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Abstract: Background: Chronic post-surgical pain is a condition persisting not less than three months after
surgical intervention. It is evaluated that 25-60% of women who underwent breast cancer excision suffer from
post-mastectomy pain syndrome and occurred anxiety, depression, sleep disturbance and catastrophizing.
Physical activity can reduce the risk of chronic diseases and has a good impact on mood and cognitive function.
Aim of this study was to estimate the influence of physical activity on the intensity of pain, depression and
anxiety in women underwent mastectomy for breast cancer removal. Methods: A prospective observational
unicentric cohort study was performed. Patients were female underwent unilateral or bilateral mastectomy.
Numerical Rating Scale (NRS), was used to get the measure of pain intensity, Beck’s Depression Inventory
(BDI) for depression and Generalized Anxiety Disorders-7 (GAD-7), for anxiety evaluation. Physical activity
was assessed by International Physical activity questionnaire (IPAQ). Interleukin (IL)-17, IL-1f3, cortisol,
adrenocorticotropic hormone (ACTH) and brain-derived neurotrophic factor (BDNF) were also evaluated in
the blood of patients. All the evaluation was assessed 3 and 6 months after the surgery. Results: Adequate
physical activity reduced intensity of pain, depression and anxiety symptoms in women affected by post-
mastectomy pain syndrome. Moreover, adequate active women, showed a reduction of biomarkers of
inflammation, cortisol, ACTH and an increase of BDNF. Conclusions: Our results suggest that physical activity
can improve quality of life, reducing intensity of pain, inflammatory markers and it can be useful in the
reduction of associated anxiety and depression.

Keywords: Post Mastectomy Pain Syndrome; pain; physical exercise; depression; anxiety

1. Introduction

Chronicization of pain is frequently occurring after surgery, thus leading often to functional
limitations and psychological disorders, with a negative impact on quality of life [1].

Chronic post-surgical pain (CPSP) was first defined as “pain that develops after surgical
intervention and lasts at least 2 months; other causes of pain have to be excluded, in particular, pain
from a condition existing before the surgery” [2]. An updated definition of CPSP, was later proposed
as “pain persisting at least three months after surgery, that was not present before surgery, or that

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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had different characteristics or increased intensity from preoperative pain, localized to the surgical
site or a referred area, and other possible causes of the pain were excluded (e.g., cancer recurrence,
infection)” [3].

Chronic pain persisting after mastectomy is a major individual and public health problem. The
etiology of persistent pain after mastectomy is still unclear, because of its possible multifactoriality
[4-6] with a partial neuropathic origin [7]. While surgical factors, including axillary lymph node
dissection, and reconstruction, have been postulated to serve as important risk factors for chronic
pain, many studies do not fully support this association. Adjuvant treatment, such as radiation,
chemotherapy, and hormone therapy, has also been occasionally associated with persistent pain
consequent to mastectomy [8-10].

Psychosocial factors such as anxiety and catastrophizing are being revealed as crucial
contributors to individual differences in pain processing and outcomes. Some researchers have
reported the associations between the development of persistent pain catastrophizing and depression
or with psychological distress and reduced physical activity [11-15]. This condition may lead to
disability worsening individual quality of life [16]. Due to the potential benefits induced by physical
activity, it was recommended by the American Cancer Society recommends to begin it as soon as
possible in people for which cancer is diagnosed [17].

A recent meta-analysis indicates anxiety as the main psychological risk factor for raising of CPSP
(and to a lesser degree, depression, catastrophising, kinesiophobia and impaired self-efficacy) [18].
Furthermore, many other studies have proven that neuroinflammation is involved in multiple steps
of chronic pain, promoting central [19] and peripheral sensitization [20]. Moreover, the relationship
between depression, anxiety and inflammation has been proposed by several works, indicating that
levels of inflammatory markers such as C-reactive protein, Interleukin-(IL)6, IL-1f3, IL-17 and brain
derived neurotrophic factor (BDNF), are modified in people with depression and anxiety [21-23].

It is well documented that exercise and physical activity undertaken before or after a cancer
diagnosis reduces risk of tumor recurrence, improves overall health thus increasing survival [24-26].
In oncologic patients, exercise and physical activity accelerate the recovery of the functional
capacities, reduce lymphedema, increase overall energy levels thus increasing strength and
flexibility, reduce fatigue, improve pain symptom and physical capability to carry out daily activities
and reduce the risk of chronic diseases [27,28].

