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ABSTRACT

Introduction: Brown adipose tissue (BAT) consists of brown adipocytes and its activation is
one of the mechanisms that the human body uses to produce heat energy as an adaptation to cold
exposure. This process is called “non-shivering thermogenesis” (NST). Increased BAT mass and
BAT activity promote energy expenditure suggesting that it may be used against excessive
weight and obesity in humans. The aim of this thesis was to investigate the relationship between
physical activity levels and BAT mass and its activation in humans. A secondary aim was to
examine the relationship between BAT mass, BAT activity and body mass index (BMI) and age,
as well as the effects of smoking and cold exposure status on BAT mass and its activation in
humans. Method: Fourteen male and 6 female cancer patients [age 54.40+19.25, BMI
25.914+4.19, body surface area (BSA) 1.85+0.21, lean body mass (LBM) 57.29+10.72]
volunteered to participate in the experiment. The International Physical Activity Questionnaire
was used for the measurement of physical activity levels. A personal questionnaire was also used
to identify the effects of smoking status and cold exposure on BAT mass and activity. A Positron
Emission Tomography and Computed Tomography Siemens Biograph LSO [16-slice] was used
for the identification of BAT. Results: A low positive relationship between the total METs in a
usual week and BAT activity corrected for LBM (r=0.32, p=0.052) was observed. There is also a
moderate negative correlation between BMI and BAT activity, that is: corrected for body weight
(r=-0.42, p=0.009), corrected for BSA (r=-0.34, p=0.035), and corrected for LBM (r=-0.47,
p=0.004). Additionally, a low negative correlation between age and BAT activity corrected for
LBM (r=-0.32, p=0.051) was detected. Furthermore, a significant main effect of physical activity
levels of the last 7 days on BAT activity corrected for BSA (p= 0.028) was identified, and a

significant main effect of physical activity levels in a usual week on BAT activity corrected for
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BSA (p= 0.047) was also identified. Moreover, a main effect of cold exposure on BAT mass
corrected for BSA (p= 0.017) was observed. Conclusions: Increased levels of physical activity
may increase BAT activity. Also, the latter is decreased with age and excessive weight. Finally,

individuals exposed in cold more often may have reduced BAT mass.

KEY WORDS

Brown adipose tissue, exercise, physical activity, UCP1
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NEPIAHYH

Ewoayoyn: O o¢oidg AMmddng wotdg (PAID) amotereiton omd @oud AmokVLTOPO Kol 1|
dpaotnplomoincy] Tov &ival €vag omd TOLG UNYOVIGHOVG OV TO OVOPOTIVO CAOUO Topdyst
Beppomra g pio mpocsappoyn ard v £kbeon Tov 6To Kpvo. AVTO T0 PUVOUEVO ovoudleTat
«Beppoyéveon yopic pityocy. Ta avénuéva emineda g pnalog Kot g dpactmpiotnrag tov OAI
TPOGYyOLV TNV EVEPYEWONKY] KATOVOA®ON UE amoTtéAeopa TV mlovh peiwon Tov Pépovg Kot v
KOTATOAEUNOY NG TOYLOAPKiag 6Tov AvOpmmo. Xkomog TG mapovoag OwTpiPrg MTav va
e€etdoel TG EMMTOCELS TG PLUOIKNG OpaoctnpdtTag ot palo Kot T JPacTNPLOTNTU TOV
avOpomvov DAL Agvtepog okomdg NTav va e€etdost T oyéon petald g pdlog Kot g
dpaoctnpromtoag tov GAI pe 10 BMI ot v nlkia, Kabdg emiong Kot TI§ EMATOCEL TOV
EVEPYNTIKOL KOMVIGHOTOG KOl NG ékBeong o610 Kpvo ot palo kot T dpactnploTnIo. TOL
avOpomvov ®AL  MéEBodog: Aeskatéooepig dvipeg [14] ko €€ [6] yuvaikeg kapkivomabeig
[MAwciag 54.40+19.25, deiktn palo copotog (AMX) 25.91+4.19, emopdveln ocopotog (EX)
1.85+0.21, dAvang copatikng pnalog (AXM) 57.29+10.72] eBehovtég cvppeteiyov otn peré.
Xpnoponombnke to SebvES epOTUOTOAIYIO PLGIKNG dPAGTNPLOTNTOS Yo Vo PETPM oV Tal
eminedo QLOIKNG dpactnpoTag Kdbe 0cBevoic. 'Eva mpoocomikd epotnpatordylo emiong
YPNOWOTOMONKE Yoo va €pELVNOOVY Ol EMATMGES TOL EVEPYNTIKOV KOMVICUATOG KOl TNG
ékBeong oto kpvo ot pala kot tn dpactnpotnTo Tov OAL EANeON Topoypoeio eKTOUTNG
nolitpoviov kot aovikn Ttopoypagio o€ Topoypdeo Siemens Biograph LSO 16-topudv yuo
pétpnon tov OAL Amotehéopato: BpéOnke pio youndn Oetikn ovoyétion peta&d g
oLVoMKknG Kotavaioong METc oe pio tomikn efdopdda ko e dpactnpdotrag tov PAI
dopbouévn oe AZM (r=0.32, p=0.052). Eniong Bpébnike pia pecaio apyntiky GUGYETION HETAED

o0 AMX kot g dpactnpotntoag tov OAL 1 omoia givor dopbwpévn yo to Pépog Tov
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ocopotog (r=-0.42, p=0.009), dopbwpévn you v EX (r=-0.34, p=0.035), kot dtopbopévn yo v
AXM (r=-0.47, p=0.004). EmmAéov, PpéOnke pio younAn opvntiky] cLGYETION METOEL TNG
NAMKioG TOV CUUUETEYOVTOV Kot TG dpactnprotntag tov DAL dopbopévn yio v AEZM (r=-
0.32, p=0.051). Ta amoteléopata emiong £0€1E0V GTATIOTIKA CMUAVTIKY| EXIOPACT TNG PLGIKNG
dPaCTNPLOTNTOG TOV TEAELTAI®V 7 NUEP®V o1 dpactnprotnta Tov DAI d1opbwpévn oe EX (p=
0.028) kobmdg emiong Kol GTOTIOTIKG CNUOVTIKY EMOPACT TNG PLGIKNG dpactnplotnTag piog
TmIKNG efdopddag ot dpactmpiotta tov PAI dopbwpévn oe EX (p= 0.047). Eniong Ppédnke
plo emidpaon g ékbeong oto kpvo otn palo tov OAI dwpbouévn ce EX (p= 0.017).
Youmepaopoto: Zoumepoivetol 0Tt To avENUEVA EMMESO PLGIKNG dPACTNPLOTNTOG UTOopEl va
avéavouv 1t dpactnpiotta tov AL Emumdéov, o OAI peidverar pe v nikio Kot pe 1o
vrepPolikd Papog. Téhog, dropa mov extifevtal 6to KPHO MO GLYVA UTOPEl Vo PEIDCOVV TN

péla tov GAL

AEZEIX KAEIAIA:

D o6g MTMONG 16TOG, AOKNOT|, COUATIKT OPACTNPLOTNTA, ATOGLLEVKTIKN TPOTEIVN 1
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CHAPTER 1: INTRODUCTION

Brown adipose tissue (BAT) consists of brown adipocytes and its activation is one of the
mechanisms used by the human body to produce heat energy. In contrast to white adipose tissue,
BAT is located in small amounts in the neck and thorax specifically in the area of the lower neck
and collar-bone, as well as along the spine of the chest and abdomen (Farmer, 2009; Mattson,
2010). It is well known that cold exposure triggers sympathetic nervous system (SNS) activation
by increasing secretion of catecholamines (Cannon & Nedergaard, 2004). BAT is innervated by
SNS through the neurotransmitter norepinephrine and its vascularization is increased in response
to cold exposure (Mattson, 2010). BAT activation causes heat production via lipolysis of
triglycerides in brown adipocytes as an adaptation to cold exposure in order to support body

temperature maintenance (Mattson, 2010). This process is called “non-shivering thermogenesis”

(NST) (Figure 1).

NST is activated through the link between norepinephrine and B-adrenergic and this
binding results in the activation of lipases which hydrolyze triacylglycerols in free fatty acids.
Free fat acids bounding to fatty acids binding proteins and transferred into mitochondria where
they undergo B-oxidation and citric acid cycle. Afterwards, nicotinamide adenine dinucleotide
(NADH), and flavin adenine dinucleotide (FADH;) coenzymes, are oxidized by the electron
transport chain resulting in protons pumped across the mitochondrial membrane. Accordingly,
uncoupling protein 1 (UCP1), that is exclusively produced by brown adipocytes, drives protons
into mitochondria and heat is produced [figure 1; (Ducharme & Bickel, 2008; Mattson, 2010;

Rousset et al., 2004)].
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Figure 1: The phenomenon of non-shivering thermogenesis
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SNS: sympathetic nervous system, NE: norepinephrine, f-AR: p-adrenergic receptor, TG: triacylglycerol, FFA:
free fatty acids, FABP: fatty-acid-binding protein, H+: electron, UCPI: uncoupling protein I, ADP: adenosine
diphosphate, P: phosphorus, ATP: adenosine-5'-triphosphate, NADH: nicotinamide adenine dinucleotide, FADH »:

flavin adenine dinucleotide, F1: The FI portion of the ATP synthase, F0: the F portion of the ATP synthase.

Evidence revealed that BAT activity is augmented in humans after 2-hour of cold
exposure at 16 °C (van Marken Lichtenbelt et al., 2009). Moreover, BAT activity in adult
humans, are more frequent in women than in men, (Cypess et al., 2009). Furthermore, BAT
activity is negatively correlated with body mass index (BMI) and total body fat, and it is
positively correlated with energy expenditure in humans (van Marken Lichtenbelt, et al., 2009)
which suggests that people with excessive weight have lower BAT activity. Additionally, BAT
activity is negatively correlated with a change in skin temperature indicating that individuals

with higher BAT activity are able to thermoregulate more effectively (van Marken Lichtenbelt,

14
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et al., 2009). However, BAT activity and BAT mass inversely associate with age (Mattson, 2010;
Sturkenboom, Franssen, Berkhof, & Hoekstra, 2004) and it is believed that they are reduced
approximately after the 13"™-15" year of age in puberty (Virtanen & Nuutila, 2011). In this light,
it is crucial to keep BAT active if we consider that on average an individual has no more than
100 gr of BAT which when activated is able to produce energy equal to activity of 3-4 kg of
white adipose tissue (Virtanen et al., 2009). This is due to the higher oxidative capacity of brown
adipocytes due to the size and abundance of mitochondria (Cinti, 2009). Furthermore, studies in
mice demonstrated that increased brown fat indicates less weight gain, more insulin sensitivity,
lower levels of serum-free fatty acids and lower risk for diabetes type 2 and other metabolic
disorders (Cederberg et al., 2001; Kopecky, Clarke, Enerback, Spiegelman, & Kozak, 1995;
Kopecky et al., 1996; Seale, Kajimura, & Spiegelman, 2009; Tsukiyama-Kohara et al., 2001).
Therefore, increased BAT mass and BAT activity promotes energy expenditure and may be used
against excessive weight and obesity in humans. Consequently, it is important to investigate
alternative pathways other than cold exposure to keep BAT mass and BAT activity in high

levels.

