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XAPOKOIMEIO MANEMIZTHMIO
HAROKOPIO UNIVERSITY

NMwg diaxeipidopal TNV TTAXUCAPKIQ;
* YTroAoyidw TIC BEPUIOIKEC AVAYKEG TOU OTOUOU  Sevowerous curins

skl Formula
Harris-Benedict [15] male 66.4730 + 13.7516 x weight (kg) + 5.0033 x height (cm]) — 6.7550 x age = kcal/day
655.0955 + 9.5634 x weight (kg) -+ 1.8496 x height (cm)— 4.6756 x age (y) = kcal/day

) Age 18-30 y: (M]) = 0.0600 weight (kg)+ 1.31 height (m) + 0.473
O )\ ’ e 6 ’ ’ e ’ Age 30-60 y: (M]) = 0.0476 weight (kg)+ 226 height (m) — 0.574
Age =60 y: (M]) = 0.0478 weight + 2.26 height (m) — 1.07
U-ITO Ovlopog va epul IKwV qquva svog GTO“OU Female Age 18-30 y: (M]) = 0.0433 weight + 2.57 height (m) — 1.18
Age 30-60 y: (M]) = 0.0342 weight + 2.10 height (m) - 0.0486

yiveTal ouvrBwe o€ dUo oTddIa: Aee 260y, (M) 00356 weighe . 176 heghe(m + 0049

Lazzer Male [17] (M]) = 0.048 weight + 4.655 height (m) — 0.020 age — 3.605
~ of 2 of Female [18] (M]) = 0.042 weight + 3.619 height (m) — 2.678
1. YtmroAoyiopog Tou Baoikou MetaBoAikou PuBpuou ghmmeta 5] @b Ve Thowisins S sy = Wealday
Livingston & Kohlstadt [20] male 293 x Weight 0.4330 - Age (5.92) = kcal/day

. T A ~ X fermnale 248 x Weight 0.43356 - Age (5.09) — kcal/day
(B M R) . E IVGI r] TI-OO-OTr]Ta 8V 8pY£|Gg -ITOU nglachal TO Mifflin St. Jeor [21] Male (9.99 « weight (kg))+(6.25 = height {cm))—{4.92 = age [y))+ 5 = kcal/day
(9.99 x weight (kg))+(625 x height (cm))—(4.92 « age [y)) — 161 = keal/day

4 A 1 A 2 e (M] day-1) = 0.047 weight + 1.009 sex 0.01452 age +3.21 (male = 1; female =0
owua o€ KATdoTaaon NEEMiag yia va diatnpAoEl Muler L. 22 BM.ZS-MJ‘J )-o 009 sex0 21 (e 1 femile —0)

Muller et al. [22] (M] day-1) = 0.04507 weight + 1.006 sex - 0.01553 age +3.407 (male = 1; female = 0)

(M] day-1) = 0.05 weight + 1.103 sex - 0.01586 age +2.924 (male = 1; female = 0)

Ba0'| Kég A£|TOU pvigg, (’)T[wg n ava‘n’vor’] KAl r] Nachmani et al, 2020 [23] Male 1328.2 + 28.37 weight —205.59 height + 9.46 FFM - 2.87 A —25.93 FM — keal/day

female 553.97 + 16.60 weight +1033.84 height - 13.73 FFM - 10.93 A —19.67 FM = keal/day
4 4 Owen et al. Male [24] 795 + 7.18 weight
KU K)\O(popla TOU AIJATOGC. Female (25] 879 + 102 weight
Schofield Weight/height [26] male Age 18-30 y: (M]) = 0.063 weight — 0.042 height (m) + 2.953

Age 30-60 y: (M]) = 0.048 weight — 0.011 height (m) + 3.670
Age =60 y: (M]) = 0.038 weight + 4.068 height (m) — 3.491
” female Age 18—30 y: (M]) = 0.057 weight + 1.84 height (m) + 0411
1 YTI- A B M R . Age 30-60 y: (M]) — 0.034 weight - 0.006 height (m) + 3.530
[ o OVIG pog L] Age =60 y: (M]) = 0.033 weight + 1.917 height {m) + 0,074
Rawvussin & Ferraro [27] 671 + 14.6 (FFM in kg) + 7.3 (fm in kg) — 3.2(age)

O| T”O O’UVI‘]e |0’“ éveg 8&'0’(1) O’g' g V|a TOV UT['OAOY'O‘IJ 0' Weijs & Vansant [28] 14.038 weight + 4.498 height (cm) + 137.566 sex — 0.977 age (vears) —221.631 = kcal/day

(male = 1; female = 0)

WHO [29] male 18-29 y: (15.4 = weight (kg))-{0.27 = height (cm)}+=717 = kecal/day

TOU B M R sival: 30-60 y: (11.3 = weight (kg))+(0.16 = height (cm})}+901 = kcal/day

>60y: (8.8 = weight (kg))+(11.28 = height (cm))-1071 = kcal/day

H H H female 18-29 y: (13.3 = weight (kg))+(3.34 = = height (cm))}+35 = kcaljday
b H a rrl S = B e n e d I Ct Eq U at|0 n 30-60 y: (8.7 = weight (kg))-(0.25 = height (cm))+865 = kcal/day
=60 y: (9.2 = weight (kg))+(6.37 = height (cm)})}-302 = kcal/day

° M iffli n _St J e O r Eq u at i O n ( KU p I’w g VI a BIVA Akern BMR Estimates were calculated with Akern's copyrighted proprietary equations {Bodygram PLUS Software Vers. 1.18.1)

Kg kilogram, cm centimeter, kcal kilocalories, M] MegaJoule, m meter, diab pop, diabetes population, BMI Body Mass Index, FFM Fat Free Mass, FM Fat Mass, World Health

"Aneuou Ol’jg ” a AMZ >30 kg/mz) Organisation, BIVA Bioelectrical Impedance Vector Analysis.
» Schofield Equation

Van Dessel, K., Verrijken, A., De Block, C., Verhaegen, A., Peiffer, F., Van Gaal, L., De Wachter, C., & Dirinck, E. (2024). Basal metabolic rate using indirect calorimetry among individuals living with
overweight or obesity: The accuracy of predictive equations for basal metabolic rate. Clinical nutrition ESPEN, 59, 422-435. https://doi.org/10.1016/j.clnesp.2023.12.024
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NMwg diaxeipiopal TNV TTAXUCAPKIA;
* YTroAoyilw TIG BepUIOIKEC AVAYKES TOU OTOUOU

2. Mpoocapupoyn Tou BMR pe tov NMNapdyovra Guoikig Apaoctnpiotntag (PAL): YtroAoyilel TIC GUVOAIKEG
EVEPYEIAKEG AVAYKEG TOU ATOMOU, AauBavovTtag uttoywn TN QUOIKA dpacTnpPIoTNTA.

3. Mpoocappoyn pe Tov NMapdayovta Puoikhng Apactnpiotntag (PAL):

O PAL (Physical Activity Level) ekTipd 10 £TTiTTEQO QUOIKNAC dPACTNPIOTNTAC:
* 1.2: KaBioTik {wn (XaunAn @uaoikh dpaoTnpiotnTta).

* 1.375: EAa@pw¢ dpaoTripiog (eAa@pid doknon 1-3 nuépec/efdoudda).

* 1.55: Métpia dpaotiplog (UETPIa aoknon 3-5 nuépeg/efdouada).

« 1.725: T1oAU dpaoTrpiog (EvTovn aoknon 6-7 nuépeg/efOouada).

PAL Value Description
Less than 1.2 Bed rested: Most likely when in care of others
1.2 to 1.55 Low activity level: Sedentary lifestyle.
155 to 1.71 Medium activity level: Occasionally active. Typical office work.
1.71 to 1.95 High activity level: Some manual work and/or regular exercise
Greater than 1.95 Very high activity level: A fair amount of manual work or exercise training.

Watkinson, C., van Sluijs, E. M., Sutton, S., Marteau, T., & Griffin, S. J. (2010). Randomised controlled trial of the effects of physical activity feedback on awareness and behaviour
in UK adults: the FAB study protocol [ISRCTN92551397]. BMC public health, 10(1), 144. https://doi.org/10.1186/1471-2458-10-144
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Ao 11 atroteAgital n ZuvoAikn Evepyelaki Aatrdvn;

H ouvoAiki evepyelakn darravn (Total Energy Expenditure -
TEE) atroteAeital ammoé Tpia KUPIQ CUCTATIKA:

1.

Baoik6g MetaBoAikog PuBudg (Basal Metabolic Rate - BMR)

O BMR avrimmpoowTtrevel  mepittou 60-75% TnGg OUVONIKAG
EVEPYEIOKNAG dATTAVNG.