It has been shown that physical activity could inhibit the release of inflammatory cytokines and
has beneficial effects on the immune system and influences the intensity of pain as it is perceived by
patients [29-31].

Moreover, several studies suggest that physical activity improves anxiety, sleep and mood
disorders such as depression by a modulation of cortisol level, increases Brain Derived Neutrophic
Factor (BDNF) levels [32,33].

On the light of the above exposed concepts, objective of this study was to assess the effects of
physical activity on the intensity and interference of chronic pain in daily activities and the effect on
depression and anxiety in patient underwent mastectomy.

2. Materials and Methods

2.1. Study design

A prospective observational unicentric cohort study was conducted. Population of the study
was represented by female patients underwent unilateral or bilateral mastectomy due to removal of
stage II and III breast cancer not yet subjected to breast reconstruction, chemotherapy and radiation
aging 18 years or over. One hundred and eighty (180) female patients were selected for the study.
Pain evaluation of each participant in the study was assessed at 3 and 6 months after the surgery
through verbal administration of the Numerical Rating Scale (NRS). For depression and anxiety
assessment Beck's Depression Inventory (BDI) and General Anxiety Disorders-7 (GAD-7) were used,
respectively. Physical activity was measured with the International Physical Activity Questionnaire
(IPAQ). At the same timepoints the following blood biomarkers associated with inflammation,
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depression  and anxiety = were  evaluated: Interleukin  (IL)-17, IL-1p, cortisol,
adrenocorticotropic hormone (ACTH) and brain-derived neurotrophic factor (BDNF).

2.2. Participants

Enrollment was performed during the April 2023 and October 2023 at the Breast Unit of San
Vincenzo Hospital of Taormina in collaboration with the Azienda Ospedaliera Universitaria (AOU)
Policlinico “G. Martino” of Messina, Italy. Inclusion criteria were, women aging over 18 years with a
diagnosis of prior Phase II or III breast cancer, who had undergone mastectomy due to cancer
removal three months earlier.

Exclusion criteria considered were: chemotherapy and radiation throughout the six months after
surgery, anamnesis including other cancer types, immune system disorders (multiple sclerosis, HIV,
lupus), and fresh symptoms of flu (cough, fever). Women taking anxiolytic and/or antidepressant
and anti-inflammatory drugs, in the 15 days before the recruitment, were also excluded. Patients with
breast cancer at Stages 0 and I were not included because of possible and frequent lack of pain.
Women with cancer at Stage IV were not included as pain can derive from metastases. Women
reporting pain prior to surgery and those affected by other types of tumors or by other diseases
characterized by chronic pain were also excluded. All the patients were asked to sign the informed
consent form to be included in the study. The study was approved by the Ethics Committee of AOU
Policlinico “G. Martino”: Approval Number: Prot. 70-23, 18/04/2023, Board Name: Comitato Etico
Interaziendale Messina. The trial was conducted according to the ethical principles of the Declaration
of Helsinki and Good Clinical Practice principles were adopted. To enroll subjects in the study,
sample size was calculated by Clinical software (ClinicalTrials.gov Identifier: NCT06123559).

2.3. Methodology

2.3.1. Demographic and surgical variables

Demographic variables influencing pain-related conditions including age, marriage, and school
level, were considered. Italian education system comprises primary (five years), secondary (three
years), post-secondary (five years), and graduation phases (three-six years). Data about lymph nodes
dissection were asked for each participant. All the participants were Caucasian.

2.3.2. Numerical Rating Scale (NRS)

The numeric rating scale (NRS), commonly used to assess pain severity [34], has been
administered 3 and 6 months after surgery, as previously described [29].

NRS, it is important to establish the degree of change representing a clinical improvement. NRS
is a 0-11 point-scale with end points representing the extremes meaning no pain (point 0) and the
worst possible pain (point 10) [34,35]. Three months after surgery, based on the collection of medical
history (in particular, pain lasting three months after surgery) and the evaluation of NRS score,
women participating in the study was divided in two groups: “PMP group” with women with pain
totalizing > 5 at NRS and, “Non-PMP group” composed by women totalizing a NRS score < 5. NRS
was newly self-administered six months after surgery.

