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Abstract

Resfctivity circadian rhythm (RAR) analysis is a valuable tool yoptwyaicateadail
tivity levels and sleep quality in breast cancer (BC) women, including BC survivors, a populati
considered in the scientific literature. Indeed, the role of physical activity is recognised even in
cancer prevention due totithaeither on physical or psychological human spheres. In managing
the quality of life in BC women, sleep assessment and its relationship with physical activity als
attention. Several studies reported that an increase in physical adtjhityepichttideetter
sleep quality. All these aspects have been less investigated in BRCAL1/2 carrier women. BRC,
deleterious and hig¥asive gene mutations, predisposing to a very aggressive breast and/or ova
cancer also at a young age.

Thepresent PhD thesis evaluates RAR, sleep, and their relationship in two populatior
cohort of-gear BC survivors and a sample of BRCA1/2 women.

For the first study, 28 womeny@dar BC survivors and 13 healthy controldpwere 7
long actigraph mored and RAR analysis was performed with both paranprenagtticon
approaches. BC survivors showed a statistically lower MESOR (Midline Estimating Statistic of F
amplitude, L5 (nocturnal activity), and M10 (daily activity), denile\rsriiitay) was higher

than the control group. These results are the first experimental evidence that RAR alterations



Abstract

after 5 years since the primary diagnosis. Furthermore, BC survivors are less active than |
controls and need pudtitervention to increase their activity levels.

For the second study, 27 women with BRCA1/2 mutatiapdongractigraph moni-
tored, while 63 filled in the PSQI (Pittsburgh Sleep Quality IndeXPa&@ (God@sShepard
Leisurdime Physicattivity Questionnaire) questionnaires to assess sleep and physical activ
respectively. The 27 actigrapiiored women were stratified, based on the development of cance
diagnosis, in affected and unaffected. RAR and actigraphic sleep anayaistsbaly sig-
nificant differences between the two groups, even though the affected women seemed to slee
than the unaffected. Based on the PSQI score, the women were stratified into good and bad s
good sleepers were significamdyaotiive than bad sleepers. Based onTtRAG Store,
women were stratified into active and inactive: active women showed a better body composit
significantly lower insulin level and better sleep than inactive women. Finally, ysegegression a
disclosed the positive effect of physical activity on sleep. More specifically, the prevalence r
being a good sleeper significantly increased with the increase in amount, intensity, and freque
physical activity. This «essonal arsfyof 63 women sheds light on a possible association
between physical activity and sleep in BRCA1/2 mutation carriers. Considering the large atten:
the BRCA1l/ 2 carriers® quality of lyini-e i s

prove the sleep quality in these women, also reflecting in an enhanced quality of life.



Prologue

The present thesis deals with the principatopmsamhichvedbeen deepened and
consolidated during my PhD course. The main research lines have focused on analysing activit
restactivity circadian rhythm, sleep, and physical activity in women with breast cancer. Firstly
sessed thesarpmeters, predominantly activity levelsaatidtyesircadian rhythm, in women
diagnosed and survived sporadic breast cancer. Later, | focused on wofpeneateandeg high
gene mutatio®BRCAL1/2 gehesedisposing to breast and ovarian cancer

The thesisdivided into two sectitimgormers the introductiavhch isbased on the
literature review ofttipécs focused aduring the three years of mytihRttes the section
of thedoctoradtudieswhicHies orfourchapters exposingdbléectedataand conclusioos
both sporadic and hereditary/genetic breastccard®apter exposing all other research items |
dealt with during my PhD course.

Particularly, the first chapter reports the latest thedielgsionship between physical
activity and cancer risk faat@iysing during all cancer stages (i.e., before, during, and after
diagnosis or treatment). The second chapter illustrates the influences of physical activity on
considering hdwstrelationship could enhance health status. The third chapter explains breast ca
pathology in sevagdects, starting from the incidence and typology, passiiagfrosisihe

and ending with geretreditargispects of the pathology. IsettisnBRCAL/2 genae
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treatewvith a specific focus on how the mutations diagnosis and the consequent treatments col
detri ment al t dhevwortmehap®@sis agnetlaotoiogical oree explhining #e chron-
obiologythe circadian rhythiineifparametevgth a particular focuSiogle Cosinor Method
and the actigraphy, a methodology used to record and-aethitsteirestian rhythm and
sleepThe fourth chaptbe last of the introductory chbmesiogether all the tapegeh
the previous chapters; thus, physical activity and sleep in the specific context of breast canc
when data and studies are avaiBRIEAdiCarrierd-urthermore, rastivity circadian rhythm
is contexdlized in breast cancer pathology.

The secors#ctiorfdevoted &xplaining tlhiectoradtudies) starts with chapidhusix
tratinghe resactivity circadian rhythm assessegdaarfaugrvival breast cancer women compared
to a healthy sample. 8¥aluation has been carried out through the cosine method analysis ar
more specifically, with the parametric parameters of the cosine method. The subsequent chay
seventh, continues theastity circadian rhythm analysis vpéramatrgarameters of the
cosine method. Finally, chapter eight is de@Badd @arrier women, with aaetbity
circadian rhythm and sleep analysis, involving data collected with theagsguifhtaed
cosine methods (both parametric grataroatric parameters) physical activity and sleep data
collected throughsjismnaire administration. In these three chapters, the introduction session h
been omitted because it is widely illustrated in the preceding chapters; thus, only the aim of the
participants, methods, results and discussion are reportethvidheedomtbese studiere
recruited and enrolled in collaboratibC@s Istituto Nazionale dei Tumori divdano
Italy) After these three chapitéineprimargoctoral studies, the ninth chdpgarces the major
conclusions of thetgies.

The last chapter briefly summarizes all other articles | worked on during my PhD course.

are grouped based on the treated topic. The firstarglgsatiia during my research stay at
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theTechnische Univesitirtmundndethe sipervision of PiDf. DrPhilipp Zimmer; the first
involved haematological cancer patients, while the second healthy subjects both evaluated ir
physical activity, and fat@uesequentiyree publications follow on a sample of shift nurses
(recruited in collaborationRAKRS Istituto Ortopedico GMdanmi, Italy) with their sleep anal-

ysis, reddctivity circadian rhythm, and mismua. The penultimate includes a group of publi-
cations involving the chronotype assessmenttim odiatr aspects (sleep, physical and academic
performance). Finally, three works involving suldietetbalittSyndraaneBinge Eating Dis-
ordergrecruited in collaboratiodR@ES Istituto Nazionale dei Tumori,dviNalamdtaly and

IRCCS Ospedale San Rddiatecamento Tuvtitano, Italy) close this chapter.
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Introduction



1. Physical activity eadcer

Physical activgtydescribed by Caspersen and colleagues (1985) as:
" many bodily movement produced by skeletal muscles that results in energy expenditi
Physical activity canbe catedorii n a vari ety o fstiorggntfies (o) T
the physical activity that ocectmepghysiwahi | e s
activity can be further subdivided into categories such as sports, conditioning exercises, hous

tasks (for example, yardwork, cleartiogyenepair), and other activities."

Physical activity psagtiuring the day is an issue of great concerrréatatedlitera-
ture. Indeed, the decreased level of physical activity and the resulting reduced energy expe
may be the principal causes of several chronic pathologies of the new dimidesome, inclu
types of cancers. Prolonged sitting time whilerabtange and enhanessl oineans of
transport are the principal attitudes thatsshdraaentemporary age's sedentaryHibestyle.
thermore, prolonged sitting time inoneathty rates, while physical activity frequency reduces

the mortality risk.



1. Physical activity and cancer

Sedentary or less ababits enormously decrease energy expenditure, which is not coun-
terbalanced by a diminished energy intake. When the caloric intake is not sufficiently disposec
food surplus is stored as adipose tissuptdezubsity.

If countermeasuaies noadopted pesity is considered the nem@nedsignificant epi-
demic pathology and problem foesleednd future generatiddiesity is responsiblprimr
motingnany candgpesbecause margncer onset pathwaag®besiyependent. Fortunately,
obesity is a reversible sitsatisitive tohysical activity prattice.

The following chapters introduce the pancgrdbatedisk factsrthe majoritynked
to obesity. Furthermowei]l explathe action piiysical activégainst the described risksfactor

andthe different outcomes deyeodithe cancer stage
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Figurel Hypothesised mechanisms underlying the association between physical activity and cancer onset develc
The effects of physical activity may be mediated, in part, by body composition.



1. Physical activity and cancer

1.1 Cancerelated risk factors

Risk factors predisposing teroasetre describedrasimodifiablesk factors (sex,
age, ethnicity, familiarity, gene mutations, ratidjfiabtiisk factors (physical activity, diet,
smoking habisteepalcohol assumptieic,) Thdatteones are also naiifedtyler environ-
mentaflactorsThey are described as a potent contributing famsetattrEmost common
cancers. Indeed, modifiable lifestyle factors acebQft fufrtBB most commonly diagnosed
cancer and canaated deathin this view, lifestyle modification could prevent between 20% and
40% of all cancer cases, and the percentages are even more prominent when considering ¢
cancer types and risk factors (such as lung cancer and smoking habitana éilcerhchncer
consumptioh).

Cancer cases attributable to modifiable lifestyle factors have increased during recent y
More specifically, cancer causes derived from energy balance compete with smoking habits
leading preventable cause of’carggher than needed chronic energy intake associated with a
lower energy expenditure resultsityn imbadditici predisposing to several cardiovascular dis-
eases, obesity is resedrior its cancerogenic aspexntandthemajor risk factéor cancés.
Obesity is udlyaassessed througtBibey Mass Ind®M) calculation. The review by Renehan
and colleagues (2008) reports a positive relationship between BMI and risk ratio for oesoph
thyroid, colon, renal, padibladderectum (only men), pancpeashte, endometrium, breast
and ovarian cancer, as welhaaifprant melanoma (only men), multiple myetymagatelik
norrHodgkin lymphotna

Cancerwhose primary risk factor is obesity arebesmgddpenderabesitassoci-
atedor obesityelateadancex® However, not all cancers are -oblesityl. Indeed, fatness and

greater body weight or BMI are still ncda@esgading causeshd onset afl cancer types



1. Physical activity and cancer

orcancer coudsadevelom a norobesity or overweight condittmobessssociated cancers
are usually allocated near an adipose deposit, such as breast and¥isceral cancers.

Even though several studies prove the connection between chronic obesity status and ¢
developmemhechanisns/olvingbesityn canceonsetre still not fully understood. It is sup-
posed that obesity, particularly the more represented fat tissue, ceabdeeaneisofavent
for the tumoand promote dysregulation in numerous reduwiatks\tiregt are able to predispose
to cancét! The main dysregulations in pathways and regulatory networks canprise metabol
inflammation, oxidative stress, acapokesx hormones balgfogsre 1For thesmecha-
nisms, the greater adipose tissue representation acts as a mediator that is able to modify tf
tissue or tumramicroenvironment, creatingghleconditions for the cancer onset and growth.
This is possible because the dipoeas not a passive and inactivasméaaysupposed
on the contrary, it participates actively in a network of endocrine, paracrine and autocrine sign

Another hypothesis supports the idaaddiabutset mayhmmoted and facilitated by
obesity because of its nutrients' support. Cancer stems from a neoplastic transformation du
mutagenic mutation during the division and refpli@mtetig\fter the development, mutated
cells could survive and gnbwifathey are nourished and continuously supported in their growth
process through growth factors stirffilagdmesity condition, activdtegrowth factors sig-

ndling pathways, guarantee nutrient and growth stimulation support tothe cancer cells.

1.1.1 The role ofietabolic growth factors

The chronic overrepresentation of the fat tissue in body composition facilitates tumorige
through insulin and growth factors stinRdatoeatic beta @Elsret insulimn response to
enhanced blood glucose levelm links its specific recepistsdih ReceptolB) on the cell's

surface and induces a factorial cascade with different outcomes dstimnthtgissuthe

10



1. Physical activity and cancer

In several cancers, IRs are overexpressed, and this may explain cancer's sensitivity to hyperi
miat* Furthermore, IR could express two splice vAremisHBRand cancer type could differ-
entiate their characteristic based on one of these two IR variants*@¥erexpression.

The principal metabolic growth factors are two peptide hémmdimiise tBeowth
Factol (IGF1) andhe Insulihke Growth Fa@diGF2), both released by the einsulin
like Growth Factor Binding Ptb{EB1BR) regulasghelGF1 action, binding the-1Gid
preventing the binding with tHeréG&ptor$GF2 actiityis mediated throurggulirand IGE
receptor3.he growth hormone and the heightened insulin level stimulate®*fhie@ K&&retion.
upregulation has been detected in sontgesn(seich as prostate, breast, endometrial, and non
smalkell lung cancér$¥®, while increased expression2hizFearvealeahainlyn colon
cancet

Fatness is usually associated with altered circulating glucose, whose upregulation stim
insulin secretion, leading to insulin resistance and hype@hsotimogyhiar circulating insulin
levelsenhances the dvadbility of the KaFbyintensyfing itsecretioand, at the same time,
reducing thectiorof the IGFEP Insulin and KERnduce anabolic pressei nonendocrine
tissue; thutheir upregulated secretion legréater nutnits uptake supportingitfeentrolled
cell growtlsurvivagnd proliferatjatsanvolving mutated cells.

In conclusion, the dysregulation, particularly the upregulation of the metabolic regulatory
works, concomitance to mutagen factors (such adresglptiveucts), and other epigenetic
shifts in gene regulation predisposes the obese subjects to cancer de¥dlbproanteisk.
risk factoexe even augmented enafaspecific mutations, such as alteratiphesptiaidyl-
inositol kinaséPI3K The PI3K is a pathway whose mutation makes cells more resistant to calc
restraint, aiming to improve obesity and the associatedimighérdFactions hiis, diet

interventions in PI3K alterations are less efficient than in subjects without alteratibns in this pat

11



1. Physical activity and cancer

1.1.2 The role ohite adiposediige inflammation

Adipose tissue, more specifically the white adipose tissue, is the substrate mainly char.
ising the obesity phenotype and the gussttdinfkamgmation of the tumour microenvjronment
obesity, and carié&iin some conditions, thedumizroenvironment closely resembles the en-
vironment of a healing wound that can stimulate the local inflammatory response and, as a
quence, alter the angioggmesiss¥ 2" The newly formedpeoplastic microenvironment could
favor malignant cefisproduction and premancegenesiand growth.

As aonsequencetbé adipose tis®loutgrowth and hypertrophy in fat depots, the blood
supply results insufficient to support and nourish all the needingsafisitig dogiesuffering
and, most of the time, deaths. The immune sysses trescgtuiation as similar to an injury
situation and triggers all the logaflanomatoryspenses. As well as any other inflammatory
response, several complaryfantors stimulate the neutrophil chemotaxis, which, in turn, activates
the plateleerived growth factor cascade. The process leads to the transformation and activati
thegrowth factbr monocyte chemoattractant {r@W@P), interleuki(D)-1b, andtumar
necrosis fac@(TNFg). Furthermore, theipftammatory process guides the circulating macro-
phages to the suffering adiposétissue.

Macrophages, in particular, engage in the phagocytosis process against suffering or
adipocyte$hey encircle the fat cell, forming a typical inflamed adipose temsnediioweure
like structure (CLB)e entrapped and under macrogigggéion adipocytes releasee¢he
fatty acid&FAs) that can activatelthiee receptor(4LR) allocated on the macrophage plasma
membrane. Its stimulation increases the expression-offlsonmeapsoy genes, such as the
nuclear factor kappieBendemwhich includes I R1b, andyclooxygenaéCOX2). TNF
a and other pirdlammatory cytokines further sustain the white adipose tissue inflammation bec:

they can additionally stimulate the lipolysis and rele&s€hef irffftamation of the white

12



1. Physical activity and cancer

adipose tissue is a kind of inflammation that persists for a long time and is ohuatl defined as
lowgrade inflaminaa

The CS presence helps detect the white adipose tissue jatahsnatidmvens-
sessed thd& presence in visceral, subcutarebbeeast fat depasitthe majorityesiam-
inedobese subjeétslowever, the CLS presence is not the dimigfaicfoa of adipdsssue
inflammation; most of the time, it is associated with an elevatedetpezdaichapipa B,
responsible at the same time for inflammation and cance¥ progmsstoved higGais
andnuclear factor kappevBlsare supposed to be respormilbézlificed cancer survival, short-
ened distant recurrdree, and cancelated disease in patients with*tAddéionally, unfa-
vaurable clinical outcomes have also been estimated ientavagh patormal BMI. Trhus,

some caseshite adipose tissue inflammation could develop intteparimhesit}y2°-32

1.1.3 The role ¢iie mmunsystem

In cancer patients, the immune system alterations also comprise the adaptative immun
tembranci{not only the innate one as described prettiolsith) myeloid and lymphoid com-
partmen#The role of obesity on immune function alterations is still not delineated; however, re
studies, predominantly on animal models, have discovered possiBté&mechanisms.

In general, the immune systerecognizand eliminate mutated cellssSeciteegre
recognized bpecific immune cells (@ytptoxic antiggpecific T cgll¥he myeloid compart-
ment responds wiitl productiondendritic cellwhile the lymphoid system reacts with the acti-
vation afatural kill@lK-, 1 t -, Thelper(CD4+ &ndCD8+ )T and3- cellsHowevecancer
can escape the immune system controls and continue its growth in some conditions, such as

lowlevel inflammation and imoampromised or obese indivitidals

13



1. Physical activity and cancer

Obesity could decrease the adaprtative system surveillance effectiveness and inhibit
its cancer counteraction in different ways. Firstly, lipid cell accumulation impairs the action
dendritic cells and, at the same time, weakens their number and response. Secondly, obese inc
are deficient in NK numbers and citoxocity, probably because NK in obese incorporate lipids d
instead of perforin grantiteddy, lipid uptake could inhibragbemycin complémTORQ1a
crucial pathway for the activation and fuctefisoff\hally, concordant results on both animals
model and human tissues advance the hypothesis that, when stimulated, the NK cells of obe!
viduals cannot increase oxidative phosphorylation in order to augment theitbasal metabolism

In such a situation, cancer can dissimulate adaptive system function checkpoints and co
its expansiéfliver cancer is the primary cancer type in which the role of obesity on the immu

system has been recogfiized.

1.1.4 The role okmlative stress

Obesity status is usually chaeddbgria higher levebadative stress, a cellular state in
which unstable oxidant molecules override the antiaeidaet teiesiis®The unstable ox-
idant molecules argehetive oxygen spéBi@pand theeactive nitrogen spéBRBg while
the defer mechanisms areatmgoxidan8OX which can scavenge bothriRGBN&-1ow-
ever, the ovilreshold ROS production makes the AOX insufficient to contrast the ROS adv
effects. The ROS excess can alter and damage the mitochondrial apdrgeniantiIINA
can invert GC pairs with TA pairs during DioA.réplecanfarable change between the two
DNA pairs results in damage and mutation in the DNA and altered signal pathways that, toget
the basis for canmesetpromotion, and progression.

Severe obesity is correlated with lipid peroxidation resulting from elevateti oxidative str

Two main mechanisms could justify the higher oxidative stress and the consequent lipid peroxi

14
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The first is that obese subjects require enhanced mechanical and metabolic loads to the myoc

which, in turn, increases myocardial oxygen coasdrtipionitochondrial respiration that nat-

urally produces ROS. The second mechanism refers to the pressure of the great body mass, pr

progressive cell injuries and the consequent release of cytokine responsible f8r ROS productis
The ROS oxidative action on the polyunsaturated fatty aljdd pesakgliradicals

andlipid hydroperoxidesgo lipid peroxidation products. These prdédotsdegradation by

different aldehydes typologies (amongabhemldehy@md4-hydrox@-nonengl genotoxic

products highly responsive to cellular macromolecules that caragditivegiDiins. By

interacting with genomic DNA, these proteins can mutate the DNA sequence and promote

initiatiort® AspreviouslgnentionedNA mutatjonduced by increased oxidative stress and its

related consequensaecogsed as a promoter of cancerogenesis, cancer progression, and me-

tastasis settlenféftturthermore, inflammation conditiordscalied ROS production, disable

AOX action and teadverse BConsequences on DNA.

1.1.5 The role ofilgokines imbalance

Adipokines are a wing of cytokines secreted by the aggrosadisduadipokines,
leptinandadiponectarethe most relevanthi@ tancer field. As the other cytokines, these two
pleiotropic adipokines are involved in cellular and sytitggnandigmtammatory pathways
furthermaoyréhey are responsible for shtipéyticular, leptin regulates appetite and energy balance
and, in obese condstidn level increases in contrast with adiporgatinitéveécrease with
higher fat mass representé&tion.

An gcess of leptin secretion is knmhiibtocell apoptopremote cell proliferasind
activatmultiple sigliag cascades and pathways, including thikolg8#Gtivated protein ki-

nas€MAPK and H6 production. Thus, it is supposed that enhanced circulating leptin could incree

15
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cancer risk or proliferation. However, results are disparate depending on the types of cancer, <
age. Recent developments state that the leptinfadipdretttmexpresses cancer risk related
to adipokiné¥.

On the othbandadiponectin inhibits angiogenesis, induces cisl| apdptosome
conditions, impedes leptin eh@rkliferation. Thus, its action counterbalanceante-pro
genesis effects of leRiatetb thisin several studies and reviews, the adiponectin impact has
been described as a protectirecateér

In this context, by unbalancing the ratio between leptin anfd\aulipotsfiormer,

theobese status and ecdthfat mass could be considered predisposing to éghcer onset.

1.1.6 The role ofesoichormones

The principal and resedrsteroid hoones linking obesity to cancer nsktangens
andandrogen#n the context of obesity, pathways and interactions are better described and un
stood fapestrogerand typical female cancer, while androgens' action in prostate cancer still rai:
sane doubts?

Ovaries are the organs in which the aromatase process convertastioogess into
Thereforehen ovaries cease their fuatttieroutsef the menopause period, fat tissuesbe
the principal contribtiddhe aromatase prodessn this point of view excess of fat tissue
intensifies the aromatase process; in other words, the more considerable amount of fat tissue ¢
a signifant volume of androgensastmgenBurthermore, the excess of adipose tissue in con-
comitant hyperinsulinemia decreaSes th@mone Binding GldBiBi>action, a globulin
that can limstrogenlmormonedimitingheireffects.

The highéevel of blood circulatiestrogersyperstimulatine cells exposwmestro-

genreceptors in proliferating and reducing agestyegernmtentially induce mutagenesis

16
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because they can be metmbimiioeactive DNdetabolites. These are alfdakoconditions

for endometrial &iImmone receppasitivéreast cancer developmenstmenopausal condi-
tions That is why targetiestrogeleved in plasma ieelpul to modulate endometrial and breast
cancersk in obese postmenopausal Wéfén.

Regardingen and typicalbl@ancers, such as prostate cancer, it is less clear how obesity
and cancer are interrelated. Indeed, obesity is associated with a lowered level of circulating an
because the aromatase process converto#@straogetislowever, obesity andssigeeros-
tate cancer are strongly associated. It is supposed that androgens can crosstalk with circulatir
kines (e.g.,-8) and growth factors (e.gl)I&€¢tivating the androgen receptors and stimulating
some pathways leading to cancenimiatioatively, androgens receptors could lose their speci-
ficity, 6 and/or IGF could activate the androgen receptors, which promiscuously bind liganc

driving cell survival and proliféf&ttn.

1.2 Physical activity eadceprevention

Physical actiiBA)s one of theolsadopted in cancer prevemniaeed, a large body
of literature sustains the linear relationship betwestuédacahcer.rlskother words, the
morePA igracted, the greater cancer prevention®®ben2fiis3, tHehysical Activity Guidelines
Advisory Committercludes that robust evidence links PA with a lower risk of colon, breast, kidn
endometrial, bladuksophagesdenocarcinoma, and stecaedia cancéts.

International Health Agencies well know the benefits of PA concerning dancer preventi
2018, th&Vorld Cancer Research (W@RFand thé&merican Institute for Cancer Research
(AlICIRupdated theiryors recommendatidfiSRF/AICR 20f@or cancer prevenfioam the

initial 150 min/week of-tghtoderate PA or 75 min/week of meMgaious PA (MVPA),

17



1. Physical activity and cancer

new guidelines recommend engagingamiggldgrate PA for 150 to 300 min/week BAIn MV

for 75 to 150 min/week. The optimal situation is to exceed the 300 min/week of PA. Additionall
recommendations focus on sedentary time: sitting and lying down should be limited as po:
(WCRF/AICR 2018

Kaluza and colleagues (202@ha¥zeeple following the WCRF/AICR 2018 recommen-
dationsspecificallyiglerPA, average weight, and limited alcohol consdenicancer inci-
denceThe resulgse in line withe previolsuropean ER#Qdy conclusions that assess how
following PA and body weight recommendations reduce the total c&fiter incidence.

