 

A hyperactivation of the SNS and HPA axis in response 
to a chronic stress has been demonstrated to contribute, 
at least in part, for several cancer-promoting process-
es, such as tumorigenesis, progression, metastasis, and 
multi-drug resistance, by altering the tumour microenvi-
ronment (TME) [21]. A stressed TME is characterized by 
the increased proportion of cancer-promoting cells and 
cytokines, reduced and dysfunction of immune-supportive 
cells and cytokines, increased angiogenesis and epitheli-
al-mesenchymal transition, as well as damaged extracel-
lular matrix [19,21]. Of note that the enhanced β-adrenergic 
signalling and glucocorticoid signalling in TME can be 
induced by not only chronic, but also TME hypoxia [22]. 

Several studies have been attributed associations be-
tween stress and cancers, such as prostate [23,24], breast [25,26], 
gastric [27] and lung [28], suggesting that chronic stress can 
induce tumorigenesis and promote cancer development.

3. Cortisol 

Cortisol is an adrenal hormone with many functions in 
the human body, such as mediating the stress response, 
regulating metabolism, inflammatory and immune func-
tions [29]. Considering that cortisol is a glucocorticoid and 
the glucocorticoid receptors are present in almost tissue in 
the body, it affects nearly every organ system, including 
nervous, immune, cardiovascular, respiratory, reproduc-
tive, musculoskeletal muscle, and integumentary [29]. 

Cortisol displays strong circadian rhythmicity, with 
high levels in the morning in the first 30-45 min after 
awakening, known as CAR and a gradual decline follows 
this peak during the waking day to reach the lowest levels 
at midnight [29]. This diurnal fluctuation is indicative of 
HPA axis reactivity [30]. Additionally, evidence has been 
demonstrated that salivary cortisol levels highly correlate 
with plasma and serum cortisol levels [31].
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Cortisol Behaviour in Breast Cancer

BC patients and survivors likely have a dysregulation 
of the HPA axis and nonstandard secretion of cortisol, as 
previously demonstrated by [8,9]. Previous research demon-
strated that BC survivors may experience significant 
alterations in their cortisol secretion patterns, as well as 
disruptions in the circadian rhythm of the HPA axis [9,32,33]. 
In the Obradović et al.’s study [33], the increase in gluco-
corticoids during BC progression was related to a lower 
survival rate, which is in agreement with a stimulatory 
effect of cortisol on cell proliferation observed in different 
cancer cell lines [27,34]. On the other hand, women with ad-
vanced BC and tamoxifen as first-line treatment presented 
significant elevations in basal cortisol levels compared to 
age-matched healthy women [8]. These findings suggest 
that BC is associated with a hyperactive adrenal gland, 
which may be due to the physiological stress associated 
with the presence of (micro)metastases or tumour cells 
in the circulation, in combination with administration of 
tamoxifen.

4. Physical Activity and Exercise 

Although PA and exercise have been used confusing-
ly, PA is defined as “any bodily movement produced by 
skeletal muscles that results in energy expenditure.” [35] PA 
is closely related to, but distinct from exercise concept. 
Exercise is a subset of PA defined as “planned, structured, 
and repetitive bodily movement done to improve or main-
tain one or more components of physical fitness.” [35].

Therefore, exercise practice has been widely recog-
nized to improve cardiorespiratory fitness that positively 
affects health and self-efficacy [36], reduces insomnia-re-
lated distress [10] by improving nocturnal sleeping [37], 
and, consequently, body recovery [36,37]. At psychosocial 

domain, exercise has several benefits, including favours 
interpersonal relations, which are important to attenuate 
depression and anxiety-related symptoms [38,39]. 