It is well known that exercise triggers SNS activity following the same process as cold
exposure (Christensen & Galbo, 1983). Given the fact that the latter leads to BAT activation, it
would be very interesting to investigate the relationship between exercise and BAT mass plus its
activation. Moreover, there is evidence to support that exercise can increase UCP1 mRNA

expression (Yamashita et al., 1993) and BAT mass in mice (Rouveix et al., 2007).

15
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Purpose
The aim of this study was to investigate the relationship between physical activity levels and
BAT mass and activation in humans. A secondary aim was to examine the effects of BMI, age,

smoking status and cold exposure on BAT mass and BAT activity in humans.

Null Hypothesis
Physical activity levels will not be related with BAT mass and BAT activity. BMI and age will
not be related with BAT mass and BAT activity. Smoking and cold exposure status will not be

related to BAT mass and BAT activity.

Alternative Hypothesis
Physical activity levels will be related to BAT mass and BAT activity. BMI and age will be
related to BAT mass and BAT activity. Smoking and cold exposure status will be related to BAT

mass and BAT activity.

Research hypothesis

Based on published evidence in mice (Bueno et al., 2011; Fukao et al., 2010; Hu & Wang, 2007;
Oh, Kim, Yoon, & Lee, 2007; Rouveix, et al., 2007; Schroeder, Shbiro, Gelber, & Weller, 2010;
Seebacher & Glanville, 2010; Sene-Fiorese et al., 2008; Xu et al., 2011) the present research
hypothesis is that physical activity levels will be related to BAT mass and BAT activity. Based
on previous studies in humans (Sturkenboom, et al., 2004; van Marken Lichtenbelt, et al., 2009)
the present research hypothesis is that BMI and age will be related to BAT mass and BAT

activity. Finally, based on published evidence in humans (van Marken Lichtenbelt, et al., 2009)
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cold exposure status will affect BAT mass and BAT activity and smoking will affect BAT mass

and BAT activity due to its relation with human’s metabolism (Metsios et al., 2008).

17

Institutional Repository - Library & Information Centre - University of Thessaly
09/06/2024 07:02:48 EEST - 3.144.224.27



CHAPTER 2: LITERATURE REVIEW

The aim of the literature review was to provide evidence regarding the effects of exercise and/or
physical activity on BAT mass and BAT activity in mammals. A secondary aim was to identify
evidence from studies in humans concerning the relationship between BAT and physiological
factors, through positron emission tomography and computed tomography (PET/CT)
measurements. For the literature review process four databases were included in searching
procedure (Web of Science, Pub Med Central, Scopus, and Science Direct), and was set as a
limit of publications the last 10 years. A comprehensive search using any possible combination
of the key words, “brown adipose tissue”, “exercise”, “physical activity” and “UCP1”, was

contacted in order to have retrieved the manuscripts for the literature review.

Results of literature review

Exercise and BAT mass

BAT mass may give an index of the tissue’s ability for activation, as it is expected that the more
the tissue the more its activation. However, BAT mass is only an index of the presence of the
tissue and not of its activation due to the fact that BAT’s ability for activation must be

confirmed by the presence of UCP1 (Tsuboyama-Kasaoka et al., 1998).

It has been reported that wheel running and swimming significantly increased BAT mass
in exercised rats compared to sedentary controls (Rouveix, et al., 2007; Schroeder, et al., 2010).
It is also supported that wheel running increased formation of BAT in the elderly and middle-
aged exercised rats, while it affected the transitive formation of the young exercised rats
compared to sedentary controls (Ozden et al., 2004). Nevertheless, another study demonstrated

that there was no difference in BAT mass between exercisers and non-exercisers mice (Fukao, et
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al., 2010). Two other studies used swimming along with diet to investigate BAT in rats. Sene-
Fiorese and colleagues in 2008 reported that swim training significantly increased BAT mass, in
both chow and high-fat diets compared to sedentary controls (Sene-Fiorese, et al., 2008).
Moreover, Bueno and colleagues in 2011 found that swimming significantly augmented BAT
mass of fat exercised rats, compared to inactive controls. However, no differences in BAT
appeared in either exercised or sedentary control rats consuming high fat diet (Bueno, et al.,

2011).

Exercise and UCP 1 m RNA expression

UCP1 is the only contributor protein in NST (Tsuboyama-Kasaoka, et al., 1998) and thus
investigators examined its expression in BAT which gives the ability of the activation of BAT.
The present review revealed that there are no studies in humans that examined the effects of

exercise on UCP1 and thus are presented herein only studies in mice.

Oh and colleagues in 2007 examined the effects of a 6-week swimming training program,
on UCP1 gene expression in both obese and lean rats. A swimming program was performed for
2h/day at 35 °C water temperature in an attempt to avoid an increase of UCP1 due to the cold
exposure. The results revealed that exercised female obese significantly improved UCP1 mRNA
expression by 15.2% compared to sedentary controls, while a non-significant increase of 5.1%
was observed in obese exercised males compared to inactive controls. Furthermore, in the same
study swim training significantly enhanced UCP1 amount levels by 51.4% in male obese mice
compared to inactive controls. Similarly, exercised lean male mice significantly ameliorated
UCP1 mRNA expression levels, compared to lean male sedentary controls (Oh, et al., 2007).
Correspondingly, another study supported that treadmill running improved cells expressing
UCPI1, and increased UCP1 mRNA expression in normal diet mice, compared to inactive
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controls (Xu, et al., 2011). Moreover, treadmill running was recently shown to augment UCP1
mRNA expression in mice but only when both exercise and cold stimuli were present (Seebacher
& Glanville, 2010). On the other hand, only one study reported that voluntary wheel exercise

had no effect on mitochondrial protein content in BAT, in male rodents (Hu & Wang, 2007).

Exercise and relative BAT factors
Several studies examined physiological factors of BAT in an attempt to identify mechanisms that
can explain the effects of exercise on BAT function. The present literature review provides

evidence which may explain the possible pathways of the effects of exercise on BAT.

Lipogenesis rate and Myostatin

It has been reported that exercise significantly increased BAT lipogenesis rate in rats (Sene-
Fiorese, et al., 2008) and BAT adipocyte progenitor cell population in male mice (Xu, et al.,
2011). Additionally, increased levels of myostatin (MSTN) is correlated with decreased visceral
fat and better insulin sensitivity (Mukherjee et al., 2007; Zhao, Wall, & Yang, 2005) and with
enhanced brown adipocyte differentiation and energy expenditure (Tseng et al., 2008). In this
light, Bueno and colleagues reported that swimming significantly improved the mRNA

expression of MSTN expressed in BAT in mice (Bueno, et al., 2011).

PGCla, NRFland PPARO

Peroxisom gamma coactivator-1 alpha (PGCla) interacts with the nuclear respiratory factor 1
(NRF1) in order to stimulate mitochondrial biogenesis. Furthermore, peroxisome proliferator
activated receptor delta (PPARGJ) is also a transcriptional regulator of energy metabolism and its
enlarged expression increases energy metabolism (Seebacher & Glanville, 2010). Seebacher and

colleagues observed that exercise in 22 °C ambient temperature significantly ameliorated mRNA
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concentrations of PGCla, PPARS, and NRF1 in BAT, and caused further increase in relative

expression of PPARGS in 12 °C (Seebacher & Glanville, 2010).

Type 2 iodothyronine deiondinase

It is well known that SNS triggers NST in BAT and probably also triggers the type 2
iodothyronine deiondinase (DIO2) a selenoenzyme which is established in BAT and generates
tritodothyronine (T3) (Martinez de Mena, Scanlan, & Obregon, 2010; Sullo, Brizzi, & Maffulli,
2003). There is also a relationship between SNS and thyroid hormone metabolism in BAT
(Sullo, et al., 2003). This relationship indicates a higher serum level of T3 resulting from
transformation of thyroxine (T4) to T3 in BAT, and verifies that T3 shaped in BAT promotes
NST. Sullo and colleagues in 2003, reported that swimming in rats reduced DIO2 activity in
BAT in neutral environmental conditions and after short cold exposure (Sullo, et al., 2003).
Similarly, Sullo and colleagues in 2004, reported that swimming in rats decreased levels of T3
stimulated thermogenesis in BAT through changes in DIO2 activity both under basal
circumstances and after a 30-minute cold exposure (Sullo, Brizzi, & Maffulli, 2004).
Furthermore, Fortunato and colleagues in 2008 found that treadmill exercise significantly
decreased DIO2 in BAT 30 min after exercise (Fortunato et al., 2008). This increase was evident
for 120 min after the each exercise session. On the other hand, Xu and colleagues reported that
DIO2 was significantly increased by exercise in normal diet mice compared to sedentary group

on the same diet (Xu, et al., 2011).

Oxidative capacity
Oxidative capacity is also an index that has been examined in order to explain BAT activity due
to the fact that NST takes place through brown fat oxidation. Terblanche and colleagues stated

that treadmill exercise significantly decreased oxidative capacity in BAT in rats both at rest and
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at exhaustion conditions. At rest the exercising rats significantly reduced oxidative capacity of
pyruvate, palmitoylcarnitine, succinate, and ferrocytochrome ¢, compared to sedentary controls.
Correspondingly, when exercisers reached exhaustion significantly decreased oxidative capacity
of palmitoylcarnitine, succinate, and ferrocytochrome ¢, compared to sedentary controls

(Terblanche, Gohil, Packer, Henderson, & Brooks, 2001).

Evidence in humans

The available literature contains only one study examining humans (86 non obese young healthy
Japanese adults) in terms of exercise and BAT. Morita and colleagues investigated whether the
Trp64Arg polymorphism in B3-AR gene and the 3826A/G polymorphism in the UCP1 gene were
correlated with the energy expenditure and fat oxidation both in resting and during aerobic
exercise. The results showed that there was no contribution of UCP1-3826A/G polymorphism in
energy expenditure, however, UCP1-3826A/G polymorphism was associated with a reduction of
fat oxidation in both resting and during aerobic exercise in male non obese young healthy
Japanese adults (Morita, Taniguchi, & Sakaue, 2009). Studies examining the effects of exercise

on BAT in the last decade are summarized in table 1.
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Table 1: Studies examined the effects of exercise on BAT

Study

Exercise protocol

Effects of exercise on BAT

Schroeder et. al.2010 (mice)

Free wheel running for 23 days at 22+2 °C

Increased BAT mass in fatty females

Rouveix et. al. 2007 (mice)

Free wheel running access for 23h/day

Increased BAT mass

Fukao et. al. 2010 (mice)

Wheel running for 10 weeks

No differences in BAT mass

Ozden et. al. 2004 (mice)

Running for 5-day period

Increased formation of BAT in the elderly and middle-aged rats
and affected the transitive formation of the young rats

Sene-Fiorese et. al. 2008 (mice)

Swimming for § weeks.

1. Increased BAT mass, 2. Increased lipogenesis rate in BAT

Bueno et al. 2011 (mice)

Swimming, for 4 weeks, in 32-36 °C and with a weight of 5% body
weight attached to the tail of each rat

1. Increased BAT mass
2. Increased MSTN mRNA in BAT

Xu et.al.2011 (mice)

Motorized treadmill for 5 days/week, for 8 weeks.