2.3.3. Beck's Depression Inventory (BDI)

The BDI questionnaire, is one of the most widely used psychometric tests for the evaluation of
depression. BDI consists of twenty-one questions about how the subject has been feeling in the last
week. Each question has at least four possible answer choices; a score of 0 to 3 is assigned for every
answer and then the total score establishes the severity of depression as follows: 0-9: for normal or
minimal depression; 10-18: for mild depression; 19-29: for moderate depression; 30-63: for severe
depression [36]. BDI was administered 3 and 6 months after surgery.
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2.3.4. Generalized Anxiety Disorders-7

The Generalized Anxiety Disorder Assessment (GAD-7) is a seven-item instrument that is used
to measure or assess the severity of generalised anxiety disorder (GAD). Each item asks the individual
to rate the severity of his or her symptoms over the past two weeks.

A score of 0, 1, 2, and 3 is assigned to the response categories, respectively, of “not at all,”
“several days,” “more than half the days,” and “nearly every day.” GAD-7 total score for the seven
items ranges from 0 to 21 describred as follow: 0—4: minimal anxiety; 5-9: mild anxiety; 10-14:
moderate anxiety; 15-21: severe anxiety [37]. GAD-7 was administered 3 and 6 months after surgery.

2.3.5. International Physical Activity Questionnaire (IPAQ)

The International Physical Activity Questionnaire (IPAQ), was used to collect information about
self-reported physical activity. It was administered 3 and 6 months after surgery, as previously
described [29]. This questionnaire measures the type and amount of physical activity. It assesses the
number of days and quantity of time spent for physical activity (PA) as moderate or vigorous
intensity and walking of at least 10-min during the last 7 days, and also comprises the time spent
sitting during the last week. The IPAQ includes four PA levels (work-related activity, leisure-time
activity, transport-related activity, and domestic activities) each of 3 degrees of intensities: walking,
moderate, and vigorous. Whole weekly physical activity was evaluated by weighing time consumed
in each activity intensity together with its calculated metabolic equivalent energy expenditure
(Metabolic equivalent of task; MET). According to the answers, patients were classified into three
categories: inactive, if presenting a METs less than 700, adequate active women presenting a METs
value raging between 700 and 2519 and highly active if presenting METs > 3000 [38].

2.3.6. Haematological Biomarkers associated with depressive disorders, anxiety and inflammation.

Serum levels of biomarkers considered were measured 3 and 6 months after surgical
intervention, according with the protocol of ELISA kits. We evaluated the following biomarkers: IL-
17, IL-1p, cortisol, ACTH and BDNF. Blood sample were collected between 8-9 a.m. The following
kits were used: IL-17 (R&D System Catalog #: D1700); IL1-p (R&D System Catalog #: DLB50); BDNF
(R&D System Catalog #: DBD00), ACTH (Novus biologicals NBP2-66401) and cortisol (Novus
biologicals NBP3-18003.

3. Results

One hundred and sixty (160) women undergone for mastectomy were enrolled in the study. The
mean age was 50.34 + 11.9 years (range 28-72 years; median age 53.5 years). The mean BMI was 21.59
+1.49.

3.1. Numerical Rating Scale score (NRSs)

Clinical examination and estimation of NRS results collected 3 months after surgery, showed
that the 54.4% (n = 87) did not report any significant pain (Non-PMP group), while the 45.6% (n =73)
of women recruited for the study, manifested PMP Syndrome (PMP group). Participants were
divided into two groups, PMP and non-PMP group.

In Table 1, age and percentage of surgical variables of patients of the two groups are reported.
PMP pain was not associated with any demographic or surgery-related variables taken in account.

In the group of PMP patients, assessment of NRS performed 3 and 6 months after surgery,
revealed a statistically significant increase of pain intensity in PMP patients compared with those of
non-PMP group (Table 2).
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Table 1. Age, education level, lymph nodes dissection and marital status in PMP and non-PMP

groups.
A Lymph nod
Group 8¢ Education level yr.np n.o ®*Marital status ~ NRS
(years) dissection
Secondary =10.5%
-PMP
I\I(i’l“_ g7) 4983 1094Post-secondary =30.33%  31.42% 41.72%  125+1.67
Graduation =12.22%
PMP Secondary =9.8%
(n=73) 50.98 £ 12.23Post-secondary = 25.10%  35.15% 42.15% 593 +1.25%

Graduation = 13.82%

PMP = post mastectomy pain group totalizing a NRS score > 5; non-PMP group post mastectomy pain group
totalizing a NRS score < 5; NRS = Numerical Rating Scale * = p <0.01 vs Non-PMP group.