Osppn(n Emidpaon tng Tpoong (Thermic Effect of Food - TEF)

H evépyela TTOU XpNOIYOTTOIEITAI YIa TRV TTEWN, aTTopPOPnon Kal
METABOAIOHO TWV TPOPIiPWV.

H TEF ouppdaAier mrepittou 5-10% otnv TEE kal diogpépel
avaAoya e TN oUOTOON TWV PAKPOBOPETITIKWV CUCTATIKWY (Ol
TPWTEIVEG  €xouv TN PeyaAUTepn  Bepuikry  emmidpaon,
OKOAOUBOUPEVEG aTTO TOUG UBATAVOPAKES Kal Ta AiTTn).

Evepyelakn Aatmravn ®uoiking Apaotnpiotntag (Physical Activity
Energy Expenditure - PAEE)

H evépyela TTou KATaVAAWVETAI HETW OAWV TWV JOPPWV Kivnong
MepiAapBavel TN dounuévn Aoknon Kal Tn Bgpuoyéveon atrd un
aoknon (NEAT).

H PAEE cival 0 o petaBAnTd ouoTtatikd kal JTTOPEi va
Kupaivetal ammd 15-30% 1ng TEE.

TOEE - TOTAL DAILY ENERGY
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AT1é 11 atroteAgiTal n ZuvoAikn Evepyelakni Aatravn (TEE);

TABLE 4-1

Component
Basal metabolic rate

(BMR)

Resting metabolic
rate (RMR)

Thermic effect of
food (TEF)

Physical activity
energy expenditure
(PAEE)

Total energy
expenditure (TEE)

Physical activity
level (PAL)

Energy deposition
Energy metabolism

Definitions for the Components of Total Energy Expenditure and Estimated Energy Requirements

Alternate
Terminology
Basal energy
expenditure (BEE)

Resting energy
expenditure (REE)

Diet-induced
thermogenesis
(DIT)

Definition
The energy required when the human body 15 at complete physical, mental, and digestive rest. It 1s the energy required to maintam the structure and function of
cells and, therefore, the minimum amount of energy expenditure compatible with life. It is usually measured after the sleeping state prior to arising from bed with
the condition of being 12 or more hours postprandial/postabsorptive.

The energy required for oxygen uptake when the body is in an awake, resting, postabsorptive, thermoneutral state. It is typically measured laying supine with the
condition that there has been no exercise or food/beverage consumption in the prior 4-5 hours. It 1s the largest component of total energy expenditure, about 10%
higher than BME, and accounts for ~60-70% of total daily energy expenditure.

The mncrease in metabolic rate after the mngestion of a meal (solid or liquid). Tt involves the energy expended digesting, absorbing, metabolizing, and storing
energy and nutrients. It typically accounts for ~10% of total daily energy expenditure.

Physical activity energy expenditure is the most variable component of total daily energy expenditure and involves body movement including exercise and
nonexercise activity thermogenesis (NEAT). NEAT 1s a result of spontaneous activity and represents the energy expended for minor movements like fidgeting
and general ambulatory activity. PAEE can be calculated as the difference between total energy expenditure and basal metabolic rate plus diet induced

thermogenesis (TEE — [RMR + TEF]).
The total daily energy expenditure comprising resting metabolic rate, thermic effect of food, and physical activity energy expenditure. For efficiency, TEE 1s
most often presented in the literature as: (RMR + TEF + PAEE).

An indicator of the level of daily physical activity determined by the ratio of total energy expenditure to basal metabolic rate (TEE/BMR).

The energy content of newly synthesized tissues estimated from the energy costs of protein and fat deposition during growth.
The use of energy from body fat and protein stores to meet energy needs, which may be accelerated in growth, injury, or stress states.

SOURCES: Butte and Caballero, 2014; Levine 2002; Pochlman 1989; Schutz and Jequier, 1998; Westerterp, 2004: Wong et al., 1996

National Academies of Sciences, Engineering, and Medicine; Health and Medicine Division; Food and Nutrition Board; Committee on the Dietary Reference Intakes for Energy. Washington (DC): National Academies Press (US); 2023 Jan 17.


http://www.nap.edu/
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FIGURE 4-1 Cemponents of energy expenditure and their determinants

ATro TI q’TrOTaAsITaI rl’ KoUpia diapopda peragu TEE kon PAL:
Z Uvo AI Kn Evspv £| q Kn «  To TEE ek@padlel Tn cUVOAIK TTooOTNTA EVEPYEING TTOU E

datmavd £va ATouo o€ Pia nuéEPA. PAL =

Aq-rrdv (TE E) . «  To PAL cival évac oxeTIKOC deikTne Tou deixvel TTOCO BMR
n 3y dpacTtplo gival Eva ATouo, o€ OUYKPIoN UE TOV BACIKO

TOU PETAROAIKS pubuo.

National Academies of Sciences, Engineering, and Medicine; Health and Medicine Division; Food and Nutrition Board;
Committee on the Dietary Reference Intakes for Energy.. Washington (DC): National Academies Press (US);, 2023 Jan 17.
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NMwg diagpopoTroigital N ZUVOAIKA
Evepyelakn Aatravn (TEE) kara mn
di1apkeia TnG {WNG;

H ouvoAikr evepyelakr daTTavn oXeTiCeTal
IOXUPA JE TNV GNITTN JAda CWHATOGC.

H nuepriola evepyeiakr) datravn,

TIPOCAPUOCHEVN YIA TNV ANITTN Al OWHATOG

augaveral paydaia ota veoyva (0-1 €10G),

TEE (MJ/d)

@TavovTag TrEPITTOU 46% TTAvwW ATrd TIG TIPEG

TWV eVNAiKWY yUpw o010 10 £T10G.
Meiwvetal oTadIakd KATa TNV Traidikr Kal

e@nPIKn NAIKia (1-20 €1n) péxpl va Tacel Ta
ETTITTEdQ TWV evNAiKwV TTEPiTTOU OTa 20 £TN.

MNapauével otaBepr) otnv evAAikn (wn (20-60

€Tn), AKOUA KAl KATA TNV EYKUPOOUVI.
Meiwvetal aToug nAIKIwPEVOUS (60+ £€T1n).

TEE (MJ/d)
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Pontzer, H., Yamada, Y., Sagayama, H., Ainslie, P. N., Andersen, L. F., Anderson, L J., Arab, L., Baddou, I., BeduAddo, K., Blaak, E. E., Blanc, S., Bonomi, A. G., Bouten, C. V. C., Bovet, P., Buchowski, M. S., Butte, N. F., Camps, S. G., Close, G. L., Cooper, J. A,
Cooper, R, ... IAEA DLW Database Consortium (2021). Daily energy expenditure through the human life course. Science (New York, N.Y.), 373(6556), 808-812. https://doi.org/10.1126/science.abe5017



H TEE au&avertalr 600
au&avetal n aAimn péadla
owHaToC.

Neoyva, TTaidid, eV AIKESG Kal A
NAIKIWPEVOI akoAouBouv Tnv
idla YEVIKI avodIKN TAon.

H ocuotaon cwparog (FFM) §
aTtToTeAEI TOV BACIKO J
TmapdayovTa Trou KaBopidel Ty W
NUEPNOIO EVEPYEIOKN dATTAVN.
C
Ortav 10 dtopa xwpilovtal o€ S
NAIKIOKEG OudGdeg (veoyva — 2
maidia/Epnpor — eviAikeg — 7
nAIKiIwpévol), kGBe oudda e

akoAouB¢gi TTapouola
KQUTTUAN.

O1 diagopég otnv TEE peragu
NAIKIWV €EnyouvTal KUPIWG
atro TIG DIAPOPESG OTNV ANITIN
Mada CwPaTOG.
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H TEE autavetal ypriyopa
atrd TN BPEPIKN NAIKIa HEXPI
TNV TTAIBIKA/EQNPIKN).

d1dvel oTO PEYIOTO OTN
veapr eviAikn wr).
2TOOIOKA PEIWVETAI UE TNV
TTpoXwpenuévn nAIKia.

O1 dvdpeg gpavidouv yevIKa
ugnAotepn TEE atod 1ig
YUVQIKEG OTIG TTEPIOOOTEPEG
NAIKiEG (TTapouaialeTal o
MECOG OPOG + TUTTIKA
atTOKAIoN).

2€ AoyapIOuIKA KAipaka, n
oxeon gival oxedov
YPOMHIKA.

AuUTO degixvel OTI UTTAPXEI
évag oTabep ¢ «BIoAOYIKOS
Kavovag KAIHAKwonG»
METAEU pEYEBOUG OWPATOG
Kal JeTaBoAIGuOU.