1. Increased brown cells population, 2. Increased UCP1 mRNA
expression, 3. Increased UCP1 mRNA expression and DIO2
levels in normal fed

Oh et.al.2007 (mice)

Swimming 6 weeks in 35+ 1°C

1. Increased UCP1 mRNA expression in obese females and lean
males, 2. Increased UCP1 amount levels in obese males

Seebacher et. al. 2010 (mice)

Wheel running 30 days

1.Increased mRNA concentrations of PGCla, PPARd, and
NRF1, at 22° C, and further increase in expression of PPARd
at12°C

2. Increased UCP1 mRNA expression only when both exercise
and cold were present

Morita et.al.2009
(Exercise in humans)

One single exercise bout (cycling), 30 min, at 60% VO2 max.

1. No contribution of UCP1-3826A/G polymorphism in energy
expenditure (fat oxidation) during exercise

2. Significantly lower level of fat oxidation both at rest and
aerobic exercise than that of the Trp/Trp genotype

Hu and Wang 2007 (mice)

Wheel running for 8 weeks

No effects on mitochondrial protein content in BAT

Sullo et. al. 2004 (mice)

Daily swimming for 21 days, in fast flowing water at 25 °C

Decreased T3 induced thermogenesis in BAT through changes
in DIO2 activity both basal conditions and cold exposure

Sullo et. al. 2003 (mice)

Swimming in rough water at 25° C, for 10 min until exhaustion

Decreased DIO2 activity in BAT in normal environmental
conditions and after short cold exposure

Fortunato et.al. 2008 (mice)

Treadmill for 2—3 days, at 22°C

Decreased DIO2, 30 min-120 min after exercise session

Terblanche et. al. 2001 (mice)

Treadmill at 15° gradient for 5-6 weeks

Decreased of oxidative capacity both at rest and at exhaustion

BAT: Brown adipose tissue, UCP1: Uncoupling protein 1, MSTN: Myostatin, APC: Adipocyte progenitor cells, DIO2: Type Il iodothyronine deiodinase,
PGCla: Peroxisom gamma coactivator-1 alpha, PPARd: Peroxisome proliferator activated receptor delta, NRF1: Nuclear respiratory factor 1, T3:

Triiodothyronine.
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Evidence in humans through PET/CT measurements

Scientists have used PET/CT measurements in humans in order to identify the relationship
between BAT mass, BAT activity and body composition and metabolism. van Marken
Lichtenbelt et. al. in 2009 examined through PET/CT the BAT volume and BAT activity after
two hours in cold exposure at 16 °C in 24 healthy males. The results showed that there is a
negative correlation between BAT activity and BMI, and also there is a negative correlation
between BAT activity and percentage of body fat (% BF) (van Marken Lichtenbelt, et al., 2009).
Furthermore, the same study found that BAT activity and BAT volume was lower in overweight
and obese individuals than in lean individuals during cold exposure (van Marken Lichtenbelt, et
al., 2009). Likewise, a study from the same research group that examined morbidly obese
individuals confirmed the negative correlations between BAT activity and BMI and % BF
(Vijgen et al., 2011). Additionally, in another study active BAT was identified after two hours of
cold exposure in healthy individuals (Virtanen, et al., 2009). In the most recent study, Vijgen et
al. examined BAT activity in morbidly obese individuals before and after weight loss induced by
bariatric surgery. The results showed that BAT can be recruited in the same regions that can be

recruited in lean individuals, and this might show a way to reduce obesity (Vijgen et al., 2012).

Discussion of literature review

Exercise and BAT mass

Generally speaking, it has been recognized by the majority of the studies that exercise increases
BAT mass in mice (Bueno, et al., 2011; Ozden, et al., 2004; Rouveix, et al., 2007; Schroeder, et
al., 2010; Sene-Fiorese, et al., 2008). Increased BAT mass may contribute in higher NST which
may decrease of feeding effectiveness leading to decreased body weight (Schroeder, et al.,

2010). Due to the specific activity of BAT, that is, to produce heat in order to maintain body
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temperature which increases energy expenditure under low environmental temperatures, this
might be a mechanism against obesity (Cannon & Nedergaard, 2004; Redinger, 2009).
Furthermore, the increased BAT mass may have an anti-inflammatory effect; however this may
be possible in combination with the improvement of adiponectin concentration in muscles and
the decrease of white adipose tissue levels (Fukao, et al., 2010). The age-depended effects of
exercise on BAT mass indicate that young mice ameliorate smaller amount of their BAT levels,
than middle-age and elderly (Ozden, et al., 2004). On the whole, the existing evidence suggests
that a period of endurance exercise, between 4-10 weeks is required to increase BAT mass in
mice. However, due to the lack of evidence in humans, further investigation is essential in order
to clarify if exercise increases BAT mass in humans and which type and duration of exercise is

the most appropriate for this purpose.

Exercise and UCP 1 m RNA expression

The majority of the evidence demonstrates that exercise increases UCP1 mRNA expression in
BAT in mice (Oh, et al., 2007; Seebacher & Glanville, 2010). Swimming and running
ameliorated UCP1 mRNA expression in BAT both in male and female rats, equally in obese and
lean rats (Oh, et al., 2007). Therefore, an aerobic exercise intervention either swimming or
running between 4-8 weeks is needed in order to increase UCP1 mRNA expression in mice. The
enlarged UCP1 mRNA expression in BAT improves fatty acid oxidation and may promote the
energy metabolism which may prevent dyslipidemia (Oh, et al., 2007) and obesity in mice
(Ricquier, 2005). However, the amplified UCP1 mRNA expression by exercise is under
discussion due to the finding from Seebacher and Glanville, that is, UCP1 mRNA expression
was increased when both exercise and cold were present (Seebacher & Glanville, 2010). It seems

that a threshold in ambient temperature is needed below which UCP1 mRNA expression can be
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increased. However exercise could be required, as well in addition to low temperature, so that

UCP1 mRNA is increased.

The mechanisms by which exercise stimulates UCPI mRNA expression remain
unknown. It appears that UCP1 mRNA expression is increased in regular exercisers.
Consequently, this may lead to improved thermogenesis of exercisers compared to sedentary
individuals which consequently causes higher energy expenditure (Seebacher & Glanville,
2010). Yet, reduced UCP1 mRNA expression may indicate decreased mitochondrial capacity
leading to lower energy expenditure (Seebacher & Glanville, 2010). In addition, exercise in cold
ambient temperatures may augment metabolic rate more than that occurring in warm
environmental conditions (Seebacher & Glanville, 2010). Additionally, a possible increased of
UCP1 mRNA expression enhances the energy coming from fatty acids oxidation as heat, instead
of being deposited as white adipose tissue. Thus, the enlarged energy expenditure may lessen

obesity (Seebacher & Glanville, 2010; Wang et al., 2003).

Exercise and relative BAT factors

Lipogenesis rate, Myostatin and oxidative capacity

The ameliorated lipogenesis in BAT may come from the glycogen lessening during and after an
exercise session, which activates the metabolism of fatty acids. Another reason may be that
during the recovery period after exercise, glycerol is required for glycogen repositioning
(Bernardes, Manzoni, Souza, Tendrio, & Damaso, 2004; Gauthier, Couturier, Latour, & Lavoie,
2003; Sene-Fiorese, et al., 2008). Besides, the increase of brown adipocyte progenitor cells
affected by exercise indicates better insulin sensitivity and glucose homeostasis (Xu, et al.,
2011). Furthermore, a study revealed that the exercise intervention caused decreased oxidative

capacity in BAT (Terblanche, et al., 2001). This may had been due to the greater lipogenetic rate
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in BAT, which indicates plenty of lipids containing fatty acids. The possible reason of this
reduction of the oxidative capacity is the high concentrations of peroxides and hydroperoxides
which are formed by the better mitochondrial activity that exercise causes (Terblanche, et al.,
2001). However, the reduction of oxidative capacity in BAT due to exercise may be considered
as a beneficial effect because of lower rise in body temperature during exercise, mostly in trained
animals (Gohil, Henderson, Terblanche, Brooks, & Packer, 1984). Therefore, the relative drop in
oxidative capacity in BAT may result in the extrusion of a higher amount of fatty acids

(Terblanche, et al., 2001).

Reduced levels of MSTN, which is phosphorylated by the active of type II receptor
(ActRIIB), is described as a harmful regulator in skeletal muscle (Bueno, et al., 2011; McPherron
& Lee, 1997). On the other hand, over expression of MSTN leads to decreased visceral fat and
better insulin sensitivity (Mukherjee, et al., 2007; Zhao, et al., 2005). Likewise, higher MSTN
pro peptide expression is correlated with immune system activation in mice (Lyons, Haring, &
Biga, 2010; Wilkes, Lloyd, & Gekakis, 2009), and is associated with enhanced brown adipocyte
differentiation and energy expenditure (Tseng, et al., 2008). Therefore, the increased mRNA
expression of MSTN and decreased mRNA expression of its receptor ActRIIB in BAT provoked

by exercise may indicate an involvement of MSTN in energy homeostasis (Bueno, et al., 2011).

PGClo, NRF1and PPARS

Decreased expression of PGCla and PPARS is associated with increased possibility of insulin
resistance and type 2 diabetes (Hoehn et al., 2010). Additionally, reduced expression of PPARS
indicates damage of glucose and fatty acid metabolism which also leads to increase risk of
obesity and type 2 diabetes (Nunn, Bell, & Guy, 2009; O’Gorman & Krook, 2008; Wang, et al.,

2003). In addition, lower expression of NRF1 has as a result lower levels of glucose transporter
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4, and augments the risk of type 2 diabetes (Baar et al., 2002; Holloszy, 2008). On the other
hand, increased expression of PGCla is crucial because PGCla regulates NST in BAT (Cannon
& Nedergaard, 2004; Puigserver & Spiegelman, 2003) by increasing the expression of UCP1
(Cannon & Nedergaard, 2004; Lowell & Spiegelman, 2000). Exercise augments expression of
PGCla, PPARS and NRF1 in BAT in mice and this may lead to more thermogenic capacity
which possibly ends to increase energy expenditure and in line may lead to a lower risk for
obesity. Therefore, exercise is characterized as an essential method to enhance expression of

PGCla, PPARS and NRF1 in BAT in mice (Seebacher & Glanville, 2010).

Type 2 iodothyronine deiondinase

The effect of exercise on the deiodinating activity in BAT may play a central role in thyroid
hormone regulation in BAT although the thermogenesis mechanisms related to increased levels
of T4 to T3 conversion are unclear. There is evidence that reduced levels of DIO2 in BAT are
attributed to exercise (Fortunato, et al., 2008; Sullo, et al., 2003, 2004). DIO2 regulates T3
production through removal of specific iodine atoms from the originator molecule thyroid T4 or
T3 itself. Therefore, reduced levels of DIO2 in BAT indicate decreased levels of T4 and T3
which participate in energy metabolism. Thus, this mechanism is probably important for the
control of BAT thermogenesis after exercise (Fortunato, et al., 2008). Furthermore,
thermogenesis during exercise may activate mechanisms involved in the reduction in T4 and T3
hormone levels in order to avoid major increase in body temperature through changes in energy

metabolism (Fortunato, et al., 2008).