Despite the increasing evidence ¢f tbeeRApopulatioaised cancer prevention, many
debates are still opeutthne intensitypologyand PA assessmegthodelated to cancisk
preventidh>!Moore and colleagues (2016) and Mattheolfeaguesa@Gstate that leisure
time PA (#B MEhours/week; 53 hours/week of modertgasity PA) can prevent 13 and
7 cancer types, respectively.

Furthermore, some types of cancer, such as colon, breastpesalumagtemihd
head and neck, show a linearedpsaise curwehichmeans that the prewveRts role in-
creases when the PA practice is over the recommended thresgrmdiyestuftedanmhoderate
vigorous. Other cancer tgmegi@iney, gastric, and liver) show a cuagioeiation WA
whichmeans that risk reduction is maximum with the recommended PA amounts. In other wort
increased PA amount in thegecdncer types does not lead to higheiskgoresentieh.

These differences are probably attributable to the different effects of PA on tissues and physi
processes, whicbwldifferent impacts dependihgoamcer's nature and charactéistics.

Notwithstanditingevidence t#rgescale studiemnclusiornsf other studiase some-
times discordant on the PA's role and benefits in cancer preventidheFevexaGibece

and colleagues (20&tNcludes that PA seems to be more efficacious on mortality rather tha
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prevention in prostate céroesnother study on lung cancer, thestatbdrgtA does not

prevent lung cancer in the general populatieneticefactors for lung cancer areraish

ered*In cotrastprevious studies current or former smaitersP A ositive improvements

in contrasting smokirsglverse effeqticularly on worfféhContrasting results can also be
found for pancreatic cancer. The evitientelchis still limited, and the Pidirslaould exist

on pancreatic cancer is still d€l58beé. most recent findings sustain the hypothesis that a gen-
erally healthy lifestyle (including active habits) could prevent pa¥icreatic cancer.

Another importaspeds the periaaf lifeduring which the PA is pedctin a recent
metaanalysis by Hidayat (2020), the R&daitaectyoung age is associated with a lower colon and
breast cancer risk. Moreover, the lifetime PA decreedatedamslerfor colon, breast, and
endometrial carféé&ven though the nunolbestudies limitedeverfor pancreatic cancer, a
conclusiohasrecentlpeen advancddlineatingowcumulative PA througholifebpan and

during young age could be a protective factor against pancre&$ malignancies.

1.3 Physical activityprimary prevention

Thebeneficial action against eahated risk factors could be carried out in several ways
and several biological pieces of evidence support the role of PA in caRastlpRzvention
impact has been related to-calated risk factors by negloicpreventing badgighincrease
and improving body composition with increasedést-rom this poinivadw, PA's beneficial
influence on body weight mediates the PA benefits in cancBeypeeakotioeek factors
are obesitglaed; thusnimproving body weight, PA could indirectly improve the adverse conse

quences of some obesisited risk factors predisposing td€guocerEy5
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Even thoudiodyweight managenreptresesian important goal in cgmesention,
evidence suggests that weight loss alone is insufficient to dewlatse tskdactdy.
promaong imprawng and withdraagsome systenaied physiologiftaictionto normalk Amay
effectivefyreventancerogenesis in specific cancér types

Exercise, and consequently PA, induces several physiological modifications through col
and highly coordinated responses. This is possibtedbskalesal muscle tissue is sedogni
as an endocrine organ with paracrine and enddcrgnelsigaeeristics, stimulating interorgan
communicatigfDuringcontraction, skeletal muscle tissue produces the myokines (cytokines e:
pressed, produced, and released by the skel¢isdumelisesponsible for the "crosstalk” between
the muscle and other oygactasboneheart, liver, brain, and adiposé%tlaser®rgan com-
munication allows reprogramming multiple regulatory systems, including metabolism and imn
In thiscontextexercise is a potghole body environmental challenge, and the chrenic exercise
induced pertutibas could promote physiological adaptations affectungrtioeomroon-

ment.®>

1.3.1 The effect dfysical activitigmetabolism and metabolic growth factors

ThrouglnsuliAindependent mechanisms, canshaonstant PA substantially intensify
glucose uptake and clearance in skeletal muscle, leading to redwleddsszsa dlopend
IGFlevelsThus, PA helps in regulating glucose hofid¢odtasisvay, in the first fdp,
reduces the volume of available growth factors and nutrients in the systemic milieu, while,
second step, it improves and/or restores the subsetpoeliyt wialbolic homeostasis.

This improved or restored homeostasstievplotential twmaicroenvironment or
tumar cellswhichthrough PAchronic action, are not supplied anymore with enough nutrients

and growth factors stimulation. Studies supporting this concept are emerging haven though tes
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been carried amly on animal models. For example, after PAnintktagnith cancerogenesis
and simultaneous reductions in cirmdatingnd IGF1 are documented on a chemically induced
mammary carcinogenesis model. In anothgastudgn animal model, the PA can also reduce

the PI3K activation, a patbsistant to tfenelffood restrictiéh.

13.2 The effect dfysical activitginflammati@nd immune system

PA camodifithe two branches of the immune system; however, the responses vary d
pending atheacute or chronic habit ofgmgéA In general, chronic PA lowers inélgoroe
matory circulating cells rather than increasing them, as happens after an acttdrbout of exerci
this wayeisurdime PA and PA padtin daily routnsuch as active transportation to work, are
established to decrease inflammasi¢a.deyeirculating fibrinogen-aeac@ve protéih).

The rolefdA on inflammation and innate immureghiketna tleedocrine function of
the skeletal musdlee targetig the skeletal muscle tigswen endocrine orgatedtay
observing theBlas a myokine, tasigskeletal muscle tissue secreted factor. The production and
release of-B.during the contraction are somewhat unique, both for its transcription process
function. During muscle contractom|eéasincreases up to-1@l@ and can inhibit thesTNF
production. TNF is one of the factors responsigtaderilti@ammation, predisposing to cancer
development. To sum up, through its action éhsENFetdd by the skeletal muscle during the
contraction is targeted with anflanmtimatory function rather tham#igonanatory function as
it is usually descriffed.

Additionallghronic PA far® the decrement inipfammatory monocyte and cytokine
amounts and modulates NK cells activity. In animal models, macrophage andatieatrophil accur
are reduced in rats exercising regularly, indicating that Pthemidevoadiohthese cells

in fat tissue or a possibleurumicroenvironm@rinally, several studies prove the responsive
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traits of NK cells to chronic PA. It seems that exercise and PA enhance the cytotoxin functior
NK cells, probably mediated by the releasing%f'the IL

Focusing on adaptative immunity, chronic ffesbamse the circulating lymphocytes,
such as T celsdditionalip,regularly active subjects, PA seems to prefremtcboettgment
to apoptosi¥Relating to cancer, 12 weeks of mtuleigti@tensity exercise reduces circulating
concentrations and proportion of some gramiytiaiatees, and TNF in conjunction with a trend
towards an increased number of activataeb@iodlarly for G4 increment is seen with a

highintensity PA rather than a madeasity PA7

133 Theeffecbf fhysical activitgoxidative stress

The ROS' downregulation may have antitumoral effects by promoting cell apoptosis. |
view, oxidative stress level modulation cdelddedp cancer risks. PA is considered a helpful
tool in regulating oxidative stress and, consequently, preventing cancer onset and developms
deed, the PA mechanism in the context of oxidative stress nsay e tseorwagss.

Firstly, PA is usually associated with either an augeetivig &x@X enhanced DNA
error repafrTaken together, these two actions have important implications in both cancer preve
and the lortgrm quality of life of cancer suf¥/idorgever, especially in postmenopausal women,
the role dtAon oxidative stress is more efficient when combined with @ correct diet.

Secondly, simultaneously with the antioxidant effec, ftAcstidave activity. Gener-
ally, the tumromicroenvironment and its balance between ROS and AOXsemsltietion are
exogenous ROS. In this situation, the exogenous ROS induced by PA can disrupt the balanc
tumar microenvironment, andh®sscadjuvant characteristics during cancer théidgses.
effect is most visible in some genetic polymorphisms, which induce different and more pote

sponse&:’®
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134 Theeffecof gysical activitgadipokines imbalances

PA reduces the body mass, particularly the fat mass and, consequently, induces chan
circulating adipokines, a product of the fat msgscilitakly, between leptin and adiponectin,
adipokines' unbalances are primarily rebalanced by PA to reduce the body fat-mass. Chroni
term (>12 weeks) exercise training protocols are usually accompanied by a reduction in the
leptin level amtreased adiponéeétin.

Concerningcute exercise, studies state that the decrease of thedegsiraleygg
term (>60 minutes) with a high caloric expenditure (>800 kcal). This is probably due because ex
respecting these conditions can stimulate the FFA relessemmadnalkibi the action of leptin
unnecessary and, as a resuwggsiegrits circulating ¥véiis process is an evident link between

obesity, PA, and carelatd risk factots.

1.3.5 Theeffecbf hysial activitynsteroidormones

PA may exert its-aaticer effect on female steroid hormones directly aiAd inedirectly.
first consists of a proven PA actestadidlormone levels in both gand postmenopausal
women. In other words, vigorous exercise can directly decidasectiatismpsdtradiol he
second expects the mediation of the PA action on the adipose tissue. Adipose tissue is one
principal sites of sex hormones production in premenopausal and, especially, in postmenoj
womeptIn a study conducted on 1092 women, the increased BMI corresportisain-a decrease
centration of SHBEBence, the reduced adipose tissue due to PA intervention areakens the ar
tase process and, consequently, on the one hand, diminishesabsticEdialetitegon the
other hand augrséin¢ circulating SHBS.

Concernintpe male steroid hormones (androgens), the most considered and studied
testosterone. Indeed, high testosterone bipasaliakdd to prostate cancer in men. The
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testosterone bioavailability depends either on its concentration or on the SHBG circulating
Aerobic PA can reduce the first and increase the second; therefore, molecular evidence sugg
link betwedPA and reducprostate cancer ¥tskhe study by Teixeira and colleagues (2012)
shows that anaerobic PA can also modulate prostate cancer risk inducing specific cell apoptc
balancing the equilibrium betweerearaimgstrogeimormones in m&mdeed, the lowered
oestrogelevel seems to playitcatole in preventing prostate aHogrever, the association

between PA and testosterone cinaitsiesit

1.3.6 Theeffecof hysical activitgother canceslated risk factors

Untilnow, PA's role in avoiding cancer development has been illustrated concerning
obesityelated risk factors. However, PA could exert several benefits in preventing carcinoma
pendently of the obesity condition. These other mechanisms dbg tregexskrdtoand
clearanad lactat@ndexercisdependeangiogenests.

Regarding lactate, it is known that malignant cells anchitr&nviconment alter the
extracellular milieu's metabolic composition to creabdeaefaviconméor cancer develop-
ment. The alterations involve shgantibf extracellular glucose and glutamine with a consequent
higher lactate accumufafidre increased lactate levels in thericn@environment are re-
sponsible for tharionosuppression of immune cells, angiogenesis, and cancer cell invasion. .
these consequences reflectnmdgenic effect of lactate accufidiation.

Even though tested only on a moussewedeteks of PA reduced the cancer growth
and the lactate accumulation in tlrenticrmenvironment. Therefore, it could be speculated that
exercise may act with two mechanisms to reduce lactate concentrations. The first is that exer
muscleontragin requirand utilise nutrient availability by shifting from glycolysis to alternative

processes (such as oxidative phosphorylation), gmedycimgth lower levels of lactate
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accumulation. The second mechanism involves the eihbragiesoh @stise vascusation
that may improve the lactate clearance iortimechamiovironmest.

With regard angiogenesis, chré#is a potent stimulator of exeeg@ndent angio-
genesi¥ Trained muscles increase their zdioiliaio provide a larger surface area for oxygen
flux and diffusi@@ne of the principal mechanisms inducing angiagevessitisHypoxia
Inducible FactofHIF}, which, in turn, induces the expresseviagtular Endothelial Growth
Facto(VEGE® Explanations of the meclslyswhich exercise causes a hypoxic environment
(among theansufficient decrease in the partial pressuneiofroygggtes to activatg &1
controversrfal.

However, the factor cascade inducingdepoaent angiogenesis is considered an ef-
fective and helpful exezoizgequence to reduce thartomeooenvironment hypoxia cottdition.
Indeed, cancst®w "abnormal” blood vessels, cbadacyeimpaired oxygen delivery and low
oxygen tension, leading to hypoxia. Hypoxia condition in solid cancéf dalikatpby$iF1.
ological angiogenesis,-idthlced angiogenesis paradoxically causes pathological angiogenesi
characteed by either impaired perfusion or oxygenationaxf thieroenvironment, thus cre-
ating an enhanced hypoxia cofdition.

The translation of the regulatory effects of exercise on physiological angiogenesis in sk
muscle to sotidncers has received attétifiog potential and supposed mechanisms in improv-
ing cancer hypoxia condition are four:

i. exercise may promote vessel and vasculaf maturity;
ii. the exerciseduced shear stress may stimulate andibgenesis;
iii. exercise increases the bioavailability of nitric oxide, which mediates vascular r

turity and lymphatic vessel fufiction;
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iv. cardiac output and blood flow are redistributed during exercise, and an anin

model shows an increased blood cancer perfusi@ras@ng e

1.4 Physical activity during cancer treatment

PA practice is extended and recommended after the careiteslimgivasisterven-
tion, and during chemotherapy or other medical treatments (adjuvant treawhedtayfor the
nosed cancer pathdotindeed, cancer symptoms and treatment usually have a detrimental effe
on body functioning and hreddited quality of life, compromising daiyitifeadjuvant treat-
ments, the most reparfiactatymptoms are constipation, diarrhoea and vomiting (responsible for
weight loss following chemotherapy), pain, sudden menopause, decreased sexual function, ar
oporosis; additionally, cognitipsyattbsocial impairments and syagpt@psession and anx-
iety may occfr.

Impaireghysicdlinctioning compromises most of the physical performance in cancer pe
tients, limiting their social and daily life. In this view, PA, improving the required muscle activ
daly life tasks, is suggested as an intervention esth@npotent countermessuesluce

cancer treatment's side éffééts.

1.4.1 The role of physical activity on chemotherapy outeffeets, sidegetated
surgery, and quality of life
Studies show tleasibility amdficacy ¢tAin decreasing fatigue, anxagsesgion,
nausea, sleep disturbance, and exhaustion and improving physical and physiological funct

treatmentsr cancaelated symptoms, quality of life, and emotimiadfefi°3In prostate

cancer patients, adtigdeyidualb00100 MEMin/week) report a higher quality of lifeethan
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inactive counterpart. However, only the most active subjectinip/h@k MHES0 report emo-
tional welleing benefité Furthermorsucceeding engaging in PA protocol dujingaid
treatment is considered helpful by cancer patients also for theif¥eturn to work.

Althoughll these benefits are essential for cancer patients, alsofczaitteah
fected people experience them. What is gaining attention in the cancer field is the potential rela
between PA and treatment outcomes. Developing evidence is emerging on the PA's positive
on treatment efficacy. Better chapyotbenpletion rates are promising in patients undergoing PA
interventidff. Studies are stilinimalbut they show howekercisdependemingiogenesis
could improve vascaalion in the tumnonicroenvironment and, consequently, reduce the hypoxia
condition. In rat models, during exbeciseod flow in the wmacroenvironment increases
by200% and the hypcedmiceby57%. A lowered hypoxia and a more oxygenated tissue improve
both the radiotherapy efficacy and the delivery of chemotherapy dungsitootrevitone
ment3Ifthis is the cadeA could be considered an adjunct therapy’h cancer.

Another critical regulation promoted bydthesmtheramduwed inflammation state.
Chemotherapy excessively activatBammatory cytokines inducing dysregulation in the inflam-
matory function withodongebalanced amount of anal aninflammatory cytokines. Hence,
cancer patients undergoing chepythgrarience a chroniinfleonmatory status. In healthy
subjects, PA is known for its effects on the inflammatory response,-@nd,thsyadty, 1L
inflammatory cytokine most represented and considered when PA is called into question. Dur
contraction, the muscle rel@atiedammatolly6, which induces theiaffimmatory10 to
reduce and inhibit eithgorii@flammatoily6 orthe L = conc'® nt r at i on s .

Klecker and colleagues (2019) demonstrate that a combined walking and resistance P,
tocol can improve cancer patients' toftaqmmole undergoing adjuvant treatments. More specif-

icallythe pranflammatory cytokines decrease after six weeks, virfi@ntinesdoty increases
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from preto postntervention. Furthermore, the exercise group exhibitsoarglasibinan

changes betweep Bnd H10 and between the cytokines and receptors, suggesting an improve
inflammatory profile. Due to the interleukins and inflammatory state's contribution to fatigue
neuropathy, and cognitive impairmenftarttmeaittory profile's ameliorations could also apport
benefits to these disedses.

In addition to fakeble outcomes in-leihgdaily lifegnd adjuvahetapie®A is also
associated with better outcomes aftaucgapetreatméfits this context, You and colleagues
(2020) report that higher PA levels (>12 METS) help in reducing the postoperative complicatio
mortality rates and improvingelongutcomén patients with colorectal cancer stages from | to
[111°In the same wayuimgl cancer patients, PA and respiratory exercises help decrease the po
operative pulmonary complications (wised pedote surgical treatments) and faster pulmonary
capacity recovery (wherspdaatter the surgical treatriiéstd), even though studies on oste-
osarcoma are still sparse, the first studies advance the idea that PA intervention protocol befc
gical amputation may improve muscle strength, cardiovascular capacity, and joint mobility. Mo

these benefits rpags on in the peatgical and rehabilitation ptrfases.

1.4.2 Barriers to the physical activity practice and psychological aspects

Although the benefits of exaresvallocumented, thajority of cancer patients reduce
theilPAlevelsaind show le@mgagemanthe PA prograafter the diagnosis, immediately before,
andduring cancer treatmedeed, newdiagnosechncepatients (independaitiye cancer
type) decrease their PA level and frequency after tlendidgsosimesents an issue because
these levels are likely to decrease with the advancing of therapie$'&ifd_teense i
levels correlate with kewel of cardiorespiratory fiamel®dy muscle functions, which are

probably destinediecrease even more during adjuvarttherapy.
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In order ttacilitatBA participation, the exgnosg@s an essential factor because of its
social context. Intervention groupscémtact with other subjects in the same situation, support
from pes, empathic understanding, and increased motivation. InAReastlidylBagues
(2020), the participants report that they meet others in the same situation, and the consequen
support takes the focus away fromredatextthoughts and enhances the engagement in PA and
the quality of fif&lental webeing, empowerment, feeling healthy, less tired, and more independer
are the most reported feelings in cancer patients undergoing¥#A protocols.

The causes which prevent cancer patients from PA are several and are usually describ

1 physical barriers (physical symptoms, cardiovascular, musculoskeletal and pul
nary diseases, increased weight gain, and fatigue)

1 psychological barriers (depression, scarce motivation, fears, lack of knowledge,
awareness about PA and exercise jprogram)

1 environmeritscialelated barridesnploymesituation, access to facilities, bad

weatheandack of timg+120.121

However, theost reported motivation for not participating in PA are the more experienct
therapy side effemish as tiredness, lack of eaedgyhysicd¢conditionifg*?Indeed, most
cancer patients suffer from-calated fatigueRE), characsed byexcesweakness and tired-
ness different from the drowsiness experienced by hé&liepealeular characteristics of
GRF are predominantlyrdeted by sides effects, comorbidities, and complications related to ad
juvant treatmefits.
PA is recommended as-pmamacological interventiorRiBri@atmeéerftThe study
by Nilsson and colleagues (2020) sustains the hyapatbseessponse relationship between
PA and-®F during adjuvant treatment. More specifically, they statd\»ap bsiinesly

impact&-RF both at baseline and after 24 monthsuptfdiopatients with colorectal cancer,
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medium intensity PA can effectively reduce fatigue and improve life qualily intbileexcessive
or prolonged Rads to opposite eftédtsirthermore, subjects more active at the baseline report

less fatigue at the felipvand tend to be more acting ddljuvant treatniénqts.

1.5 Physical activityertiary cancer prevention

In concomitance with the rising cancer incidence, the cancefigeyeiaed sited
diagnosis) @soescalating, making attention to cancer survivansiroeedtbimgcessity®
Upn completion of adjuvant cancer treatments, cancer patients and survivors remain at risk o
ical deconditioning and sarcopenia (or loss of mubelsidegsygthosocial sequelae such as
depression, anxiety, and fatigneealthough thepatients may be cured of their cancer, the

ability to achieve physical, psychological, and erotiogainaglbe a greater chafienge.

1.5.1 The role of physical activity on secondary cancer, metastasis, and quality of life

Regardinghysical and physiological aspects, adjuvant treatments result in many boc
chages, such as reducing mitochondrial function, the impairment in the oxidative phosphorylat
skeletal muscles, and the high possibility of toxic effects. The consequences, such as sarcope
reduced lung capacity or cardiac reserve, cartdukattBAgranciply by aerobic exercise.

Indeed, most of the mechanisms, able in contrasting factors predisposing to cancer onset, «
same that could avoid recurrences and metastasis. Through physical (e.g., blood flow and
stress), endocrifgeg., stress hormones and myokines), immune @@ipnfmdititation of

innate cytotoxic immune @alild)etabolic (e.g., lactate) mechanisms, PA and exercise have the

potential to affect cancer growth kinetics and fétabolism.
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In confirmation of what was affirmed above, Wang and colleaguasa{fi8 2 testa
that active cancer survivors show improvements in iasuliadist@tee;r€active protein,
and glucosevelxompared to inactive survivor @ntrol®iffeeehces ind1Glevels are less
accentuated and prolpgnding on the baseline's insulin level, with higher levels predisposin
to more accentuateell@écremetit.

Additionall Arelatedlood circulation modificationsatsgpicevent the metastatic pro-
cess. Firstigne of the physical mechanisms induceg ipn€&fiujdshear stregsthe vascu-
laturemay contrast or reducenétastatic initiation and progrd$edtuid shear stress, similar
to that of vascular blood flood, directly affects cell viability, alters intracellular clsaracteristics,
growth rates, and attentnetesetastgpiotential afrculating tuomaell$? Secondly, exereise
related angiogsis is supposed to impact metastatic seeding asation ¢biongh a de-
creased hypoxia condition. The hypoxia cahepiomany turaosite is the prerequisite for
stimulating the release of thHarpaooigenic factors. These factors gnenestablishment of
secondary or metastatic cancer. However, the impreatiovascugh exercedated an-
giogenesis decreases the hypoxia conditiotyrtferigeaic factors, the communications be-
tween the first and second canceragitessaquently, Iatlee risk of metastésis.

In summary, there is ample evidence that unhealthy liidistylssdenthary and low
PA levels, increase either the risk of devetmuoind primary cancer or recurrence, as well as
metastasis and other cancer survivors' cortfdiditiescontrary, an active lifestyle is associ-
ated with a 26% to 69% reduction irreategmortatity.

As previously seen for the prescription of being physically active during adjuvant treatn
PA is recogad as an effective instrument in redB€img €ancer survivors. Even though most
studies focus on breast cancer suageoitsstudies on mixed cancer types find improvements in

fatigue, quality of life, depression, anxiety, and health managementangabjegtdgrBeti
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protocol for at letygtlveveeks. These results seem to be independent of the kimensity and
PAB:33Hencegvera light intensity PA improves the quality of life and fatigue in colorectal cal
cers#In this view,raceninnovative study, reallocating sedentary time in PA and sleep time wit
an isotemporabstitution approach, designed the light PA as the most suitatik&sejution for
cancer survivétsTreseresult aresignificant for older or impaired subjects who cannot afford
MVWPA levétFurthermore, to maintain PA benefits, the importance of ongoing regular and cons
habits of Aé underlingtdroughout the survivorahigiihese habits should not be decreased or

interrupte'@

1.5.2 The physical activity status in cancer survivors

It might bsupposed that the cancer survivors, having experienced a malignancy in sol
cases evitable with a healthy lifestyle, should be aware of the importance of healthful habits. ¢
ingly, analysis on lifestyle and, in particular, on PA in thesarsubjectstaide recent
study by Cortfsfiez and colleagues (2020) describes a Dutch cancer survivor population as p
ically active but, in contrasahigher BMI and more sedentary bebamgpared to the general
population without a cancer Ki&tdny.opposite findings concerning PA are present in the study
by Knowlton and colleagues (2020), in which less than half of the study participants adhere to
guictlined®However, the inactivity tendensyfticie®mApracticef cancer survivors are usu-
ally more frequ&ft*

The possible fastexplaining the differandbs conclusiare sex, age, type of cancer,
and time since diagrn@giegardirtge last point, in a study on young cancer survivors, Bghn and
colleagues (2021) state that only one of four participants meet the combination of being phy
active, normal weight, amdmokers; moreover, the majority of the sample isnmigictive e

The mean time from the diagnosis to the present study isarad fiteyeatsors advance the
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hypothesis that the ratgeetinguidelines is lower in4@ng survivaitsann shorterm sur-
vivors??