AVOPEG KAl YUVAIKEG
akoAouBouv TTapdéuoIo
TTPOTUTTO.

Pontzer, H., Yamada, Y., Sagayama, H., Ainslie, P. N., Andersen, L. F., Anderson, L. J., Arab, L., Baddou, I, Bedu-Addo, K., Blaak, E. E., Blanc, S., Bonomi, A. G., Bouten, C. V. C,, Bovet, P., Buchowski, M. S., Butte, N. F., Camps, S. G., Close, G. L, Cooper, J. A., Cooper, R, ... IAEADLW
Database Consortium (2021). Daily energy expenditure through the human life course. Science (New York, N.Y.), 373(6556), 808-812. https.//doi.org/10.1126/science.abe5017
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NMwg dia@opoTrolsital n ZUVvoAIK Evepyelaki
Aatravn (TEE) kata Tn didpkeia Tng {WNAG;

» O1 kUplol TTapdyovTeg TTou KaBoPI(oUV TN CUVOAIKY EVEPYEIOKA
dartravn €ival To Méye0og Kal n cUoTAON TOU CWHATOG, N
TTPOCANYN TPOPNG KAl N PUOIKE dpacTnPIOTNTA.

*  H peiwpévn mpdoAnyn Tpo@ng odnyei o€ attwAeia Bapoug,
ME ATTOTEAECUA PEIWON TOU PEYEBOUC TOU CUWHNATOG KAl TNG
evepyelakng datravng npepiag (REE).

*  H xpovia evepyelOaKK) AVETTAPKEIN UEIWVEI TNV EVEPYEITKI)
daTtravn a1ro TN QUOIKK dpacTnEIoTNTa (AEE) Adyw peiwpévng
QUOIKAG IKAVOTNTAG KaI ATTWAEIAG PMUTKAG HAdag.

* H utrepBoAIki TTpOécAnYNn TPOPNRG 0dnyEi 0€ augnon Tou
Bapoucg kal au¢non NG TEE mavw atmé 15 MJ/nuépa yia
yuvaikeg kal 20 MJ/nuépa yia avdpeg e voooyovo
TTaxuoapkia, dnAadr TouAaxioTov 50% uwnAdtepn aTTd TIC
TIMEC ATOUWY PEOOU PEYEBOUC Kal QUOIKAS dpacTnPIOTNTAC.

 H peiwon tng TEE KaTtd Tov EVEPYEIAKO TTEPIOPIC MO
emBpaduvel TNV atTwAela Bapoug.

Physical acivity index

2.2 5

1.8 + =

1.6

1.4

< 20.0

2.25

2.00 4

1.75 9

1.50

Physical activity level

1.25+

T
20.0-24.9

T T T T
25.0-299 30.0-349 35.0-39.9 > 40.0

Body mass index (kg/m?)

Westerterp, K. Control of energy expenditure in humans. Eur J Clin Nutr 71, 340-344 (2017). httos://doi.org/10.1038/ejcn.2016.237

|

1.00

T

|

< 20.0

20.0 - 24

9 25.0-299 30.0-349 350-399 2 40.0

Body mass index (kg/m?)

Westerterp K. R. (2013). Physical activity and physical activity induced energy expenditure in humans: measurement, determinants, and effects. Frontiers in

physiology, 4, 90. https://doi.org/10.3389/phys.2013.00090
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NMwg diagopoTroicital n ZuvoAikn Evepyelaki Aatravn (TEE) kata tnv TTapoucia
UTTEPBAPOU Kal TTAXUCAPKIAG;

O perafoAiopodg cuvtpnong kabopiletal Kupiwg atrd Tnv aAimrn pada cwuaToG.

Ta dTopa Je UTTEPRBAPO Kal TTAXUOCAPKIa £xouv ouvhBwe peEyaAuTepn AITTwON pada, aAAG Kal peyaAutepn AAitrn pala
OWHMATOG 0€ CUYKPION ME TO ATOPA TTOU £€XOUV QUOIOAOYIKO BApOC.

H mrepicocia evépyelag Kata TNV augnon BAapoug o€ eVAAIKEG aTTOBNKEUETAI WG AiTrog Kal AAITTn pada ue avaloyia 95:5
o€ evépyela ) 75:25 og pada.

H peyaAutepn aAitrn pada ota ATopa YE UTTEPPAPO KAl TTAXUCAPKIA CUVETTAYETAI UPNAOTEPO METARBOAIOHNO NPEMIAG.

210 ATONO ME VOO OYOVO TTaXUoapKia, O METABOAICHOG NPEMIAG ival YEVIKA UPNAOTEPOG ATTO T CUVOAIKNA
NUEPNOIN EVEPYEIAKN BATTAVN TWV ATOUWY PE QUOIOAOYIKO BAPOG, KATI TTOU PTTOPEI va TTEPIOPICEI TNV EVEPYEIOKN
daTtrdvn a1ro Tn QUOIKA dpacTnEIOTNTA Kal va odnyei o€ xaunAoérepo PAL.

Energy Balance and Obesity. IARC Working Group Reports, No. 10. Romieu I, Dossus L, Willett WC, editors. Lyon (FR): Intemational Agency for Research on Cancer; 2017.


https://publications.iarc.fr/Book-And-Report-Series/Iarc-Working-Group-Reports
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MNMwg diagpopoTroicital n ZuvoAiki Evepyelakn Aatravn (TEE) pe Tnv atrwAgia Bapoug;

Weight loss Maintenance of reduced weight

H ammwAgia BApoug MEIWVEI TN OUVOAIKA EVEPYEIOKN daTravn
(TEE) AOyw Tn¢ peiwong 1600 TNG AIrwdoug padag 6co Kal TNG
GAITTNG pAdag CWHATOG.

H evepyeiakni datravn npepiag (REE) peiwverar duocavdloya o€
oxéon Me Tnv otTwAeia BApoOUG, IO TTPOCAPHOOCTIKA avTidpaon
TTOU CUURBAAAEl 0T pEiwon Tou NETABOAIKOU puBuoU.

H evepyeiak datrdvn amé @uoikn dpaotnpidotnta (PAEE)
MEIWVETAI AOYW XANNAOGTEPOU CWHATIKOU BAPOUG, PEIWVOVTAG TO
KOOTOG METAKIVNONG KAl KABNUEPIVWYV dPACTNPIOTATWY.

Katd 1n diatipnon tng amwAegiag Bdapoug, n TEE tmrapapével
XOUNASTEPN QTTO TA APXIKA ETTITTEDA, YEYOVOG TTOU DUOKOAEUEI TN
MAKPOTTPOBeo N dlatipnon Tou Xauévou Bapoud.

O! OpHOVIKEG TTPOCAPHOYEG, OTTWG N PEIWON TNG AETTTIVNG KAl N
auénon TnG YKPEAivNg, augdvouv Tnv Treiva KAl HPEIWVOUV TNV
EVEPYEIAKN daTtTdvn, TTPodIaBETOVTAC VIO avAKTNON BAPOUG.

H TakTIKl OWwHaTIKR OpaocTnpiotnTa Kal n  uwnAdtepn
mPOCANYN TTPWTEIVNG NTTOPOUV VA HETPIACOUV Th HEIWON TNG
TEE ka1 va dieukoAuvouv T diatipnon Tou xapévou Bapouc.
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Fig.3 Overview about metabolic adaptation with weight loss and during
maintenance of reduced body weight. During the first week of caloric
restriction, adaptive thermogenesis (AT) relates to the resting component
of energy expenditure (REE) and follows the depletion of hepatic
glycogen stores due to the immediate fall in insulin secretion.
Mobilisation of glycogen is associated with changes in fluid balance
and fat free mass. AT is seen as an immediate adaptation to negative
energy balance as part of body weight regulation according to a set
point. With ongoing underfeeding and weight loss, phase 2 is
characterised by a loss of fat mass which follows the negative energy
balance up to a settling point where a new steady state is reached. Then,

maintenance of reduced body weight (phase 3) is due the degree of

reduced fat mass and low leptin levels associated with a low T3 state
and low SNS activity. This endocrine pattern carries the risk of weight

Phase1 Phase2 Phase 3

Prot-oxW

Phase 3: steady state: Gluc-ox (‘" Lip-ox (M)

Prot-ox =
FM=
.| o —
OM/MM = LeptinW ¥
FFAAN
InsulinW
¥
snsW
i
> > Regulation, set

regain. The inserted graph on the right shows that during phase 1, AT is
characterised by an adaptation of the resting component of energy
expenditure. This is maintained throughout further weight loss and
during successful maintenance of reduced body weight. By contrast,
adaptation in the non-resting component of energy expenditure (nREE)
is proportional to weight loss. Up to now, early changes in nREE have not
been investigated, and data are available after 3 weeks of semistarvation
only [23]. FFM fat free mass; /CW intracellular water; ECW extracellular
water; FM fat mass; OM masses of high metabolically active
organs = sum of masses of brain, heart, liver, and kidneys: MM skeletal
muscle mass; FFA free fatty acids: 73 tri-iodothyronine; SNS sympathetic
nervous system activity: NP natriuretic peptides: Gluc-ox glucose
oxidation rate; /ip-ox lipid oxidation rate: prot-ox protein oxidation rate.
See text for further details and references