Thyroid hormone activity has a close connection with SNS. In addition, DIO2 activity in
BAT is under SNS control that motivates the thermogenic response in BAT (Silva, Mellen, &

Larsen, 1987). The mechanisms involved in decreasing of DIO2 in BAT may be the same as
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those involved in the reduction of thyroid hormones (Sullo, et al., 2003). Additionally, the lower
levels of DIO2 after exercise in cold environment may be explained by the lower sympathetic
activity (Sullo, et al., 2004). However, Xu and colleagues reported the opposite, that is, DIO2
levels were increased in BAT after exercise (Xu, et al., 2011), giving the perception that the
mechanisms involved in the effects of exercise on DIO2 levels in BAT must be further

investigated.

Evidence in humans

Information showing the effects of exercise on BAT in humans is very limited. In this literature
review, evidence is provided from only one study that examined humans. This study
demonstrates that there is no contribution of UCPI1-3826A/G polymorphism in energy
expenditure, and in fat oxidation during aerobic exercise (Morita, et al., 2009). Nevertheless, at
that study there was no exercise intervention, but only one single exercise bout for 30 min, and
consequently this may explain the results. To date there is no other study that examined the

relationship between exercise and BAT in humans.

Evidence in humans through PET/CT measurements

PET/CT were used for identifying cancerous tumors or other pathologic hypermetabolic tissues
in humans, however it was reported that some areas showed intense '*F-FDG uptake indicated a
physiologic activity. Several studies assumed that those areas reflect the metabolic activity of
brown fat (Cohade, Osman, Pannu, & Wahl, 2003; Hany et al., 2002). Indeed, studies conducted
for other reasons that used PET/CT indicated that BAT was active in adults’ humans (Hany, et
al., 2002; Nedergaard, Bengtsson, & Cannon, 2007; Yeung, Grewal, Gonen, Schoder, & Larson,
2003). Afterwards, PET/CT measurements were used exclusively for the identification of BAT

in humans. It is clear that BAT activity is triggered from acute cold exposure in humans as
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indicated by several studies (van Marken Lichtenbelt, et al., 2009; Vijgen, et al., 2012; Vijgen, et
al., 2011; Virtanen, et al., 2009). Furthermore, PET/CT measurements revealed that the more the
BMI in humans the less the BAT activity (van Marken Lichtenbelt, et al., 2009), as well as
increased BAT activity indicates increased energy expenditure (van Marken Lichtenbelt, et al.,
2009). However, to date no study examined the relationship between exercise and/or physical

activity and BAT in humans through PET/CT measurements.

Conclusions of literature review

In conclusion, exercise appears to increase BAT mass and UCP1 mRNA expression in mice
giving the ability for more effective NST. However, evidence from mice (Seebacher & Glanville,
2010) suggest that in order to increase UCP1 expression the presence of both exercise and cold is
necessary. Exercise may ameliorate NST through the stimulation of relative BAT factors and can
increase metabolic activity. Therefore, exercise can increase energy expenditure through BAT

activity, yet only evidence from mice can support this mechanism.

Due to the lack of evidence in humans, further exploration is required to verify the
existing mechanisms regarding the effects of exercise on BAT in humans. Furthermore, the
negative relationship between BMI and BF with BAT activity in humans may indicate that
higher physical activity and exercise levels which usually designate a lower BMI and lower BF
may lead to a possible relationship between physical activity and/or exercise and BAT activity in
humans. However, an examination with PET/CT requires an injection to the examined humans
of the "*-fluoro-deoxy-glocuse (‘*F-FDG), which exposes people to radiation. Thus, must be
found alternative methods to identify BAT in humans such as to examine people who would take

PET/CT examination for other reasons like cancer patients.
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CHAPTER 3: METHOD

Participants

Approval was obtained from the Ethics Committee of the Department of Physical Education and
Sport Sciences, of Thessaly University, and from the Director of PET/CT department of the
“HYGEIA Hospital”. Participants visited once the “HYGEIA Hospital” after an appointment
between 08:15 am and 13:00 pm. Following a previous study using similar methodology (van
Marken Lichtenbelt, et al., 2009) the minimum required sample size was estimated to 20
individuals. Therefore written informed consent was received from 14 males and 6 females
cancer patients [age 54.40+19.25, body mass index (BMI) 25.91+4.19, body surface area (BSA)
1.85£0.21, lean body mass (LBM) 57.29+10.72] who volunteered to participate in the
experiment. For the present study cancer patients were recruited due to the fact that those
patients would have taken PET/CT examination for the identification of cancer tumorous and
thus they would not have been further exposed to radiation for the identification of BAT.
Exclusion criteria included previous medications that affected the metabolism of the participants
or alter BAT such as B-blockers. Furthermore, patients with chronic health problems that
affected their metabolism were excluded from the study as well as patients with history of
diabetes mellitus or hyper metabolic disease were also excluded. Moreover, patients that their
blood glucose prior to examination was >150 mg/dl were excluded from the study. Additionally,
we instructed the participants to refrain from any kind of food at least 6 hours prior to

examination.

Measurements procedure
Medical history was obtained from a team of physicians in order to identify patients’ health

status, clarify the clinical question to be answered by the examination and give them their
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approval to take the examination. Afterwards, participants completed the physical activity
questionnaire and the personal questionnaire (Appendix c). Patients were hydrated and
measurements were taken for height, weight, blood pressure and serum glucose levels and a
venous catheter was placed to the arm of each patient. Thereafter, individuals were positioned to
a dark room in a supine position. Subsequently, if participants’ systolic blood pressure was >110
mgHg they received furosemide (lasix) as a diuretic. In addition, all participants received
diazepam (stedon) in order to avoid excessive muscle activity during the examination that could
have affected the BAT measurements (Barrington & Maisey, 1996). Finally, '*F-FDGwas
administered to the patients intravenously, and then they remained for 1 hour in a supine position
into the dark, quiet, warm room. The dose of "*F-FDG was 347.450+23.315 mega becquerel
(MBq) dependent on the weight of each participant. One hour after the intravenous
administration of the radiopharmaceutical, CT was firstly performed and then PET data were
received (4 min per bed, distance covered per bed 15 cm, 6-8 beds depending on patients’ height)
at a Siemens Biograph LSO 16-slice device. Images were obtained from the base of the skull to
the upper third of the thigh. Data were reconstructed at three levels, were corrected for

attenuation and finally PET and CT images were fused.

Measurements of physical activity levels and personal questionnaire

Physical activity levels was measured through International Physical Activity Questionnaire-
short form (IPAQ) using both the usual week and the last 7-day forms (Appendix c¢), which have
been validated for the Greek population (Papathanasiou et al., 2009), and they were used in the
past for clinical populations (Metsios et al., 2007; Van Dyck et al., 2011). There is no difference
between the usual week and the 7-day form of IPAQ except that each questionnaire refers to the

physical activity of a usual week and the last 7-day, respectively. Both questionnaires are self-
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reported and were completed by the participants. The obtained data were calculated and
transformed as metabolic equivalent (MET)-minutes per week, and categorized in low, moderate
and high level of physical activity as indicated by the Guidelines for Data Processing and

Analysis of the IPAQ, November 2005 (Ainsworth et al., 2000; Karolinska, 2012).

Physical activity categories

Individuals who did not meet the criteria for moderate and/or high levels of physical activity
were considered to engage in low levels of physical activity (Karolinska, 2012). The criteria for
“moderate” physical activity levels were: a) 3 or more days of vigorous-intensity activity of at
least 20 min per day OR b) 5 or more days of moderate-intensity activity and/or walking of at
least 30 min per day OR c¢) 5 or more days of any combination of walking, moderate-intensity or
vigorous-intensity activities achieving a minimum total physical activity of at least 600 MET-
min per week. Individuals who met at least one of the above criteria defined as accumulating a
minimum level of activity and therefore classified as “moderate” (Karolinska, 2012). The criteria
for “high” physical activity levels were: a) vigorous-intensity activity on at least 3 days
achieving a minimum total physical activity of at least 1500 MET-min per week OR b) 7 or more
days of any combination of walking, moderate-intensity or vigorous-intensity activities
achieving a minimum total physical activity of at least 3000 MET-min per week (Karolinska,

2012).

METs calculation

The MET calculation was performed according to the MET equations for the IPAQ (Karolinska,

2012):

a) Walking (Low)= 3.3 METs*minutes of walking*days of activity,
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b) Moderate intensity = 4 METs *minutes of walking*days of activity, and

c¢) High intensity = 8 METs*minutes of walking*days of activity.

Total MET values calculated according to the equation (Karolinska, 2012):

MET-minutes per week = Walking (METs*min*days) + Moderate (METs*min*days) +

Vigorous (METs*min*days).

Values less than 10 min were not included in the calculation of summary scores, due to
the guidance that episodes or bouts of at least 10 minutes are required to achieve health benefits
(Karolinska, 2012). Values more than 180 min are truncated according to the rules by the
calculation guidance (Karolinska, 2012). The physical activity variables that were used for the

statistical analysis are presented in table 2.

Table 2: Physical activity variables were used for statistical analysis

Values Units
Physical activity last 7 days Categories: Low, Moderate, High
Total METs last 7 days METs
Physical activity usual week Categories: Low, Moderate, High
Total METs usual week METs

Personal questionnaire

Prior to the PET/CT measurements, participants filled a personal questionnaire (Appendix c) in
order to collect information on smoking and cold exposure status. The questionnaire is self-
reported and was built by the investigator of the study based on similar questionnaires that

examine cold exposure or smoking status.
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Measurements of BAT

Examination procedure

Measurements of BAT were obtained from both the left and the right side for supraclavicular
area and along the spine area, respectively. A sphere volume of interest was drawn at the area of
interest and attention was paid so that other hypermetabolic tissues were not included. All
PET/CT studies were interpretated by two independent experienced physicians. In case that the
examined area was comprised by cancerous tumors or other pathologic hypermetabolic tissues
this participant was excluded from the study. An average from the maximum values (Adams,
Turkington, Wilson, & Wong, 2010) of the left and right side measurements was calculated for
the supraclavicular area and along the spine area, respectively, in order to estimate the final
values for BAT volume (cm®) and BAT activity in Standardized Uptake Volume (SUV) units.
Subsequently, the values of supraclavicular area and along the spine area were added up for BAT
volume (cm®) and BAT activity (SUV), respectively, in order to estimate the total values for each
participant. Representative pictures from identified BAT in supraclavicular area corrected for

body weight (BW), BSA, and LBM are displayed in pictures 1, 2, and 3, respectively.
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Picture 1: Identified BAT corrected for BW (supraclavicular)

“

Institutional Repository - Library & Information Centre - University of Thessaly
09/06/2024 07:02:48 EEST - 3.144.224.27

36



Picture 2: Identified BAT corrected for BSA (supraclavicular)
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Picture 3: Identified BAT corrected for LBM (supraclavicular)

BAT activity values

BAT activity SUV transformed to kilo becquerel (KBq) units (Kim, Gupta, Chandramouli, &
Alavi, 1994; Sugawara, Zasadny, Neuhoff, & Wahl, 1999) following standard methodology
(Vijgen, et al., 2012) and the study that defined values for the Siemens PET/CT software
(Fletcher et al., 2008). Based on previous studies that used three corrections for radioactivity
values we included in the study those three corrections that are, corrected for BW, for BSA and
for LBM (Kim, et al., 1994; Kinahan & Fletcher, 2010; Krak et al., 2003; Sugawara, et al., 1999;

Wahl, Jacene, Kasamon, & Lodge, 2009).
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SUV units were transformed to KBq units corrected for BW (Fletcher, et al., 2008; Sugawara, et

al., 1999) according to the equation:
SUV=r (KBq)/ [« (injected "*F-FDG in KBq)/ weight (gr)]

Similarly, SUV units were transformed to KBq corrected for BSA (Kim, et al., 1994; Sugawara,

et al., 1999) according to the equation:
SUV=r (KBq)/ [¢’(injected '"*F-FDG in KBq)/ BSA (m?)]