Table 2. Evaluation of intensity of pain, and BDNF, IL-17, IL1-8, ACTH and cortisol in post-
mastectomy pain (PMP) and non-post-mastectomy pain (non-PMP) groups at 3 and 6 months after

surgery.
Non-PMP PMP
n=87 n=73
3 months 6 months 3 months 6 months
NRS score
(intensity of 1.25+1.67 143 +1.71 593+1.25% 581+1.11%
pain)
6112.14 + 6114.36 + 4607.46 + 1014.91 4552.85 +1027.35
BDNF (pg/mL) 30.18 30.12 * *

IL-17 (pg/mL) 13.26 +2.11 12.32 +2.06 82.92+29.14 * 83.074 +27.17 %
IL1-B (pg/mL) 11.26 +6.11 11.81+ 5.98 76.54+ 14.79* 75.24+13.84 *
ACTH (pg/mL) 12.44 +2.32 12.77 +2.31 222.18 +335.28 * 221.54 + 333.78 *

Cortisol (ng/mL) 5.80+2.22 5.6 +2.20 62.36 +40.95* 62.72 +41.29 *

PMP = post mastectomy pain group totalizing a NRS score > 5; non-PMP group post mastectomy pain group
totalizing a NRS score < 5; NRS = Numerical Rating Scale; BDNF = brain-derived neurotrophic factor; ACTH =
adrenocorticotropic hormone; IL-17 = Interleukin 17; IL-18 = Interleukin-1beta. Data are expressed as mean *
standard deviation. Mann-Whitney U test and Wilcoxon test were used to compare independent groups and
paired data respectively. * = p <0.01 vs Non-PMP group.

3.2. BDI, anxiety and physical activity

BDI and GAD-7 results, showed that 60.2% (n = 44) of the PMP group totalized scores associated
with depression and anxiety; specifically, the 45.45% showed scores linked to severe depression and
anxiety and 34% showed scores associated with moderate depression and anxiety, while 20.55%
showed scores associated with scores associated with mild depression and anxiety. According to the
BDI and GAD-7 score, PMP group was divided into two subgroups: depression anxiety (DA)-PMP
subgroup (women reporting a BDI score > 10 and GAD-7 score > 5); and non DA-PMP subgroup
(women reporting a BDI<9; and GAD-7 < 4) (Table 3).

3.3. Biomarkers related to depression and anxiety

IL-17, IL1-$, cortisol and ACTH levels were significantly increased in PMP group compared to
non-PMP group. These biomarkers were significantly more elevated in DA-PMP subgroup in
comparison with non-DA-PMP subgroup, either 3 or 6 months after surgery (Tables 2 and 3). BDNF
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level was statistically significantly reduced in DA-PMP subgroup compared to non DA-PMP
subgroup (Table 3).

Table 3. Evaluation of intensity of pain, and biomarkers of BDNF, IL-17, IL1-3, ACTH and cortisol I
DA-PM subgroup and non DA-PMP subgroup at 3 and 6 months after surgery.

DA-PMP

n=dd non DA-PMP

n=29

3 months 6 months 3 months 6 months
BDI score 31.90 +14.21* 31.75+14.72* 1.55+0.63 1.48 £ 0.68
GAD-7 score 13.45 + 4.0* 13.09 + 3.98* 1.41+£0.63 1.31+047
NRS score " .
(intensity of pain) 00 40T 62T S, 045 531047
BDNF (pg/mL) 3914.33 + 906.06*4031.75 + 850.88*5512 + 214.36 5504.46 + 169.41
IL-17 (pg/mL)  94.29 +32.66* 93.80 +30.69* 65.68+5.87 68,48 +7.21
IL1-B (pg/mL)  83.87+14.33* 81.91+13.58* 65.41+5.88 65.09+5.67
ACTH (pg/mL) 349.84 +382.43* 347.58 + 381.52* 28.48+1.44 28.03+1.57
Cortisol (ng/mL) 82.33 +41.85* 82.61+4245* 32.06+6.70 32.54+7.16
DA-PMP = women reporting BDI score > 10 and GAD-7 score > 5; non DA-PMP = women reporting a BDI < 9;
and GAD-7 <4; NRS = Numerical Rating Scale; BDI = Beck’s Depression Inventory; GAD-7 = Generalized Anxiety
Disorders-7; BDNF = brain-derived neurotrophic factor; ACTH = adrenocorticotropic hormone; IL-17 =
Interleukin 17; IL-1f = Interleukin-1beta. Data are expressed as mean * standard deviation. Mann-Whitney U
test and Wilcoxon test were used to compare independent groups and paired data respectively. * = p <0.01 vs
Non DA-PMP.