Miiller, M. J., Enderle, J., & Bosy-Westphal, A. (2016). Changes in Energy Expenditure with Weight Gain and Weight Loss in Humans. Current obesity reports, 5(4), 413-423. https://doi.org/10.1007/s13679-016-0237-4
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Fig.3 Overview about metabolic adaptation with weight loss and during
maintenance of reduced body weight. During the first week of caloric
restriction, adaptive thermogenesis (AT) relates to the resting component
of energy expenditure (REE) and follows the depletion of hepatic
glycogen stores due to the immediate fall in insulin secretion.
Mobilisation of glycogen is associated with changes in fluid balance
and fat free mass. AT is seen as an immediate adaptation to negative
energy balance as part of body weight regulation according to a set
point. With ongoing underfeeding and weight loss, phase 2 is
characterised by a loss of fat mass which follows the negative energy
balance up to a settling point where a new steady state is reached. Then,

maintenance of reduced body weight (phase 3) is due the degree of

reduced fat mass and low leptin levels associated with a low T3 state
and low SNS activity. This endocrine pattern carries the risk of weight
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regain. The inserted graph on the right shows that during phase 1, AT is
characterised by an adaptation of the resting component of energy
expenditure. This is maintained throughout further weight loss and
during successful maintenance of reduced body weight. By contrast,
adaptation in the non-resting component of energy expenditure (nREE)
is proportional to weight loss. Up to now, early changes in nREE have not
been investigated, and data are available after 3 weeks of semistarvation
only [23]. FFM fat free mass; /CW intracellular water; ECW extracellular
water: FM fat mass; OM masses of high metabolically active
organs = sum of masses of brain, heart, liver, and kidneys:; MM skeletal
muscle mass; FFA free fatty acids: 73 tri-iodothyronine; SNS sympathetic
nervous system activity: NP natriuretic peptides: Gluc-ox glucose
oxidation rate; /ip-ox lipid oxidation rate; prot-ox protein oxidation rate.
See text for further details and references

<Daor| 1: Mpwipn arwAeila Bapoug
Meiwon FFM (GNiITTn pada) Kupiwg AOyw aTwAEIaG uypwy Kal
yAukoyovou.
*  Meiwon 100ppoTTiag Uypwy, vaTpiou Kai
€VOOKUTTAPIOU/EEWKUTTAPIOU VEPOU.
* | MAukoyovoAuon, | YAUKOZn, 1 Nirrooéeidwon.
* 1 'Aukoveoyéveon.
*  Oppovikég aAAayEc:
* |l] IvoouAivn
* 1 [Aukaydvn
« | Aemrmivn
« | T3
* | ZupttaBnTko veuplko ouoTnua (SNS)
* [pokemrar yia Gueon TTPOCAPUOYH OTNV APVNTIKA EVEPYEIAKN
I0OPPOTTIAL.

ddon 2: TuvexI{OPEVN aTTwWAEIa Badpoug

* || Ammwdng padla (FM)

« | FFM

* | Mada peTaBONKA EVEPYWV OPYAVWV/HUWV

T Aimroogeidwon

} Oteidwaon yAukodng

* To owpa «kataoTaAdle» (settling) og véo xaunAdtepo Bapog.

®don 3: Aiatipnon peiwpévou Bdapoug (steady state)

* 210a0epd véo Bapog (FM kal FFM otaBepa).
L] AettTivn

* 1 EAeUBepa Nimtapd otéa (FFA)

* | IvoouAivn

« | T3

* | ApaoctnpidTNTA CUPTTAONTIKOU

* To owpa Asitoupyei Pe XapNAOTEPO PETABOAIKO puBUO, KATI TTOU
au&dvel Tov Kivouvo eTravaTipocAnyns BAapoud.

Miiller, M. J., Enderle, J., & Bosy-Westphal, A. (2016). Changes in Energy Expenditure with Weight Gain and Weight Loss in Humans. Current obesity reports, 5(4), 413-423. https://doi.org/10.1007/s13679-016-0237-4



NMwg diagopoTtroicital n ZuvoAiki Evepyelakiy Aatravn (TEE) amré
TO OIOPOPETIKA HOKPOOPETTTIKA CUCTATIKA KATA TNV ATTWAEIA

Bapoug;

EAdxioTn amrwAsgia Bapoug:
2.€ AUTH TNV ouada:
e Agv UTTAPXEI OTATIOTIKA GNUAVTIKN
oXéon METALU:
* % udaravOpakwyV Kal JETABOANG
REE
* % mpwrteEivng Kal JETABOARC
REE
* % Aitroug kai petaBoAng REE
« Ortav n ammwAela Bapoug gival hikpn,
n ouoTtaon TNG diaiTag dev QaiveTal
Va €TTNPEACEI ONUAVTIKA TOV BACIKO
METABOAIOUO.

XAPOKOIMEIO MANEMIZTHMIO
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(A)
Minimal weight loss
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FIGURE 4 Adjusted meta-regression of macronutrient composition and changes in resting energy expenditure (REE) stratified by minimal (A),
moderate to high weight loss (B) (109 arms). (A) Minimal weight loss group: univariate model. (B) Moderate to high weight loss group: adjusted for
% female, type of dietary intervention, calorie intake, REE method, change in fat mass, change in fat free mass.

Ho, D. K. N., Liao, Y. C., Mayasari, N. R., Chien, M. M., Chung, M., Bai, C. H., Huang, Y. L., Chen, Y. C,, Tseng, S. H., Chang, C. C., Chiu, W. C., Sangopas, P., Tseng, H. T., Kao, J. W., Ngu, Y. J., & Chang, J. S. (2024). The effects of dietary macronutrient
composition on resting energy expenditure following active weight loss: A systematic review and metaanalysis. Obesity reviews : an official journal of the International Association forthe Study of Obesity, 25(8), e 13760. https://doi.org/10.1111/obr.13760
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ME MEYOAUTEPN METABOAIKN TITWOT.
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FIGURE 4 Adjusted meta-regression of macronutrient composition and changes in resting energy expenditure (REE) stratified by minimal (A),
moderate to high weight loss (B) (109 arms). (A) Minimal weight loss group: univariate model. (B) Moderate to high weight loss group: adjusted for
% female, type of dietary intervention, calorie intake, REE method, change in fat mass, change in fat free mass.

Ho, D. K. N., Liao, Y. C., Mayasari, N. R., Chien, M. M., Chung, M., Bai, C. H., Huang, Y. L., Chen, Y. C,, Tseng, S. H., Chang, C. C., Chiu, W. C., Sangopas, P., Tseng, H. T., Kao, J. W., Ngu, Y. J., & Chang, J. S. (2024). The effects of dietary macronutrient
composition on resting energy expenditure following active weight loss: A systematic review and metaanalysis. Obesity reviews : an official journal of the International Association forthe Study of Obesity, 25(8), e 13760. https://doi.org/10.1111/obr.13760
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MeveTikn MpodidBeon kal ZuvoAikn Evepyelaky Aatravn (TEE)

* O yeveTIkOG TTapAyoOVTAC UTTOPEl va £gnynoel £we Kal 40% Tng S1aKUPAvVO NG OTNV EVEPYEIAKH daTTavn.

o2& MEANETEC PE MOVOLUYWTIKOUG Kal O&1IuywTtikoug O81dupoug, n kKAnpovouikotnTta Tou REE (evepyelakn darrdavn
NPEMiag) exkTiundnke oto 42%, aAAG TO HEYOAUTEPO PEPOC AUTOU TOU TTOOOCTOU ATTO000ONKE 0T KANPOVOMIKOTNTA TNG
AAITTNG padag cwuarog (FFM).

* Ol ekTINAOEIC TNG KANPOVOUIKOTNTAG ATAV XAKMNAOTEPES OTAV BACi(OVTAV O€ CUOXETIOEIG METAEU YOVEWYV KAl TTAISIWV.

o2& MIa HEAETN TPIWYV Yevewv oTo TTAaiolo TNG Kiel Obesity Prevention Study (KOPS):
* H kAnpovouikéTnTa TNG FFM NATav 73% OTN HeyaAUTepn yevIA (TTATTTTOUdEC-YOVEIC) EvavTtl 43% OTn VEOTEPN
(yoveic-Traidia).
 Merd ammd mpocapuoyEG, N KAnpovouikotTnTa Tou REE kupaivotav petagu 38—45%: eAappwe uwnAotepn atd
TTPONYOUUEVEG EKTIUNOEIG.