4.1 Effects of Physical Activity on Cortisol Levels 
in Breast Cancer 

As shown in Table 1, only two studies studied the hypo-
thetical association between PA and salivary cortisol [40,41].  
Lambert et al. [40] found no associations in cortisol of 
physically activity BC women in post-treatment phase. On 
the other hand, Castonguay et al. [41] reported a decrease of 
salivary cortisol in 145 moderate-to-vigorous physically 
active BC women at least 12 months post-treatment. Both 
studies used healthy women without BC history as a com-
parator group. Taken together, these findings revealed that 
little is known about the role of PA in cortisol levels of 
BC women. 

4.2 Effects of Exercise on Cortisol Levels in Breast 
Cancer 

Regarding the effects of exercise intervention program 
on cortisol variations, controverse data exists, as seen in 
Table 2. Some of studies reported no changes after 14 
weeks of home-based walking [42], 16 weeks of aerobic 
combined with strength exercise [43], 6 weeks of qigong [44], 
3 weeks of dance movement therapy [45] or 48 weeks of 
supervised and unsupervised exercise sessions [46] in BC 
women.

Three studies used an exercise program where yoga 
classes were included with different period of time, one 
study lasted for 14 weeks [47] and two studies lasted for 6 
weeks [48,49]. Ratcliff et al. [49] hypothesized that 6 weeks 
of yoga-based exercise intervention during radiotherapy 
would be beneficial for women with high baseline de-
pressive symptoms compared with their counterparts par-

Table 1. Synthesis of studies evaluating the role of physical activity in BC women

Study Ref.: Sample Study Design Main Finding

Castonguay et al. 2017
[41]

N=145 BC women post-treatment 
phase (≥12 months)
Age: ≥ 18 years
Comparator group: healthy women
Country: Canada 

PA was evaluated by leisure-time exercise 
questionnaire and then, combined the 
scores of the moderate and vigorous 
activities

Cortisol (salivar) ↓ 

Lambert et al. 2019 
[40]

N=25 BC women post treatment phase 
(at least 6 months)
Age: 57.9 years
Comparator group: women without BC 
history
Country: Canada

Self-reported PA frequency
Participants were dichotomized into groups 
based on: ≤1x/week, 2-3x/week, 4-5x/
week, 6-7x/week and ≥7x/week 

Cortisol (salivar) ↔



Table 2. Synthesis of the effects of exercise in BC women

Study Ref.: Sample FIIT plan Main Finding

Frequency Intensity Time Type

Payne et al. 2008
[42]

N=10 BC post-menopausal women at post-treatment 
phase receiving hormonal therapy 
Age: 64.7±6.3, ranged 56 to78 years
Comparator group: usual care (n=10)
Country: USA

4 x/week Moderate, but without 
monitoring

20 min Home-based walking 
exercise

Cortisol (serum) ↔

During 14 weeks 

Banasik et al. 2010
[47]

N=9 BC women in post-treatment phase (≥2 months)
Age: 63.33±6.9 years
Comparator group: waitlist
Country: USA

2 x/week Not mentioned 90 min Yoga classes Cortisol (salivar) ↓ at 
morning and 5 p.m. 

During 14 weeks

Chen et al. 2013
[44]

N=49 BC women had undergone breast surgery, and 
were scheduled to receive radiotherapy
Age: 45.3±6.3, ranged 29 to 58 years
Comparator group: waitlist receiving the clinical treat-
ments 
Country: China 

5x/week Not mentioned 30-40 min Qigong program Cortisol (serum) ↔

During 6 weeks

Izzicupo P et al. 
(2013)
[54]

N=32 BC in post-treatment phase
Age: 56.38±4.33
Comparator group: (no access to full-text)

4x/week Moderate 
(no reference what inten-
sity parameter has been 
used)

40-50 min Walking Cortisol (plasma) ↔

12 weeks

Saxton et al. 2014
[55]

N= 44 overweight BC women at posttreatment phase 
(mean of 9.0±5.5)
Age: 55.8±10.0 years
Comparator group: control group received healthy eating 
booklet and advice to keeping active
Country: UK

3x/week 65-85% age-predicted 
maximal heart rate

30 min Aerobic followed by 
10-15 min muscle 
strengthening exercises

Cortisol (salivar) ↑ at 
8 a.m.
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Chandwani et al. 
2014
[48]