Notwithstanding the scarce adherence to PA guidelines in cancer survivors, intervie
demonstrate the subjects’ willingness to stapemincé?A training. Usually, younger people,
women, and bettducated individuals are more prone to heally pityise or starting a new
activity. Moreover, subjects more active before the diagrdisséztitet® A guidelines after
theend o&djuvant treatments. This is probably due to the consciousness oftheéd®A benefits.
ever, the particular physical and psychological situation of the cancer survivors population nee
culiar attention, ypedipared instructors, and specific PActrandéggand progrartt$*°In
this context, also the oncologist plays a key rol#ing cbarise) oontinuinBA. However,
oncologists are still reluctant oripireg exercise to cancer patients or survivors, and actions in

making them understand the importance of being physically active shodtd be considered.
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A general definitiosle¢mescribes it as:

"Anormal active state of all living creatures in which the mind and body are less respc
sive. Sleep is a naturally recurring state of mind thasesldiaedtsd consciousness, the
inhibition of almost all voluntary muscles, generallynsbilpitedigdy, and a marked reduc-

tion in our interactions with our surrotitlings

Sleep is an intringalmark of human beings, and it is probably assigned an evolution
meaning. Sleep shows circadian rhythm characteristics; its patterns change dodng the lifesp
aredefined based on beti@liand physiological chafigés.

Duing sleep, numerous processessamtuas memory consolidation, clearance of brain
metabolites, and restoration of nervous, immune, skeletal, and muscular systems, making sl
sential for optimum heddibwever, complete and exhaustive expasemsunctions still
remain a scientific enigfta.

The cotemporary society is more predisposed to experience disordered sleep and a de
ment in the overall sleep quality. It is supposed that disordered or impaired sleep predispo:
developing a long list of chronic diseases, including cardiovasctylpe @s#iabetes, and
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cancerPA and exercise are advocated as effective interventions for treating disordered sleef
subjects suffering from these pathdogabaustive explanatibarefationshipetween PA
and sledpas not been forrmadayet; however, many hypotheses refer to sleéfy functions.

Many authoesplore several sleep functions, ranging from immune, caloric, and neuron
roles>°Probably, some of these functions represent the bidirectional link betwéén sleep and |
In this view, numerous sthdweexplored the relationship between sleep deprivaon, restric
or extension on physical performance outcomes (usually!itiihhetes), in the following
paragraphs, it is exploredncogased PA could improvaesgif perception, quality, and health

in the general population.

2.1 Sleep architectanel parameters

Sleep shows circadian timing characteristics in promoting sleep onset and arousal, as v
rhythmicity features duringldlee period. During the day and the wake time, sleep pressure is
accumulated, and, in normal conditions, the pressure raises its peak during the evening. Cir
and hormonal stimuli promote sleep onset, and the sleep state is prolongahéoma slufficient
time. After that period, other circadian, hormonal, and, in modern society, also external stimuli p
sleep end and awakening.

Sleep is split into two fur@imhcontrihdependent states:

i. nonrapid eye movem@®REMSsleep, subsequestibdivided into four stages
(NREM stages 1 to 4), and whoseasbsledp\Wpstages (3 and 4) dominate
the first third of sleep;

ii. rapid eye moven(B&ENisleep, which dominates the last third of sleep.
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The NREM and REM phases cyclically dtesstes fab4Lycles, and each cycle
lasts on an average from 90 to 110 mniradek.humalNREM sleep accounts {80%bof
total sleep time, while REM sleep accow#S%or2ighere is a cyclic progression in the
normal addiitbm wakefulness to sleep onset to NREM and then t6’'REM sleep.

The two phases differentiate for the types and shapes of waves recollected during the
troencephalogram (EEG) and physiological changes and features. A progressively decreased
siveness to external stiouland muscle tone chasesteg NREM sleep. Furthermore, this
phase is accompanied by slow eye movements followedvigvE BGtisiowassociated with
spindles and K complexes. Further reduction of responsiveness to stimulatioa tomabsent musi
depict®REM sleep. During this phasgmssible to observe rapid eye movements in all directions,
lowvoltage fast EEG activities mixed with distitozitheveaves. In addition to phasic rapid eye
movements, there are also phasic slows pnessure and heart rate, irregular respiration, and
phasic tongue movements, leading to few periods’of apnoea.

Studies involving thesatiitin of EEG can investigate and assess if a particular modulato
(e.g., PA, stress, use of drugs, etc.) is able to inteddydlamndifferent sleep phdsesver
numerous studies, moathafhinclueé large sample size otiser instruments to assess sleep,
such as questionnaires and actigraphy. In this way, sleep phases cannot be identified; howeve
can be desaibthrough sleep duration, latency, efficiency, awakening after sleep onset, sleep
turbances, and-pelfceived sleep quality.

ThePittsburgh Sleep Quality ([R8€)is one of the most used questionnaires to evaluate
sleep subjectivélyThe selferception of sleep and its related improvement motivate people tc
abandon sleep drugs and believepiman@teutical treatments for sleep improvements rather
tharrequestingiedical assistali¢®loreover, a bettergetteived sleep quality enhances day-

time functioning, life satisfaction, and mental healtfsSymptoms.
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Nonetheless, sleep can also be assessed wittveametbjedblogy, such as poly-
somnography or actigraphy. The study {yadotedod colleagues (2020) reports that PA, par-
ticularly a higiiiterval training program, improves both subjective and objective (assessed with

actigraph) sleep evaluat@group of middged sedentary subjékcts.

Motivation, Sy Tiredness and
7 Mood, | Physical Activty | N Fitigue
General Well-bein 9

i

‘ . ) - . Immune and
f IR 7 Encuy g \JAutonqmlc 7 Mood N Obesity j [Bricee Nnflammation
Temperaiure conservation Restoration Function Function Ao

Figur@ Possible effects of acute or regular physical activity on sleep and, vice versa, of sleep on physical activity
tice (bdirectional relationship).

2.2 The relationship betwégnical actiatydsleep

Sleep disturbances and probdsoisng in a lened sleep quabiye common protdem
in modern society, with higher percentages of subjects reporting disturbed sleep. Sleep proble
known to affect either daily life or Sobgittsiegatively. Indeed, subjects suffering from impaired
sleep usally show a lowered functional level for daily activities and an increaseshdate of specifi
chronipathologies, such as cardiovascular disease, diabetes>’a&& wibtlesitpore, sub-

jects reporting better sleep quality or those having a healthy sleep, and thus being satisfied w
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way they sleep, usually show asedcsefierception of he#ithlence, improving sleep prob-
lems could lead to the decline or resolutienpatisologies.

The treatment leiep problemludes both pharmaceutical apbdaroraceutical ap-
proaches. According té\therican National Sleep Fouli2@li®)) nepharmacological treat-
ment options are the preferred first choice of trae@ptrditems becauaecadiingome
side effects provoked by pharmaceutical treatment. Otherwise, pharmaceutical options should
scribed in combination with-ph@ymaceutical treatfftent.

Nonpharmaceutical interventions usuallgliechrksleep hygiene clingseogni-
tive behavi@l therapyglaxation exercigesl PAPA and exercise are describectsdtixe
and powerful tools to improve sleep quality in sexedati@agase the oiskufferinfjom
disturbed sle@épigure 2§*On the contrary, as Morgan (2003) states, physical inactivity or low P:
levels are a significant and independeimatiicfoasteep and ldtfe insomnié.

More recentiyaderlinden and colleagues' review (2020) demonstrates that PA significan
improves sleep quality, sleep latency, sleep duration, sleep efficiency, and daytime functioning
over, in subjects over 40 years, PA decreases sleep medication agsenithehea &8s,

Concerning sleep stages, it is possible tesstnantre effects of PA on sebhsequ
night sleep resualimore extend®iREM sleep period (meaning a more restotatperand
sleep) and shorter REM $feep.

The role of PA as a means to improve sleepsésl idooaghiout the lifespan. Regular
PA lasting at leastlveveeks is described, on the one hand, to decrease NREM stage 1 (very lig
sleep) and, on the other hand, to increase R Gsleep continuity, and sleep efficiency
adolescer® Another study states that increased PA promotes improvement in sleep quality re
than sleep durafirurthermore, PA and regular sleep scheatielés@rmeain factors associ-

ated withdalescents' more favourable metabofi€® profile
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Focusing on young adults, also in this population, individuals who engage in high PA le
are more likely to express a better sleéfi Tualttgsitive influences are even more evident when
body composition is taken into account. 15 weeks of PA show evident improvements in sleep
in those classified as overweight/obese, probably due to a decrease in the body fat percentag
likely to improve sleep qdlity.

Active young women report a better overalligledyriggabld agath longer sleep
duration and less awakening during the night than sedentary women. In addition to the possibl
iologicdinkagebetween PA and sleep, one possible exXptam#tiemuthors is that those who
practice more PArapre exposed to sunlight, which is in one of the principal circadian rhythn
synchrorers. Especially in the elderly, who are physiologically subjected to a circadian rhythm di
chrorgation, sunlight exposition could help them maintain a maadiegulaytbm and, con-
sequently, reflect improvements in sleep pétafheters.

Although these are just a few studies involving PA protocols and sleep evaluation, it is
sibleto understand how the relation between PA and sleep appears strong. However, the |i
mechanisms and the exact outcomes are still unclear. Probably, numerous variables (e.g., P.
larity, type of PA, time of day of PAsdithgsg level, evahtibesity situation, sedentary be-
haviars, etc.) interfere differently with sleep parameters atfdTduispmeke following par-

agraph, different exercise attributes relevaatdalskezhed

2.2.1 Effects of acute and regular exercise on sleep

The terrfacute exercisedicates a single bout of exéRagglar or chronic exércise
denotesrainingsessions repeated several timesadspgfic timm sleep reviews, regular

exercisis not wll defined, probably depending on the different stuédyf protocols.

39



2. Physical activity and sleep

The review by Chennaoui and colleagues (2015) highlights that acutenexercise has
effects on sleep architecture by inCB¥aSIREEM sleep latency and decreasing REM sleep
amourit®Besides, Krediawd colleagues' (2015) review demonstrates that acute exercise has r
nor beneficial effects on sleep efficiency and NREM stage 1 and substantial effects on sleep
ance&* Particularly, the decease of NREM stage 1, which is cdlgidsiesthad the
increase &WSthe'deepsleep,duréion suggest that PA could be able to shift the sleep cycles
towards a more restorativeSleep.

Sleep durationhis tmore consistent moderator on the acuteegéfetitonsleep™
In generaxercisghould last more than one hour to achieve effective improvements in sleep qua
The type ekerciseeems not to affect therkhe effectsamfute exercise on stéep.

Focusing on chronic exernigbeir studgstingwelvanonths, King and colleagues
(2008) demonstrated how a regular and-mtmhsigteendurance exercise could improve either
objective or subjective sleep parameters. More specifically, participants improved the percentas
of NREM sleep stage 2alpisohssociated with a more positive sleep perception. Furthermore, slee
disturbances and latency decrease. All these improvements result in atfidetipgietheested
morning’™*

The raew by Chennaoui and colleagues (2015) confirms these findings. Regular exercis
associated with increg¥égtotal sleep time, decreased REM sleep, sleep latency, and awakenit
after sleep onset. Moreover, in adolescents, regular PA implese<tivéealty. However,

PA interventions lasting at least 16 weeks seem only to improve subjective sleep parameter:
for objective sleep improvements, longer interventiond’are needed.

Kredlow and colleagues (2015) state that both acute and regular exercise positively &

overall sleep. Aaxercise is reported to have a small effect on total sleep timeSslep latency,
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and decreased REM sleep. Mtallenagely strong positive effects are reported for regular exer-
cise, improving all the PSQI subscales, including total sleeffitraacg|eam latéricy.

Even though battute and regular exercise maheeFigure 2)it could be con-
cludedhatthe highest proportion of beneficial effects of exercise on sleep are obtained with tl
trainingessianper week!>%ndeed, regular exercise substantially changes somatic functions
that are supposed to be related to better sleep. These somatic changeminoljdedang
ments in body wemyid composition, basal heart rate, cardiac and immunediycetonicand
control. In addition to somatic changes, regulamexeves®od, anxiety, and stress states,
which are known to influencé®lésgreover, regular exercise and healthy PA habits may at first
help people abamdetrimental behargidor sleep, such as the use of alcohol and caffeine. Sec-
ondly, they increase total sleep\Wfdeep sleep and reduce REM sleep or awakening time after

sleep onsét.

2.2.2 Effects of timedafofphysical activity sleep

The effects of PA on sleep and its parameters also depend on the time of day the exer
performeéxisting researches suggest there is no comyireberisiaguring which itiest
to exercise for sl&&However, some general assumptions could be inferred by the current reseal
conclusien

It isusuallpuggested that exercise earlier in the day may improve the quallity of noctur
sleep. Sleep improves when the parasympathetic nervous system enhances its activity, and tr
be stimulated when the sympathetic activity diminishes after a greater activatiéh due to exel
Fronthispoint ofiew, morning exercise is shown to significantly diminish ,shegxrisgency
andprolongleep sleep duratiwhile awakenings after sleep onset decrease after evening exercis

in a sample of young adtiits.
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Brand and colleag2€d 4pbtained different results; in their study, exercise an hour and
a half before bedtime is associated with increased deep sleep. More specifically, decreased lig
and increased dskgep are shown by those who report a hjggreesaltl exertion, meaning
that selberceived exercise exertion and objectively assessed sleep are positively associated.
The differences in these studies could probably be ascribed to the exercise intensity. T
tional sleep hygiene principles impute an increasedandauwtiyatemperature, and adrenaline
levels to intensive exercise thuee efore slegytogether, these body condiégatvely
impact sledyy lowering sleep efficiency and increasing time awake afteh sigkpeonset
situation is depicted when meidéeataty exercise is geathetween 4 and 8 p.nveorlater.
In this casexercising before bed may not prodadecsmgffecisand the individuals training
late in the evenial) asleep quickly, experience an adequate amount ohdesy\skegs
stage 1 (light) sleep, increased lateREWMf slegmd wake up feelingnestedThus, only
vigorousxercising before bedtoo&l benherently harniféil.
The different sleep outcomes related to the time of day of the training can be explaine
another facttre chronotype of the subject. Subjects with an evening chronotype are less sens
to sleep problems winegrcishappens in the evening because their internal circadian rhythm is

aligned with more activation during the evendihg hours.

2.2.3 Effects ghysical activityensity on sleep

The intensity of exercise on improving sleep is probably dependent on the subject's age
physical fitness level. In radald and eldelbyyto-moeratantensity exercises reported better
sleep outcomes such as PSQI overall score, subjective sleepegueatifftgultind falling

back to sleep than the vigorous exercisé%®rogram.
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In adults, moderetgigorous exercise can increase sleep quality by reducing the time tc
fall asleep and the time apakin bed during the night. Additiexaligisextends its benefits
during the day by alleviating daytime sleepinessgiie neelexd for sleep medications

Strenuous and prolonged exsrkisanwn to have detrimental effects on sleep, probably
due tancreased cytokine levels. Indeedrafierintensitgxercisehe skeletal musclasele
inflammatory cytokines, includingnd. TNF, which, in turn, contribute to the delayed onset of

muscle soreness. Altogether, these consequences are able to disturb‘&hd disrupt sleep.

2.2.4 Effects of the typplofsical activity sleep

The most suggestgdrcisg/pe igerobic exerthat can improve sleep and battle in-
somnia when performed daily and at least 150 minutésAseobier&rcisecreases total
sleep tim&WSpatrticularly stage 4), and delays REM*latency.

Additionally, strergéiming is suggested in order to reduce sleep latency aad awakening
after sleep onset, while yoga or relaxation exercises are primarily adyisatwisensieess
from falling aslé&pndeed, Siddarth and colleagues (2015) report significantly better mood, mer
health, and sleep afterbaudy exercise intervention compared to indivigh&tlagpartaero-
bic exercid®lIn this contextcorporatirgblend of aerobic and resistance movements at a mod-
erate intensity empghasielaxation and the release of &msionng up seems that a mixture
of different typesrércises most successful in improvingndifieep parameters simultane-
ously®

FinallyyWennman and colle&p@%4) studyntheFinnish poputaticoncludes that
leisurgime PA is more effective in increasing sleep quality. On the contrary, occupational PA

sociated with worse sféep.
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2.3 Possible mechanisms linking pagsuiil and sleep

The potent slegg@moting effect of PA on sleep isfemidartnumerous studies-pro
ing it and the several PA variables tested to verify the connection between these two spheres o
lives. Quite a few hypotheses and explanations have been advanced to expl&iowiese influence

ever, definitive evidence and conclusions abdiuesaing processes are still inconclusive.

2.3.1 Thehermogenic hypothesis

Sleep onset is promoted by the bodydowaoi, thudroppinthe core body temperature.
The heat dissipatioourshrough vasodilation and increased sweating.

PA can mintiee body caadin preparation for rest. Intbeelgt, temperature increases
during exercjsnd afterwgrd dropghrough dissipation mechanisms, including peripheral vaso-
dilationThe similarities between the changes in body ctue tdopey@fter PA and before
falling asleep could helgignabthe brain that it is time to fall d3laeg.and Taylor (2000)
affirm that exercising at a constant workload with an intensity.Qfni@yoas®@e core
body temperatuyeglpproximately 2°C aft@0l®minuted he consequent drop of the core body
temperature reproduces the trigger pourtsteégvonsetFurthermore, regular PA induces a
more regular decline in body tempesfi@atensn more regular sl€éphe core body temper-
ature elevation before bed timing is associated with a highelQWecw@gteinecha-
nisms that prom8¥Sre the same that reduce the dptemperatdfe.

One dahetrigger hormes for body temperature regulation is melatonin. Clearly, melatonin
has either a hypothermic or a hypnotic effect with sleepamagensttgidis supposed, and
some studies even prove this, that endogenousonekitnaitniaffected by PALhe study

by Atkinson and colleagues (2005) supports the hypothesis of the link betve¢emiiPA and
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secretim'®However, melatonsosensitive to many factors, such as light, time of day, sex, age,
etc., that it is difficult to estaldiske and stable connection between PA and endogenous melaton

secretioly?

2.3.2 The pergy conservatypothesis

Metabolic requirements and expenditurefiaemttygreduced during the sleep period
compared tbatof awakeThussleep is an instrument to preserve energy use among all other
functionpromote energy conseryatdgenerally, haareole in energy regulation

PA is the leading stimulugepleting enesqd, consequently, impacting sleep. Hence,
after PA training, a larger energy amount is depleted, and more sleep or a night of more rest
sleep is needed to restore energy balance and preserve the energy extemt stilharesent in th

being®

2.3.3 Thecompensatory hypothesis

The fundamentals for the body or tissue restoration hypothesis are similar to the energy
servation ondSther the energy conservation or body restoration hypothesis ad¥ance the idea
high neefbr sleepfter PR?

Evidence of this hypotissiated to deep sleep. Restful sleep usually results after a night
with increas&VSand activity and a delayed andiiRBie¢ime. Thus)ekp is assigned a
restorative function, the principal mechanisre thattimaldte this function is PA and the related

energy expenditite.
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PA during the waking period saaa®bolic activity for the metabolic processes. During
sleep, the principal activity is the analstimnwaéed or promoted lwuRAg the previous day.

Fronthispoint ofiew, PA is a stress factor able to facilitéte sleep.

2.3.4 The ardiac and autona@sygteneffect

Studies on PA's influencbsam rai@iR orheart rateariabiliffHRYduring sleep are
still in their infancy, and firm conclusions are still lacking. However, stiHiymagifies the
during sleep after PA would make it possible to understand the autonomic function change
adaptations witRis basically statiofry.

In normal conditions, sleep, particularly deviffenieds, is characterized by a decline
in sympathetic and an increase in parasympathetic activity. This situation provokes changes in
and autonomic regulatimakinglRslow down. Sleep problems or insanseasympathetic
overactivity, thus prevethat$Rirom slowing down BitMrom increasing during sleep. The
cardiac adjustments during the night are promoted by the vagal stimulati@editbitle is suppo
the linking mechanism between PA andHietlineg sleéf

Thshypothesisbased on Sandercock and colleagues' stumhn(k@€iGNs. They find
that regular exercise enhances vagal modulation inducing bradycardiaasharinmgyhiee night
HRVThe vagal modulation reflects patediovguaivity, which, in turn, could improve mood and

sleep®

2.35 Anxiety, stress and depression

Astressful or anus and depresdperiodtan intrudenthe ability to fall asleep; in other

wordsit prolongthe sleep lated®urthermore, Dzierzewski and colleagues (2014) suggest that
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mood regulation and arowsar@ponents that may heavily impd&tiskgpears that mind
body disciplines may assist in alleviating symptoms of anxiebadanoosali-orthermore,
the regular practice of PA raises the endorphin secreg@xdtoisg liotfEndorphins are
hormones able to impnoved ansleep qualitsy.

With regard depression, one of the main symptoms is disturbed sleep. PA is even mol
and moradvisableand used as an alternative tredthepnession. It is plausible that regular PA
helps in improving depression symptoms by improving sléé@mepasiible mechanism
explaining this relation iBriéu@ Brived Neurotrophic Fé@RiXNFhypothesis. PA is well known
to increase BDNF concentration, a mediator factor also involved in depression. In depressed ¢
practing PA regularly, BDNF concentrations are regularized, and depressioatdffptoms attenu

From a different point of viereldtien RBDN¥Sleep can also be described as Sleep
BDN#PAIn other words, the loss of sleep quality leads to higher stress levels, stimulating the co
secretion and, si mul t an eDimisished BDN§ prodpctioms s i n ¢
possto a great depression vulnerability; however, PA is consideradsaidedbtirapgmve

BDNF balance, stiass sleef

2.36 Obesity and fat mass

Some studies evidence how sleep improves after PApnbbaeishiemesults of a
decreased body mass and, somtnias ma¥8.Obese subjects are more likely to develop
sleep disordeesnd shortened sleep duration is strongly associated with obeslitg angoung adu
adult$®* By improving body composition through a PA intervention, it is possible to reduce sl
problems and enhance sleep’uality.

In this viewtanswdr h and coll eagues® (2015) stud)

an elevated risk of sleep problems and poor sleep quality independently of thevieA or sedental
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The significance of this finding is that by improving body composition|ssiegm auesity
Consequently, PA, by improving obesity and composition, may improv&%leep indirectly.

In fagtin a cohort of type 2 diabetes patients under PA ihtatyentight andtot
abdominal fat reducii@accompanied by a drop in sleep distdtbntes.condition, PA
affects sleep indirectly by reducing excessive body weight, making thdiketinio exisdes
rience obstructive skagpoeaymptoms. Indeed, obstructiveaplesges one of the major
symptoms disturbing sleep, and roughly 60% of obstraphveaises have been ascribed
to obesity?

Another biological explanation for the parallel changes in body weight and sleep may b
abnormaesponses in ghrelin, leptin, and orexin after sleegOeshéctor. handesity risk
increases with a chronic sleep duration <httharsther hahe)dck of equiltombetween
these metabolic hormones is responsible for owtheatsagiagody mass. PA, influencing

sleep qualiyd duratipoould also be responsible forehailieriurof these hormo8422

2.3.7 The pdocrine functions

The main hormonal secretions responding to exercise and influethciag dfeep are
Growth Hormg@H and melatoriia.

Studies on GH concentrations after PA and during sleepsaresoahesieeand in
contrast? The principaldings show that GH concentrations are relatively unchanged by resistan
exercise bout during the subsequent night; what is substantially altered is the shape of the Gt
and the secretory events, thiytdmaiof the secretidixercise bout resulta less ordedi
releaseharacterized by a gréatpency of thecretory bursts with a smaller quantity of GH
secreted per burst. The physiological significance of the altered secretion profile and its ev

significance on healtinamiusive®
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Concerningelatonin, PA has an effect also on this hormone: however, its modifications
linked to several indirect effects, such as light exposure, time of day, sexs atjjenetc., and it

possible to clearly define the effect of PA on melateimyg iorimpdifgsleep architecttife.