« Ta dedopéva deixvouv OTI To REE gival péTpia KANPOVOURCIHNO KOl UTTAPXEl YEVETIKN £TTidpaon aveEdpTntn amd tnv
AAITTN Ao CWHATOG.

* QO0T600, 01 EKTIUNOEIC TNG KANPOVOUIKOTNTAG £TTNPEACOVTAI ATTO:
* Tn d1akUpavon peETagu TTaIdIKAG Kal EVAAIKNG NAIKiOG.
* Tn pn S1AKPION METAEU YEVETIKWVY Kl TTEPIBAAAOVTIKWYV TTAPAYOVTWV.
 Tn peBodoAoyia eKTiHNONG TNG CUCTACNG TOU CWHATOG.

Miiller, M. J., & Geisler, C. (2017). From the past to future: from energy expenditure to energy intake to energy expenditure. European journal of clinical nutrition, 71(5), 678. https://doi.org/10.1038/ejcn.2017.32
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Exercise and Epigenetics in Systemic Metabolic Organs

Quoiki ApaocTnpidTnTa Kol ETriyeveTikég AAAayég

* [pocapupoyég Tou oKeAETIKOU pu: H doknon
TTPOKAAEI QUOIOAOYIKEG TTPOCAPUOYEG OTOUG \ s
OKEAETIKOUG pUEG, oUuuBAANAOVTAG OTN v {- : . ' "\
’ ’ o o Bt P dnpose
SIaTAPENON TNG Uyeiag kai oV TPSANYN 1 \ " A —> & 7035
, 7 Ve Liver, ¥ Brain
Bepatreia XpOvIiwy VOO UATWV. / \ . \ infammation G B \ \
s ) merrab:::‘m ‘ @ .
= o = | B £ &—* Y 9960 @ ”
P P ~ ipi e TOA  copmm Oxidative 90 (X* Histone
° POAOG Trlg paTana(leng aTrOKplo.ng Ol - 55 mell;t‘:c:xsm ;(C:ZLJ’LQ L|p|d == eycle stress - /modl!lcauons
7 s ’ s o metabolism : - NA eleta
TIPOCAPHOYEG QUTEG EVEPYOTTOIOUVTAI KUPIWG Gucose | P neiyton | ¥KOee vdac oposho usc
z , , ELOVL ucose mass
MEOW PETAYPOAPIKWY OTTOKPITEWV TTOU s I petyootes Dl 3 mR21.
TTPpOoKaAoUvTal aTTO KABE poppry doknong, Eite e T — Baof oo
avtoxAg €iTe avTioTaonc. p——
406 FGF21
g mi378, lipid
NAFLD metabolism
° E1T|V£VST|Kég TpoTroTro'r'IO's'g: Figure 2. Epigenetics mechanisms in other non-muscle tissue during exercise. Abbreviations:

Bdnf, brain-derived neurotrophic factor; Dmntl, DNA (cytosine-5)-methyltransferase 1; ELOVL,
Elongation of very long chain fatty acids protein; FGF21, fibroblast growth factor 21; GLUT4,
glucose transporter 4, HSL, hormone-sensitive lipase; KCNQI, potassium voltage-gated chan-
nel subfamily Q member 1; NAFLD, non-alcoholic fatty liver disease; TCFL7L2, Transcription
Factor 7-Like 2.

[MepIBAANOVTIKOI KQI YEVETIKOI TTAPAYOVTEG
ETTNPEACOUV TIG HETAYPAPIKEG ATTOKPIOEIS HEOW
ETTIVEVETIKWV UNXAVIOHWV.

Plaza-Diaz, J., Izquierdo, D., Torres-Martos, A., Baig, A. T., Aguilera, C. M., & Ruiz-Ojeda, F. J. (2022). Impact of Physical Activity and Exercise on the Epigenome in Skeletal Muscle and Effects on Systemic
Metabolism. Biomedicines, 10(1), 126. https://doi.org/10.3390/biomedicines10010126
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MeOuAiwon Tou DNA kal TPOTTOTTOINC €IG
ICTOVWV: AUTEG €ival Ol ONUAVTIKOTEPEG
ETTIVEVETIKEG OAANAYEG TTOU OXETICOVTAI PE TNV
TTPOCAPUOYH TWV HUWV OTNV AoKNoN.

Neogu@avi{OHEVOI ETTIVEVETIKOI MNXAVIO HOI:
ETTIVEVETIKEC TPOTTOTTOINOEIC OTTWG N
ETNITPAVOKPITITOMIKI, Ol TPOTTOTTOINCEIS NEOW
MiRNAs kal n AakTuAiwon avaduovTal wg
BacIKOi pUBMIOTEG TNG YOVIDIOKNG €KPPAONG.

EupUTepeg emidpdoeilg TG doknong: Ol
ETTIVEVETIKEG AANAYEG TTOU TTPOKOAEI N AoKNOoN
Oev TTEPIOPICOVTAlI OTOUG OKEAETIKOUG MUEC AAAG
eTNPEAlouV Kal AAAoUG PJETABOAIKOUC 1I0TOUG.

2X€0n METABOAICHOU Kal TIYEVETIKAG: Ol
METABOAITEC TOU CUOTNMUATIKOU PETARBOAIOUOU
TTai(ouv KOBOPIOTIKO POAO OTIG ETTIVEVETIKEG
TPOTIOTIOINOEIG TWV OKEAETIKWY HUWV.

Quoiki ApaocTnpidTnTa Kal ETriyeveTikég AAAayEg

Exercise and Epigenetics in Systemic Metabolic Organs
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Figure 2. Epigenetics mechanisms in other non-muscle tissue during exercise. Abbreviations:
Bdnf, brain-derived neurotrophic factor; Dmntl, DNA (cytosine-5)-methyltransferase 1; ELOVL,
Elongation of very long chain fatty acids protein; FGF21, fibroblast growth factor 21; GLUT4,

glucose transporter 4, HSL, hormone-sensitive lipase; KCNQI, potassium voltage-gated chan-
nel subfamily Q member 1; NAFLD, non-alcoholic fatty liver disease; TCFL7L2, Transcription

Factor 7-Like 2.

Plaza-Diaz, J., Izquierdo, D., Torres-Martos, A., Baig, A. T., Aguilera, C. M., & Ruiz-Ojeda, F. J. (2022). Impact of Physical Activity and Exercise on the Epigenome in Skeletal Muscle and Effects on Systemic

Metabolism. Biomedicines, 10(1), 126. https://doi.org/10.3390/biomedicines10010126
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Zhang, J., Tian, Z., Qin, C., & Momeni, M. R. (2024). The effects of exercise on epigenetic
modifications: focus on DNA methylation, histone modifications and non-coding RNAs. Human
cell, 37(4), 887-903. https://doi.org/10.1007/s13577-024-01057-y

L 3 /g”“
43 88 mlRNA—O 6t, 7d-5p,
194-5p
Inflammation Brain
Adipose \
metabolism ]
program I i ;;l |
l = ,7.- ;-__ TCA mmmw Oxidative “M.‘“"x- Histone
TCFL7L2 W R — | modifications
KCNQ1 Lipid ~ - MK L L N
metabolism .~ = e DNA Skeletal
T e = methylation H3K%c H4ac H3phospho muscle
= = H3K4me3 s
Glucose s
metabolism ol
Dmnt1 miR-34a
Bdnf miR-409-5p
iR-501-.
s
miR-212,
FGF21
mi378, lipid
NAFLD metabolism

Figure 2. Epigenetics mechanisms in other non-muscle tissue during exercise. Abbreviations:
Bdnf, brain-derived neurotrophic factor; Dmntl, DNA (cytosine-5)-methyltransferase 1; ELOVL,
Elongation of very long chain fatty acids protein; FGF21, fibroblast growth factor 21; GLUT4,
glucose transporter 4; HSL, hormone-sensitive lipase; KCNQI1, potassium voltage-gated chan-
nel subfamily Q member 1; NAFLD, non-alcoholic fatty liver disease; TCFL7L2, Transcription
Factor 7-Like 2.

Plaza-Diaz, J., Izquierdo, D., Torres-Martos, A., Baig, A. T., Aguilera, C. M., & Ruiz-Ojeda, F. J.
(2022). Impact of Physical Activity and Exercise on the Epigenome in Skeletal Muscle and Effects
on Systemic Metabolism. Biomedicines, 10(1), 126. https://doi.org/10.3390/biomedicines10010126
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Published in final edited form as:
Compr Physiol. 2011 July ; 1(3): 1603-1648. doi:10.1002/cphy.c100059.