N= 35 BC women had undergone breast surgery, and 
were scheduled to receive radiotherapy
Age: 52.38±1.25, ranged 26 to 77 years
Comparator group: stretching and waitlist
Country: USA

3x/week Not mentioned 60 min Yoga classes Cortisol (salivar) stee-
per slope ↓

During 6 weeks

Ratcliff et al. 2016
[49]

N=53 BC women had undergone breast surgery, and 
were scheduled to receive radiotherapy
Age: ≥ 18 years
Comparator group: stretching and waitlist
Country: USA

3x/week Not mentioned 60 min Yoga classes Cortisol (salivar) steep-
er slope ↓

During 6 weeks

Ho et al. 2016
[45]

N=72 BC women had undergone breast surgery, and 
were scheduled to receive radiotherapy
Age: ≥ 18 years
Comparator group: usual care
Country: China

2x/week Not mentioned 90 min DMT Cortisol (salivar) slope 
↓

During 3 weeks

Evans et al. 2016
[50]

N=9 BC women in post-treatment phase
Age: 50±6
VO2 peak: 18.1±2.7
Comparator group: healthy women (without BC)
Country: USA

1 bout of 
acute exercise 

60% VO2 peak was deter-
mined using Astrand cycle 
ergometer maximal test 

30 min
(10x3-min of exercise 
intercalated with 1.5 
min of rest, for a total 
of 30 min of exercise 
in a 43.5-min period.

Aerobic and intermit-
tent at cycle ergometer 

Cortisol (plasma): ↓ 
post-exercise 

Di Blasio et al. 2017 N= 33 BC women in post-treatment phase
Age: 51.71±3.17
Comparator groups: i) healthy women and ii) physically 
active women 
Country: Italy

3x/week 1st to 4th week: 10 -11 RPE
5th to 8th week: 
12 -13 RPE
9th to 12th: 13 -14 RPE

70 min Nordic walking Cortisol (salivar) neg-
atively correlated with 
PA item
Cortisol (salivar) ↓ 
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During 12 weeks

Ho et al. 2018 
[56]

N= 69 BC women had undergone breast surgery, and 
were scheduled to receive radiotherapy
Age: 49.1±7.8
Comparator group: usual care receiving radiotherapy
Country: China 

2x/week Not mentioned Not mentioned DMT Cortisol (salivar) ↔
At high levels of base-
line perceived stress, 
the DMT group showed 
a steeper cortisol slope

During 3 weeks

Friedenreich C et al. 
2019
[46]

N=400 postmenopausal, physically inactive BC women 
were randomized into 2 groups:
i) moderate-volume: 150 min/week or ii) high-volume: 
300 min/week

Age: 59,6±5.1 years in moderate-volume group 59.4±4.9 
years in high-volume group

VO2max: 26.8±4.9 mL/kg/min in moderate-volume group 
and 26.8±5.2 mL/kg/min in high-volume group 

5x/week 70–80% heart rate reserve Not mentioned Not mentioned

3 supervised sessions 
and 2 unsupervised 
sessions

↔ between baseline 
vs. after 48 weeks and 
between groups

During 48 weeks (1 year)

Toohey K et al. 2020
[57]

 N=17 BC and physically inactive women in post-treat-
ment phase 
Age: 61±7.92 (control group); 65±7.68 (CMIT) and 
60±8.12 (HIIT)
Comparator group: waitlist 
Country: Australia

3x/week 50% of maximal power 
(watts) obtained in cyclo-
ergometer 

HIIT: completed seven 
30 s intervals (as hard 
as they could) with 
2 min of active recov-
ery between each.
CMIT: 30 min

Aerobic exercise at 
cycloergometer 

Cortisol (salivar) ↑, 
expressed as percent 
change from waking to 
30 min post waking in 
HIIT group