3.4. IPAQ score

Physical activity at IPAQ was evaluated among the 44 PMP women showing anxiety and
depression (DA-PMP). According to IPAQ questionnaire, 20 patients have been categorized as
inactive (< 700 METs) and 24 as adequately active (> 700 METs).

No active women (> 2510 METs) were present in the DA-PMP group (Table 4).

DA-PMP inactive women showed a statistically significant increase of intensity of pain (p <0.01)
and an increase of anxiety and depression scores (p < 0.01) compared to adequate active DA-PMP
women, either 3 or 6 months after surgery (Table 5).

IL-17, IL-1-B, cortisol and ACTH levels were statistically significantly increased in inactive DA-
PMP women compared to active DA-PMP women (Table 5), while BDNF was statistically
significantly reduced in inactive DA-PMP women compared to active women of the same group
(Table 5).

Table 4. Evaluation of physical activity by IPAQ (International Physical Activity Questionnaire) in
DA-PMP subgroup 3 and 6 months after surgery.

IPAQ score

DA-PMP
(n=44)
3 months after surgery6 months after surgery

METs

<700 (Inactive)

600.95 + 70.42
(N =20) 602.55 + 75.55 *
| — 1 *0
7002509 (Adequate active) 1093.70 + 265.46 * 1098.25 + 266.52
(N=24)
> 2510 (Active) ND ND

(N=0)
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IPAQ = International Physical Activity Questionnaire; DA-PMP = women reporting BDI score > 10 and GAD-7
score > 5; METs = Metabolic Equivalents of Task; N.D. = not detected. Data are expressed as mean + standard
deviation. Mann-Whitney U test and Wilcoxon test were used to compare independent groups and paired
data respectively. * = p <0.01 vs inactive. °P < 0.01 vs 3 months.

Table 5. Evaluation of intensity of pain, and BDNF, IL-17, IL1-3; ACTH and cortisol levels in DA-
PMP subgroup at 3 and 6 months after surgery, according to physical activity score.

IPAQ score
Adequate Active DA-PMP Inactive DA-PMP
n=24 n=20

3 months 6 months 3 months 6 months
NRSscore 599,055 517 +0.38 7.75+0.85 * 7.50 = 0.88 *
(intensity of pain)
BDI score 20.16 +5.28 19.82 +5.13 ° 46.0 +6.36 * 46.55 +6.02 *
GAD-7 score. 10.58 +2.74 10.21 +1.71 169 +2.07 * 16.7 +2.69 *

BDNF (pg/mL) 4554.06 £ 725.31  473525+44592  3146.67 £+29.93*  3187.56 +150.07 *
IL-17 (pg/mL) 71.50£7.92 71.60 £ 2.55 121.62 £ 14.37 * 121.03 £12.88 *
IL1-B (pg/mL) 72.77 £ 891 72.37 £ 8.86 97.15+5.15* 93.88 +6.79 *
ACTH (pg/mL) 132.56 +49.55 136.20 +49.24 610.58 +443.64*  608.70 + 440.82 *

Cortisol (ng/mL) 53.64 +12.19 54.77 +12.19 116.75 +38.70 * 117.48 +39.39 *

DA-PMP = women reporting BDI score > 10 and GAD-7 score > 5; METs = Metabolic Equivalents of Task; Active
women = 700-2509 Mets: Inactive women = <700 Mets. NRS = Numerical Rating Scale; BDI = Beck’s Depression
Inventory; GAD-7 = Generalized Anxiety Disorders-7; BDNF = brain-derived neurotrophic factor; ACTH =
adrenocorticotropic hormone; IL-17 = Interleukin 17; IL-1p = Interleukin-1p. Data are eXpressed as mean +

standard deviation. Mann-Whitney U test and Wilcoxon test were used to compare independent groups and
paired data respectively. * = p <0.01 vs adequate active DA-PMP.