Genomics and Genetics in the Biology of Adaptation to Exercise

Mérpia yeveTikl cupBoAn oto VO, max: lNepitTrou 47—
51% 1tng di1akupavong tng VO,max o€ KafioTIKG dTopa
OQEIAETAI OE YEVETIKOUG TTAPAYOVTES, YEYOVOS TTOU
Ocixvel OTI N agpofia IKAVOTNTA €ival eV HEPEI KANPOVOUIKI,
aKOUN Kal JETA ATTO TTPOCAPMOYN YIa NAIKia, ¢UAO Kal
ouoTaon CWHATOG.

OiIkoyevelak opoldTNTA TTéEPA aTrd Tn YEVETIKNA: O
evOoTadIkOG ouvTeEAEOTAG cuoxéTiong 0,41 kai n
ONHAVTIKF CUCYXETION METAEU oUulUYwWV deiXvouv OTI Ta
MEAN MIOGC OIKOYEVEIOG TEIVOUV va £XOUV TTAPOMOIA ETTITTED
VO,max, KAt TTou avTavakAd TOCO KOIVO YEVETIKO
UTTORaOpOo 600 Kal KOIVEG
TEPIBAANOVTIKEG/CUMNTTEPIPOPIKES ETTIOPATEIG.

Bouchard, C., Rankinen, T., & Timmons, J. A. (2011). Genomics and genetics in the biology of adaptation to
exercise. Comprehensive Physiology, 1(3), 1603—1648. https://doi.org/10.1002/cphy.c100059
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Figure 3.

Family lines with low and high VO,max phenotypes in the sedentary state based on data
from the HERITAGE Family Study.

From Bouchard C, Daw EW, Rice T, Perusse L, Gagnon J, Province MA, Leon AS, Rao
DC, Skinner JS, Wilmore JH. “Familial resemblance for VO,max in the sedentary state: the
HERITAGE family study.” Med Sci Sports Exerc 1998; 30(2), 252-258. Reproduced with
permission from Wolters Kluwer Health.

Sampling and technical
variance

Genetic

. variance
Environmental
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Figure 5.

Estimates of sources of causal variation in proportion of type I fibers in human skeletal
muscle among sedentary people.

Reproduced, by permission, from J.A. Simoneau and C. Bouchard, 1995, “Genetic
determinism of fiber type proportion in human skeletal muscle,” FASEB J, 9(11): 1091—
1095.
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Genetic Factors Associated With Human Physical
Activity: Are Your Genes Too Tight To Prevent You

Exercising? @
Xueying Zhang, John R Speakman =&

« H kAnpovouikdTNTa TNG QUOIKAG Opactnpidtntag (PA) ekmiudralr peyaAuTtepn Otav  agloAoyeital  Je
ETMITAXUVOIOUETPO O€ CUYKPION ME EpWTNHATOASYIAL.

Table 4. Candidate Gene Studies of PA

* ZT'g H 8)\€T Eg 6'6 U H(.UV n K)\n pOVOIJ |K0Tr] Ta Eivai Gene Author (Reference) Sample Size Technique Phenotype Locus Genetic Marker P
A A A ~ . ACE Fuentes et al. (59) 455 Questionnaire MILTPA  17¢23.3 D 0.279
an)\OTapn GTI-O OTI O-Tlg OIKovgvglaKgg “sAang Winnicki et al. (60} 355 Questionnaire P& 17923.3 VD =<0.0001
o Wilkinson et al. (61) 1130 Questionnaire PA 17023.3 Rs8066276 0.012
° A 1 A Rs363035 0.005
H K)\n pOVOUIKOTnTa Tng PA KUHGIVSTGI GTI-O 51 A) Bruneau et al. (62) 461 Questionnaire HPA 17923.3 Rs4340 0.01
z 560/ ANKRD6 f§Van Deveire et al. (63) 922 Questionnaire HPA 6 Rs1739327 0.03
Swg 0. CASR Lorentzon et al. (64) 97 Questionnaire HTPA 3g13.33 Rs1801725 0.01
DRD2 Simonen et al. (65) 721 Questionnaire TPA 11g23.2 454-bp DNA fragment  0.836
7 7 7 7 Huppertz et al. (66) 8768 Questionnaire LTPA 11g23.2 8 SNPs =0.02
 Avkal 'ITO)\)\EQ YEVETIKECQ UE)\ETEQ EXouv \Van Der Mee et al. (67) 12,929 Questionnaire TEV  11g232 9 SNPs 0.90
6 ., ., ., 6 P A Ffro Berentzen et al. (68) 557 Questionnaire LTPA 16q12.2 Rs9939609 0.859
Hakanen et al. (59) 640 Questionnaire PAI 16q12.2 Rs9939609 =0.99
Trpoo- Ioplo-al O-UYKaKpl pqu YOVI Ia YIG Tn ’ TG Liu et al. (70) 1978 Questionnaire VPA 16g12.2 Rs9939609 0.63
o o 1 A IL-15R Bruneau et al. (71) 532 Questionnaire TLPA 10 Rs2228059 0.009
GTI-OTE)\EO-IJGTG 6£V 8XOUV GVGT[GpGXGEl Tr)\r] pwg’ LEFR Stefan et al. (72) 452 Respiratory chamber PAL 1p31.3 GIn2234Arg 0.007
4 4 Richert et al. (73) 222 Questionnaire PAEE 1p31.3 GIn223Arg 0.016
EKTOC ATTO TO MC4R. MC4R Loos et al. (74) 669 Questionnaire TPAS 18 MCAR-C-2745T  0.006
Cole et al. (75) 1629 Actiwatch TPA 18 1704 0.004
PPARD Gielen et al. (47) 104 Tracmor IV HPA 6 Rs2076168 =0.01
Rs2267668 =0.05

Abbreviations: ACE, angiotensin-converting enzyme; HPA habitual physical activity; /D, insertion/deletion; MILTPA, moderate-intensity leisure-time
physical activity, PAEE, physical activity energy expenditure; SNP, single nucleatide polymarphism; TEV, total exercise volume; TLPA, time spent in light
physical activity; TPAS, total physical activity score; VPA, vigorous physical activity.

Zhang, X., & Speakman, J. R. (2019). Genetic Factors Associated With Human Physical Activity: Are Your Genes Too Tight To Prevent You Exercising?. Endocrinology, 160(4), 840—852. https://doi.org/10.1210/en.2018-00873



=\ XAPOKOIIEIO MANEMIZTHMIO
&S’ HAROKOPIO UNIVERSITY

Genome-wide association analyses of physical
activity and sedentary behavior provide insights
into underlying mechanisms and roles in disease
prevention

 Howpatiki dpacTtnpidTnTa Kal N KABIOTIKI) CUUTTEPIPOPA Eival HECAiIa KANPOVOUNOIUES.

 Mia pera-avaAuon 51 peAetwyv (703.901 droua) avayvwpioe 99 TrepIOXEG TTOU CUVOEOVTAI HE THV avagpopd
OWMATIKAG dpacTnpIdTNTAG, KABIOTIKAG CUUTTEPIPOPAS KAl XpOVou 080vng.

 H yeveniki rapaAAaylq ACTN3 oxeTifetal pe xapnAoTepn duvapn oToug Pug TuTtou A, TTpooTaTEUOVTAG ATTO
TPAUUATIOMOUG.

 H MevreAiav Tuxaia Katavoun deixvel 0TI Ta 0QEAN TNG MEIWMEVNG KABIOTIKAG CUMTTEPIPOPAS KAl augnHEVNG
dpaaoTnpioTnTag eTnEealovral atmmo 1o AMZ.

Wang, Z., Emmerich, A., Pillon, N. J., Moore, T., Hemerich, D., Cornelis, M. C., Mazzaferro, E., Broos, S., Ahluwalia, T. S., Bartz, T. M., Bentley, A. R., Bielak, L. F., Chong, M., Chu, A. Y., Berry, D., Dorajoo, R., Dueker, N. D., Kasbohm, E., Feenstra, B.,
Feitosa, M. F., ... Hoed, M. D. (20 22). Genome-wide association analyses of physical activity and sedentary behavior provide insights into underlying mechanisms and roles in disease prevention. Nature genetics, 54(9), 1332-1344.
https://doi org/10.1038/541588-022-01165-1
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The Genetics of Physical Activity

Xiaochen Lin'? - Charles B. Eaton'” - JoAnn E. Manson*® - Simin Liu %"

H avaokotrnon €€eTAdEl TN YEVETIKN TNG
owuaTIKAG dpacTnpiotnTag (PA) péow
TTEIPAPATWY O€ (WA, NEAETWV
OIKOYEVEIWYV, AVAAUCEWV uTTOYNPiwV
yovidiwv kal peAetwov GWAS.