Likewise, SUV units were transformed to KBq corrected for LBM (Kim, et al., 1994; Sugawara,

et al., 1999) according to the equation:
SUV=r (KBq)/ [« (injected "*F-FDG in KBq)/ LBM (Kg)]

For the calculation of BSA and LBM for each participant the Siemens PET/CT software

equations were used (Sugawara, et al., 1999), that are:

BSA=BW %*** * Height (H) "% * 71.84 for both male and female, and
LBM ™¢=1.10 * BW-120 * (BW/H) %, and

LBM méle = 1 07 * BW-148 * (BW/H) *

The BAT variables were used for statistical analysis are presented in table 3.
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Table 3: BAT variables were used for statistical analysis

Values Units
Total BAT volume corrected for BW (TVBW) Cm’
Total BAT volume corrected for BSA (TVBSA) Cm’
Total volume corrected for LBM (TVLBM) Cm’
Total SUV corrected for BW (TSUVBW) SUV
Total SUV corrected for BSA (TSUVBSA) SUV
Total SUV corrected for LBM (TSUVLBM) SUV
Radioactivity corrected for BW(rKBqBW) KBq
Radioactivity corrected for BSA (rKBgqBSA) KBq
Radioactivity corrected for LBM (rKBqLBM) KBq
Statistical Analysis

The statistical analysis was completed using the statistical package of social sciences 18.0 (SPSS
18.0) and the level of significance was set at P<0.05. All continuous variables were tested for
normal distribution. Exploratory analysis revealed abnormal distribution for some continuous
variables and, therefore, non-parametric tests were adopted. Non-parametric correlation
(Kendall’s tau-b) was performed so as to identify the relationship between physical activity
levels (total METs both the last 7 days and a usual week) and BAT mass, BAT activity, BMI, as
well as age. Kruskal-Wallis analysis of variance was used to detect any effects of physical
activity (low, moderate, and high; both the last 7 days and a usual week) on BAT mass and
activity. Furthermore, in order to analyze data for the study’s secondary aim Kruskal-Wallis
analysis of variance was also used to identify a potential effect of smoking status and cold
exposure on BAT mass and BAT activity. Subsequently, post-hoc Mann-Whitney U tests were

used to specify the effects were found from Kruskal-Wallis analyses.
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CHAPTER 4: RESULTS

The results revealed no relationship between the total METs expenditure in the last 7 days and
BAT mass and BAT activity (p>0.05). Non-parametric correlation showed that the total METs
expenditure in a usual week and BAT activity had a tendency to be related, yet the correlation
was not statistically significant (Figures 2 and 3; p>0.05). Additionally, it seems that there is a
positive relationship between the total METs expenditure in a usual week and BAT activity

corrected for LBM (1=0.32, p=0.05) (fig.4).

Figure 2: Activity of BAT (KBq) corrected for BW in relation to total METs usual week.
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Figure 3: Activity of BAT (KBq) corrected for BSA in relation to total METs usual week.
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Figure 4: Activity of BAT (KBq) corrected for LBM in relation to total METs usual week.
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The results also showed that there is a moderate negative correlation between BMI and

BAT activity when corrected for BW (r=-42, p=0.09) (fig. 5), for BSA (r=-34, p=0.035) (fig. 6),

and for LBM (r=-0.047, p=0.04) (fig. 7).
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Figure 5: Activity of BAT (KBq) corrected for BW in relation to BMI.
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Figure 6: Activity of BAT (KBq) corrected for BSA in relation to BMI.
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Figure 7: Activity of BAT (KBq) corrected for LBM in relation to BMI.
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The non-parametric correlation also displayed a negative correlation between age and
BAT activity corrected for LBM (r=-0.32, p=0.051) (fig. 10). However, there was no relationship

between age and BAT activity corrected for BW and BSA (p>0.05) (fig. 8 and 9).

Figure 8: Activity of BAT (KBq) corrected for BW in relation to age.
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Figure 9: Activity of BAT (KBq) corrected for BSA in relation to age.
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Figure 10: Activity of BAT (KBq) corrected for LBM in relation to age.
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The Kruskal-Wallis analyses detected a significant main effect of physical activity levels
of the last 7 days on BAT activity (KBq) corrected for BSA (p= 0.028) (table 4), and a
significant main effect of physical activity levels in a usual week on BAT activity (KBq)
corrected for BSA (p= 0.047) (table 4), as well as a significant main effect of physical activity
levels in a usual week on BAT activity (SUV) corrected for BSA (p=0.028) (table 4). The post-
hoc Mann-Whitney U tests indicate that participants that engaged in high levels of physical
activity in the last 7 days had higher levels of BAT activity corrected for BSA than those
engaged in low levels of physical activity (p=0.021). Furthermore, participants that engaged in
high levels of physical activity in a usual week had higher levels of BAT activity (KBq)
corrected for BSA than those engaged in low levels of physical activity (p=0.011), as well as
they had higher levels of BAT activity (SUV) corrected for BSA than those engaged in moderate
levels of physical activity (p=0.028) (table 4). Therefore, the results indicate that individuals

engaged in increased levels of physical activity demonstrate more the BAT activity.

Table 4: Effects of physical activity levels on BAT activity corrected for BSA

Effects of physical activity levels on BAT activity (BSA)

Physical Activity (Last 7 days) Physical Activity (Usual week)
(KBq) o (SUV) # (KBq) ¥ (SUV) £
Low 10.01+1.65 * 0.054+0.006 9.93+1.61 # 0.055+0.006
Moderate 11.33+0.62 0.059+0.005 10.46+3.03 0.047+0.005 +
High 13.58+0.74 * 0.062+0.008 12.25+1.62 # 0.060+0.006

oo Significant effect of physical activity levels last 7 days on BAT activity (KBq) p=0.028.

* Significant differences between low and high levels of physical activity last 7 days in BAT activity (KBq),
p=0.021.

¥ Significant effect of physical activity levels usual week on BAT activity (KBq) p=0.047.

# Significant differences between low and high levels of physical activity usual week in BAT activity (KBq),
p=0.011.

£ Significant effect of physical activity levels usual week on BAT activity (SUV) p=0.028.
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1 Significant differences between moderate and high levels of physical activity usual week in BAT activity (SUV),
p=0.046.

# No effect of physical activity levels last 7 days on BAT activity (SUV) p>0.05.

In order to assess the secondary aim of this study the effects of smoking status and cold
exposure on BAT mass and BAT activity were examined. The results showed a main effect of
cold exposure on BAT mass corrected for BSA (p= 0.017) (Table 5). The post-hoc Mann-
Whitney U tests indicate that participants who were exposed to cold some times a day they had
lower BAT mass corrected for BSA than those who exposed to cold once a week (p=0.030) and
those who exposed to cold once or less a month (p=0.030) (Table 5). On the other hand, no

relationship between BAT mass and activity and smoking status was found (p>0.05).

Table 5: Effects of cold exposure and smoking on BAT mass (cm).

Effects of cold exposure and smoking on BAT mass (cm’) corrected for BSA

Cold exposure *
Continuously  Some times a day Once a day Once a week  Once or less a month

14.39+1.57 12.06+2.01# --- 17.45+2.82# 16.23+1.10#
Smoking
Yes No
13.24+1.50 13.85+2.87

* Significant effect of cold exposure on BAT mass corrected for body surface area p=0.017.

# Participants who were exposed to cold some times a day they had lower BAT mass than those who exposed to

cold once a week p=0.030 and once or less a month p=0.030.

No effect of smoking on BAT mass
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CHAPTER 5: DISCUSSION

The main aim of this thesis was to investigate the relationship between physical activity levels
and BAT mass and BAT activity in humans. The IPAQ along with the PET/CT measurements
revealed that physical activity was positively associated with BAT activity, confirming the
research hypothesis. However, the results showed that there is no relationship between physical
activity levels and BAT mass. Therefore, the research hypothesis was confirmed in part as the
results indicate that individuals engaged in increased levels of physical activity demonstrate
more the BAT activity and thus as far as the BAT activity is concerned the null hypothesis was

rejected.

This is the first study that examined the relationship between physical activity levels and
BAT in humans. The results are in agreement with experiments in mice showing that exercise
increases BAT activity (Hu & Wang, 2007; Oh, et al., 2007; Xu, et al., 2011). This increased
BAT activity which ameliorates energy expenditure in humans could be used against excessive
weight and obesity (Schroeder, et al., 2010; van Marken Lichtenbelt, et al., 2009). In a previous
study (van Marken Lichtenbelt, et al., 2009) participants were exposed to cold 2 hours prior the
examination with PET/CT and this increased their NST and subsequently increased their energy
expenditure. The present study demonstrates that both acute (last 7 days) and chronic (usual
week) physical activity can increase BAT activity which can, in turn, increase energy
expenditure. Therefore, humans may not need a cold exposure in order to increase their BAT
activity. This is relatively in contrast to a previous study in mice indicating that both exercise and
cold exposure are needed in order to increase UCPI mRNA expression which is the main

contributor in NST (Seebacher & Glanville, 2010).

48

Institutional Repository - Library & Information Centre - University of Thessaly
09/06/2024 07:02:48 EEST - 3.144.224.27



A secondary aim of this thesis was to examine the relationship between BAT
mass/activity and BMI and age, as well as the effects of smoking status and cold exposure on
BAT mass and activity. Some — but not all (van Marken Lichtenbelt, et al., 2009) — previous
studies suggested that BAT mass is likely to be decreased with age (Sturkenboom, et al., 2004).
The present study showed that BAT mass may decrease with the age, confirming the research
hypothesis regarding the relationship between BAT mass and age. On the other hand, no
relationship between BAT activity and age was detected and therefore this research hypothesis
was rejected. In addition, no relationship between BAT and smoking status was found and thus

this research hypothesis was rejected as well.

The present study also confirms evidence from previous studies indicate that individuals
with increased BMI demonstrate less the BAT activity than individuals with normal BMI (van
Marken Lichtenbelt, et al., 2009; Virtanen, et al., 2009). This finding confirmed the present
research hypothesis that there is a relation between BAT activity and BMI. In addition, it was
also revealed that people exposed to cold more often during their normal life may have lower
BAT mass than those who avoid cold exposure, and consequently this research hypothesis was
rejected. This finding is not in accordance with evidence showing that acute cold stimuli is
necessary in order to activate existing BAT in humans (Cannon & Nedergaard, 2012; Ouellet et

al., 2012).