3.5. Spearman’s correlation

Spearman’s correlation was performed to analyze the relationship between scores obtained with
questionnaires NRS, BDI, GAD-7 and biomarkers investigated (IL17, IL1-3, cortisol and ACTH).
Results showed a statistically significant positive correlation between NRS and the biomarkers
considered and between BDI, GAD-7, NRS and biomarkers considered either 3 or 6 months after
surgery (Figures 1-6).

A negative correlation has been observed between BDNF and, NRS, BDI and GAD-7,
respectively, either after 3 and 6 months after surgery (Figures 1-6).

IPAQ score showed a statistically significant negative correlation with NRS, BDI, GAD-7, IL-17,
IL-1-B, cortisol and ACTH. On the contrary, IPAQ score showed a statistically significant positive
correlation with BDNF either 3 or 6 months after surgery (Figures 7 and 8).
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Figure 1. Numerical rating Scale (NRS) score and BDNF, IL-17, IL-1(3, ACTH, cortisol, BDI and GAD-
7,in DA-PMP group, 3 months after surgery. DA-PMP = women reporting BDI score > 10 and GAD-
7 score = 5; BDI = Beck’s Depression Inventory; GAD-7 = Generalized Anxiety Disorders-7; BDNF =
brain-derived neurotrophic factor; ACTH = adrenocorticotropic hormone; IL-17 = Interleukin 17; IL-
1B = Interleukin-1beta.

10 10
-» (Y'Y
8 [ 8 [ X X T )
@ . v -nsee
g 6 ®e a0 8 6 am
2 aemhap a ke
vy 172]
e 4 e 4
z z
2 2
0 0
0.00 2000.00 4000.00 6000.00 4] 50 100 150 200
BDNF {pg/mL) IL-17 {pg/mL)
rs=-0.86477,p=0 re=0.8919%, p =0
10
bt 12
# i 10
© om
5 6 - g g e o L 3 ]
3 o—in g I#ﬂ----v .
vy . v H
e 4 W)
= x 4
2 z
2
Q Q
0.00 50.00 100.00 150.00 0 500 1000 1500 2000
IL-1B (pg/mL) ACTH {pg/mL)
re={.89816, p=0 re=1(.88876, p=0
12 10
10 . o 4 .
o g ..%.- o _seo-abee
g g 6 [ )
2 Vg
4 o
Z 2
2 2
0 0
0.00 100.00 200.00 300.00 0 20 40 60
Cortisol {ng/mL) BDI score
re=0.88704, p=0 rs=0.90454, p=0
25
20 'Y

NRS score

15 41
10 "'
5

0 5 10
GAD-7 score

re={.89787, p=0


https://doi.org/10.20944/preprints202311.1429.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 November 2023 doi:10.20944/preprints202311.1429.v1

10

Figure 2. Spearman’s correlation between Numerical rating Scale (NRS) score and BDNF, IL-17, IL-
1B, ACTH, cortisol, BDI and GAD-7, in DA-PMP group, 6 months after surgery. DA-PMP = women
reporting BDI score > 10 and GAD-7 score > 5; BDI = Beck’s Depression Inventory; GAD-7
Generalized Anxiety Disorders-7; BDNF = brain-derived neurotrophic factor; ACTH
adrenocorticotropic hormone; IL-17 = Interleukin 17; IL-1 = Interleukin-1beta.

60 70

50 ’ 60

. 50 %38
E 40 . E *-
S 20 & g 40 ‘
" " " a
g M, ]
0 0% 20
*
10 L4 10
0 0
0.00 2000.00 4000.00 6000.00 Q 50 100 150 200
BDNF {pg/mL) IL-17 {pg/mL})
re=0.92741, p=0 re=0.98157, p=10
60 80
o 70
60 °
& a0 g 50 o & ®
=]
B 30 2 40 ’
—_ = .._.'
8 20 8
20
10 10
0 Q
0.00 50.00 100.00 150.00 0.00 500.00 1000.001500.002000.00
IL 1B (pg/mL}) ACTH {pg/fmL)
rs=0.98892, p=0 rs=0.99802, p=10
100 60 *
50 -
80 .
o o @ 40 f
§ 60 = E
g LI 8 30
5 40 g 2 ‘
20 10 i
0 Q0
0.00 100.00 200.00 300.00 0 10 20 30
Cortisol {ng/mL) GAD-7 score
rs=0.99799, p=10 rs=0.97374, p=0