2udnTa TNV €€EAIEN OTOV TOMEQ TNG
YEVETIKAG TNG PA, TIG VEEG TEXVOAOYIES
YOVIOIWMATIKAG KAl TNV avaykn yia
MEYAANG KAIUOKOG OUVEPYAOTIEG.

Avayvwpilovtal KEva oTn yvwan, 0TTwg
n EAAeipn GWAS kal avaAuoewv
OAOGKANPOU TOU YOVIDIWHATOG, EI0IKA OE
UTTOPEAETNUEVOUC TTANBUCOUG.

ﬂlhle 2 Candidate genes for human physical activity Wth functional relevancy and/or association evidence

Gene Loecus Functional relevance Association  Author Genetic Phenotype P
evidence marker
With association evidence
LEPR 1p3l3 Energy homeostasis Yes Stefan et al. 1137101 PA-related energy expenditure  0.01
Yes Richert et al. rs1137101 PA-related energy expenditure  0.02
Suggestive De Mooret al.! 512405556 PA-related energy expenditure  9.70E-04
= 4 MET-h/week vs. > 4
MET-h/'week
CASR 3ql3.33 Mineral ion homeostasis Yes Lorentzon et al. rs1801725 Hours/week spent on PA 0.01
PAPSS2 10g23.2 Musculoskeletal Yes De Mooretal' s10887741 PA-related energy expenditure  3.81E-06
development and functio = 4 MET-h/week vs. > 4
MET-h/'week
DRD2 11g23.2 Dopaminergic pathway Yes Simonen etal.  rs6275 Time spent on PA 0.02
Sports score 0.02
Oceupational PA score 0.004
GABRG3 15q12 Dopaminergic pathway Suggestive De Mooret al.' 8036270 PA-related energy expenditure  4.61E-05
< 4 MET-h/week vs. > 4
MET-h/'week
ACE 17923.3 Musculoskeletal Yes Winnicki et al. 1799752 PA status 0.001
performance
MC4R 18q21.32 Dopaminergic pathway Yes Loo et al. MC4R-C-2745T Moderate to strenuous PA 0.005
PA status 0.01
Time spent on PA 0.005
Without association evidence
NHLH2 Ipl3.l Dopaminergic pathway No
ACTN2IACTNG  1g43/11q13.2  Musculoskeletal No
development and
function
DRDI 5q35.2 Dopaminergic pathway No
CYPIOAT 15q21.2 Sex homone profiles No
SLC2A4 17pl3.l Glucose uptake in skeletal No

muscle and glucose
homeostasis

physi iy, ME

" This is the first and only GWAS to date

Lin, X., Eaton, C. B., Manson, J. E., & Liu, S. (2017). The Genetics of Physical Activity. Current cardiology reports, 19(12), 119. https://doi.org/10.1007/s11886-017-0938-7
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* To ypd@nua Tapouciddel Ta Kupia
atroteAéopata piag Genome-Wide
Association Study (GWAS) 1mrou gvTotrioe

YEVETIKOUG TOTTOUG TTOU O XETiI{OVTAI UE TOV : o : s

XpPOvo kaBi1oTIKAG (WS (LST) kail Tn péTpIa oy — LO°, iz ¥

£éwg évrovn QUOIKA SpaaTnpiéTnTa (MVPA). ] S e
: - L

» EvroTrioTnkav 86 yeveETIKOI TOTTOI YIA TOV
KaBI1oTIKO Xpdvo (LST) kai 6 loci yia Tn péTpia-
évrovn Quaoikn dpaoTtnpiotnta (MVPA) o€ peta-
avaAuon TTANBUOU WYV KUPIWG EUPWTTAIKAG
KaTaywyng..

* To Manhattan plot dgixvel Tn CTATIOTIKN
ONMAVTIKOTNTA TWV YEVETIKWV TTAPAAAAYWV
og 6Ao 1O yovIdiwpa.

*  M1rAe onueia: loci TTou oxetifovral Ye

°
%04

Fig. 2 | Main results of GWAS and downstream gene prioritization for LST and MVPA. a, Circular Manhattan plot summarizing the results from European

KGeIGTI Kr] 0U|J1T€p|(|)0pa. ancestry meta-analyses for LST and MVPA. Outer track, LST; inner track, MVPA. Genome-wide significant variants (P<5x10-%) are highlighted in orange
° nopTo Kq)\i on HEIIG loci TToU O'X£Ti<OVTG| ME for loci associated with MVPA and in blue for loci associated with LST. b, Dendrogram showing the 101 independent association signals in LST- and
, , MVPA-associated loci from European ancestry or multi-ancestry meta-analyses. Moving outwards from the center are: (1) chromosome; (2) lead SNP
(P uaol Kr] 690 GTr] pIOTr]TG. identifiers, in orange for loci associated with MV PA, in blue for loci associated with LST; (3) the most promising gene(s) prioritized in the locus (closest

genes are highlighted by filled circles); and (4) the approach(es) by which the gene was prioritized, that is, DEPICT gene prioritization (Dg) or tissue

. ; ’ ;
OI KOpU(PEg U1T06£|KVUOUV T|'£p|OX8§ Tou enrichment (Dt); SMR of eQTL signals in blood (Sbl), brain (Sbr) or skeletal muscle (Ssm); credible variants identified by FINEMAP that (i) are coding and

VOV| 6| U'L)UGTOQ IJS |0XUp r’] V£V£T| Kr’] likely to have a detrimental effect on protein function (Fcadd) or (ii) show evidence of three-dimensional interactions with the candidate gene in central
- nervous system cell types (Fert); activity-by-contact (ABC) in 26 relevant tissues and cell types; a contribution to enrichment for altered expression in
O-UO-XSTIOT] skeletal muscle following a resistance training intervention (RTsm); and/or proximity to an association signal for spontaneous running speed (Ms), time

run (Mt) or distance run (Md) in a GWAS of 100 inbred mouse strains.

Wang, Z., Emmerich, A., Pillon, N. J., Moore, T., Hemerich, D., Comelis, M. C., Mazzaferro, E., Broos, S., Ahluwalia, T. S., Bartz, T. M., Bentley, A. R., Bielak, L. F., Chong, M., Chu, A. Y., Berry, D., Dorajoo, R., Dueker, N. D., Kasbohm, E.,
Feenstra, B., Feitosa, M. F., ... Hoed, M. D. (2022). Genome-wide association analyses of physical activity and sedentary behavior provide insights into underlying mechanisms and roles in disease prevention. Nature genetics, 54(9), 1332—
1344. https.//doi.org/10.1038/s41588-022-01165-1
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101 avegapTnTa YEVETIKA OrjMOTA TTOU
ouvoéovTal he LST kair MVPA kai Ta TTio Tifavd
yovidlia TTou eUTTAEKOVTOI O€ KABE TTEPIOXN).

Ta utToWAEIa yovidla @aiveTal va oyeTi{ovTal
ME VEUPIKG OUOTNHA, MUIKH AgITOUupyia Kal
pUOMION TNG dpaCTNPIOTNTAG,
uTTOONAWVOVTAG OTI N YEVETIKA PUTTOPEI VO
ETTNPEACEI TNV TAOT EVOG ATOUOU YIA QUOIKN)
OpaocTNEIOTATA ] KABIOTIKI) CUMTTEPIPOPA.

H yeveTikr) cupBaAAel otn diapdpewaon TNG
QUOIKAG dpacTnPIOGTNTAG KAl TNG KABIOTIKIG
OUMTTEPIPOPAC, HETW TTOAAWV JIAPOPETIKWYV
YOVIOIaKWYV TTEPIOXWYV Kal BIOAOYIKWV
MNXQVIOUWV.

5 o
%000 e *9%%

Fig. 2 | Main results of GWAS and downstream gene prioritization for LST and MVPA. a, Circular Manhattan plot summarizing the results from European
ancestry meta-analyses for LST and MVPA. Outer track, LST; inner track, MVPA. Genome-wide significant variants (P<5x10-%) are highlighted in orange
for loci associated with MVPA and in blue for loci associated with LST. b, Dendrogram showing the 101 independent association signals in LST- and
MVPA-associated loci from European ancestry or multi-ancestry meta-analyses. Moving outwards from the center are: (1) chromosome; (2) lead SNP
identifiers, in orange for loci associated with MVPA, in blue for loci associated with LST; (3) the most promising gene(s) prioritized in the locus (closest
genes are highlighted by filled circles); and (4) the approach(es) by which the gene was prioritized, that is, DEPICT gene prioritization (Dg) or tissue
enrichment (Dt); SMR of eQTL signals in blood (Sbl), brain (Sbr) or skeletal muscle (Ssm); credible variants identified by FINEMAP that (i) are coding and
likely to have a detrimental effect on protein function (Fcadd) or (ii) show evidence of three-dimensional interactions with the candidate gene in central
nervous system cell types (Fert); activity-by-contact (ABC) in 26 relevant tissues and cell types; a contribution to enrichment for altered expression in
skeletal muscle following a resistance training intervention (RTsm); and/or proximity to an association signal for spontaneous running speed (Ms), time
run (Mt) or distance run (Md) in a GWAS of 100 inbred mouse strains.