Limitations

A limit of the present study is that we examined cancer patients. Despite criteria adopted to
ensure that the participants did not take medicines that affected metabolism, our findings may
reflect that measurements were conducted in a clinical sample. Previous studies have also

examined BAT activity through PET/CT in clinical populations including cancer patients in
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order to compare the results either with cold exposure status and age or with various
physiological indices (Baba, Jacene, Engles, Honda, & Wahl, 2010; Cypess, et al., 2009). These
studies accepted the values of BAT activity that were retrieved from the PET/CT measurements
if the examined area of the patients had no gross lesions or abnormalities, even though
sometimes the BAT activity may be indistinguishable from uptake in tumors or lymph nodes
(Baba, et al., 2010; Cypess, et al., 2009). In order to minimize the effect that this limitation had
on our results, all areas that were examined in each patient were verified by a physician through
the PET/CT software to ensure that they did not include a cancerous tumor. In case that the
examined area was comprised by cancerous tumors or other pathologic tissue, the participant was
excluded from the study. A different limitation of the present study is that no other physiological
factors such as UCP1 mRNA expression in BAT as well as energy expenditure of the patients
were examined in order to compare them with the obtained evidence. Furthermore, there is no
evidence demonstrate the effects of chemotherapy, radiotreatment, diazepam and furosemide on
brown fat metabolism, and therefore the results of the present study could have affected from
those factors. Finally, based on previous studies we used three corrections for radioactivity
values that are, corrected for BW, for BSA and for LBM, but this is the first time that those

corrections were used for BAT values.
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CHAPTER 6: CONCLUSIONS
Measurements of BAT mass and activity, engagement in physical activity, exposure to cold and

smoking status in 20 cancer patients demonstrated that:

e Increased levels of physical activity may increase BAT activity.

e BAT activity is negatively related to age and body mass.

e Frequent exposure to cold may decrease BAT mass, but this does not necessarily result in
lower BAT activity.

e There is no relationship between smoking status and either BAT mass or activity.
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APPENDIX A:
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Introduction (Aim of the study, importance of the study, terminology, limitations)
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evidence, provides detailed information about the aim and scope of the study, aim of the study
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@ NMANEMIZITHMIO OEZZAANIAZ m
TMHMA EMIZITHMHE OYIIKHE ArQQrHX KAl AOAHTIZMOY y

‘Eviutro ouvaiveong SokiyaldIEVOU OE EPEUVNTIKA £PYATia

TitAog Epeuvnrikig Epyaciag: H mmidpaon Tng QUOIKNAG dpacTnpIdTNTaG OTO avOPWITTIVO Qaid
NITTWdN 1070.

EmoTtnuovikég YmreuOuvog: Ap. Koutevtdkng lwévvng (TnA. 2431047056, email:
y.koutedakis@pe.uth.gr)

EmoTtnpovikég ZupBoulog: Ap. DAouprig Avdpéag, (TnA. 2431500601,
email:aflouris@cereteth.gr)

Epeuvnrtég: Nrtivag Mérpog (TnA. 6974010118, email: petros.cd@gmail.com)
1. ZKOTOG TNG EPEUVNTIKAG Epyaoiag

2KOTTOG TNG MEAETNG gival va eCeTdoel TN OXE€on TNG QUOIKAG dpaoTnpidTnTag (Aoknon) WE Tn
0paocTNEIOTNTA TOU avBpwWTTIVOU QaioU AITTwdn 10ToU.

2. Algdikaoia

Katd 1n &idpkeia TG €g¢éraong pe tov Topoypdgo Exkmroutg Modlirpoviwv (TEM) kai Tng
Atovikng Touoypagiag (AT) [TEM/AT] Tou voookopeiou «Yyeia» Ba avixveuBei n moodtnTa TOU
evepyou ®aiol Aimmwdn loTou O0TO CWPA 0AG O OTT0I0G BPIOKETAI OTNV TTEPIOXH TOU OTABOUG.
A@oU uttoypdayeTe TO TTAPOV EVTUTTO BivovTag TN CUYKATABECH 0AG VA CUUPETAOXETE 0T WEAETN
Ba ocag ¢ntnBei va ouPTTANPWOETE OUO COUVTOUO €PWTNHATOASGYIO QUOIKNAG dpacTnpidTnTag
moToTTOINKEVA Yia TOV EAANVIKG TTANBuous. ETTiong Ba CUUTTANPWOETE Yo @Opua TTou Ba pag
TTAPEXEI TTANPOPOPIEG OXETIKA PE TTAPAYOVTEG TTOU ETTNEEACOUV TN ASITOUPYIA TOU QaloU AITTWdN
I0T0U. H 6An diadikacia Ba TrpaypaToTroindei uévo pia @opd.

3. Kivduvol Kal evoxARoeig

ATIO TN OUYKEVTPWON TWV OEOOUEVWV TNG MEAETNG DEV EKTIBEOTE O€ KAvEVA TTAPATTAVW KivOuvo
EKTOG QUTWYV TNG ouvnBiouévng e¢€Taong e tov TEM/AT.

4. NPoodOKWHEVEG WPEAEIES

Me Tnv cupueToxf oag Ba AdBReTe TTANpoYopies yia Tnv evepyoTtroinan Tou Paiou Airrwdn loTou
OTO CWHA 0Ag 0 OTT0I0G gival UTTEUBUVOG yia TNV TTapaywyn BepudTnTag. Emiong 6a cag dobouv
TTANPOPOPIEG OXETIKA PE Ta €TTITTEDQ TNG YUOIKAG oag dpaoTtnpeidTnTag. O1 TTANpogopieg atmod T
OUYKEKPIPEVN WEAETN Ba BonBricouv va KOATAVONOOUME Qv EVEPYOTIOIEITAI 1] OXI ME TN QUOIKI
dpaoTnpIoTNTa 0 Padg AImwdng 10166, AuTd Ba pag odnyrnoel oe CUPTIEPAOUATA CUPPWVA UE
TA OTToia PTTOPOUME va OUVOECOUME 1 OXI TNV EVEPYEID TOU TTAPATTIAVW 10TOU HE OIAQPOPES
QUOIOAOYIKEG AEITOUPYiEG OTOV AVBPWTTO.
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5. Anpooiguon SeS0NEVWV — ATTOTEAECUATWYV

H oupueToxn 0ag oTnv £€pEuva CUVETTAYETAI OTI CUPQWVEITE PJE TNV JEAAOVTIKA dnuocisuon Twv
OTTOTEAECUATWY TNG, ME TNV TTPOUTIO0eoN OTI oI TTAnpogopieg Ba cival avwvuueg kai 6 Ba
OTTOKOAU@BOUV Ta ovouaTa Twv CUMMETEXOVTWY. Ta Oedouéva Tou Ba cuykevipwbBouv Ba
KwOIKOTToINBoUV e apiBud, WoTe To OVoua 0ag VA PNV QaiveTal TTouBevd.

6. TMAnpo@opitgg

Mn S10TAOETE VA KAVETE £PWTNOEIG YUPW ATTO TO OKOTIO 1 TNV dIadIKACia TNG HEAETNG. Av €XETE
otroladATTOTE apPIBOoAia i epwTtnon {NTACTE Yag va 0ag OWaOUNE DIEUKPIVIOEIG.

7. EAeuBepia ouvaiveong

H oupuetox oag otnv epyaaia eival €BeAovTikn. EioTe eAeUBePOG-N va PNV CUVAIVECETE 1) va
OIAKOWETE TN CUPUETOXN oag OTTOTE TO ETTIBUMEITE XWpIG Kauia emmiTTwon oTig €eTAoEIS TTOU Ba
KAVETE OTO VOOOKOWEIO «Yyeia» .

8. ARAwon ouvaiveong

AildBaca 10 €viutro auTd Kal Karavow TIS dladikacieg Tou Ba akoAoubrjow. Zuvaivw va
OUMMETAOXW OTNV €PEUVNTIKA £pyaaia.

Huepounvia: /[ YT1oypagr] epeuvnTh OvouaTETTWYUNO

Kol UTTOYPagr TTapatnenTA

OvopaTeETTWYUNO Kal

UTTOYPAQI] CUPPETEXOVTOG
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Zovropo AieOvég EpwtnuaroAdyio Puoikig ApaocTnpioTnTag
TeAeuTaieg 7 nuépeg

O1 TTopakdTw €EPWTNAOEIS APOPOUV TO XPOVO TIOU EXETE OQQPIEPWOEl YIA KATTOIO OCWUATIKN
OpaoTnPIOTNTA TIG TEAEUTAIEG 7 NUEPES. MepIAapBdavouv epWTACEIG OXETIKA PE dPACTNPIOTNTEG
TTOU KAVATE KATA TNV EPYAcia oag, OTIG PETOKIVACEIS 0OG, OTIG DOUAEIEG TOU OTTITIOU, TOU KATTOU
KOl OTOV €AEUBEPO XPOVO 0OG YIa Yuyxaywyia, doknon r} aBAnon. Zag TTapakKaAw va aTTavTiACETE
OAEG TIG EPWTNOEIG, AKOPA Kal EQV TTIOTEUETE OTI OV €i0TE £va CWHATIKA OPACTAPIO GTOUO.

Mpiv amaviioete TIC €pWTACEIC 1 KAl 2, OKEQPTEITE OAEC TIC EVIOVEG OCWHMOTIKEG
dpacTNPIOTNTEG TTOU KAVATE KATA TIG TEAEUTAIEG 7 nUéEPEG. Mia évTovn CWUATIKF dPacTnPIOTNTA
QvVa@EPETal O OPACTNPIOTNTEG TTOU ATTAITOUV £VIOVN CWHATIKI TTPOCTTABEIa Kal oag KAVOUV va
QVATTVEETE ONPAVTIKA SUOKOASTEPA aATTO OTI OUVNOWG. ZKEPOEITE POVO TIG EVIOVEG CWUATIKEG
0pacTNPEIOTNTES TTOU KAVOTE Kal gixav diIdpKela ueYoAUTEPN a1rd 10 AeTTTd KGBE POPA.

1. Karda T1ig TeAeuTaieg 7 nUEPEG, TTOOEG NUEPEG KAVATE KATTOIO CWMOATIKA
SpaoTnPIOTNTA, OTTWG OKAWIMO, €évrovn AOKnon HeE Bdpn, TpéSino o€
01adpopo pe KAion, ypnRyopo TpéSipo, aerobics, yprRyopn TrodnAacia,
ypiayopn KOAUupBNnon, Tévig pOVO, aywvag ote YATTeEdo (1TToddéo@aipo,
basketball, volleyball, handball);

........ NUEPES ava eBOouGda

av Sev KAVOTE £VTOVEC OWHATIKEG SPAcTNPIOTNTES, onuelwoTe X edw [ ka

TTPOXWPAOTE OTNV £pwTtnon 3.