2.3.8 Themmunénflammation response

Some cytokines regulating the inflammatory process are also intricateaken the sleep
cycle regulation, grihcipallthe It6 and the and T&IF sengitivio sleep homeost&#sis.
Sleep loss or total sleep duration reatediiamfactors elevatingfl@onmatory cytokines ex-
pression during the night. Indeed, the elevation of citcllagiigahd TNE&  @already
visible after few days of sleep restriction. The association between reduced sleep and inflamn
visible in some patholagasitived enhanced inflammation, such as cancer and'&effression.
Additionally, also slesjubancesme strongly correlated with an enh8apgdation status.
Indeed, the presence of sleep distudaapmased in association with and incréaseti Il
reactive proteinghe metanalysis by Irwin and colleagues{2016).

In such a situation of chronic sleep restriction, PA cotlydaact iideredtyreduce
the pronflammatory circulating factors. Firstly, PA can directly-@edidese ILand ot h

circulating pmoflammatory cytokines; secondly, PA can reduce them by improvingsleep duratio

2.4 The Bdirectional relationship between physical activity and sleep

Most of the studies are focused on describing sleep improvements in those subjects
experience a more considerable amount of PA. Hoslekmowhishat PA and sleep do not act

unidirectionabut they can interf@tbeach other in adimectional way. Therefore, sleep quality
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and amount can predispose the subjects to feel more or less inclined to practice PA during th
sequent d&y.

The role sleep plays in PA levelsitesnnstudied thoroughiynywever, most studies
concludthatindividuaksxperieimugpoor sleepnd suffering from sleep pathologies or disorders
areusualljess active than those with healthy sleep. In particular, people with certain sleep diso
are not likely to exercise during tH&'ddyor example, the study by Schmid and colleagues
(2009) advances the hypothesis that, iftdershieep loss reduces both the PA and its activity
the following day, a chronic sleep duration curtailment could reduce RA, ithéineblpng
incrasing the risk for obesity, diabetes, and adverse cardiov&Scular events.

Factors that caavent the subjects from PA after a nighéstfuisieep are several:
motivation, mood, generabeiell, tiredness, fatiguéetc.

Despite these resthis research has not conclusively prdwsaitthegieep leads to
increasedAlevelsEvidence suggests at a good the syubjett@selrestede e p cC ¢
and more motivated to exercise the following day, but healthy sleepbasuificiaay toot

enhance PA habts
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3. Restctivity circadian rhythm and

sleep assessment: actigraph

In nature, all liviagyanisms, starting from the singular cell and ending with the human
organism, show several functions that recur periodically and with different frequencies. The dit

dedicated to the study of the rhythmicity of functions is chronobiokfgyedvésch is d

~othe science that quantifies and obje

structure, including rhythmic manifestations of life. Among various subspecialties, chronobiolc
cludes chronophysiology, which describes temgstitionarof physiological processes. It

evaluates cyclical nervous, endocrinal, metabolic, and other interactions within the organism t

derlie biological temporal <characteri s

The primary impulse of the periodic phenomena is loCaetiahNeevous System
(CN$, which includes several structures proposed at various times @scteigprirhgitym
generator: the pineal gland, the hypophysis or part of it, the hypothalamus, and the suprachie

nucleus. The last one is the structure most frequently ppioiaiategisig as the biological
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clock. On the top of the optic ateakroation allows it to process and integrate the signals from
the eyes, the released hormones and other neuronal signals, functioning as a trigger point for
ioural and physiological e¥fénts.

However, t he suprachiasmatic nucl eus d
structures are integrated and work in a network. The first demonstration of this dynamic dates
1977 when Hallgeand colleagues (1979) report a modification in the circadian rhythm of boc
temperature in rats but not its disappearance after laser ablation of the bilaterally symmetrica
chiasmatic nuétef*

After much evidence from other experiments, it is possible to conclude that the CNS tran
rhythmic informatioatteer brain regions and, secondly, to peripheral tissues through a multiplici
of outputs (e.g., endocrine signals, body temperature rhythms, and indirect cues provoked by
lating behaviour). Hence, the main dineasligonachiasmatic nualedigcondary oscillators

are located in the brain, while in the periphery, circadian clocks are functionald most body ce

3.1 TheReshctivitgircadian rhythm

The biologic rhythmicjtansong several othdicesdefined through frequencies that
describe rhythms as:
 drcadian: 20 ho@& 028 hours, thus rhyshnith a frequency of one cycle in
24 + 4 hour®’
T utradi an: 2 < 2 0eqhency greater tharhomescycte m2Q@ h m
hours and higher than the circadiart®hythm;

T nfradian: 2 > 2 8requencyfowerthan birdd8lianr hy t h m:
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Most human functjonsluding the slegake cyclehow a rhytfical periodicityound
or slightly loagtha24 hoursThe 24our sleepake cycle includes the contralesitéodivity
rhythm, which, lasingun@4 hours, is usually c&lesiActivity Circadian Rhythm {RAR).

Thecircadiasleepvake cycle, ageherallihe circadian systisna complex functional
system strongly linkedd a |l | o r gaadpromate® by the interacti@hameostatic
procesdndeed, slegw the rest period during the 24 isgorsmotedaly accumulatisteep
pressure during theatayakefulne3$ie sleepressure is dissipatadng the sleep peaiod,
at he end of whjeéhwake@romoting signal istlwato promotihe awakenirighusthesleep
wake cycle and RARfavoured by slpegssure amihkgoromotingigna that should respect
regular timintndeed, the peak of geegsure sholldppen immediately before the sleep start,
while its nadir shortly before waké¥me.

Complianceith regular timing and signalstasciBaessentialorder to mainttie
or g ani sTm@esyndhrerazhtibniin.these two ossléprand awddéads to the desyn-
chronization of RgtRdisposingunhealthy status ughtonic disea8erhs desynchronization
could be favouredabificial or external conglitmch as working on-glufkor duringhe
night or natural aptysiological processes, suchrag a¢*®

In shiftvorkers or night shifirkerghe oscillatioattveen the slgmessure and wake
promoting sigm@hot more aligned with theighialternatiome of the promirgmichroniz-
ersof altircadian rhyth##fIn the elderly, probably the detariofdhsuprachiasmatic nucleus
weakenkecircadian rhythifhis condition leads to a higher possibility to develop chronic diseases
such as type 2 diabetes, olagsitgrdiovascular diseds&3

Finally, in some chronic pathokgibsas cancer, neurodegenerategaboldis-

easesyn altered desynchronized steefe cycle and RAR has been higfii¢thted.
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3.2 Parameters of the rhythm

Every rhythmic biolodigadtion, including RAR, could be descréredyasidy ex-

amining its rhythm, described as:

~ oaregulaperiodicomponent in a time sequasm®nstratbginferentiatatistical

meangyreferablyithobjectivetyuantifiecharacteristib®quendy), acrophase (&), amplitude

(A), MESOR (M), and waveform

which is mathematically deduoyitefbllowing form:

ft)=M+Acos( |+1Q)
wherel = angulafrequencyndt =timeThis is the form ofagproximatifignction, which
represents a sinusoidal shape usdghiyttimometric Cosine Mé&thod
The parameters of the sinusoidal shape and the characteristics of a rhythm, considering the be
cosine, are shown in Figure 3 and are usually described as follows:

1 Acrophaséhe measure of timing. It is the temporal distance from the point of the
curve to the crest time or the peak of the mathematical function that appropria
approximates the rhythm; it is also defined as the phase angle of the crest in rela
to the specified reference timé&4ppbaauld be reportethwifferent measgr
units, such as angular measures, degrees, radians, time unitsalepphysiologic
sodic unif$®

1 MESORMIdline Estimating Statistic of Rhytim® average value of the rhythm,
in other words, thaigah between the highest and lowest points of the function,
which approximates the rhythm. It is described with the origialpikgSiologic
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1 Amplitudehe measure of half of the rhythmic extent changergpassgies it
the difference between the maximum of the cosine curve and MESOR. It is meas

with the original physiologictiritts

30 Peak

=9 Acrophase

25

Amplitude

Units
3y

0 3 6 9 12 15 18 21 24
Hour

Figure Example of a biological rhythm and its parametric parameters: Acrophase (@), Amplitude (A) and MESOF

Acrophase, MESOR, and amplitude are the parametric parameters of the single cosinor
This modelependsn the assumption that the activity pooceed on the time course as the
results of the superposition of two components:
i. the trend, which is the smooth deterministic gomponent
ii. the natural tiretime variability around the, which is the random component.
These two components cantkeyedras a signal to which a certain amount of noise is
superimposed. However, through a visual inspection of the raw data, it is possible to affirm t
activity counts collected during an epoch of 60 seconds do notlyebpeet awittiend
More specifically, particularly during the daytime, rapahgnthveidievity counts are the norm
rather than the exception. Due to their nature of identifying rhythm with a circadian periodici

parametric model is unsuitable tan®lfogditequency changes exhibited by the activity counts,
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which are treated by the analysis as residuals resulting in a loss of data variability. An altern:

complementary approach is represented hyatiaenednc approach (Figure 4)deyiruis

onsixother parameters:

=

Mear(M): the mean value of the activity levels

Variano®/AR the variance of the activity levels

Interdaily Stabii§y: the measure of rhythm stability (ranging between 0 = lack of
synchronization and 1 = perfdutosynation); it provides information about the
RAR synchronization and stability in conedth@avicenmental stimuli;

Intradaily Variab(liy the measure of synchronization of the RAR to the 24 h light
dark cycle) (ranging between 0 gieenfeal rhythm and 2 = more fragmented
rhythm); it indicates the fragmentation of the RAR, deriving from its changes of R
such as from a diurnal nap or a nocturnal awakening

Nocturnal activity: the average activity during the least active $parhof

the 24 hours

Daily activiiy1Q: the average activity during the most active 10 hours span of the

24 h)’&_lg 221

Unlike the parametric approach, this methodology condenses the RAR time series by a

numerical indices that do not require the investigatoraspesifiddienctional form of RAR.
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30 Peak

Units

1 1 L J

0 3 6 9 12 15 18 21 24

Hour

Figure £xample of a biological rhythm gparaoretric parameters: Nocturnal activity (L5) and Daily activity (M10).

3.3 Components of the rhythms: endogenous and exogenous factors

As stated abaverhythmicity and frequency strofcélireving organistesn from the
teamwork of neuratmonaknd cellular systems. However, other factors could influence and mod
ify the intrinsic and periodic characteristics of biological functiors)\starimsentiaé factors,
also callesnchronizefs

Based on their influence on the variable, the synchronizers are usually addressed as pi
or secondary. For most living beings, including humans, the most influencing synchronizer |
lightdark alternation, reflectingatgity (RAR) cycles.

The action of synchronizers could be understood by observing Figure 5, in which the full
represents the circadian rhythm of core temperature in subjects living normally, while the dash
shows the effects of-b 24@anstant routtine T hné routiree somdists of remaining awake,
sedentarg,nd r el axed for at |l east 24 hours with
In constant routine conditions, the rhythm of core temperature does not disappear; it only ch

compared toe full line.
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On the one hand, a possible explanatio
clock® that conserves the endcocdQnnheatlser c o mp
hand, the difference between the two rhythms (i.e. the two lines) is due to the exogenous com
of core temperature rhythm, which is domihatezsbgtivity cycl These conclusions are
general and could be extended to all rhythms bethoseshibrina mixture of endogenous and

exogenous componéfts.

slesp

37.4

37.2

37.0 4

36.8 +

Rectal temp. (°c)

36.6

36.4 -

36.2 -

1 T 1 ¥ L] L] L ] k |
24" 049° 08°° 12°° 16°%° 20°° 249° 04°°

Figure She daily rhythm of core temperature in a group of eight young men. Full line: under normal condition (sle
from 12 a.m. to 07 a.m. indicated by the bar). Dashed line: uAdeugmingtar24outine starting at 04 a.m.

3.4 An objective assemsnof restctivity circadian rhythm and sleep behaviour:

the actigraphy

The RAR, daily physical activity, amékéepptterns could be monitored using actigra-
phy, an objective assessment method that, compared with traditional polysonmoggaphy, appee
practical and convenient for extensive use. Actigraphy is simple to use and can record highly |

and reproducible data for days, weeks or even longer, providing critical information in asses
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p er s o mwake pattdii&&T pe activity levels are recorded over the 24 hours, making possible
the analysis of RAR.

Referring to sleep, actigraphy has been validated against polysomnography, the gold stz
in sleep studi&$z¥Furthermore, it has been shown to provide specific information on the diagno:
ofsleep and circadian rhythms disorders and sleep Wrss@hitity patiefitd\ctigraphy en-

ables the operators to collect both qualitative and quantitative sleep data.

34.1 The actigraph

Recording RAR and sleep data for actigraphy assessment are possible through a small
(similar to a wristwatch) called actigraph. It contains a piezoadaegtacabcelerometer that
produces a voltage when the device is in motitiar Teenpbection period, the data analysis
is possible by connecting the actigraph to a specific analysis software through a computer ¢
Actigraphs are becoming more and more sophisticated and precise. For example, consideri
voluntary humaaovwement rarely excegddHz, most singbeis acceleration devices today use
banepass filters that eliminate very slow (<0.25 Hz) and swift rA8udrjénts (>2

The digitalization of the analogue signal recorded by the actigraph involves different me
the three most used ardirtheabove threshold, -zevssin@nd theligital integratiofime
above threshold is based on setting a certain threshold (E6r2ngdprapdthen measuring
the amount of time per epoch produced by the signal in response to motion esloekel the fixed thr
The other two methods do not need a tlinesheddrossing method calculates the number of
times per epaahwhickhe activity signal level overcomes the zero value, while the digital integrati
implies selecting the accelerometengnapat a high frequency, then calculating the area under

the curve for each epch.
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The actigraph is usually evahe wrist of the abominant hand for at least one week;
howevethe best placement of the actigraph is still debated. Some studies compare different ac
phy placements and suggest that the actigraph detects more movemeamtthe/lvenisplaced
thartheankle or trunk placements. Furthermore, the @iabendembinant arm perceives more
movements than the placement ondbenimant oA8Concernirthe length of the monitoring,
three days are the recommended minimum length; however, for more robust data and also for
parametric approach, a exteaded perisdnecessaf Finally, the actigraphy monitoring is

usually accompanied by a daily diary toesssikdtdata about sleep habits.

34.2 ResHctivity circadian rhythm assessment

Actigraphy offers ain@asively method to assess RAR. The actigraph-secalietts 60
epochs (but alses#@ond epochs) data, then transfers them to a peusanahmging
specific software, obtains the activity and RAR data expressed in activity counts (a.c.).

In literature, different methadalgsBRAR data are explained. One of the most robust and
used is th@ngle cosinor metlaidvhicmathematical function and rhythmometric parameters are
listed and clarified in chapt®f-57Phe single cosinor metimadys®AR for each subject re-
porting with 95% confidence intervals. In order to obtain RAReds dfabaviyiseshmple
and its eventual stratifications (populatisthetafaocessed usingotulation mean co-

sinoP3*

34.3 Sleep assessment

Inaddition to activity levels, actigraphy is also recognized for its role in evaluating sleep

in its quantitative and qualitative aspects. Furthermore, it is a valid instrument for identifying
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disturbancé&s:2°Tte activity data recollected by the actigaplphsavof about eight hours,
in which the activity episodes are rare or eluatrdpresstite sleeping periods and is used
to evaluate the chHaracteristics of a per sc

Also in this case, the data analysis is based on a sleep detection algorithm provided by s
software. In addition to the dctigoaptoring, sleep analysis is accompanied by a sleep log or
diary, in which the-bmold wakeptimesare reportedhis makes the data analysis procedure
more manageablerahable; furthermore, it allows researchers to macroscopicaltydyd visually s
actogrante verify the absence of anomalies.

The analysis idestifexeral sleep parameters (more than 30 with specific software), whic
could be named differently depending on the utilised actigraph device and software. Notwiths
minimal flerences in names, the most relevant and reported sleep parameters, which have alsc
validated versus polysomnography, are:

1 Bedtim@T7): a parameter derived from the diary; it is declared as the time when th
subject goes to bed in bed

1 SleeBtar(S9: a parameter obtained automatically by thie scotigae; it
marks the sleep start because the recognised mobetoetie detection
threshold

1 Sleep En@&9: a parameter obtained automaticallychigrthie software; it
mark the end of the sleep because the recognised movements are above the de
tion threshold

1 Get up Tin{&u7J: a parameter derived from the diary; it is declared as the time
when the subject wakges up

1 Time in B4d@iB: a parameter obtained automatittedhctigrayc software; it

is the total time spent in bed between BT and GUT
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Assumed Slg@y: a parameter obtained automaticadytiny dpe software;

it is the time elapsing between the beginning and the end of sleep and is effecti
spehsleeping

Actual Sleep TiABT: a parameter obtained automaticaky tioyrépe soft-

ware; it is the total time spent in sleep, given by the difference between AS and A
it could also be expressed as a percentage of AS

Actual Wake T{#@/T: a parameter obtained automaticatytioyr#pe soft-

ware; it is the total time spent in wakefulness; it could also be expressed as a
centage of AS

Sleep Laten@L): a parameter obtained automaticalctigrtpe software;

it is the tatime between the time the subject goes to bed and the sleep onset
Sleep Efficieri®@: a parameter obtained automaticalytir #pe software;

it is the total sleep time expressed as a percentage of TB; it is the most used par
eter to exprethe sleep quality.

Immobile Minut@s)): a parameter obtained automaticalacbgrépe soft-

ware; it is the total number of minutes categorised as immobile during AS; it col
also be expressed as a percentage of AS

Moving MinutéglM): a paragter obtained automatically agtigyetpc soft-

ware; it is the total number of minutes categorized as mobile during AS; it could ¢
be expressed as a percentage of AS

Fragmentation In@lxa parameter obtained automaticaty iy #pe sdt-

war e, it is the sum of the Mobile

bout s° ( %mmperiadsfimobi | e<1
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Finally, more recent software can detect and evaluate nap periodhdanalysie day,

of whicls simplified with their registration in daily diaries.
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4. Breast cancer

Breast can¢BC)s a verintricatdisease, showing several biological and genetic features
withhighgenomic instabAt#BCrepresnts thenostrequentldiagnosechncer among women
all over the wofitin ItalyBCis the most diagnosaacein womeim allageclassef-49, 50
69 70+ yeargnd its inciderttas beeslightly increasing during the last teAiyeas Italian
womenhe probabiliby developi®Cis 1in 8 and B@isk ighe highest amailgother cancer
typesindeedpther frequent casaefemaleshowa lowerrisk suchascolon cancerifi19),
lung cancer {135),pancreas cancein(&3, ovaria cancefl in 73), anduterus cancdrif
163. ltis foreseen thatring 202he 30,3%4.976 new casefsalfemaleancewill beBC
Once agaithis percentage eshilghest when considering all other types @inchinéethree
times more themlon cancer (second cancer diagnosed among wofffen in Italy).

Notvithstanding tBEmortality ralas beedecreasingrecent yearsg,4%)BCstill
represesithefirst oncological death cause amongwyddveide amditaly16.1%*°However,
afteffiveyears from the diagnosis, the surviavadl natevalence esgémated to be around 87

90%(one of the highest in EueodB% respectively
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4.1 Breast canceskrfactors

The cause or cause<afr8 not yet fully understood; however, several risk factors have

been identified. Jdrésk factors can be divided inttasges

definiteor knowrrisks, which have been shown to increase the risk of developing
BC
potentiadr suspectaibks, which have been hypotHesinedeasitige risk of

developing BE

The definite risk factors include:

T
)l

sex: beingfemale increases the risk of BC

age:the BC risk varies withlagethan 5% ofEflicases are diagnosed before
theageof4qQ its incidence strongly ineseasiltheageof 70 and declinesat
older ag with 80% of the cabkas occun women older than 50 pkhrs
race/tnicitywhite women have a highefdekelapgBC; however, the risk
of dyingromBC is higher among black women

living in Western caeatBC rate tends to be highesieriVeuromand North
America, while it is lower in AfriteeBast Asian regighowever, BC saie
increasing some Eastregions)

exposure to hormones: unopposeldstingrculation oestrogecould pre-
dispose breast tissue to develop cancer; therefore, early menarche, late menope
nulliparity, orsti pregnancy aftez age &0/35 andnotbrestfeedingpuld
increase the risk for BC

oral contraceptive pills: users of quiveapils asemore, even tholglight

and transient, risk of developing BC; however, the majority of studies are conduc
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with oldestyle pills containing a higher dosstafgengrobably, nestyle

pills, which contain lavestrogetiose, have a lower impact on BC risk; however,
the rislalmost vanishefseitenyears from cessatintlermore contraceptive

pills are used during a life period during which the B@rrislarsdther peri-

ods reducinthe contraceptive pilsrelated to;BC

hormone replacement therapy: the use of combined pregtstpiieeapy

in menopaalsvomen to alleviate climacteric symptoms of menopause is associate
with an incread®@ risk; however, this risk decrease as time from menopause in-
creases aafte®-5 yearsfohe discontinuation ohtrenone replacement ther-

apy

obesity: the higher obeslated fat mass level and BMI are indicated as risk factor
for BC, particlyan posinenopause women; indeed, fat mass is tleegrimary
trogersource due to the aromatization pathway inatcendganss
physicadctivitythere is an inverse association betwegmabtc@Ad the BC

risk; the evidencensre robutr postmenopaubah theremenopausal BC

and PA durilbgthadolescencedazarly adulthozdassociated with arkxve

BC risk

dcohol intake: Indeperfdenthe type of alcohol consumed, higradriatiakd

leads tahigher BC risk

benign breast disease: BC cancer risk could be enhanced by benign breast disea
such as intraduct papilloma and atypical lobular or ductal hyperplasia

lonizing radiatioadiation exposisg&nowto increase the risk of BC

family histoor genes mutatiche riskof developiBCincreases with a strong

familyhistory dBC the causs identified in faulty gemdsch favour a genetic
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predispositian BC; of these genes, the most comrtt@BRCAANd the
BRCAZ243
The potential risk factors include:

1 height: length at birth and increasing height is associated witim BCjncrease
probably because height is influenced by some faciecsgisocer onset
and development, such as childhood nutrition, genetic predispogition and IGF
level

1 diet:althougho specific component or particular nutrient oflibgsaduk
sisterly associated with BC risk, thecensiderabhgreemettiat diet or nu-

tritional status glayolen BC risk

The aboMested risk factors aso belividednto three main categbased on tine
nature:
i. demographic asaciological fas: age, rich and western cowaridesealthy
social class
ii. constitutiongdhysiological, and reproductive factors: $amyilfal B Chigh
brthweight, earige menaehnulliparity, late first pregnancgr nbreast-
feeding, age at menopause, obesity or overweight atandmigpaiestos-
terone armkestraditdvels associated with low SHBG level at menopause
iii. environmentaltfars: lonizing radiatmnmone #napies for menopause, contra-
cepive pillsjiet, scarce PA, and alcohol consgifition
All these risks factors are considered together, determining a cumulative risk of develc
ordyingromBC.The cumulative risk changes duriegphgand it is importantadculate and

knowthisin short interval yeafs 20 and 30 years) at variowé®ages.
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4.2 Breast cancer types

BCis considered a family of desadiser thamsingle diseasemalignancihe type of
BCis defined earding to the tissue from which it arises, most of the titeeniioad thest
lobular urit

Cancer or carcinoma cells confined within the terminal duct lobular unit and adjacent ¢
but not invading tlesement membrane are kn@arcia®ma in silinere are two types of
carcinoma in sictal Carcinoma In(Bituyand_obular Carcinoma In(S@ {2+

When cancer cells escape from the termimailatuchilband move to the basement
membrane or other breast component, the carcinomaasinantgdtrating.he most com-
mon invasigCtype is thiafiltrating Ductal Carcirmdmeparticulaype followed by thil-
trating-obulainflammateiucinoysvedullaryrubulaiPapillary, Cribriform, Phylloides, Apo-

crine, Secretory, Aquabedis Metaplastic, anejlagdéddenosquamamscinonrd?