Legend: HIIT: high-intensity interval training, CMIT: continuous and moderate-intensity training; PA: physical activity; DMT: dance movement therapy; RPE: rate of perceived exertion

Table 2 continued
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ticipating in stretching or waitlist control groups. In this 
study, yoga group was associated with a steeper cortisol 
slope compared with stretching and waitlist groups. In this 
line, findings [39,48] support the idea that yoga intervention 
provided a huge mental health–related benefits for women 
with elevated sleep disturbance and, to a lesser extent, 
depressive symptoms prior to the start of radiotherapy. 
This effect varied in time with differences emerging es-
pecially 3 and 6 months after radiotherapy. Of note, some 
of these findings should be looked with some caution as 
the reduced reliability of cortisol slopes assessed at later 
follow-up points (because of a smaller sample size) may 
have limited the power to detect the effects of cortisol 
slopes [49]. Moreover, two of these [48,49] studies have as-
sessed salivary cortisol after chemotherapy and during 
the radiotherapy, excluding other treatments phases. In-
terestingly, no study has studied the effects of exercise on 
cortisol variations during diagnosis, chemotherapy or after 
surgery. 

In an exploratory investigation, Evans et al. (2016) [50] 
aimed to study the effects of one bout of acute exercise 
on plasma cortisol in BC women in post-treatment phase. 
Although healthy women without BC history have been 
used as a comparator group, both groups (intervention 
and comparator) display identical body index mass, oxy-
gen requirements (18.1±2.7 vs. 18.5±0.83 mL O2/min/kg,  
workload (107±19 vs. 106±17 watts), heart rate (68±6 
vs. 66±9 bpm) and RPE (12±1 vs. 12±1). This point is 
very pertinent as the responsiveness of stress hormones 
is directly proportional to physical and physiological de-
mands of the body [51]. This study brings novel findings 
demonstrating that cortisol levels changed across time in 
the BC survivor group with a decrease immediately after 
exercise session cessation, but without significant changes 
after 2 h. The intermittent nature of the exercise training 
protocol may have stimulated the metabolic and hormon-
al responses differently than continuous exercise, which 
explain partly the unexpected cortisol variations. There-
fore, the implementation of exercise programs with these 
characteristics (i.e., intercalated with high-intense periods 
with low-to-moderate periods of exercise) specially in BC 
patients/survivors are utmost importance to know the po-
tentially of this exercise type.

Exercise-induced fluctuations in plasma cortisol levels 
typically follow a threshold effect in which exercise at 
≥60% of maximal oxygen consumption (VO2max) of in-
tensity induce increased plasma cortisol concentrations [51].  
However, in the Evans’s study [50] the intensity prescrip-
tion was based on VO2 peak, which is usually slightly 
lower than VO2 max. Thus, exercise may not have reached 
the threshold that was necessary for eliciting an increase 

in plasma cortisol concentration, and the decreases in 
plasma cortisol may have occurred because the rate of 
removal exceeded the rate of secretion [50]. Another im-
portant factor that may help to explain the Evan’s findings 
could be the suppressive role of selective estrogens recep-
tor modifiers, such as Tamoxifen, on adrenal corticoste-
roids release [52]. In fact, Tamoxifen is a selective estrogen 
receptor modulator widely used in adjuvant therapy for 
estrogen receptor–positive BC [53]. Considering that BC 
women generally received chemotherapy and, thereafter, 
intake hormonal therapy medication, some controverse re-
sults may be in part due to the use of current medication. 

5. Conclusions

Based on compelling data from studies, the current 
state of knowledge supports that PA and exercise are inter-
ventions that should be included in a BC women’s health 
care program due to their fundamental role in chronic 
stress management. Although few studies suggest a bene-
ficial effect of exercise in cortisol of BC women during or 
after radiotherapy, no study has considered other cancer 
treatments phases. Future studies are warranted to address 
the effects of PA and also exercise on cortisol patterns of 
BC women at different cancer treatments phases, along 
with chronic stress evaluation and other psychological pa-
rameters. 
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