2. Tig nUEPEG TTOU KAVATE KATTOIA £VTOV CWHATIKH dpaocTnpIoTnTa 60N
wWpa APIEPWVATE OUVHOWG;

...... AETTITA avd nuUEPa Sev yvwpilw/dev gipar BéBaiog [

Mpiv amaviioete TIGC epwToeEIC 3 Kal 4, OKeQPTEiTE OAEC TIC METPIOG EVIAONG OCWHATIKEG
dpaoTNPIOTNTEG TTOU KAVATE KATA TIG TEAEUTAieg 7 nuépeg. Mia pETplog €viaong OWUATIKN
0pacTNPIOTNTA QVAPEPETAI OE dPACTNPIOTNTEG TTOU OTTAITOUV PETPIA CWUATIKA TTPooTTdbeia Kal
00G KAVOUV VO QVATTVEETE KATTWG OUOKOAOTEPA aTrd OTI OUVABWG. ZKEPBEITE NOVO TIG PETPIOG
évraong owuaTikéG OpacTnPIOTNTES TTOU KAvATE Kal gixav didpkeia peyaAuTepn amd 10 Aemrrd

™ Qopd.
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3. Kard TIg TeAeuTtaieg 7 nuéPEG, TTOOEG NUEPES KAVATE KATTola METPIA
OWHATIKA SpaoTNPIOTNTA, OTTWGS TO VO ONKWOETE KAl VO JETAPEPETE EAAPPA
Bdapn (MkpoTEPA atd 10 KIAA), OUVOAIK KABaApIOTNTA TOU OTTITIOU, NTTIEG
PUBUIKEG AOKNOEIG OWHATOG, TTodnAacia avayuxng HE XapunAR TaxuTtnra,
XoAap KOAUUBNON; Zag TTAPOKOAW VA YN CUUTTEPIAGBETE TO TTEPQTTATNIA.

........ NUEPES avd efdouada

av Ogv KAvaTE PETPIOG £VTAONG CWHATIKEG OpAcTNPIOTNTEG, CNMUEIWOTE X £0W ]

Kal TTPOXWPNOTE OTNV EpWTNON 5.
4. Tig NHEPEG TTOU KAVATE KATTOIA METPIO CWHATIKA SpacTnPIdTTA TTOOH WP

AQPIEPWVATE CUVHOWG;
...... AETTTA avd nuépa oev yvwpilw/dev gipal BERaIog ]
Mpiv atmmaviioete OTIG EPWTACEIS 5 Kal 6, OKEPTEITE TO XPOVO TTOU TTEPTTATACATE KATA TIG

TeEAeUTaiEC 7 nuépeg. Na OUUTTEPIAGBETE TO TTEPTTATNUO OTO XWPEO TNG €pyaciag oag, OTIG
METAKIVAOEIG 0AG KAl OTOV EAEUBEPO XPOVO 0aG yIa Yuyxaywyia, doknon A aéAnon.

5. Tig TeAeuTaieg 7 nUEPEG, TTOOEG NUEPEG TTEPTTATACATE YIA TTEPICOOTEPO ATTO
10 ocuvexOueva AETTT(q;

........ NUEPES avd efdouada

av dev TTEPTTATACATE Kapia Nuépa TTEPIcoOTEPO atTd 10 cuveXOUEVA AETTTA,

onueIwoTE X €0W O] ka TTPOXWPNOTE aTNV £pWTNON 7.

6. Tig NUEPEG TTOU TTEPTTATAOATE, VI TTEPIOCCTOTEPO ATTO 10 cUVEXOMEVA AETTTA,
OO WPA TTEPACATE TTEPTTATWVTAG;

...... AETITA avd nuépa Sev yvwpilw/Sev gipar BéBatog [

7. NM6oco xpovo Trepdoare KaBIopévol o€ Mia ouvnOiIopévn MEPA KATA T
O1dpkela Twv TeAguTaiwv 7 nupepwv; O xpdvog autdg MTTOPEI  va
mePINAUBAVEI TO XPOVO TTOU TTEPVATE KAOIOHEVOI OTO OTTITI, OTO YPAYEio,
oTav eMIOKETTTEOTE PiAoug, OTav diaBadere, peAerare R BAéreTe TNAedpaoN,
oAAdG Sev rEPIAQUBAVEI TOV UTTVO.

...... WpEeg ava nuépa Oev yvwpilw/dev gipal BERAIOG ]
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nPOZQMIKO EPQTHMATOAOTIIO
1. ®UAo: Avdpag [ Fuvaika [

2. HAkia: “Yyog: Bapog:

3. Ndoxere amwd Kamola Xxpovia vooruata; Nai [1 Oy [

Av «vai» TTApaKaAWw TTEPIYPAYTE TTAPAKATW TTIA Eival AUTA:

4. KamvileTe auTh TNV TrEPi0dO; N [ ox [

Av amravtijioate «Oxi» oTnv €pwTnon 4, TTAPAKAAW TTPOXWPNOTE OTNV £pWTNON 9.

Av amravtijioate «Nai» oTnv €pwTnaon 4,TTapaKaAw ATTAVTAOTE TIG TTAPAKATW EPWTACEIC:

5. Tolydapa Méoa 1N NuEPQ; MNa méoa xpovia;

6. ZTpI1pTO Méoa 1N NnuUEPQ; MNa méoa xpovia;

7. Moupa Méoa 1N nuépaQ; MNa méoa xpovia;

8. Mima Méoeg popég TN PEPQ; MNa méoa xpoévia;
9. EioTe TpWNV KATIVIOTAS/OTPIA; Nar [ ox U

Av amravtijioate «Nai» oTnv €pwTnon 9, TTAPAKAAW ATTAVTAOTE TIG TTAPAKATW EPWTACEIC:

10.T160wv eTwv noacTav OTaV EEKIVIOATE TO KATTVIOHO, .eeevvveevvveervveennenns

11. %€ TOI0 NAIKIO. OTAPOTACATE; . .eeaaeeeeeenne
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12.T11600 ouxVvad ekTiBeoTE 0TO KPUO; MNMapakaAw SwoTe HOVO PIa ATTAVTNON.

2UVEXEID ] MepIkéG QopES TNV NUéEPT ] Mia popd v nuépa ]

Mia @opd Tnv efdoudda ] Mia @opd ) AiyoTepeg TO prva ]

13.1M600 cuxva aio0dveoTe 0TI KPUWVETE; NMapakaAw dwoTe pévo pia

amdvrnon.
2UVEXEID ] MepIkéG QOpES TNV NUéEPT ] Mia gopd v nuépa ]
Mia @opd Tnv efdoudda ] Mia @opd ) AiyoTepeg TO prva ]

14.Ti KAVETE yIa va TTPOPUAAXTEITE ATTO TO KPUO; NMapakaAw dwoTte pévo pia
amdvrnon.

TiTmoTa 10 1B8IAITEPO ] ATTo@elyw va Byaivw £Ew atrd 1o OTTiTI ] Ana [

15.NMapakaAw BaBpoAoynote ard 10 0 £wg 10 10 TO TTOOO KPUWVETE OTAV
KAVETE TIG TTAPAKATW SpaoTnPIoTNTES (10= peyaAuTepn evoxAnon).

AoUAEgIEG TOU OTTITIOU; ....... Otav vIUVEDTE KaI EEVTUVEDTE; .......

2Tnv doUA&Id 0ag; .......... KdavovTtag 1o XOUTTI 0AG; ........

16.MapakaAw BaBpoAoyrnote awrd 10 0 £wg 10 10 TO TTOCO KPUWVATE TIG
TEAEUTAiEG 6 WpPEeG (10= peyaAuTepn evoxAnon)

17.NMNapakaAw BaBpoAoyRoTte amd 10 0 £wg 10 10 TN CWHATIKA G
SpaoTnpIoTNTA TIG TEAEUTAIEG 6 WPES (10= TTEPICOOTEPN CWHATIKI
SpaoTnpIéTNTA)
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18.Toug TeAeuTaioug 6 uveg aipvare kamoia @dppaka; Nai L1 Oy [

Av amravtijioate «Oxi» oTnv epwtnon 18, TapakaAw TTPOXwENoTe oTnV epwTnon 20.

Av amravtijioate «Nai» otnv epwtnon 18, Toia papuaKa TTaipvare;

19. ZuveyifeTe OKOMN KAl CAHEPA VA TraipVeTE Ta iB1a dppaka; Nat L1 Oy [

Av amravrijoarte «Nai» oTnv epwtnon 19, Tola QAPUAKA CUVEXICETE VA TTAIPVETE;

20.KdveTe xpovia xpion Kamoiwv @appdkwy;  Nai [ oy [

Av atmravtiioarte «Nai» otnv epwtnon 20, TTola ¢ApUaAKa TTAIPVETE Kal yia TTO00 XPOVIKO
o] [o (o2 1 4T Lo PSPPI

21. Av Ba oag evdIEpepe va EpBoupe o€ eTTaQr padi oag yia va OUAAEEOUNE
TEPICOOTEPES TTANPOPOPIEG TTAPAKAAOUE ONUEIWOTE TOV APIOuO TOU
TNAEPWVOU Oag.
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Zovropo AigOvég EpwTtnuatoAdyio Puoikig ApaocTnpioTnTag
Mia ocuvn@iopévn eBdopdda

O1 TTopakdTw €EPWTNAOEIS APOPOUV TO XPOVO TIOU EXETE OQQPIEPWOEl YIA KATTOIO OCWUATIKN
dpaoTnpIoTNTa KATd Tn Sidpkeia piag ouvnBiopévng eBdopddag. MepIAapBavouv epwTATEIG
OXETIKA e OpacTnpIdTNTEG TTOU KAvVOTE KATA TNV €Pyacia odag, OTIG WETOKIVAOEIS OAG, OTIG
OOUAEIEG TOU OTTITIOU, TOU KIATTOU KOl OTOV €AEUBEPO XPOVO OGG Yia Wuxaywyia, aoknon n
GOANON. Zag TTAPAKAAW VA aTTaVTACETE OAEG TIG EPWTACEIG, OKOPA Kal €8V TTIOTEUETE OTI Oev
gioTe éva oWPATIKA OPACTHPIO ATOO.

Mpiv oatmmaviioete TIG €pwTnoelG 1 Kal 2, OKEPTEITE OAEG TIGC EVIOVEG OCWUATIKEG
0paocTNPEIOTNTEG TTOU KAvaTE KATA TN Sidpkeia piag ouvnBiouévng eBdopddag. Mia £vrovn
owuatik dpacTnEIdTNTa ava@épetal o€ OpacTNPIOTNTEG TTOU OTTAITOUV €VvTiovn CWHATIKN
TTPOOTIABEIO KOl 0OG KAVOUV VO AVOTTIVEETE ONUAVTIKG BUOKOAOTEPA aTTO OTI CUVABWG. ZKEPOEITE
MOVO TIG EVTOVESG CWHATIKEG OpacTNPIOTNTEG TTOU KAvaTE Kal gixav didpkeia ueyaAuTepn amé 10
AeTrTd KGBE POpPA.

1. Kara tn di1dpkeia piag ouvnOiopévng eOopddag, TOoEg NUEPES KAVATE
KATTol0 CWHATIKH dpaoTneIoTNTA, OTTWG OKAWIMO, £EVTOVN doKnon HE Bapn,
TPpESINO ot d1adpopo HE KAion, ypriyopo TpéSiyo, aerobics, yprRiyopn
modnAacia, ypRAyopn KoAupBnon, Tévig HOVO, aywvag oOe YAmEdO
(Trod60@aipo, basketball, volleyball, handball);

........ NUEPES ava efOouGda

av dev KAVATE EVTOVEC OWMATIKEC dPAaTNEISTNTES, onueiwoTte X edw [ ka

TTPOXWPNOTE OTNV £pwTtnon 3.