43 Dagnostic pathwehyreast cancer

The BC diagnosis consists of different steps and methods to define the pathology and
light on thetageind biochemical characteoistits tumaur

In order to help in making the diagnosis and identifying the risk factaskemdmen a
about some historical sletagh as age at menarche and menopause; the number of pregnancie
age at first pregnancy, babies breastfeeding, use of oral contraceptive pill and hormone repla
therapy, family history of breast and oeanaantheventual symptom and its éhalédieimg
the examination proceeds with the palpation, the inspection, and the clinical investigation (e.g.

mography, ultrasound, magnetic resonance imaging,?fiopsy, etc.).
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Thescreeningmdhistological inspections help deteaniee stagiagd the most ap-
propriate treatméihie reportéelatureforcancestagingre size, grade (based on the cell differ-
entiation grade), lymphatic invasion and lymgtusiudktgical typascular invasiprg-
liferative activi§igJ, the age of the patlemnone receptor status (based on the presence
absenaefOestrogdrormones RecepfER), andProgesterone hormone Red@R0)sand
of onespecific prettmcogenagceptoHumargpidermal growth factor Recegt@HER?2
)

The most common sysised in theancer staging is MM Systerdeveloped in
Franceetween 1943 and 1954nharValuates:

1 T(Tumourthe extent of the priranaor;
1 N(Node) theabsence/presence/egfeagiondl/mph nodeetastasis

1 M (Metastasis)he absence/presence of distant mé&tastasis.

4.4 Genetic factors in breast cancer

All types of cancers, incliBfiraye always genetic at the cellular level because cancer is
the final outcome of genetic clzampedamage (mutatidis.explication of what is said above
liesin one specific function of some beteexl, some gecasrol cell division BinEepli-
cationavoidindM errorsand damages during the replidAticem a mutatmewirsin these
genesalteredells coulkplicateddy and without cont@kr time, mutations in particular cells
and their uncotied grothmay turn into can cells and, finally, cancer patfology.

Mutationsiay hawsausesr insutof a different natumeludinggeing, smoking habits
alcohotonsumptipanvironmentaldiation exposwkemical fact@egogenous insylke)r-

monesimbalances, metabolic process, intracellular oxidativendigesss activation
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(endogenous insudsiviasbeing inhezid>*®Due to thesariousauses, mutations are divided
into sporadic and inherited; consequentlg, azangsually ldbd as sporadmcaring by
chancand not associated with genetic premtispodiinheritéd.

Mutations for sporadic cancers usuallgrigkane to devetemcer pathology, which
is why older persons are usuahyghr riskof developing cancer. Indeedindiddualsre
sWjected ta greater amoahtell replicatiandconsequently, have an enhanced risk of gener-
atingnutated cells, whicghimeevolve to canceiSporadiBCshowstliefamily history €
and accounts feos{8590% BCcases"

A mutation is defiasdnherited withemutatedenas already presenbne ahe23
pairs of chromossroeming from the m@ksgg anthe fath@spermin this casthe mutation
is already presenthe genetic makeungloffspringells havae50%probability of carrytimeg
mutatianThe inherited gene mutation preslibgoswlividutd a higher risk than the person
without the inherited mutation of developind bsnerplains wimysome familidisere are
several cases of the same typ@othroughout the different genef&tions.

Theprevioupoinhas represented the triggdoidizanalysingossible genes involved
inthe inheritd®ICd u r i n g.Int189d and 95| tlEBRCANcer) genes 1 anBRCAL
andBRCA2 BRCA1l)arethe firshighpenetransequencagenesvhose germline mutagion
recognized to predisposeeast and ovarian cafté&Othemutated genes involved in the
hereditary B@d are classified basdtieir penetrance level:

1 highpenetrance gen&B53(L-Fraumeni Syndrpn@DH# (Hereditary Diffuse
Gastric Cancer SyndroRTEEN(Cowden SyndronasmdSTK 1-((Peuglegh-

ers Syndrongeng
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1 moderatpenetrance ger@slEKATMPALBANF1 andhe gnes involved in
theFanconi aamigFA-BRCAathwagndnteraatgin vivo witBRCAand/or

BRCANBNRAD51RAD51BRIPIRADSGNAVIRED)E*®

Theinherited or hereditary Bairas for pproximately % of the toBCcasesand
follow a Mendelian inheritance pattern (autosomal tiereddaty. BC differenfraimsfa-
milial BC, which accounts &utditional 380%BCcasesFamilial B€fes to womenitlrtwo

or more firsbr secondegree relatives with the disease without amgetetitified

4.4.1 Highpenetran&RCA2 genesHereditary Breast and Ovarian Cancer Syndrome

BRCAandBRCAZ2ocated on the chromosbi@land 181213 respectivebre the
most important and studied genes related to hereditary breast and bik@ianycativers.
geneBRCA1/2how several functional domains, each of which binds temnpétiomnpat
cernin®RCAIit contains aAt&minal RING domain that, in the central portion, has E3 ubiquitin
ligase activity, a nuclear export sequence, three nuclear localization signals (which helps nucl
port oBRCAla coiledoil domain that binds ttexiNinal dfi¢ partner and localizé&8RGA2
(PALBZ2) protein, andt@r@inal BRCT domain that binds proteins phosphoryfaitadday the
Ataxia telangiectasia aner&ani@l kinasés.

BRCA@Qontains antBrminal domain that interacts witietimn@s of PALB2, eight BRC
repeats that bind the RAD51 praota@irgterminal DNAnding domain (DBD) that binds single
strand DNA (ssDNA) and esitdiied DNA (dsBMNAJhe DBD contains five componerts: a 190
amineacidhelical donma three oligonucleetioheling (OB1, OB2, OB3) folds that are sSSDNA

binding modules, and a tower domain that protrudes from OB2 and binds dsDNA. The helical c
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OB1 and OB2 also associated with the ddlatedi g@itbot syndrome (DSS1)ipratdich
has been linked \BRCARrotein stabilizatfdn.

As previoustyatedcancers develop after uncontrolled replication of cells with DNA dam
ages, a8RCAl/&re actively involved in the DNA damagedreyaitaining genomic integrity
because they are two tumour suppress@&Rfe@xan prevepbtential manogenicells
replication by repairing damathes doublstranded DNA breaks, which may occtheluring
homologougcombinatiofdditionalllBRCAIs involved the repair of stalled and collapsed
replication forks, transcriptional regulation, dwtkplpbiguitination, chromatin rélimggde
X-chromosonmeactivation, oxidative stress response and hormon®&F regulation

Germline mutation (functional loss) or deletion of one or both genes leads to genetic ir
bility, pedisposing to a higher risk of developing #*tarfemgieven a haploinsufficient state
amon@RCAL/2 consider@usufficietbavoidlisease developniRegardirBRCA( similar
explanatias also feageforBRCAZIt is supposed that the inheritance of the togedtien
withthe loss of the caretaker fymetigead to theccumulatieof mutations in the btessie
The increased cell divisredpminantly during puberty and pregnancy, icomeasagamce
withthe rate of DNA synthesis, enhancing the possibilities ofiDNw dasadtiee compro-
mised repair capatiky to the mutataom the loss of hormonal cleatvel mutated cells free to
replicat In factheBRCA&ssociated tumorigenesis role is amenaldaretddathand hormo-
nal regulatdignctiof?

Some evidensgppostthehypothesis tHBRCAtarriers are more predeshto BC
because tifehaploinsufficiency state associated with heteTduyguositlition may accelerate
the mutation rate of other crucial genes, tinelselaond copB&HCAIhereforseveral stud-
ies intentb find actions and/or fatttatan stimulate and increase the expression of the unmu-

tateBRCAG&opy>?
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Evidence shows #stimatindpe quantitative BC risksiatswd with spedfiRCAnu-
tations in carrielependsn several factors. In addition to the presence of a BREGADI2on
other factors such as environment, lifestyle factors, and mutation locations influence the BC ris
specifically, breastl ovarian cancer risks vary with the precise location of tiBR@GAtAtion in
orBRCAZ8In women with mut&B&AInutations in the RING and BRCT domains are at higher
risk of developing BC compared to mutations located in other gene regions. Differently, BC
i ncreased when the mutation occ-bindmgaad t he
DBD dmains) in tBRCAgGeng?°25!

Based otinedifferent location of the mutation and the catssspeof varsgrthe
IARC guidelindsfine five princiBRICAlAZariantgathogenic [Chely pathogenic [C4], be-
nign [C1], likely benign [C2] and variants of uncertain signifcjiaa{Mii®or@ccording
to their predicted effeetspathogenic variamild be furtréescribed &sss of functigariant
(LOFwhichncluesframeshift, nonsense, large deletion and spliaeagtamchonsynony-
mous variar{iscluding missense and sinathendelet)df Through genomale ssociation
studies, it is possible to provide helpful stratification of risk to iagdestmirgisieducing
measures, childbirth, and other aspeéts of life.

Sighthistopathological differcdretesecancederived froBRCAmutation rather than
BRCAmRutatioare noticeabMalignant primary BBREAnutation carriégssnore likely to
be high grade with medullary subtype features, and about 70% of BC do not express ER or
HER?2 (tripfeegative BC). The majoBig@AAssociated tumours aregnagte invasive ductal,

ERand PRand HER2®
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4.4.2. Numberof canceand penetranegerelatetb BRCAandBRCAGutations

The mutationtbéBRCA2/geness estimated to occur inAZ%o of the general pop-
ulation (1 in 3@D0 women), 2.1% of Ashkenazi Jewish women, 3% of women with BC (6%
women whose BC is diagnosed before age 40), and 10% of women with ovarian cancer. The fre
of theBRCAl/&dations is even highed around 20% in families with multiple breast and/or
ovarian cancers, especialyoeselycancers. Furthermore, Ashkenazi Jews repiskent high
families for these mutations; indeed, the prevalence of the gene immiliésinHbesyer,
unique founder mutations have been identified in different populations (e.g., in blacks, Hispani
some families in the Netherlands, Iceland, SwayeRréhahgCanada, and Scattahalith
the proceedings of screeningpdifginthe gend, is supposed to find other new Vétiémts.
In conclusiothe attributable BC incidence andfgasedine mutations in thegaghtrance
geneBRCAANdBRCARan vary across different populations and wodidieggidosnder
effects®

Generally, wonoanriers of pathogenic variants (mutéBiBAdnBRCARavean

increaseddetime risk BC(55%compared to 12% in the general pgpolati@an can¢2e
60% foBRCAdGarriers and2BD% foBRCARarriefsandther tunuos(e.g. melanoma, prostate
and pancreatic caresseciated witlutations BRCA23%2%°The cumulative lifetime risk for BC
varieslepending on the study sample: it is arourttdeB68tdy bfghrisk families and around
40% in a populatlmsed study Therecent prospective siydguchenbaecker and colleagues
(2017)including approximately 1BRG®&1/2athogenic variant camegrsits likelihootbr
BRCAG®&f developitgeasand ovarian carogtheageof80 of 72% (95%=<E% 79%) andf
44% (95% EBE&55%), respectiyétyBRCAButation carridree lifetime ri69% (95% ClI
=6R77%)and 17% (95% €12 25%)or breast and ovarianetarspectivelify BRCA1/2

mutationsould occur both in men and women, even tlatagbtiieemost frequently screened
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and diagnosed. Men caBR©@A1l/@utations areaaiincreased riskBff; especialRCA2
carriers whosskis increasday100fold anthe cumulative lifetnsk is 6%43

In women carrygegmlinBRCALiutationsanceusuallgevelops at a younger age
than the sporadic one.dé@sever, not all women affected by the mutationpgiielogyhe
The incomplete penetiaads to the supposttiah other factors than the genetic ones, such as
environmental metaboliactoranay moduldtee penetran€®r examplahesityhigh energy
intake and ifeng weight gaireassociat with a highg#RCA2penetre ratérough several
mechams, includinlpwgrade inflammatiosulinresistancand IGE regulatioindeed, re-
cent studies Bypmais and collead@®47) anBruno and colleagues (2020)tishiDIGH,
metabolic syndrasne fat mass are significantly associgie@agthted cancer and increase
theBRCA2mutation penetrafice?

Furthermore, higher insulin levels dicargiggnd differendgsociated wiitieloca-
tion of thenutation IBRCA1/g@enesThis suggested a different ass@cidtalitered response
of thdBRCA1/@rotein with metabolic fa€ians this point of yiBR@1/2mutatisare sup-
posed to be more sensitive natthgenic effectinstilinprobably due to thmirered ability to
repair the DNA dam#&§€arpaed with carriers without ¢aBiRE€YALl/Rarriersvithcancer
frequently devetppe?2 diaktesafter the BC diagnasid the prediabetic condition can raise the
risk of BC in these wotiiéf.

In addition to the previous fdoterseruradiponectin levalsoincrease the risk of
BRCH2associated canéelipnectimns involved geveral pathwaple to modulate risk factors
predisposing to BC. A recent study by Daniele ars{2@il@pgdeances the hypothasis
increasing adiponectin Imalde a valid option to reduce the lifetime risk factors in women carry

ingBRCA2 mutation, particularthénpresence of the T #lele.
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443 ManagementBRCAandBRCA®utation carriers

Firstly,he genetimutation diagnosis usually stdrta familial screening investigating
theprevioufirstgrade relativances, the fativesage at the time of the first diagndgmlthe
ogy ad the features ofBlizetc.Second|yhe individuals undergo genetic testing, which could
also befferetball deemed suitddde patientéthe subject is identifieccagier of BRCAL1/2
mutatigrthe main gdarmanagirtpeBRCEA2mutation is to reduce the risk of developing cancer
or, at leasto promote an early diagnosis and increase the chafites of cure.
In order to guararitesegoad, the oncologrsiquesiegular archrefulcseeningre-
ventive antskreduction surgery and some protocol of chemojtegardiogCscreening
BRCH2 carriershouldselfexammonce a montindergelinical breast examinations twice a
year, and magnetic resonance imagingd®I&Neatarting at 250years oldYearly mam-
mography stattheageof3Q but some studessitraghis pactice becauberadiation could
enhance the BC.i&treening fgenetiovariananceis lessaccuratdraditional methods, such
as transvagiodtasound and serum measurement of CArilibe&égreven to be sufficiently
sensitive to substitute for surgery in women at increased genetic risk 6®ovarian cancer.
The second option inslbitieral mastect@ngSalpingaophorectgras riskeduc-
tion surgery practices. Bilateral massdet@aly accepted as an option for women carrying mu-
tatiorBRCA2.228Wbmen whendegoprophylactic mastectmow a reduction of 90% or more
in the risk of subsequerthB@vomen of similar risk ddvaot undergo surgétgwever, the
reductiom Bdncidencis not associated wamtbduction IBCmortalit§f? Salpingoophorec-
tonyis the most common practice in piggyeméitic ovarian cadaertansufficierscreening
effectinesdan theearlydiagnosis of the pathoBBEL Al/&utation carriers are advised to un-

dergo riskeducingurgergftecompletinchildbeari{@>40yearks

76



4. Breast cancer

Nevertheless, advice mayférerdifdepending diverse conditsofror exampla,
BRCA2 mutation carrier who previondgrwent bilateral mastectomy could delayrehe risk
ventive surg&glpingoophorectomiyshould be taken into accouBatbaiyoophorectomy
provokegrematurandsurgically induced menopeadiedgo an increased risk of cardiovascular
disease, osteoporosis, vasomotor symptoms, sleep disturbances, mood swsfgacand sexual d
tionandthusadversely affiegthequality of lifA.possibleewapproach could bestlpingec-
tomy with or without delayed oophorectomyeduaingkstratéy.

The lagtreventive approach is representesniopreventiamcluding the useorl
contraceptivasd tamoxifen. TherBdiiceovarian cancer risk in the gandBRCA1/2wu-
tation carriepopulatienin contrast with this positive effect, oral conirareps2dsfoldthe
BCrisk particulaig BRCAZ'he second is supposgdeteent primary BBRCA2 carriers
Furthermorejigence suggettat tamoxifen useddoeimore effective in preveotniglateral

BC thudn the setting of secondary pre¥&ntion.

4.4.4 LiestyleptionsorBRCAaAndBRC2mutation carriers

The prophylactic and preventive treatments in women diaGRSAd itiadion
are very invasive and sonuemogroniisgin everyday life.d.the possibility of having a baby,
living with a buttered bodlgeoconsequences of the surgical therapies). Women are demandin
less invasie@d noisurgical options for reducing their lifetime risk of developing breast or ovarie
tumous. FurthermoraewhBRCA2mutated diagnosed women are destined to be younger than
beforgand this condition incisthseeedto find alternative supptreBRCH&2cancerelated
treatme#ft 53

In this contextietaryPA, ed evidesebasedifestyle intervention and dbogsaee

increasingbpnsidereahd studidd give rmalternatioptiorto BRCA2 mutation carriefsie
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dietary interventitotused not omly caloridut als@n protein restrictianderlireghow the
reduction in fat massulin resistance;1G@Rdnetabolic syndrome faatgpsitively associ-
ated with the decreaiskdbBRCA2-relatedance?23

Even though predominantly based on retrospective stnckéedthiaiba improv-
ing most of the metabolic, endocrim@@odgathwaytbat careducéehe risk of deloping
breast or ovarian tusiouwvomen carryBBCHA?2 mutatiorf§?264

The action of the lifestyle intervention is supposed to modulate theBgE&Rance of

related cancer by acting on the environmental factor relades¢topmeiir
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breast cancer pathology

Nowadays, many studies deal with the relationship between PA and BC. By reflecting «
evidence in healthy subjects, many (still not all) linkages between engaging in PA and reduc
factesfor the BC pathology have been highlighted. The importance of being physically active thr
out thdifecourse is now well established. PA also contributes to improving emotional aspects of
life as well as psychological recovery afteratidgujaigant treatnfénts.

In this contg during recent years, another rislafabeatescribed as a new environ-
mentabr lifestylene: sleef” The bond between sleep and BC could bexl deseribicious
circle in which the two main actors (sleep and BC) interact negatively with each other. On tt
side, the pathology with its consequences (surgery, adjuvant treatments, anticipated or induce
opause, stress, pain, side effedssretognizedadversely affectturnal sleep quality. On the
other side, impaired sleep may be considered a predisposing factor for tumouradevelopment
worse prognodiglditionally, some compromising aspects of the disease are preseft at the ons

the pathology, making the BC patients defined as subjects with corffpromised sleep.
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PA is even more frequently consideted amjorove sleep in both healthy and cancer
patients. The pedlys linking these three facets are still on the way to be explained, but to de
results are promising in improvindne@tpstatus in BC women through PA intérvention.

PA and sleep in the BC context are also emefgiupithdgenetic B&/omen with
BRCA2germline mutatishewconsiderahlycreased lifetime riskB@rFhe incomplete pen-
etrancand the interindividual differefites mutation thiesegenes suggest tbabgenous
factors atvgether wigtolymorphisnrs BC developméidr exampléeBCriskin BRCH?2
carriegis higher theilgenotypisobeserphysically inacfi¥&hat is why itisicialo eluiclate
the roleof thdifestyleisk factors in modulating thegrer@etf the mutations.

In the following paraggdph and sleep effects, as well as their relationship, are describec

with referentethe B@atientandBRCA1/2arriepopulati@n

51 Physical activity and breast cancer

Aspreviouskeain chapter, RA shosanantiBCeffegtexplained by different biological
mechanismacludinthe increase in insulin sensiivitthe corgpamt reduction in KGkevels
as wik as the reductionfatty acid degsandthe active fraction of female sex hoiheses.
beneficial effects are partially mediated by improvements sitioodgnzbredaction in body
fatt! However, risk redusiioBC patients are also observed independently of the é&Besity status.
Recent studies investigat®A arntimour effert healthy wom@mindo assess the risk
reduction), in women under eloemardigherapy, in survivals (aiming to BSsessirrence
and deattelatedisk reductioaind in metast&ic.

Lynch and colleagues (201tanayais, conducted on 73 studies, reports a 25% average

BCrisk reduction amongst physically activeavopaead to theslactive women. Tisk
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reductiois mor@vident when PAliscreationattivityMVPAand performed reguéartipver

the lifetin® The importance of a continuative PA padstiitghibght by Lope and colleagues
(2017) in their egraiological study on a cohort of Spanish women. The authors underline the va
of being physically active in nulliparous women during the years before diagnosis and the PA be
effects on all BC sub/p8gmilar findings are present in the previous metanalysis by Wu and
colleagues (2013) on 31 prospective studies. Intibih stoclypational andawcapational

PA are significantly and linearly associatedcedthris& of BC. More specifically, the BC risk
decreases P%o, 3% and 586 every 25 Milweekicrement in roncupatiorRh 10MES

h/week increment in recrea®Arahd 2 h/week incremektMRArespectivelifhe authors

conclude by stgtthat PA should be advocated in primary BC JfAventah study on an
ItaliarBwiss cohortBEcases shows that higher adherence to the WCRF/AICR 2018 recomment
tions, including PA, decreases BC risk independently of the menopausal statusaParticularly fc
1-point increment indk@erenceore significantly decreases the?BC risk.

Being normakight or obese amd pre or postmenopausal situation represent an im-
portant condititmevaluate the PA effect on BC resk.tlseemshe protective effect of PA
against BC is more evideotinalveightathethan in obese women during thergpansal
years®®The opposite situatidmue$or postnenopausal women when the Pk decisive
in overaghtor obese subjettd.his difference could be explained through thenukiie st fe
hormone sources betweerapdeposinenopausk the lattecase fat mass is the principal
oestrogesourcé?However, the role of weight and BMI is still debated, considering that body co
position only partiallyiatedhe association between PArahatd®Yisk factdtépart from
BMI, PA is essential in botlapdeposinenopause women; however, the latt¢o seea a

more intense PA to reach a protective role similtrdpréraenbpausal situétion.
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The mechanisms known to decreaseetheB@sk factors are supposdtidsame
involved in BC recurrence prevention and mortality ri¥kirethectadegears, the BC mor-
tality rate has been decreasing, resulting in a higlBausureivotf$. These women usually
suffer from adjuvant tiygedgted symptoms, which may be present even after several years fro
the end of medical treatiietity this context, PA is described as a beneficial tool in decreasing
recurrence and mortality rate as well as side effects of the pR# siadthientsen into
account both pamd postiagnosisn their systematic review, Lahart and colleagues (2015) show
thatvomen prasitigmore extensiviebth lifdongand more redgmpireand posfiagnosiec-
reational Pvave a lowesk oBCrelated death &w@kventsAdditionallthe deathsk reduction
is more evident in subjeith a BMi25kg/m and showirleRPR.2™

In other words, bephysically actmeincreasing the PA leaddabeneficial after the
diagnosis and helps in improving the prognosis. For example, Irwin and colleagues (2003) de
strate that women who increase their PA levabsiieedisgmthe-Blated death risk by 45%,
while converselwpomen who decrease their PA level after diagnosis show a four times greater
of deatf®In the same whlglick and collea@@308) study demonstrates that active women
have a significantly better survival ra¢eleingary women (with no distinctions in terms of age,
state of disease BMI).

PA practice in survivors is not only linkeddior@8aar death risk reduction; in fact,
active women also repgmovemeritsseveral personal and physical spheres, such as in cardi-
orespiratory levels, pain, fatigue, early menopausesghtptititand symptom sevéfity
23For example, the study by Chen and colleaguepd@82fycreassveritpfarm and
shoulder symptoamsa cohort of womeceiving axillary nadeetttion and surgamng per-

forming 30 mins/day ofdraulder exercisBg.improving symptom sewhitgnhances the
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quality of life in these BC wthemthermore, diigt typologies of PA are needed in order to
achieve a wide range of goals (e.g., pain, BMI, general health, vitality, flexibifty, strength, etc.

The reduced risk of mortality thiheugttion BfA is alsassessad metastatic BC to
evaluate its influence on survival chapespective Frestidy, PA at baselideofpective
andselfassessed through questionaasspciated withre prolongedrvival in women with
advanced Bhd this associatsmore robustwomen showing HERre specifically, women
practising MVBgfore the pathology have higheal sanobabilitiesrtiaaomen prasitig light
P Az

Finally, in addition terBCand B@lated death reduction, PA is suggested and also tested
during adjuvant treatment. &egaged in PA protocols during medical treatments brings several
improvements in patietdth. Most of the time, outcomes depend on the patients' conditions an
PA typology. For example, Courneya and colleagues (2007) compared the effeets of aerobic
sistance PA protocols on 242 women under adjuvant treatmeniiier A& wmeskentions
improve seadteem, physical fitness, and body composition, whereas only the resistance trai
significantly improves the chemotherapy compgté@onthaeontrary, Mijwel and colleagues
(2020) find no differences in chemotherdgjoooaies between aerdldicand combined
HIIT groups. However, the corhbbiagtoup shows a lower hospitalization rate and thrombocyte
concentration. Furthermore, the authors advance the hypothesis that exercise during chemo
helps in maimtang the immune cells popuftiothe CARE randomized trial, women practising
acombination of aerobic and resistance exercises for 17 weeks experience a higher muscular ¢
both in upper and lower body regions compared to s@hdang)25d higher dos&Q50
mins) of aerobic exeréisénallyjdht PAlschelpsnaintairegular borternover in BC women

treated with aromatase ird)ibilie less active worsieow enhanced bone turfibver.
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5.1.1 Physical activityBiRCAandBRC2carrier women

Risk fact®predisposingsporadic BC are knmmatsocenhance the BC inskomen at
higher risk foereditayC, such as women caBR@Al/@utationFhereforehése women
ask fotreatmentsss invasive than surgery and ddxtecimstheir BC ris8tudies and clinical
trials evaluate PA as a suitable solution to fulfil this request and piiasede pvaperssds
and solutiors addition, also the control in botyeing PA and diet is increasing &ttention.