Figure 3. Spearman’s correlation between Beck’s Depression Inventory (BDI) score and BDNF, IL-17,
IL-1B, ACTH, cortisol and GAD-7, in DA-PMP group, 3 months after surgery. DA-PMP = women
reporting BDI score > 10 and GAD-7 score > 5; GAD-7 = Generalized Anxiety Disorders-7; BDNF =
brain-derived neurotrophic factor; ACTH = adrenocorticotropic hormone; IL-17 = Interleukin 17; IL-
1B = Interleukin-1beta.
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Figure 4. Spearman’s correlation between Beck’s Depression Inventory (BDI) score and BDNF, IL-17,
IL-1B3, ACTH, cortisol and GAD-7, in DA-PMP group, 6 months after surgery. DA-PMP = women
reporting BDI score > 10 and GAD-7 score > 5; GAD-7 = Generalized Anxiety Disorders-7; BDNF =
brain-derived neurotrophic factor; ACTH = adrenocorticotropic hormone; IL-17 = Interleukin 17; IL-
1B = Interleukin-1beta.
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Figure 5. Spearman’s correlation between Generalized Anxiety Disorders-7 (GAD-7) score and BDNF,
IL-17, IL-1B, ACTH and cortisol in DA-PMP group, 3 months after surgery. DA-PMP = women
reporting BDI score > 10 and GAD-7 score > 5; BDNF = brain-derived neurotrophic factor; ACTH =
adrenocorticotropic hormone; IL-17 = Interleukin 17; IL-1 = Interleukin-1beta.
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Figure 7. Sperman’s correlation between IPAQ/NRS, IPAQ/BDI and IPAQ/GAD-7 in in DA-PMP
group, 3 and 6 months after surgery. IPAQ = International Physical Activity Questionnaire; NRS =
Numerical Rating Scale; DA-PMP = women reporting BDI score > 10 and GAD-7 score > 5; BDI =
Beck’s Depression Inventory; GAD-7 = Generalized Anxiety Disorders-7.
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PMP group, 3 and 6 months after surgery. IPAQ = International Physical Activity Questionnaire; DA-
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PMP = women reporting BDI score > 10 and GAD-7 score > 5; BDNF = brain-derived neurotrophic
factor; ACTH = adrenocorticotropic hormone; IL-17 = Interleukin 17; IL-1f3 = Interleukin-1beta.

4. Discussion

As defined from World Health Organization (WHO), physical activity is considered any bodily
movement produced by skeletal muscles that requires energy expenditure (WHO, 2019). Physical
activity is referred to all movements including during leisure time, for transport to get to and from
places, or daily activities. Both moderate- and vigorous-intensity physical activity improve mental
health, and reduces the risk of developing noncommunicable diseases such as heart disease, stroke,
diabetes, and cancers [27,28]. Physical activity has also been found to improve memory and
concentration thus favoring the protection of cognitive function in elderly [39], through stimulation
of blood-transported neurotrophic factors secretion, including BDNF, that is also produced in
working skeletal muscles [40].

As recommended, adults (18-64 years) should perform weekly at least 150-300 minutes of
moderate-intensity aerobic physical activity or at least 75-150 minutes of vigorous-intensity aerobic
physical activity; alternatively, an equivalent combination of moderate- and vigorous-intensity
activity throughout the week. This recommendation is particularly suggested for people affected by
chronic diseases such as hypertension, type 2 diabetes, HIV [41].

It is evaluated that 25-60% of patients who underwent breast cancer surgical resection suffer are
affected by PMP syndrome [42] and psychosocial factors such as anxiety, depression, sleep
disturbance and catastrophizing have proven to be important contributors to the development of
persistent pain. A link between pain and depression is well known and it has been suggested that
30%-45% of patients affected by chronic pain, experience depression [43—45]. Several studies have
suggested a bidirectional relationship between depression and pain, suggesting that depression is a
positive predictor of the development of chronic pain and chronic pain can increase the risk of
developing depression. Moreover, depression is considered a moderator of the relationship between
pain severity and physical functioning. In this view, pain and depression create a vicious cycle in
which pain worsens symptoms of depression, and then the resulting depression negatively influences
feelings of pain [46]. It is known that depressive disorders can occur together with anxiety disorders
[47,48], anxiety symptoms are among the diagnostic criteria for major depressive disorder included
in the Diagnostic and Statistical Manual of Mental Disorders 5th edition (DSM-5) [49]. Results
obtained from case-control studies suggest that inflammation could be involved in generalized
anxiety disorder, indicating that inflammation could increase subsequent to the development of
anxiety disorders [50,51].