2. Tig NUEPEG TTOU KAVATE KATTOIA £VTOV CWHATIKH dpaocTnpIoTnTa 60N
wpa aPIEPWVATE OUVHBWG;

...... AETITAG avd nuUEPQ dev yvwpidw/dev gipar BéBaiog [

Mpiv amaviioete TIG epwTOoEIC 3 Kal 4, OKeQPTeiTe OAEC TIC METPIOG EVIAONG OWHATIKEG
0paocTNEIOTNTEG TTOU KAvaTte Katd Tn didpkeia piag ouvniouévng eBdouddag. Mia pétpiag
Eviaong OCWMATIKA O0pacTnpidTNTa avagépeTal o€ dpacTnPIOTNTEG TTOU ATTAITOUV  MPETPIA
OWHMOTIKI TTPOCTIABEIa KAl 0OG KAVOUV VO QVATIVEETE KATTWG OUOKOASTEPA aTTd OTI CUVABWG.
2KePOeiTE POVO TIG PETPIOG EVIAONG OCWHATIKEG OPACTNPIOTNTEG TTOU KAVATE KAl €ixav dIGPKEIQ
peyaAUTepn amrd 10 AemrTd T Qopda.
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3. Kard 1tn didpkeia giag ouvnBiopévng eBOopadag, méoeg nNUEPESG KAvVATE
KATTola METPIO CWHATIK dpacTnpIoTNTA, OTTWG TO VA ONKWOETE KAl vVa
HeTa@épeTe eAa@pd Bapn (MikpoTEpa atrd 10 KIAdG), cuvoAik KaBapidTnTa
TOU OTTITIOU, ATTIEG PUOBMIKEG AOKNAOEIG CWHATOG, TTOdNAACIia avapuxng ME
XOMNAR  TaXUTNTA, XOoAapl KOAUMBNONn; Xa¢ TAPOKOAW  vo  un
OUUTTEPIAGBETE TO TTEPTTATNIA.

........ NUéEPES ava eOouGda
av Sev KAvate PETPIOG EVTAONG CWUATIKES BPaoTNPISTNTES, onuelwoTe X edw [
Kal TTPOXWPENAOTE OTNV £pWTNON 5.

4. Tig NUEPEG TTOU KAVATE KATTOIO METPIO CWHATIKA dpaocTnpeIidTNTA TTOON WP
APIEPWVATE CUVAOWG;

...... AETITG avd nuUEPQ dev yvwpidw/dev gipar BéBaiog [

Mpiv atmmaviioete OTIC EPWTACEIC 5 Kal 6, OKEPTEITE TO XPOVO TIOU TTEPTTOTACOTE KATA TN
Sidpkela piag ouvnBiopévng eBSopddag. Na cupuTtrepIAGBETE TO TTEPTTATNKG OTO XWPO TNG
EPYOOIOG 00G, OTIG YETOKIVIAOEIG 0AG KAl OTOV EAEUBEPO XPOVO OOG yIa Wuxaywyia, doknon n
GOAnaon.

5. Katd T1n Jidpkeia piag ouvnBiopévng eBOopadag, TTOOEG nNMEPES
TTEPTTATAOCATE VIO TTEPICOOTEPO ATTO 10 CUVEXOUEVA AETTTQ;
........ NUEPES ava eOouGda

av Oev TTEPTTATACATE Kadia nuépa TTeEPIccOTEPO atmd 10 cuvexOueva AETTTA,

onueiwote X edw [ kar rpoyxwpnoTe otnv epwtnon 7.

6. Tig NUEPEG TTOU TTEPTTATAOATE, YIA TTEPIOCCOTEPO ATTO 10 CUVEXOHEVA AETTTA,
OO WPA TTEPACATE TTEPTTATWVTAG;

...... AETITA avd nuEpa Sev yvwpilw/Sev gipar BéBatog [

7. NMNéoco xpovo Trepdoare KaBIopéEvol o€ Mia ouvnOiIopévn MEPA KATA T
d1dpkela piag ouvnOiopyévng eRdopadag; O XpoOvog autdg MTTOPEi va
mePIAQUBAVEI TO XPOVO TTOU TTEPVATE KOBIOCHEVOI OTO OTTiTI, OTO YpPAPEio,
oTav eMIOKETTTEOTE QiAoug, OTav diapadere, peAetdre | BAEeTe TNAEGpaON,
oAAdG Sev rEPIAQUBAVEI TOV UTTVO.

...... WPES ava nuépa dev yvwpidw/dev gipar BéBaiog [

I TéAog epwTnuaATOAOYiIOU. Z0G EUXAPIOTOUE YIO T CUMMETOXN 0OG I
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Ynev0vvn Afjhoon

O «xatwbr vmoyeypapuévog Ilétpog Ntivag AEM: 04/2010, petamtuylokdg @ortntig Tov
tunuoatoc Emotmiung ®voikng Ayoyng kot A6Anticpod tov Ilavemotnuiov Oeoccoriog tov
mpoypapupotog “Acknon kot Yyeia”

INAOVEO vTEVBLVA OTL ATOOEYO UL TOVE TAPUKATM OPOVE TOV OLPOPOLV:

(00) oto TvevpaTiKad dikandpato e Metamtuylakng Amiopotikng Epyoaciog (MAE) pov pe
titho «H enidpaom g puoikng SpactnpldTTag 6To AvOpOTIVO PO MMM 16T0» (B) 0N
dlyeipiomn TV peELVNTIKAOV dd0UEVOV TTOV Bt GUAAEE® GTNV TTOpEiDL EKTOVIONG TNG:

1. Ta TvevpoTiKd SIKOIOUOTO TOL TOUOV TNG LETATTLYLOKNG dtatpiPng mov Ba tpoxvyel Oa
aviKoLV G€ péva. Oa akolovto® TIC 0dNYieg CLYYPAPNG, EKTOTMOONG Kol KOTAOESNG AVTITOTI®V
™G datpPng ota avdroyo arobetipila (o€ EVTLTN 1)/Kal GE NAEKTPOVIKT LOPOPT)).

2. H dwyeipion tov dedopévov g datpiPng avikel amnd Kowvol og gPéva Kot 6ToV KOPLO
emPrémovia Kadnynm k.Kovtevrdknm Iodvvn.

3. OTo0NTOTE EMOTNUOVIKY ONUOGIELON 1 avakoivwon (avoptnuévn M TPOEopIKn), 1
avaQopd IOV TPOEPYETAL OO TO VAIKO/dedopéva TG epyaciog avtig Ba yivetar e cuyypopeig
euéva tov 1010, tov KOplo emPAémovia M/kor AAAovg epguvntég (my WEAN NG TPLUEAOVG
GUUPOVAEVTIKNG EMTPOTNG, CLVEPYATES KAT), OVAAOYO LLE TN CLUPOAN TOLG GTNV EPELVA KO OTN
GLYYPAPY| TOV EPEVVNTIKOV EPYUGLAOV.

4. H cepd toov ovopdtov oTig emoTUOVIKEG ONUOCIEVGELS 1 EMOTNUOVIKEG AVUKOIVMGELG
Ba amopaciletor amd Kovod amd epéva Kot Tov KOplo emPAETOVTA TNG EpYaciog, TPV apyiceln
exkmovnon ™¢. H amdéeaon avt) Oo motomomBel eyypdowe peta&h guod Kot Tov KHPLov
emPArémovtoc kabnynty.

Téhog, ONAoOvm 0Tl Yvopilo TOVG KOVOVES TEPT OEOVTOLOYIOG KOl TTEPL AOYOKAOTNG KoL
IVELHOTIKIG OO0KTI6l0S Kol 0Tl 00 Tovg TNPp® amapéykto KaO’ O0An ™ owdpkelo g
QOITNOGNG KUl KAADYNG TOV EKTOLOEVTIKAOV VAOYPEDCEMV POV 7TOV TPOKVTTOVV OO TO
IIMX Aoxknon ko Yyeio/rpqpoatrog Emotiung @voiwkng Ayoyng kot AOinticpov tov
Havemotnpiov Ogocoriog Kol Kad’ OAN TN SLEPKELD TOV SLUIIKAGLOV O1N0GigvoS Tov Oa
TPOKVYOLV HETA TNV OAOKAP®GI] TOV GTOVIDV HOV.

22-6-2012

O dnrov

[Tétpog Ntivog
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Ynev0vvn Afjhoon

O kdtwb vroyeypaupévog I[étpoc Ntivag, AEM:04/2010 petamtuylokos @ottnTig ToV TUNHOTOG
Emomung ®vokng Ayoyng kor ABAntiopod tov Iavemotnuiov @eccaiiog ToV TPOYPAULATOS
Aoxnon kot Yyeia

IMNAOVO VTEVOBLVA OTL ATOOEYOLOL TOVG TAPAKATO OPOLS TOV ALPOPOVV

TOL TVELHOTIKG OIKOLOUOTO Kot T OloYEIPION TOV EMGTIUOVIKOD VAIKOD N TWV EPELVNTIKOV
dedopévev mov Ba Exo ot 61dbeon LoV KOTA TNV TOPELD TNG GVUUETOYNG OV GTO EPELVNTIKO
épyo pe titho “H enidpaon g uotkng opactnpldtTog 610 ovOp®OTIVO Potd Mm®domn 1610”

KOl TOV 0700V EMGTNHOVIKAOGS VteLOLvog eivar o Kabnyntg Kovtevtakng lodvvnc.

I. Ta mvevpatikd StkoidUATO TOL £PYOV OVTOL UETH TNV OTOTEPHUTMOOT TOV OVIKOLV
OTOV EMOTNUOVIK®OG LTEHOLVO.
2. Omo10 0N TOTE EMOTNIOVIKT ONHOGIgELON 1] avaKoivmor (avapTnrévn 1| TPOeopPIKn), 1

avaQopd Tov TPOEPYETUL OO TO VAIKO/ dedopéva TG epyaciog avthg Katl 1 moavi
GUUUETOYN TOV OVOUATOG LOV GE OLTHYV OMOPUCILETOL EK TOV TPOTEPMOV A0 EUEVAL
KOl TOV EMOTNUOVIKOG VIeEvBuvo tov €pyov Kot ovtd OBa motomombel eyypapwg
HETAED €OV KOl TOL VITEVOVVOL.

3. H oyetikn odppaocn epyaciog Kot o1 VTOYPEDGCELS HOL OO TN GLUUETOYXN UOL OTO
épyo avtd, pvbuiCovton pe Paon tovg Kavoveg kot tig apyés g Emtponng Epevvov
Tov [10.

Téhog, MAOVE 0TL YVOPILE® TOVG KOVOVES TEPL OEOVTOAOYIOG GTNV £PEVVA TNG OYETIKNG ME
TO GUYKEKPIUEVO EPEVVITIKO £PYO0 TEPLOYNS, TOVS KAVOVES TEPTL LOYOKAOTNG KOl TVEVROTIKIG
00K TNGloS Ko 0TL B0 TOVG TNPD amaPEYKALTE KOO’ OAn TN O1GPKELL TG GUUUETOYNS 1OV
oTO £pY0 OVTO Kol KOTG TNV TOavI] Hov GLUNETOYN] o€ OludLKacieg dnuocigvong mov Oa
TPOKVYOLV HETA TO TELOG TOV £pYov.

22-6-2012

O dnrov

[Tétpog Ntivog
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