Preliminary evideoicéhe protective role of PA exfrergefewretrospectiaadgues-
tionnaireasestudiesOne of the first sdsdsseses that a medium level ofd@Ang the ten
years before the assessmeunces the risk oBRONBRCALLarrierdzurthermoria,women
actve before age 30,exercisdoseresponstends highlighted (i.e., the risk reducas with
creasing MiETur/week and number of actigg yeaontrastptrend is visible aftexageof
30%%*A more recent stuwdgducted by Lammert and colleagues€2€4iayeducegdremen-
opaus@RCH2BC risk in women more active during adolescence. Mor¢hepemifieally,
in the highest intertlealuring the agél217reduce their BC risk by 38% compared to women
in the lowest intertjleaTogether widrill and colleag§i2817) conclusiptese findisgug-
gest aearhflifeprotective role ofdiing premenopausal $féais.

Contrastg resultsare pesent ithe recent publicatontheProspective Family Study
Cohortwhichamong a large cohort of wexpesgto a high risk of familial BCinalsoles
prerenopaus@RCALl&omenKehm and colleagues (2D2i2) positive association between
recreationBAduring adulthoaddlowerBCrisk.More pecificallymeetind0.75 ME/Ngeek
reduces the BC risk@pHowevenoassociatidretween recreational PA during childhood and
decreased risk is signifitant

Collectivelyhe cited studies enhance the need to make adolescents, ,aaltl in general

women with a mutatiagnosis or familial history, adB@ a healthier lifestyle. Indeed, even
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though aware of their muB@amsk, young females seem not to transpose this consciousness ir
healthy habits, including constant and regular PA lpuaitterenore, as affirmed in the study

from thé&lew York Site Breast Cancer Family iRglgistkywomen with familial history for BC
could reduce their mortality risk if they adhex€Sorédm®mmendations (BSKg/rh one

drink per day, 150 mins/day of light PA or 75 mins/day of MVPA). Notwithstanding the mortali
redudion following a healthy lifestyle, only 28% ofilneydealkthree guidelines and only 60%
respect the guidelines to be physicafy active.

Althouglthe critet information ob&dnfrom theetrospective studies, prospective and
controlled trials aszessatyg understand the effects of PA during the addiagngsistlife
andunderstand the biological mechadismomarkers unaeylthe association between PA and
the gene mutatidn this viewyang and colleagues (2@d®)nstrate a significantly legéler
of BRCAIp53 and ER mRNA expréssioercisedhts compared to contreXercisgdats.
Furthermore, the formay lower their possibilities for neoplastic transioenatigher
number of differentiated albadmand lobufés

However, these findieggain confined to the rat modeReitédl@ece and colleagues
(2015) test the sedentary dowrBRIEAMRNA expressiona cohort of 50 womenitored
with the actigrapine results show a negative correlation between the longest sedentary time
BRCAMRNA expressibhe interesting point is that the negative ¢osigatimant only with
themost prolongpdriod and not with the mean sedentary times thét om@atenied sed-
entary time more deleterious gteorter periodssefdentary timéh frequent interrupfiéns.

These findindgyawith the neW CRF/AICR 2018 guidelinessud@sdchieving the recom-
mended PAins/week and avoiding sedentary habits.

Among the few clinical tridBR@ALRZomenhe recent randomized study by Schmitz

and colleagues (2015) evaluates the role of PA on steroid hormones in a cohort of 139 womer
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five menstrual cycles of aerobic PA interventicamdheid@lose intervention groups report a
breast tissussesensitivedestrogestimulation compared to the control group. This study demon-
stratethe doseesponse effects of aerobicd&stoogemormones, diminishing the level of one
of the principal -B&lated risk fast§f Similar findings are already present in Kossman and col-
league®2011) study with a study protocol similar to tiseopeevidhis last study, conducted
on a small sample of seven women, reports both the deasimog@anith progesterone
hormones, reducing total exposbesiy 18.9% and 23.7%, respetfively.

Even though considered separatelybiaoy Bide and weight could alscBRE&E
breasaissociated canédso in this case, studiestiiretrospectiaadselfreported. For exam-
ple, Kotsopoulos and colleaguesré&@@dbpn a cohorfidi73 matched pahs, association
betweeweight loss of at leagidiihds (41&g)anda34% reductionBCrik. After stratifying
by age and mutation typerdkective effect of weighisltissted to womdiagnoselefore
age 4@ndwith ®8RCAutatiaff®

To datehe only worldwide prospective randomized lifestyle intervBR©ALfal in
mutation carriegkIBRE. Themulticentsgudyentails Ifestyle intervention (physical activity and
Mediterranean diegplving GermBRCAl@utatedromerand aim® assesshether a long
term multifactolifgstyle interventtanreducéhe B@ncidence and mortaliBRCALli&uta-
tion carrie?®In 2017, Kiechle and colleagues publish the first regilttssbfidye including
data about adherence and feaElt@lipngear intervention protocol shows edfsEtisen
BM] Mediterranean diet patterns and stre83%\adlparticipants complete the study; adherence
rate is higher (73%9 adverse effidtdve been registered; the majority of the women are satisfied
with the study protaca some womeauded in the control group even complain and ask to be

inserted in the intervention §foup.
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5.2 Sleep and breast cancer

Sleep is an essential contribub@r qualityf life and theaintenancé good health
status?? Despitéhis sleep problems ambre generabijeepleficiencgre becoming an issue
for contemporary sodietjifferentefds including B&-30330Theconstructleep deficeh
incaporatethe multiple dimensimfrsleep (duration, deprivatsmmnia, latency, hygiene, qual-

ity,disorders, impairments, problemanetd.)siniversally utilized to dafine

“deficit in the quantity or quality dblstaeimed vershe amount needed for optimal health, per-

formancend webeing3®

Sleep deficierisyconnected to B@ ibidirectional waandit is supposed to play an
incisive role at different pathologyricheeshnthe one harghme studies evalakgep defi-
ciencws a ristactor for B@wus triggering contributinggome alterationpathological path-
ways leading to B@ the othleandthe diagnosis, the pathology and the related medical treatments
could predispose the subjdevedopleep deficieranyd/or exacerbateptieexistingne$s®
Some mechanssexpaininghis relationship have alreadgdesrtedvhile others are
still under evaluatiemrthermore, some studies are discordant in affirming the reciprocal influenc
of sleep and Blhesédifferences and sometimesliusivaesults may be reconducted to the
study protocol, instruments used (actigraphy or guestionnaipsghotadghrdsacteristics,
and, generally, the hegegitg of the studi®dHoweves|eep deficierisypecominmore and

more frequent among BC p#tients.
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521 Sleepmleficien®s a risk factor for breast cancer

There is a body of evidence thatssinepassociation between sleep deficiency and en-
hanced BC riSke recenbnclusions by Hurley and colleagues (2020) on a col@atifrom the
fornia Teachers Silldgtrata significant and positive correlation betweleficséeayy and
most of thdeemimensi@with B risk3%

Sleep duration is probalelpfaine most investigateep variables conceBihand
several studi@sd an increadg@risk depending on different sleep dir@fdonsidering
8 hours as an ioml sleep duration in aduétssttdpy Shen and colleagues (2019)ashows
1.87oldincrement (%6CI1=1.012 3.45)or BQisk in women slegp@ss thasixhours per
night while thprospective analysis inetiew blyu anaolleagues (Z)teports an estimated
risk of 1.11 (95%=1.031.19)n >10 hours sleeg3&*1'Sim#rly the increased BC risk when
sleep durati@longer thalrecommendationals® reportéy Richmond and colleagues, (2019)
whose results derigenfMendelian randomization and include chronotypé?&ledpatan.
rationcould probably exert a difieentdependimg the tumouharacteristics. For example,
longer sleep duration is positivedjatess with highet &RERPR rather than HHR308:311
However, attributing increased B@yrigtheduration aspeétsleepould not be scitint to
explain thesehted BC riskincidende concomitance to bad digfapency?

Sleep deficiency also inchlekys disordeoyhictone of the mdstgentrespiratory
manifestatioisobstructive slegpnoefOSA Two recent studies investigating the relationship
between OSA and B@eisionstrate the increm&a@esk in women suffering fronfX&SA.

In particular, Gao and coll&Ngy study, based on Mendelian randomization, points out a causa
relationship between higher BC risk awdr@&a@hoaremore genetically predisposed to OSA
are also at highek far BE“Themostaccredited interpretation of this negative irtflaesce is

ablanintermittent hypoxia conditions developedelsieegpnoeapisoded he intermittent
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hypoxia could favour BC onsebafedgiioby facilitating cell migr&téyiFurthemoreHIF
1 2one of the typoimaryypoxia markargreases thembeof adipocytdsiown tenhance
BC progressish

Excluding OS#fferent potential mechaalradvandé¢o explain thiekage between
sleepeficiencgnd BC or cancer in gemecalding inflammatoriocrine functioastrogen
secretion, obesity medhtonisleepndirectly impacts the adaptive and innate immune responses
byinfluencing the hypothakpmwisanadrenal axis and the sympathetic nervoussystem,
primarymmune system regulaitnss, sleep deficiency, particidepydsprivatiandshort
sleepdurationmpas immune responsesl increases inftationpredisposing to cafi€er.
Sleep curtailments, even lasting for shorpertbésnetabolic and endocrine,frgsitng
in a decreasearbohydrate toleraleqein leveblnd increaseortisol levels, which, together,
predipose to insulin resistance and obegight gafi=*

Anothelikelymechanistyy whiclsleep deficiengpresents akrier BCis reducing
melatonin secretioded, sleep deficieteads tdecreasadinary-8ulfatoxy melatonin levels
directly reflectiaglecrement in melatonin sedvetiatonin, a hormone secreted by the pineal
glandis knomto promotadeepandbe inversely associated with BE &k, melatonin is also
capablefregulating tlimsetind progressiorBaf thus, conditiotsatcandecrease its expres-
sion indirectly enhance B&?fSKlore specifically, melatonin is recagaitedomatased
ant desmoplastic readtios reaction by which adipose fibroblast®estregdgiosynthesis

in the breast tisspipertiess

5.2.2 Sleepleficienayuring breast cancer treatments and in survivors

Sleepeficiency @snergingsaa longterm sideeffect treatment in BC wdméact,

chemotherapy and radiation thexdpy contributing factatsveloping slelgficienasither
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duringor atertreatmentdn women with B&epdeficiencgr insomniareapproximatet@
70%with a higher range thargeneral populafit®ieepleficien@lso continsiaftemedical
treatments erkde review by Budhaaai colleagues(BPstates that sleep problerssllare
preserdndsleep does not impeadter one ydeonthe end of ttay??’ Furthemore, in women
already suffering from sleep problems, BCabafghexecerbate tFém.

In women starting adjuvant treatmerndefisieegyg highetharnnthe general popula-
tion and women report more gtebfemss stated in the Germanisiucheatind colleagues
(202) ona cohort of wonsetected from the BENEFIT24styRades and colleag@2al)
andLi and colleagues (2@0@@8)increased sldeficienap BC patients starting radiothadcapy
during the first weekh®@motherapy, respectivellyermore, slegiciency associated with
both emotional/psychological and physical¥t&blbemsame stedeficien@onditiowas
reportegreviousliy Liu and colleagues (2013) in a silwilygrwomen at theet of chemo-
therapy treatmémtaddition to having sigeplembefore the chemotherapy, B@&gbmen
facehe worsening of theatlity of life concomitance toiticeeasef their sleaeficiency*

Another cluster symptom that needs ettecgimigjeeps C-RF which is reported by
upto 99% oBC patient&.In their crossectional stydyox and colleag(23®) stratify the
participants based on reported symptsimosvahdt higtsetfperceived fatigue is usually asso-
ciated witworsesleep qualitfhe mosteported fatigue at the aftaredical treatment is the
emotional orieuringhetherapcoursesleep worsemd all types of fatigue in¢cepasdta-
neouslytheMinimal symptegroupcollectéowersubjective sledeficiencgnd less sqdér-
ceived fatigtié

Sleepleficienagpresents a crucial issaausiés worsening is associated with increased
comorbiditiggcurrena@nd mortalitigkin BC woméit33in the study by Phipps and colleagues

(2016), women with a sleepoduitiourshefore the diagn@sis aa significalythigher risk
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of poorer causpecifisurvivalompared to normal sleep8isdurs). Furthermore, if short sleep
duration is associated with snorinlye aisk of a poor prognosis is [tfRer 2.14, 95%=CI
1.473.13%* These results ardine with those of Palesh and coll@®desvho describe
actigrapHyased sleep efficiasaypositive predictor of/sar overall surviir = 0.94, 95%
Cl=0.920.97)among women with adv&¥d

Sleep deficiency or insomnia risks are incremented in BC patients forSan@us reasons.
are dependent on the tumour and the symptoms of its invasion process, such as pain, fatigue, |
and pruritis. Others are related to the treatments, such as hormonal fluctuations, medication u:
cotics, neuroleptics, sympathomimetics, sediaii@pressants, etc.), and the induced menopause
consequent to drugs used in cancer treatments. Finally, also environmental factors and psych
distress can ruin sleep quality. The former could also be related to hospits/izdtiion condition
could be characterized by an unfamiliar situation in the bedroom with disturbing light, noise, te

ature, etc. The second is linked to the anxiety, stress and worrie’dtié¢g3eancer.

5.2.3 Sleepmleficienan BRCAandBRCAcarrier women

Studies aiming at investigating sleep quality or dBR&ici@omen are still in their
infangyand data are still fEle first study reporting sleep analysis in asymptomatic or unaffectet
BRCAL/2 by Sochaand Dagd8009pn a cohort ofdslian womd@ris crossectional study
evaluatedeep and othmirden symptoms in three groups: the firsBR&Add&arriers, the
second women testedBRCALl/fhutationbut resulteas narcarriers, and the third healthy
women (control group)both PSQI and actigraphy sleep asses&REA B uUpesults
asthe most sleep defigeotip indeed, i$ classifebasabad sleeper, withrtiest prolonged
sleep latency and theettasleep duratibhe authors advance the hypothesis that the mutation

diagnosjsassociated with psychological desttddsepresent a stressor negatively impacting
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sleepln suppodfths hypothesis, the data referringgi@@#el/group shopoor sleep related
to psychologichstress more promingindyg the other groupsthadighestvels atancer
related worsj.

Despite the stress due to the mutation diagnosis, dtiewiergdie diagnosis, the
treatments and the surgery could compromise sleep in threaiitomenbeing more pre-
disposed to sleep defictaaoynen, perimenopausal wesaifan most of the timmevasomo-
tor symptoms, which comgesufficient sleep duration and (gRIDAL/Zomeraresug-
gestetb undergo ris&ducing bilatergbsaeoophorectorthat indces anticipated and surgical
menopause, which is known to predispose to more prahsexesgtleeffects, including
sleepeficiené®Indeed, menopauseducedubsamptEf theKoreatenome and Epidemiol-
ogy Studghow=2.1folds(95% C# 1.0554.303)of suffering from ine@uoomparetb the
subsamplexperiencing natural menopyaGseepdeficiencha already been assessed in
BRCA2womemnvho underwent prophylsaipengeophorectorby CampfidlBonadies and
colleagues (201dpre than 40% of the sample reparefi@encgfter surgeryhestudy
aims to raise soiousess about sleep deficiency after surgery in theseimchouenitaiice
most common pogerative symptomsHist

Physical aspaat menopausal symptoms are not the only possiblefesthEmatsen
sleep quality after surfleestudy oVome® s  HAerasd thelNatamsociadehesevaty of
vasomotor symptoeomsoredepressed mantbexplaithisrelationship throstpemeficiency
Furthermore, also anamgigars as one of the predictors of sleep defatiegrcyords, vaso-
motor gmptoms could lead to depression and arsdahgsieep deficieridHowever, the
bidirectional relationship between sleep and anxiety/deptesigiasilgolilousleep defi-

ciencyconsequently to hot flasbetd be the cause of anxiety and deptession.
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5.3 ResfActivityiccadian rhythm and breast cancer

Sleep deficiency or, even worselisiepion (such as insomnia)disuipgthe Rest
Activity circadian Rhythm,(RARXpression of 24 houlecomotor activiBAR is usually
considereal marker of theamarircadian timing systehgse alteratipmsaddition t@ing
been founith variousmaturatonditiongsuchas agng, are also reporiedcancer, including
BC!72208:343

Particularlgr BC cohort women, previous studies assess RAR at all stages of the pathols
i.e. pre, during, aftér surgery or chemothé&&fAs reported byadlilsraeind colleagues
(2006)n their study investigating sleep, fatigue and circaxafordy@surgery and chem-
otherapyomen reportiR@\R alterati@msl delayed acrophase are nmereomxperience daily
dysfunctior®$*Furthermqratdaylongreducedctivity lewdlprobably caused by sleep deficiency
and ineasing fatigue senspicmnoticealtileford3C treatme@isdRAR disruptsare asso-
ciated with flattened diurnal abrtibohg*+346

During medical treatments, chematbagedively impaattherhythmometparame-
ters of RARhowingdecreasadidline estimating statistic of INMEBOR) and amplidande
a delay in the acrophvalsieh persist even after one year since the end of cHépditeeeapy
specifadly, Savard and colleagues (2009) record the worst RAR parameters during the first wi
the chemotherapy cycle; they slowly recover the baseline values during the second and third
However, a sufficient recovering in RAR parameters gunoguiséleurth chemotherapy
cycle, indicating the progressive alteration of RAR and decrease of daytime activity levels as
treatments progréds. concomitance \R&R alteratipiasigue, depressemdower morning
energware worsened, especially in women with incr&&%éd BMI

A highly marked RAR disruptamtws with the poor functional and physical quality of

life in advanced BC patérEsirthermoresleep disorders and fatigpertedoefore
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chemotheragyeexacerbatbythe rhythm disruptioming chemothergenerating depression
and mood disordérs>**Aless robust RAR during and after treatments could beittssociated
more distressing fatigue and depressimcompanied bymbdsgnized cortisol, melatonin, and
serotonisecretiorhythms. Altogether, these alterations may lead to more severe chemothera
related symptoamsl higher mortality rates in BC Fafiénts

Based on the stagplaingoreviousind also referring to other studies involving different
types of cancer, it is possible tdliedfiRAR and cancer areirgatednd linked irbalirec-
tionalvayOn the one har tlisrupted RAR is tallecrement the cancer incjdemts on
the other hanthemotherapy and the physiologicaladdpectumour could disrupt RAR and
accelerate cancer progré&sii® Indeed, RAR worsens during the cycles of chemotherapy
explaining whyeatotherapy could be considered one of the factors implicated in the deteriorat
of RAR®AdditionallgCrelategsychological distresstsongredictor of thesruption tfie
sleepvakeircadian rhytFih

The evidence of the association between altered RAR andeintreidsedeatems
fromstudies involving shift workers and, more specifically, shiftombrieraigithshift or
constantly workigringthenigh®’2%2In these worketke nigkdtlight exposure leads to a
misalignment between the internal and exke@waticldarlpe internal and extenigél)
which causes the suppression of the melatonin\éelatetidm is recognfaednticaraio-
genesis propertibat decrease along with melatonin suppréssineequentiycrease the
risk for cancer in nigiftworker¥%3¢*The decrease in melatonin seicr&@patienssalso
reported by Li and colleagues, (@bb3)bseraedecrease in therning evaluationsriofary
6-sulfatoxymelatomirconconaibce with tlikecrease of sleep durfdtibhe recent revieyv

Fagund®Rivera and colleagues (202@sthe hypothesis that the decreased melatonin secretion
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mayalsaalteoestradiol and insulin levelgiaanide to a greater amount of oesecgetied by
the ovarié%'.These are all predisposing factors to BC.

Finallygenetic makeup represents another link between alterations in the circadian rhyt
(even though not specifically for RAR) A gD longitudinal and large sample size studies
are still ongoirthestug on singlauackotide polymoighsby Lesicka and colleagues (2019)
poins out theassociation betwsemecircadian rhythm geaantand the incredse BC®®
Previously, otlessociatiehetween BC ahdCLOCIKgenege.g. PER2 and Cryptochrome 2)

have been advarie&es.

5.4 Effects ghysical activity on sleep belia\noest cancer patients

In cancer patientgether with fatigue and depretsspndeficiency is one of the three
major distressing sympteimish are usually addresssgrap@miustet®®*"Also considering
that BC patients anrvivomsreconstantiypcreasingt is necessary to find a solution to alleviate
sleep deficiennythis populatiére of the mafeaturesf this solutiasthat it has to avoid the
onset or establishment of other side efppotsstsuch abeadache, dizziness, and seizures),
as manpharmacologiepproaches #6*'Thus, reaghers are lookingrfekfree andon
pharmacologiaaterventions, includingwich is established as acapdarmacological in-
tervention in cancer patés’’*

Several studies have appraaé¢h®dntervention protocol on BC patienteahning
year$’°Notwithstanding the promising, resittsisions are sometimes discordant depending on
the duration of the PA intervehgotype, the intensity, the frequency and the modality of the

proposed Pfe phase of the medical treattnants which the PA is plannbde pat i e n:
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baseline conditiamd the modality of sleep assessment (objectively o? subjalginrelygh
the PSQy.370372

Themetaanalysis by Yang and colleagues (2021) takes into ceirsideiatidhat
assess sleep through PSQI adminasteataoPA interveniitve authors concli@dBCpa-
tients and survivors could benefit from PA interventidPA breagupeovesleep quality
(weighted mean differen@, 95% CI2040,p = .018)even thougtliferences the seven
PSQI subscales are not significantly different between the intervention and*th€reatrol groups.
and colleagues (2@it&)similar conclusspstatinghe efficacylwdth PA and bedind exer-
cisein improving subjective sleep,dualityt ithe objective assesstfient

The lack of agreement betwesibjbetive and objective sleep assessment is also reported
by Rogers and colleagues (ROWRHpse studsieep improvements are significant for perceived
sleep quality, sleep disturbamdemytimgsfLinctiondlotwithstanding the absence of significant
sleep improvementsujir objective assessments, subjective sleep improveaiégrtshpessist
and six months since the PA inted/&ntion.

In contrast with Kreutz and colleaguesui®fi€) systematic review by Tang and col-
leagues (2018lines a superior effect of walking in improving slepratteg yogéan
exercise mdithaincluded in thedymind exercise cated®ryfPossible explanationsl dmul
the highdromebasedavalkindeasibilityhemore straightforwstehdardization of walking com-
pared to yogad theasiesipplicabilibf walking protoadising medical treatniénts.

In the sleep improvements assessments, sesaeddspedbken into consideration
for examplethe PA typology or améwmbbic PA is usuallyrtbet common involved with BC
patient§’however, a combination of aerobic and esstasasdVIVP Aeem to apporore
significaisteep improvemért¥Regarding the amolifA, passing fr280 minutes to-50

50minutes tiice a weekadrobic P#ppod superior improveminggobal and subjective sleep
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quality and sleep lat@p8Q| assessmer@anadiamomertrained during and after chemother-
apy*’>Additionally, the individualization oftfeeV@Ationatsaeceiving attentieor example
dueto the possible relationship between obesity and sleep deficiency, obese women need a pr
including the weight reductioft’goal.