In this study, 45.6% of a sample of women who underwent surgery needed for breast cancer
manifested PMP after the surgical intervention. A similar proportion was found by other authors,
reporting a percentage of 43% of women with PMP still three years after breast tumor resection [52].
The 60.2% of PMP woman reported symptoms of anxiety and depression (Table 3). In this subgroup,
IL-17, IL-1-B, cortisol and ACTH levels, evaluated either 3 or 6 months after surgery, were
significantly enhanced in DA-PMP women in comparison to not DA-PMP women (Table 3). BDNF
level was significantly reduced in DA-PMP women vs to not DA-PMP women (Table 3) both at three
and six months after surgery. Moreover, at the same timepoints, DA-PMP inactive women showed a
statistically significant increase of pain intensity (p < 0.01) and an increase of anxiety and depression
signs compared to DA-PMP adequate active women (Table 3).

Physical activity was evaluated among DA-PMP patients by IPAQ and results showed that 55%
of this resulted classified as physically inactive while 65.5% of this group was adequately active. As
stated by analysis of the answers obtained from IPAQ, no fully active woman was detected in this
group. Six months after surgery results were overlapping with those obtained 3 months after surgery.

Our results showed a decrease of IL-17, IL-1§3, cortisol and ACTH in the group of DA-PMP
adequate active women, compared with DA-PMP inactive women, and an increase of BDNF levels
in the group of PMP-AD adequate active women, compared with DA-PMP inactive women.
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There is a great deal of correlational evidence that patients who suffer from anxiety and
depression show elevations in circulating levels of cytokines that are pro-inflammatory in nature,
such as Tumor necrosis factor alpha, IL-18 and IL-6 and IL-17. Furthermore, these patients have
elevated levels of leukocytes, which may be the source of these increased inflammatory cytokines
[53-55]. It has been hypothesized a neuroimmune inflammatory role in the pathogenetic mechanism
for psychiatric disorders such as depression and bipolar disorders. This hypothesis correlates
psychiatric disorders with the activation of the immune-inflammatory response system resulting in
an increase in pro-inflammatory factors, and the activation of the compensatory immunoregulatory
response system, playing a negative immunoregulatory effect through T helper activation and T
regulatory mechanism and suppression of immune-inflammatory response system hyperreaction
[21].

Moreover, several studies agree that one of the important findings in biological psychiatry is the
hyper activity of the hypothalamic—pituitary—Adrenocortical axis observed in patients with major
depression [56] in fact, it has been suggested that prolonged exposure to stress causes metabolic
changes such as the hypothalamic—pituitary—adrenal axis activation, with consequent increase of
cortisol release [57].

It is known that regular physical activity improves bodily functions reducing the risk of
developing of chronic diseases [27,28]. It has also been suggested as even limited amounts of routine
daily activities can reduce the risk of falling [58] or developing neurologic diseases and has positive
effects on brain health and cognitive function [59,60].

The beneficial effects of physical activity on brain disorders have been widely studied [61-63].
It has been hypothesized that it could reduce the risk of neurodegenerative diseases to inhibit
cognitive decline and to produce a positive effect on stress, anxiety, and depression [63,64], with
consequent amelioration of several biomarkers associated with depressive symptoms such as
hypothalamic-pituitary-adrenal (HPA) axis homeostasis, anti-neurodegenerative effects, monoamine
metabolism regulation and neuroimmune system functioning [64]. Acute or chronic exercise
programs were found to increase BDNF levels [65,66] thus indicating that physical activity could be
helpful in treating depression and anxiety in adults. Finally, it has been also suggested that
performing an individual chronic exercise can be positively associated to increase of neurogenesis
and positively related with mental health.

In conclusion, our results agree with other studies that suggest a positive effects of physical
activity on anxiety and depression. In our sample, in women affected by post mastectomy pain
syndrome, physical activity reduces signs of anxiety and depression and this effect is associated with
reduction of pain and level of inflammatory citokines, corstisol, ACTH and, increase of BDNF. These
results suggest that exercise could be effective in reducing inflammatory markers and consequently
to prevent the development of chronic post mastectomy pain syndrome pain and psychiatric
disorders associated with it such as anxiety and depression.
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