To date, the mechanmsmore probably the meatsanisderlying hewerciseould
affect sleap stillundear.One of the linking featofd3C, PA and sleephronitowgrade
inflammati@md therceinflammatory cytokaveb mediatohsdeedshronic inflammation is rec-
ognizeds playing crucial role in BC developmeémns usually reported in BC péidritse
same timdeep deficiency is associated with increases in markers of systemic inflammation, su
Greactive protding, and NFe.*"’PAhasalready recognizediafidimmation propettids to
decrease the level -@f ll-8, 16, and TN& and, consequeritigchronic logradenflam-
matiof’’Due to all these considergtimgossible timprovements in inflammation can mediate
the effects of PA on sleep quality in BE'patietslegpomoting mechanisms are represented
by the facilitation of the temperattdevao after B&ssionandthe ability of RAreducing

stress and depressiaft.
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Aim of the study

To date, several studies have investigated and highlighted the potential role of physical
inbreast cangaognosis, also including RAR analysis. However, felrfastssthaarr-
vivors, especially indamyivors, such agear afténe primary diagnosis.

The present study aims to actigraphically monitor RAR in ajyepubatastafdncer

survivors since the primary diagnosis and toipararacteristics with healthy controls.
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The results could help plan physiitgl@otiwvams to increase daytime activity levels in

these women and improve their RAR.

Methods

Participants

The study sample was composed of 28 women: 15 BQiseyeamatier primary
diagnosis (Bffoup) and 13 healthy controlgrCipl). ffle two groups were matched for age and
BMI. The women showing the following inclusion criteria wel® @&CRiitsittd Nazionale
dei Tumori di Milafay the B@roup Jimastectomy or conservative surgery for any type of primary
invasivereast cancand within the previbueyears, (i) no history or objective evidence of re-
current ipsilateral or contralaiesiat cancéiii) not scheduled for and not cwnetgigoing
chemotherapy, (iv) no other cancer diagnosis witbimydzsadaét) age? 86 years at recruit-
ment, (vi) BMI <30 Kg/m2; for thgrdDipl (i) no history or objective evideneasbitancer
diagnosis, (ii) no other cancer diagrpzgisotogy, (iil) agé6&byears at recruitment, (iv) BMI
<30 Kg/m2.

The study was carried out in accordance with the tenets of the 1964 Declaration of He
and approved by the Ethical Review Board of the Istituto Nazionale dei Turgardd: Milano. The
lines required by the jou@talofobiology Internajiamabaccomplished either for the study

protocol or during the procetlures.

Study design
All the 28 participants underwent a medical examination for the following assessments:

1 height and by mass to calculate BMI (kg/m2)
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1 systolic and diastolic blood pressure (mmHg), using an electronic sphygmomano
eter (DynaPulse 5000A Pulse Metric, Inc., Vista CA, USA) with the cuff placed or
left arm and the subject supine after 10 min of rest

1 bloodcollection aftastingvernight to assess glycemia (mg/dl), total cholesterol
(mg/dl), high density lipoproteins (HDL, mg/dl), low density lipoproteins (LDL

mg/dl), and triglycerides (mg/dl).

Furthermore, durihg medical vigsibmenvere instructed to ugaleontinuousday
actigraphic monitoring to detect RAR. Duringyhenadiigring, the actigraph (MotionWatch
8®, CamNtech, Cambridge, UK) was worn esfotinenaohwrist and removed when swimming
or bathing. Additignalbjects filled in a diary with their bed and get up tinmepkanuols of
without wearing the actigraph (on average, once a day for 30 minutes; period not included in tl
analysis) and the number of nocturnal awakenings. Thmacitigngpstarted at the first
clinicameetingduring the actigraphic monitoring, subjects performeddinemaisutds, not

inviting theto increase their physical activity.

Statistical analysis

The anthropometric, cardiovascular, and bltgdpeltameters are reported as mean +
SD, while the rhythmometric parameetgyeessed as mean with 95% Gormiadistribution
of each parameter was verified using/@lépiest. To compare anthropometric, cardiovascular,
and blood chemistaya between the two groups, the unpaired&dudastised. Firtily,
RAR parameters were assessed using the single cosinor analysis; after that, rhythmometric pa
of B€and Ctgroup were compared using the Hotelling T2 tedinfjlie liedels a general-

ization in the multivariate field of Stetdsh&sd is based on the hypothesis that the distance
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between the two samples' meanisadalbrg?earson's Correlation Coefjiaeistigated the
association between@rahretric and rhythmometric parameters.

The used software were Exp&ac®oiblogyersion 6.0, Esvres, France) for the cosinor
analysis and JMP® (version 14.0.0, 2018 SAS Institute Inc., Cary, NC, USA) for all the rem.

statistical analyses. Statistical significance was set at p < .05.

Results

The anthropometric, cardiovascular, and blood chemistry parameterd foirlthe BC

group are shown in Table 1. No parameters show significance.

Tabld Characteristics of the participants, stratified igtotipeaBE Cgroup.

Characteristics of the experimental groups

BGgroup (n = 15) Ctrigroup (n = 13)

Mean = SD Mean £+ SD
Age (years) 56.7 £ 6.6 544 +7.2
Weight (Kg) 64.8+94 68.3+7.8
BMI (kg/m2) 245+ 3.8 25.2+2.8
Systolic Blood Pressure (i 124.0+£12.2 129.1£13.2
Diastolic Blood Pressure (r 76.8+11.2 77.1+£12.0
Glycemia (mg/dL) 95.6 £ 13.2 97.1+105
Total Cholesterol (mg/dL) 215.3+22.2 222.3+18.7
HDL (mg/dL) 67.3+21.3 59.5+14.3
LDL (mg/dL) 1275+24.1 119.6 24.5
Triglycerides (mg/dL) 105.5+54.2 106.7 £ 39.9
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The results obtained with the cosahygsis are shown in Table 2 and Figure 1. Both the
MESOR and the amplitude are statistically lowgraugheoB{(pared to theg@itlp (both p

<.001). Acrophase shows no statistically significant difference.

Tabl Results of the actigrédyatsed analysis of RAR-gr&@ and Ggtoup by the population mean cosinor.

Rhythmometric analysis in theoBand the @rbup

MESOR (a.c. Amplitude (a.cAcrophase (hr:n

0
Group  PR(%) pvalue . oan + 95% ( (mean + 95% | (mean + 95% (

Bfgfggp 48 <001 1920+124* 167 .0 1509 +01:14
C;“gffgp 47 <001 2764+192% 222 .6  1501+00:45

PR: percentage of rhythm. MESOR (activity counts): Midline Estimating Statistic of Rhythm. Amplitude (activity
half the difference between the highest and the lowest points of the cosine function best fitting the)data. Acrophase
indicatewh en t he highest values fall; the values are r¢€

Rest-activity circadian rhythm

240

160

a.c.

80

0.00 4.00 8.00 12.00 16.00 20.00 24.00
hh.mm

BC-group ——Citrl-group

Figure Restctivity circadian rhythms: data collébesttiyrapin BEgroup(grey linednd Ctyroup(black
line)
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Figure2 shows a visual comparison of the MESOR and amplitude parameters for the
groups. In this figure are represented two scatterplots of amplitude vs MESOR data, one fc
group. For what concerns tgedB@, the reduction in both the MESOR alitlitteeteamplates
into a downward and leftward shift eftheBs&atterplot compared to the@brone. Two
regression lines overlay the two scatterplots. These two regression lines are forced to pass t
the origin; thus, the two slopesrenéasaverage ratio between the amplitude and the MESOR
separately for the two groups. Also considering the two respective equations, when the group
tude values of the B Ctgiroup are expressed relative to the respective MESOR, the relativ
anplitude of thereast cangeatients is larger (amplitude 87% of MESOR) than that of the Ctrl

subjects (amplitude 77% of the MESOR).

350 1

i Amplitude=0.873-MESOR ©

250 1

Amplitude=0.771-MESOR

Amplitude (activity counts)
g

150 A
100 A
® pC-
50 1 BC-group
o Ctrl-group
0 T T T T T L]
100 150 200 250 300 350 400

MESOR (activity counts)

Figure2 A visual comparison of the MESOR and amplitude parametbiGtifr@®@@. For each groufs
represented a scatterplot of amplitude vs MESOR data, two superimposed regression lines and two respective €
The two slopes measure the aatimabetween the amplitude and the MESOR in the two groups.

About the correlation analysis, no correlations between the anthropometric and rhythmol

parameters are significant.
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Discussion

The present study reports the actigrapbiciihed RARreast canairrvivors (BC
group) and healthy control grougs¢Gir). The principal outcome is that RAR differs between the
two groups, with-80@up showing a lower MESOR and amplituelgrthigm Ttdse results are
the first experimentakecie for RAR alteration (specifically for MESOR and amplitude paramete
in breast cancaurvivors @iveyears after the prinbaeast canagingnosis. Conversely, acro-
phasés similar for both groups, suggesting that a previously reported delayed acrophase may
only in the early stages of the clinicaljddtneayer, since the rhythm (T = 24 h) is statistically
significant in all subjects, we can affirm thiateR8iRcancirvivors is notsinchronized.

The deterioration in RAR has already been repoetest rantdingnosis up aoe
year after chemothetapyt our data show that RAR alterations persistfiegeafesince
the primaryagdjnosis and in patients free of disease. The progressive reduction of 24 h activity le
in breast canogomen is likely to lead to RAR altevhicdnsrmaintained for several years
after primary diagnosis. We could make some speculagopsrsisterittRAR alteration in
breast cancrrvivors. Some disespseific neuropsychological factors could alter RAR; for exam-
ple,breast cana#ingnosis and related treatments are associated with increased psychological
tress and risk of depresaml diminished quality of life and physical actiligdecelning
physical activity, consistent with our results that show a lowered MESOR and amplitude comy.
healthy subjects, Emery and colleagues (2009) report a gradualplgsieakaativibelevels
inbreast cancamvivors, even though they assess physical activitgpotth gussifionnire.

In this context, the role of physical activity indima loogitoringboéast canqes-
tients is becoming increasmpbyrtant. Studies have highlighted the protective effect of physica
activity in several aspebteast caneirvivors, including reducebreakt canesdated and

allcause mortalty2 Two metanalyses, including randomized trialtheesftfegt of supervised
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physical activity interventions during adjuvant bineaspygdoceonclude that physical activity
benefitéatigue amguality of lifé?*Regarding the last point, Cheng and colleagues (2017) also
report the positive effqatysical activity on quality of life aftéalsethenultidimensional pro-
grams in women witemyears of completion of surgery or adjuvant cancer bhesapy for
cance?

Notwithstanding the importance of these conclusions, to date, no study has used the rhy:
metric RAR analysis to assess the physical activity levels in BC survivors. Moreover, the relat
between RAR éneiast candsrlimited to thiene at diagnosis. This, in addition to our results,
suggests the rationale for planning physical activity interventions to bnpasveda& in
survivors, which is a marker of daily spontaneous activity. Indeed, due to the consideration tl
two groups had similar jobg€aching, office, or housework), the differences in MESOR and am
plitude and, generally, in RAR synchronization may be méirépsetzaddmvivors' daily
activity.

It could be supposable that difference®R & amplitude betweast cancgir-
vivors and healthy controls might be related to disparities in sleep quality. In order to be sure th
differences are mainly due to daily activities, we also assessed the sleep parameters (sleep ¢
ofset, sleep duration, sleep latency, fragmentation index, immobile time, and sleep efficiency)
participantSince no differences are significant in all parameters between the two groups, we
assumé¢hat sleep is not an influent factor inimpdviEgSOR and amplitudee@st cancer
survivors, whose RAR decrement could be related only to activity level.

The present study shows strengths and limitations. The strengths are represented b
methodologye. the measurement of RAR by actigchfite/populatios,breast cancir-

vivor womenfateyears after the primary diagnosis. However, the sample size is small; there is
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longitudinal evaluation of RAR parameters, which could have allowed us to evaluate changes

over time.

Conclusions

Our study may produce new findings with a novel potemishdiudrizastancer

survivors: physical activity.
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IF: 2.877; Rank: Q2

Aim of the study

Since the cosinor analysis left unexplained variance of the data, the present study ail
increment the previous analysis in breast cancer fiugy@anssance the diagnosmpig-i
menting the analysis with thganametric parameters of the cosinor analysis. As a consequence
the present study detects whether breast cancer survivors and healthy subjects show differe

Mean (M), Variance (VAR), Interdaily Stalmtiigd@hy, Yariability (IV), nocturnal activity (L5),
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and daily activity (M20).could be assumedahadditional approach could bring new infor-

mation on RAR and sleep in these women.

Methods

Since the sample is the same as the previous workhédeporigibn of thartici-

pantandstudy desigimilar to those of the previous study

Participants

The study sample was composed of 28 women: 15 BJigeyexmafier primary
diagnosis (BfLoup) and 13 healthy controlgr@Cip)). The two groups were matched for age and
BMI. The women showing the following inclusion criteria wesl® CRitsittuto Nazionale
dei Tumori di Milafary the B@roup (i) mastectomy or conservative surgery for any type of primary
invasive breast cancer and within the fpreysaurs, (i) no history or objective evidence of re-
current ipsilateratontralateral breast cancer, (iii) not scheduled for and not currently undergoi
chemotherapy, (iv) no other cancer diagnosis witbimydaadaér) age? 86 years at recruit-
ment, (vi) BMI <30 Kg/m2; for thrgrdDipl (i) no history or objeetience of breast cancer
diagnosis, (ii) no other cancer diagnosis or pathology,§iyeages 28 recruitment, (iv) BMI
<30 Kg/m2.

The study was carried out in accordance with the tenets of the 1964 Declaration of He
and approved by tingcEk Review Board of the Istituto Nazionale dei Tumori di Milano. The guid
lines required by the jou@tabfobiology Internajiovere accomplished either for the study

protocol or during the procetlures.
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Study design

All the 28omenduring the medical visit, were instructed to undergo edatinuous 7
actigraphic monitoring to detect RAR. During the actigraph monitoring, the actigraph (Motion
8®, CamNtech, Cambridge, UK) was worn esoiinenaohwrist and removed whemngwimm
or bathing. Additionally, subjects filled in a diary with their bed and get up time, hours of nap
without wearing the actigraph (on average, once a day for 30 minutes; period not included in tl
analysis) and the number of nocturnal avd@kenaagygraphy monitoring started at the first clin-
ical meeting. During the actigraphic monitoring, subjects perforndailyhedtiviseal not

inviting theto increase their physical activity.

Analysis of the faarametric paraanset
The malyzed ngrarametric indices Br@&nd VA@he two major descriptors of a time
seriek IS (ranging between 0 = lack of synchronization and 1 = perfect synchronization); IV (ra

between 0 = less fragmented rhythm and 2 = more fragmentethdw1m); L5

Statistical analysis

Thenonparametric parameters are regortezhn + $ith 95% @ind expressed in
activity counts (a.Ehe normal distribution of each parameter was verified-\gitks3Sbsipiro
To compare data betweéndlgwoupand depending on the normality or not of the data distribu-
tion the unpaired Studeéestor ManWhitney U tesereusedPearson's Correlation Coefficient
(n investigated the association betwparametrandparametrparametecsRAR

A stepwise binary logistic regression aasfiltthe aim identifipgthe more suitable

characteristics of RABsseghe change in RAR in individitisiseast canc&>-group(1)
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and CtgrougO)were the dependenabésjwhereaBlESOR, Amplitude, M10, BBdWAR
were set as the independent variables.
The statistical analysis was made staiigfic®ftware (Version 3.&@tistical signif-

icance was set at p < .05.

Results

Table 1 shows the-parametric indiagf the two groups-gd@ip shows significantly

lower M, VAR, L5 and thidGCtrigroup, while IV is significantly higher tgeosu@trl

Table Nonparametric analysis of RAR in BC survivors and healthy subjects.

Mean (a.c Variance (a IS (a.u.) IV(au) L5(a.c) M10(a.c)

Group (mean £ SI (mean £ SI (mean = SI (mean x SI (mean £ SI (mean £ SI
BCgroup 189 81358 0.61 0.86 11.27 326.82

n=15 +35.78 | 24¢ +0.09 +0.18* + 5.00* + 58.14#
Crtigroup 268 134428 0.56 0.65 34.41 428.07

n=13 +81.88 | 10C x=0.10 +0.14* +17.63* +£117.74#%

IS: Interdaily Stability. 1V: Intkéataalyility. L5: the least adtipeiod obtained from the averagedide. M10:

the most active 10 hr period obtained from the -dwvprafile 24.c.: activity counts; a.u.: arbitrary units.

§p <001l foMea{ St u destyrt @S &V ar i a n c etesf)rP KolibrdViand®s (t Sttasthte nt ®s
p <.0001 fé410 (MadiVhitney U).

The significant correlations in the total sample bg@vaeretranindices (M, VAR, L5,
or M10) and parametric indices (MESOR de Yanpltuown in FiguBghificant correlations
are reported between Amplitude and MEG@R )15 and MESOR(P®4), L5 aranpli-

tude (p<.02), M10 and MESOR.(Q961), M10 and Amplitude@004), M10 and L5 (p <

.002), M and MESOR.(}®01)M and Amplitude (801), M and L5 (j®801), M and M10
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(p <.0001), VAR and MESORO(0%), VAR and Ampl{jueed001), VAR and L5 @04),

VAR and M10 (19€01) and VAR and M.QPGL).
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Finallythebinary logistic regression for each independent varsateststelvgignifi-
cance for MES@R (019), Amplituge<(.038), M1p € .024), Lk .042) and M < .012),
but not for VAR. Then, the apatysitth a stepwise binary logptesston analysis (dependent
variables: Bffoup and Ggtoup; independent variables: MESOR, Amplitude, M10, L5, M, anc

VAR) that finds MESOR as the most sensitiypevéizile (
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Discussion

Thepresent study sito deepen the RAR anayyssig norparametric indicelsramast
cancer survivors and healthy controlGreugsults, particularly IV, provide new and interesting
information about breast cancer survivors, which show a higher IV value, thus, a more fragn
RAR over the 24 hauatwity. A possible explanation of this increased fragmentation could be as:
ciated with reductions or alterations of the diurnal aicéyvityolevielactive periods, as sup-
ported by lower M10 values. Previous studies report that redactdtplydicahst cancer
survivors could be tracedremented psychological distress and risk of depression, which togethe
can diminish the quality &f life.

Referring to the least active hours and keeping in mind that the previous analysis of ¢
behaviour revealed no significant differences betwaed CEBQpthel5 value is better
in breast cancer survivors than controls, showing lesachongihegat duringriggitime
We advance the hypothedisettaincerous pathology dogstenbrasteep quality during the
last five yeamsmpared to unaffected anthatelied by age and sex subjects.

The present study results coteoti@arevious findings showing reduced MESOR and
Amplitude in breast cancer survivors compared to healtVyy w@ytggeculate that, particularly
during the daytirbeeast cancgurvivors have an overall lower 24 h level of activity. It could be
possible to conclude that M and VAR reflect the previously highlighted differences in MESC
Amplitude by parametric artalysis.

Altogether, these data support the hypothesis that the progressive reduction in daily a
levels provoked by breasercdisease is present also after several years from the diagnosis an
not only in the first st&@Ha support of our hypothesis, previous evidence supports the associatio
between lower M10 values and motor inactivity or daily activityeredpobeements of day-

time activity level (i.e., M10) are correlated to a better quality of life (Goncalves et al. 2015), a
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association could also be translated in breast cancer survivors, as previously reported by ¢
author&*Furthermoriecreased daytime activity levels are associated with better markers of bre
cancer risk, while their decrement is considered a factor able to negatively influencing the
cancer prognosis.

Based on the present and previous findingssiwieesnggd for constant assessment of
RAR in breast cancer patients at all stages of the pathology, including several years after the
treatment$his represents a valuable strategy aimed at developing new approaches for healtf
tection and mamance, for example, structured and tailored physical activity programs, which
improve circadian activity level and, consequently, raise the quality of life in breast cancer sun

To reach this goal, it should keep in mind that the MES@Rpribyeriatesparameter
to assess changes in RAR in subjects with breast caoicbeblautd identify small activity
fluctuations. Thus, as happened in our sampleatdetic analysis may be considered more
descriptive of the situation and able ttdetetaytimenighitimeactivities over the 24 hours.

In this conteftifure studies meshsidedministerimgmore detailed daily diary to col-

lect informationagsurately as possible, m@dgsiple a richer comparison between subjects.
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Physical activity and slebaviour in women carrying BRCA1/2 mutations
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Submitted tBupportive Care in Cancer

Aim of the stud

Since the breast canceBB@A 1/@utation diagnosis could IdadRtisruption and
sleep deficiency and data refe@RE &dl/@omen are still missing, we want to assess these

variables in a cohort of IBIR&A1/Rarrier women.
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Moreover, taking into consideration the benefits of physical activity on modifiable spol
breast cana&k factors and sleepes®rna crossectional analysis to explore the relationship

between sleep quality and physical activityBR@éh@rutations.

Methods

Participants

Our crossectionatudyanalysed a sample &R8ALlidutation carriers enrolled in the
Italiaimmulticentr@rapective, randomized controlled trial, registered at www.clinicaltrial.gov (ref
ence number: NCT03066856)JRCES Istituto Nazionale dei Tumori(ttaM)Ems paper
analysed only participants recruited into the trial between Octhloex 2018 badause they
also had complsfeep and physical activity data

Extensive descriptions of the trial design and main results have already been widely des
and reporté&@In brief, the trial aims to test if a dietary interventidhddsediterranean diet
with a moderate protein restriction significantly reduces potentiaBRG&d f@enetvnce
such as body weightl){BBulinand main factors of Metabolic Syndrome.

The inclusion criteria were: (i) DiageBSIR\dff2utations; (ii) age betweatd J@ars;
(iii) with or without a previous diagnosis of breast or ovanawithoceclitiical evidence of
metastases. Women who underwent preventive, bilateral prophylactic mastectomy without p
breast or ovamicancer diagnosis were excluded from the study.

The Ethics Committee of Fondazione IRCCS Istituto Nazionale dei Tumori di Milano apy

the study (approval number: INT106/13).
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Study design
The 68 women included in the present analysestaere asked

1 fillin a questionnaire on their medical history, including questions on principal fem
cancers risk facterg.(menstrual and reproductive history and health behaviours);

1 atend a clinic examination for anthropometric measurements @i¢dght and hei
wearing only light clothes, and waist and hip circara&ngnagsofessional
measuring tape) and waist to hip ratio and body mass index (BMI, weight (kg
height (m2)) calculation. Blood pressure was measured using an electronic sph
momanores;

1 undergo a body composition evaluation (fat mdsseamaé$a) using imped-
ance balance. Women were fasted and did not drink during the four previous ha
and did not practice physical activity within 24 hours;

1 donate a 20 mL blood sample fooheetserum K&FRand insulin, plasma glu-
cose, total cholesterol, HDL, LDL, and triglycerides) and hormonal assays. The b
sample was collected after 90 minutes of a standard meal;

1 undergo continuouda¥ actigrapmmonitoring to detect RAR. During the acti-
graph monitoring, the actigraph (MotionWatch 8®, CamNtech, Cambridge, UK) v
worn on the ndeminant wrist and removed when swimming or bathing. Addition-
ally, subjects filled in a diary with their bed dimdeydtayws of naps and without
wearing the actigraph (on average, once a day for 30 minutes; period not include
the data analysis) and the number of nocturnal awakenings. The actigraphy mor
ing started at the first clinical meeting. Duriggafit@cantonitoring, subjects
performed their uglaly activities, not invitingttherarease their physical ac-

tivity.
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1 1l in the PSQI to assess sleep quality and habits during the previous 30 days. T
is a retrospective-sghbrt questionnai@sed on 19 items that evaluate seven
sleep components: (i) perceived sleep quality, (ii) sleep latency, (iii) sleep durati
(iv) sleep efficacy, (v) sleep disturbances, (vi) use of sleep medications, (vii) d
time dysfunctions. The score for eaoh galeges between 0 (no problem at all)
and 3 (several problems). The sum of the seven components returns a final sc
from O to 21, with lower scores indicating a better sleep qeaflityallibé cut
5 divides participantsgatml sleepgi®5)andoad sleepeg®21). In addition,
the numbers of hours spent in beteaepthgand the sleep efficiency can be
obtained from the questiorthaire;

1 fillin the GSIPAQ to assess how much physical activity the women had conducte
during the las¢endays. Three questions investigate the frequency (number of
times on a week) for three physical activity intensities (heavy, moderate and lig
which are associated with spestdicolic Equivalent of(VESkamount. The
final score abtained by multiplying the number of times on a week*METS of eact
intensity and summing the three results(Mgditwerekj the final score is <
24, the subject is classifigthevan the opposite case, the person is described

asactivé

Staistical analysis

The statistical analyses were carried out using R Statistics (version 3.6.0, R Developmer
Team, 201 5TATA 14 (Statatlooplege Station, TX, USA) and IBM Statistical Package for the
Social ScienceSPSS Statistics (versioBM7Corp. Released 2019. IBM SPSS Statistics for
Windows, Armonk, NY: IBM Oenguyiptive data of the sample are shown using mean (x SD),

frequencies and percentage.
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The RAR parameters were assessed using the single cosinor analysisnadter that, rhythn
ric parametric parametefeateBRCA1ARomen anthaffectd@RCA1AZomen were com-
pared using the Hotelling T2 test. The Hotelling T2 test is a generalization in the multivariate
Student'stest and is based on the hypothesis tiséribe detween the two samples' mean
vectors is null. To comparpar@ametric parameters (IS, 1V, L5, M10) between the two groups an
depending on the normdlibyeadata distribution, the unpaired Sesteort Marwhitney U
test wasgsed.

Actigaphisleep assessment included Time in Bed, Assumed sleep, Actual wake time, Ac
sleep time, Sleep efficiency, Sleep latency, Immobile minutes, Moving Minutes and Fragme
index. The parameters were comparectietiesirdunaffectdBRCA2/carrier women.

Regarding the anthropometric, body composition, meaaldotjoetdiannaire results,
we compared the data of affected and unaffected women before performing the statistical a
Based on the normal distribution results (@haf@sbp t-test or MaAwhitney -tést was
used. Since the two groups showed no statistically significant differences)alyes#hecided to
sample altogether.

Based on BMI categorization, the sample was divided into normal weight (BMI <25 kg
and overweight (BMI >25 kg/m2). RelatetR& @& considered both the total score and the
results for each intensity (heavy, moderate, light) separatedyyseall the

Using the ANCOVA analysis (adjusted by age and BMI categorization), we compared
continuous variables betgamiandbad sleepeflsased on the PSQI resultgcameand
inactiveubjects (based on-GBAQ results). Then, we tedducorrelation analysis (Spearman
coefficient) among all the continuous variables.

Finally, to satisfy the principal aim of the study, we built a binomial regression model inclt

age at recruitment (in tertiles) and BMI (in tertiles) as ecaku@décthtoprevalence ratios (PRS)
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and 95% confidence intervals (Cl) of being a good sleeper by increasing the METs/week. In th
all the physical activity intensities were considered, and the sample was divided based on the
value for eartiensity.

A pvalue of <.05 was taken as significant; Cl were set at 95%.

Results

63 women WBIRCA l1i2utations [mean age, 47.6 + 12.4 years; n = 42 (66.7%) affected,
n =21 (33.3%) unaffeetedncluded in the present investigation. 27 waffenigdiSd 8
unaffectgdompleted the actlgcaponitoring. Women had a PSQI score of 7 +BRAQ GSL

score of 22.8 £ 18.3 and a BMI of 24.4 + 4.2 kg/m2.

RAR and sleep parameter evaluation

The rhythmometric analysis on RAR péfaguetritAind noparametrigarameters
doesnot show any differences betwedietteelndunaffectd@RCAL1/Rarrier woméhable
1)

Rest-activity circadian rhythm

200
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100

50
0.00 4.00 8.00 12.00 16.00 20.00 24.00
Time (hh.mm)
—— Affected BRCA1/2 —— Unaffected BRCA1/2

Figure Reshctivity circadian rhythms: data collected by actigraphy in affected BRCA1/2 (black line) and
unaffected BRCA1/2 group (grey line).

124



8. Resactivity circadian rhythm, physical activity lagldesliegn women carrying BRCA1/2 mutations

Table Parametric and fparametric parameters of RAR stratified for presence (affected BRC@f2fand absence

fected BRCA1/2) of a previous cancer diagnosis.

Res#ctivity circadian rhythm parameters

AffecteBRCA1/2  Unaffect®®@RCHN2
(n=8) (n=19) p
Meant: SD Meant: SD
MESOR (a.c.) 250.3 +40.3 228.5 +46.3 n.s.
Amplitude (a.c.) 176.7 £ 42.1 176.1 £8.0 n.s.
Acrophase (hh:mm) 14:10 (13:185:01) 14:14 (14.61/5:05) n.s.
IS(a.u.) 0.52+0.2 0.56 £0.1 n.s.
IV(a.u.) 0.80+0.2 0.86 £ 0.1 n.s.
L5(a.u.) 16.9+£15.3 33.1+564 n.s.
M10(a.u.) 356.5 +80.4 387.5+133.8 n.s.

MESOR (activity counts): Midline Estimating Statistic of Rhythm. Amplitude (activity counts): half the difference
the highest and the lowest points of the cosine function best fitting the data. Acrophase (hr:min) indicates when the
valuesall. I1S: Interdaily Stability. IV: Intradaily Variability. L5: thehegastiedtolgd@ned from the averhge 24

profile. M10: the most active 10 hr period obtained from thle pradileg@ 24 activity counts; a.u.: arbitrary units.

Tabe 2Actigraphic sleep parameters referred to the smaller sample (n=27) wiseveideryvent the

actigraph monitoring.

Sleep parameters

Mean + SD
Time in Bed (hh/mm) 7:55 £ 0:56
Assumed sleep (hh/mm) 7:24 £ 0:53
Actual Wake Time (hh/mr 0:54 $©:18
Actual sleep time (hh/mm 6:29 + 1:00
Sleep efficency (%) 81.8+7.9
Sleep latency (hh/mm) 0:27 £ 0:22
Immobile minutes (n°) 390.0 £ 57.6
Moving Minutes (n°) 54.7+17.6
Fragmentation index 26.0£9.2
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The sleep parameters recorded by the actigraph are presenthd safrgide(B=27)

slept the 7/8 recommended hours per night (Assumed Sleep value); however, it does not get tt

of the sleep efficiency that is considextl @mittbetwesgood and bad sleep gtiatity.

Table 3 shows data and comparison results for the stratificaffiectdeiaes-

fecte@BRCA1AZomen.

Tabl@ Actigraphic sleep data stratified for presence (affé2}eh@Bs&hce (unaffected BRCA1/2) of a previ-
ous cancer diagnosis with relesdleg obtained witr Wilcoxetest.

Reshctivity circadian rhythm parameters

AffecteBRCA1/2  UnaffeaddBRCH2
(n=8) (n=19) p
Mean + SD Mean = SD
Time in Bed (him) 7:43 £ 0:47 8:20 + 1:07 n.s.
Assumed sleep (hh/m 7:14 + 0:47 7:46 £ 1:.01 n.s.
Actual Wake Time (hf 0:56 £ 0:19 0:50 £ 0:17 n.s.
Actual sleep time (hh/ 6:17 £ 0:55 6:55 + 1:04 n.s.
Sleep efficency (%) 81.1+8.7 83.1+£6.3 n.s.
Sleepatency (hh/mm) 0:25+0:18 0:31 £ 0:30 n.s.
Immobile minutes (n°) 377.3+£50.2 415.6 + 65.7 n.s.
Moving Minutes (n°) 56.8+17.2 50.4 +18.7 n.s.
Fragmentation index 26.5+9.2 25.0+9.8 n.s.

No statistically significant differences emerge from the analysis. However, it is possit

make some consideration: from a visual data inspection, it would appear BR{A&/@naffected

group present a tendency of longer (Assumed sleebedtieesieapd Sleep efficiency, Immo-

bile minutes and Fragmentation index values).
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Comparison betwgeadandbadsleepers
Table 4 shows the baseline anthropometric/metabolic characteristics and physical activi

els of the @RCHA2 women stratifiedgopdn = 26, 41,3%) dvadl sleepeis = 37, 58,7%).

Tablet Descriptive data in good ansldepers.

Anthrpometric, metabolic and physical activity parameters

Good sleepers Bad sleepers

(n=26) (n=37)

Mearn: SD Mean: SD
Weight (kg) 61.1+10 64.9 + 10
BMI (kg/fn 2354 25.1+4.2
Waist circumference (cn 71.6+£9.2 755+ 11
Hipcircumference (cm) 95.8+8.1 98.5+8.4
Waist/Hip ratio 0.74 £ 0.6 0.76 £ 0.7
Systolic pressure (mmH 1205+ 11 122.4+14.2
Diastolic pressure (mmt 82+121 82.3+7.2
I nsulin (YU 19+ 19.7 24.6 £ 25
Glycemia (mg/dL) 95.6 + 23.7 99 25.1
Total cholesterol (mg/dL 187.1 £ 28.8 195 + 35.6
HDL (mg/dL) 64.6 + 18.8 62 + 17
Triglycerides (mg/dL) 81 +43.8 102.7 + 43
Fat mass (%) 27.8+8.2 31.7x7
Fat mass (kg) 176+8 21.8+10
GSLTPAQ score 32.2+19.8 16.3 £13.9*
GSLTPAQ heavy intensi 8+£11.2 1.9+£6°
GSLTPAQ moderate int¢ 144 +12.1 8 £10.1°
GSETPAQ light intensity 9.8+84 5.8+6%

*p<.001,5< .01%p< .05.

The two groups do not differ either in anthropometric or metabolic parameters, even th

good sleepeskow a slightly better metabolic/anthropometric cobddistedmers
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The two groups report a statistically significant differeneERRQrec @8 with the
good sleepearsre active thantihd sleepgs< .05). Furthermore, the physical activity intensity
(heavy, moderate, light) is significantly gagtesieepdismarbadsleeperp& .01p< .01p

< .05, respectively).

Comaprison betweactivandnactivewomen

Table 5 shows results obtained from the comparisantivetweez?, 34,9%) and
inactivén = 41, 65,1%) women referring to the anthropometric, body composition, metabolic, |
monal and sleep parameters.

In generakctivevomen show better anthropometric and metabolic parameters compared
inactivevomen. However, only insulin levels are significandytivasemipared toactive
womenp(< .05).

Sleep quality is significantly battee wometharnnactiveromen, which reach a higher
PSQI score (5 + 3.1 vs 7.8 £ 3.7, respeetivEly,; Even though not significavgyvomen

tend to sleep longer and betténdabtve
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Tablé& Descriptive data in active and inactive women.

Anthrpometric, metabolic sledparameters

Active Inactive
(n=22) (n=41)
Mean: SD Mean: SD

Weight (kg) 60.1 + 8.6 65+ 10.5
BMI (kg/& 22.9+3.4 25.2+4.4
Waist circumference (cn 70.4£9.7 75.7+104
Hip circumference (cm) 9417 99.2+8.5
Waist/Hip ratio 0.75+0.6 0.76 £ 0.7
Systolic pressure (mmH 118.2 +14.8 1235+ 115
Diastolic pressure (mmt 79.6 £ 10.9 83.6+8.4

l nsulin (YU 124 +£9.3 27.6 + 2672
Glycemigng/dL) 94.3 +22.7 99.3 +25.3
Total cholesterol (mg/dL 191.7 £ 32 191.8 + 33.8
HDL (mg/dL) 67.1+17.5 60.9 + 17.6
Triglycerides (mg/dL) 77.9+28 102.3 +49.2
Fat mass (%) 27.2+7.6 31.7+7.4
Fat mass (kg) 16.8 £ 6.8 21.8+10.2
PSQI score 5+3.1 7.8+3.7°
Hours spent in bed (hr:n 08:04 + 00:37 07:52 + 01:16
Slept hours (hr:mm) 06:47 + 00:56 06:21 + 01:17
Sleep efficiency (%) 84.2 £10.7 80.7+14.8

°p<.01¥p<.05.

Correlation analysis

The PSQI score correlatasigitberides levels(0.29p <. 05).

GSLTPAQ score is inversely correlated with weélgtitjp < .05), BMikE-0.32p

< .05), waist circumferenseQ(27p < .05), hip circumference-0.31p < .01), insulin €
-0.35p < .01), triglycerides levgts@.28 p < .05), fat mass inr% {0.36p < .01), fat mass

in kg1 =-0.31p<.05), and PSQI sapre-0.41p< .01).
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Similarly, heawgensity physical activity level is inversely conrelaighliyt-0.33,

p<.01), BMikE-0.32p< .01), waist circumferaneed(41p <.01), hip circumference-(

0.34p < .01), waist/hip ratie-€0.32p < .05), systolig £-0.31p <.01) and diastolic blood

pressures(=-0.43p<.01), triglycerides levets-0.25p < .05), fat mass inr9% {0.47p <

.01) and fat mass inrkg {0.36,p < .01). Even though not significanintesesity physical

activity levedsowa tendency of being inversely correlated with with RS€l.28qre (07)
Moderatmtensity physical activity level is inversely correlated withsRS@QB4¢ore (

p < .01).Lightintensity physical activity level is inversely correlated with waistrercumference (

0.28p < .05), but shows no significant correlation with RSE0stbEH.23).

Binomial regression analysis

The Prevalencedy#&R) of being@od sleepby increasing the METs/week is shown in

Table 6.

Tablé Evaluation of the Prevalence Ratio (PR) of being a good sleeper.

PR to begood sleeper
PR (95% CI)

GSLTPAQ score < 16 1

GSLTPAQ scotel6 2.20 (1.2@.02-9.11)g<.01) °
GLSTPAQ heavy intensity < 1

GLSTPAQ heavy inteAstty 2.01 (1.053.73)1§<.03) °
GSETPAQ moderate intensit 1

GSETPAQ moderate intensihy 2.10 (1.293.39)§<.01) °
GSLTPAQ light intensity < 6 1

GSLTPAQ light inteniéy 1.38 (0.78.39) 1§ =.27)

Prevalence Ratio (PR, + 95% CI) adjusted for age and BMI of being a good sleeper. °p <.01.
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Practising more than 16 METs/week of gutiysigaBIETs/week of heatgnsity
physical activity (corresponding to 1 session/week of heavy physical activity), and 10 METs/v
moderatimtensity physical activity (corresponding to 2 sdssiom&fterate physical activity),
significantly increases of 2.20, 2.01, and 2.10 respectively the prevajencestédymg a
< .01p< .03p< .01, respectively). Practising more than 6 METs/wetnsityigiiysical
activity (correspling to 2 sessions/week of light physical activity) does not significantly increase
prevalence of being a good sleep2iry.

The last analysis is a regression analysis to evaluate the BRodfdbeampr
increasing the physical apt&dice or combining the physical activity intensities (Table 7). Com-
pared to women who do not practice any physical activity, the géRcotleejpgsas in

concomitance with increased physical activity.

Tablg Evaluation of the Prevalence Ratio (PRygddtisigeper by increasing physical activity level.

PR to begood sleep:
PR (95% CI)

None physical activity 1
GSLTPAQ light intenigy L.27

9 (0.37 4.35)
GSETPAQ moderate inteh&ity 513

or '
GSLTPAQ heavy inteAstty (0.845.41)
2 or more combined physical &
(light + moderate
or

. . 3.06
light + |:rtense (1.34 7.01)

moderate + intense)
Prevalence Ratio (PR, + 95% CI) adjusted for age and BMI of beingpdaydcehslie@per.
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Discussion

This crossectional analysis of 63 women sheds light on a possible association betwe
physical activity and sleBR@®ALl/&hutation carrief® our knowledge, this is the first study
assessing the potential and reciprocal influences of sleep and physical activity in this populatic

Good sleepaBRCALl/&omen show higher-GR8Q scaresuggesting that they
more active thiaad sleeperThe probability of beigga sleepér increased by 2.20 folds
when the physical activity level is higher than 16 METs/week. Furthermore, the prevalence of
good sleeper significantly enhanced with the increment of either theastosgineek of
physical activity. Indeed, the prevalence gfobeirsteaper significantly strengthened when
women are habitually engaged ahdawpderatgensity physical activity or combine different
types of physical activity.

This dect association between physical activity and sleep and the probable protective rc
physical activity has already been advanced in previous studies involving sporadic breast car
tients at different stageeast cangathology. In these efydihe improvement of sleep quality
happens in concomitance with the increase of phySital activity.

Breast cancer diagnosis and treatments usually reflect on-$érepasissiasdtpct
symptom, and patient's quality of lifedesuadlges together with'$[Eleps, upgrading sleep
quality in breast cancer patients is essential for their quality of life and represents a challengin
for researchét$’Bad sleep quality could be provoked by distress and anxietyuehitescons
of the diagnosis; pain and hot flashes consequent to surgery or treatments; fatigue and not
sufficiently acti“&ln line with these thedriastivewomen of the present stughsalaificantly
worse thaactivenes.

Inaddition to the quality of life, sleep is associated with both breast cancer risk and sur

Hurley and colleagues (2020) recentlyceitblizdsignificant and positive correlation between
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sleep deficiency and breast cariéén tis&.same wBipps and colleagues (2016) state that
women sleeping <6 hours before the diagnosis have a significantly higher risketificorer cause
survival compared to normal sleepéisufgy: Still, Palesh and colleagues (2007), on a cohort
of women Wwitidvanced breast cancer, describe the -hetsgpayshgep efficiency as a helpful
predictor of spear overall survival (HR = 0.94, 95%8 @Y Tr9Wnfortunately, no data are
available about the effect of physical activity on sleep pr@Akignstation carriers.

The evidence stemming from several studies makes supposing sleep as one of the en
mental factors involved in the moduBRa@AdfRenetrance. Indeed, sleep deficiency is recog-
nized to increase inflammation, impanmuihe response, diminish melatonin secretion (which
turn enhanceestrogelevels), alter insuliMiGignalling, carbohydrate tolerance, and leptin and
cortisol levels, thus modifying insulin sensitivity aftfalpétiése factors aresicemed
potential modulators of penetrance in woBREAdButations and, by improving sleep, it
could be possible to diminish their penetrance.

This crossectional analysis also suggests that, as previously seen in sporadic breast car
physicactivity may be a valuable means for enhancing sl€eéB@Qaaliomen. Recently,
in the breast cancer field, modifying daily habits favouring a more active lifestyle has been am:
leading research fmatesearcheiMotwithstanding thenepromising results, the mechanisms
of this linkage are not yet fully understood; some supposition could be possible by observing re:
in healthy subjects. Indeed, physical activity could benefit sleep through body temperature coo
energy coaegvation, decrement in anxiety, stress, endocrine function, obesHyfland immune
mation resporiéé.

Beyond sleep improvements, body weight, BMI and other anthropometric parameters, i
and IGE levels, adipokines balance and sexual hecnetinesrs breast cancer women could

benefit from a regular and constant physical activityAgraaiogly, weight, BMI, waist
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circumference, hip circumference, fat mass and insulin levels of the present study sample in
correlate (thus @ase) with either total physical activity-iotdrestyyphysical activity levels,
suggesting a protective association of physical activity and anthropometric parameters a
BRCA1&2omen.

Despite this crucial first evid&RCAL1/Rarriers siygle to adopt a healthy lifestyle and
adhere to the American Cancer Society recommen@2isky/{Eyibne drink per day, 150
mins/day of light physical activity or 75 mins/day etforaimpecate physical acti¥ityfact,
BRCA1/2omen ofélpresent study are masndyiveHowever, findings tiwatiet trial revealed
that women carnBRCALlutationoaldsubstantially improve their dietary habitmifidth
cant modulation in-I@sody weight, and markers of iasigiancé:* Following these results,
theLIBRH. pilot study suggests the feasibility of a regular physical activity intervention protocc
BRCAl/@utation carriétdore physical activity interventions are necessary for these women t:
reduce tivebreast and/or ovarian cancer risk and improve sleep and other aspects of their qual
life.

The results of the present analysis should be seen given its limitations and strengths.
tations may be attributable to the limited number of gaetlaglantsan objective assessment,
the crossectionalesignand the majority of affected women, which could have determined the lo
baselinghysical activity leviehe strength of the present study is the originality, because sleep dat
in relatinto physical activaine somehow unexplored in this population.

Give an interpretation of the association betwareh [ggsral activity is beyond the
aim of the present study. This paper intends to describe the sleep and phys$itdad activity data
BRCA1/Rarriers who met our dietary intervention trial. However, these preliminary findings sug
the usefulness of specific healthier and more active lifestyle recommendations. Future investi

involvinBRCA1AZomen in structured physitigity are necessary.
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9. Conclusions aimureperspectives

The two first studies on sporadic breast cancer underitenbesutongrs sed¢m
beprimarilgffected in the daily activigy lelrese decrement could affect RAR rhiyttiegdity
a decreased MES@WRandgenerallynore inactive periods could favour theaBiR earing
the 24 hourBreast cancer survivors are not sufficierdiyendifter the end of the therapies
and they need interventaaivice, and coaching to improve thgiteasisiduring the.day
could be supposed thatomen practice more physidaf @csucceed in being more active
during the daweycould improve the synchronization of their RAR and avoidniégisessive,
and stressful situations. Fadhegiverthe potential role of physical activity in cancer tertiary
prevention, more active breast cancer survivorsueally tiinalvoid cancer recurrence.

Theanalysis on women carBRQAl/ghutations $etis conclude that npirgsical
activity is also needed and useful in this population to help it, ftretly slegpoBeep is a
fundamental aspect of human wellbeing and qWakigightifgsssurtteat, by improving sleep,
we could help these womproveheirquality of lilndcope witthe obstaclessedythe
mutation diagnosis

Current preventive optioB&RIGEY2mutation carriers inchdleoscreening programs,
riskreducing surgery (bilateral prophylactic masteSaipingoabhorectojnyhile non

surgical options for prevention are not yet firmly eStathlistgarding the relations between
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i f estyl| BRCANZasspcmtedicaneess canhidoatrospective casatrol anal-
yses in mutation carriers, aresthits are almost always disiptigs in the clinical setting, as
is survival. Validation of these findingdesigredd large prospective studies complemented by
mechanistic analyses is now essential and urgent.

Our futurplans ar® involvellahese womena physical activity interveagoyject
thathe pandemic situdt@as highly hampetédwevenurprincipahtention is to prodtare
gible changes in the daily habits of these womesdoTihoiant only to prove that galysi
activitgould helpreast cancer women; we want to make physical activayretoon®iant
the daily routine in this populatitms view, women will need asdstheaae aware of the
importance of physctlity armbaching and support strategies will be put in place to change the
daily routine.

Physical activity should bemoatidifdongchaaceristicandfuture studies aim to in-
struct breast cancer women to remain active even after the end eédhe study prot

The evaluation along time of the clinical, metaboliajibtamarahysical activity
dataand their change with the lifestyle interwéhfflostudyinthe envi r onment al °

tors oBRCA2penetrance and their imnopéuoe pogression tfedisease.
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10. Othearticles

Inthis chaptahe publishedd the submiteeticlesre briefly reportedring my PhD,
| actively worked and collaborateodatéheollectiaataanalysjsand writing.

The articles atwided tofour sections based on the topic of the Ereyglesere-
sented with a background, methods, results andpdisagisgdbnancetlyi resume the pub-

lished articleurthermore, are reported the authors and publication information.
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10 Othearticles

10.1 Studies in collaboration with the Technische ¥Divemiiatd

Sleep problems and their interaction with physical activity and fatigue

inhematological cancer patients during onset of high dose chemotherapy

Castelli.LElter T., Wolf F., Watson M., Schenk A., Steindorf K., Bloch W., Hallek M., Joistel
Zimmer P. (2023)pportive Care in Cabeer 10.1007/s00822063775.

IF: 3.63; Rank Q1

Backgrourgleep problems reported by haematological cantavg@atiesiteed less attehtiosolid

cancersSleep problearg described as one of the five symptoms affecting these patients and linked to hig
cancerelated fatigue RE) level&RF also prevent haematological cancer patients from being physically
active. IndeedRE and physical activity (PA) aatious aircle in these subjects. The present study
assesskhe differendestween good and bad sleemimgestigal¢he relationship between 8léep,

and fatigue.

Method58 newly diagnosed haematological cancer patients (47.1 + 15.fegjsoraplétédmpes-

tionnaires assessing sleep (PSQI), PA (visual analodrie @d&kf)), @nxiety, depression (HADS),

and quality of life (EORTEQQ)Qvithin two weeks from starting treatment. ANCOVA analysis investigat
the differences betvgeenl and bad sleepers, while Mediation analysis describes the relation between sle
PAand fatigue.

Resultslaematologicahcer patients resultedisigegired tha healthy German saifipdeclassifica-

tion as good (ca 25%) or bad sleef&%)cowed less frequent PA (p = .04), higher fatigue (p = .032),
anxiety (p = .003), depression (p = .011) and pain (p = .011) in bad sleepers. The mediation analysis r
significant indirect effects of sleep on fatigue through PA habits

Conclusior&is study highlegdthe combined action of sleep problems and PA on fatigue during the onse
of induction chemotherapy. These two parameters could represent meaningful intervention targets to

a patient®s status during chemotherapy.
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