Wang, Z., Emmerich, A., Pillon, N. J., Moore, T., Hemerich, D., Comelis, M. C., Mazzaferro, E., Broos, S., Ahluwalia, T. S., Bartz, T. M., Bentley, A. R., Bielak, L. F., Chong, M., Chu, A. Y., Berry, D., Dorajoo, R., Dueker, N. D., Kasbohm, E.,
Feenstra, B., Feitosa, M. F., ... Hoed, M. D. (2022). Genome-wide association analyses of physical activity and sedentary behavior provide insights into underlying mechanisms and roles in disease prevention. Nature genetics, 54(9), 1332—

1344. https://doi.org/10.1038/541588-022-01165-1



Salf-reported physical activity Self-reported physical activity

and sedentary traits and sedentary traits
H uypnAoTepn KGGlO’TlKI’] MVPA  LST  SDW  8DC MvPA  LST  SDW  sSDC
1 ] ] 1 | | 1 1
A Height_2010 PMID:20881960 —  0.08 =0.05 012 -0.04 Former versus current smoker PMID:20418890 - 0.40 —0.34 0.38 -0.15
ouuTTEPIPOPA (LST) Extreme BMI PMID:23563607 -  ~0.03 0.23 -0.21 0.19 Intelligence PMID:28530673 - 0.28 -030 [OFEN -042
z 4 k4 Childhood obesity PMID:22484627 -  -0.08 0.15 -0.20 0.07 a Age of smoking initiation PMID:20418890 - 0.28 -0.47 0.21 0.04
TTapou O'IGC€| e£T| KN YEVETIKN ] Hip c"cumfer‘?;ﬁ: m:gﬂﬁﬁmﬂﬁ - -g-" g-g j-g? g;; £ Sleep duration PMID:27494321 = 0.1 -0.19 0.04 0.16
= = = 120935630 -  -0.11 - - - 2 Excessive daytime sleepiness PMID: 27992416 =  =0.09 0.16 ~0.06 0.06
i3 B
CUOXETION ME Oei KTEQ - o6 0_“““""9'9’;; m:gfm; - j—': g-: j-g g-:: g Ever versus never smoked PMID:20418890 - =0.27 032 -0.24 0.20
s E asity class : 23563607 - .1 . ! * ) = ; . _
i . Genetic 3 Insomnia PMID:27992416 -03 0.32 -0.14 0.02
TTAXUVOUPKIOG (B MI , - Waisf’g::ﬂgf‘::i; im:g;m; - j—;g 3'§ ‘_gﬁ g';; correlation Cigarettes smoked per day PMID:20418890 - -0.33 032 —0.14 0.39
'ITSpi}J €70 }JéGr]Q O'(L)}J(]TIK(I) £ Obesity class 3 PMID: - _ I o — 020 '3'2 Insomnia PMID:28604731 - ~0.33 0.35 -0.15 0.15
’ Waist-to-hip ratio PMID:25673412 = -0.22 0.31 -0.19 0.24 by MVPA LsT sow P
T 4 A Extreme waist-to-hip ratio PMID:23563607 - =024 0.25 =0.01 0.03 0.5 , \ f ,
Aitro g) , VW N uy r])\OTspr] Body fat PMID:26833246 - ~0.33 0.41 -0.19 023 B HOL cholesterol PMID:20686565 - 0.20 —0.26 014 -0.14
A A Forced vital capacity (FYC) PMID:26635082 —  0.17 -0.17 0.03 —0.12
(p UO-I Kr] 6pa GTr] pIOTr]Ta (MVPA) MVIPA LSIT SEI'W S?C Forced expiratory volume in 1 & (FEV1) PMID: 26635082 — 017 =0.13 0.08 -0.09
OUOYXET i(g'[(u apVvNTIKA UE TO Bipolar disorder PMID21926872 - 0.24 -0.19 0.14 -0.06 u Forced vital capacity (FVC) PMID:28166213 - 0.07 -0.12 -0.01 -0.05
X s, p n lJ 8 Subjective wellbeing PMID:27089181 —  0.16 -0.14 0 0.01 s HOMA-B PMID:20081858 - -0.11 021 0 0.14
o-w IJGTI Ko Arrrog Ka | Tr]v § Anoraxia narvosa PMID=24514567 -=  0.15 —0.16 0.05 -0.15 g Fasting glucose main effect PMID:22581228 - =0.14 0.15 =023 =0.01
, E PGC cross-disorder analysis PMID:23453885 -  0.12 —0.13 0.02 -0.06 .E% Triglycerides PMID:20686565 —  =0.16 0.27 =0.14 0.08
'|'|'GX UO'ap KlQ. ;E Schizophrenia PMID:25056061 =  0.04 =0.14 -0.03 =0.04 Leptin_ad|BMI PMID:26833098 -  -0.17 0.19 0.01 -0.04
= Deprassive symptoms PMID:27088181 - =0.31 0.31 =0.29 0.04 HOMA-IR PMID:20081858 - -0.21 0.34 -0.20 0.15
ﬁ Attention deficit hyperactivity disorder (no GC) PMID:27663845 - ~0.46 0.48 -0.48 0.14 Fasting insulin main effect PMID:22581228 —  -0.25 0.35 -0.21 0.10
Attention deficit hyperactivity diserder (GC) PMID:27663945 - =0.46 0.48 -0.48 0.13 Leptin_not_ad]BMI PMID:26833098 - -0.25 0.35 -0.19 020
A & MVPA LST SDW sDC MVPA LST SDwW s0C
YTTAPXOUV YEVETIKEG . . . . . : ; .
, . . Celiac disease PMID:20180752 - 0.04 -0.17 0.08 0.02 . Age of first Din: Eﬂig’iiégiiﬁg - g—ﬁ jﬁ ";"3; _-:;
Rheumatoid anthritis PMID:24300342 = =014 0.11 -0.27 0.10 arents' age at deat =2 - : : .
OUOXETIOEIG I-|£T0§U PUOIKNG % Type 2 diabetes PUID2285022 — [NCRE 0.5 013 014 ” Mother's age at death PMID:27015805 —  0.37 -0.42 0.45 -0.31
= - i _ ; - : : : 2 Father's age at death PMID:27015805 —  0.31 —0.41 0.45 -0.29
[ pPAaocTNEIOT r]TGg/ KaOIoTI KNG B < Caronary T'e” dizsaza 23:3'2?3‘33” - j—;? :-i‘: _'g;; 3-1‘2 £ Meo-openness o experience PMID:21173776 - 0.26 -0.33 0.28 -0.48
- , 2 QUAMDUE BRIl NG cancer 27488534 - . : : : Mumber of children ever bormn PMID:27798627 -  -0.12 023 -0.35 0.32
OUUNTTEPIPOPOUC KAl YUXIKWYV o Lung cancer (all) PMID:24880342 —  ~0.31 021 -024 013 Neuroticism PMID:24828478 - —0.22 0.19 —0.33 0.19
5 , . Lung cancer PMID:27488534 —  —0.37 022 -0.24 0.12 Neuroticism PMID:27089181 - -0.25 022 -0.24 0.04
IATOPAXWYV N
XAPAKTNPIOTIKWY, OTTWG Fig. 4 | Genetic correlations of four self-reported physical activity traits with complex traits and diseases. Results are based on published GWAS with
KOTAOAITTTIKG OU MTTTWHATA, P<4.6 %10 *for at least one physical activity or sedentary trait. Darker colors reflect higher negative (purple) or positive (red) correlation coefficients.
ADHD kai aus&ia GC, genomic control; HDL, high-density lipoprotein; HOMA-B, homeostasis model assessment of beta-cell function; HOMA-IR, homeostatasis model
3

, , assessment of insulin resistance; PGC, psychiatric genomics consortium.
UTTOONAWVOVTAG KOIVEG

BioAoyikég Baoelg.

Wang, Z., Emmerich, A., Pillon, N. J., Moore, T., Hemerich, D., Comelis, M. C., Mazzaferro, E., Broos, S., Ahluwalia, T. S., Bartz, T. M., Bentley, A. R., Bielak, L. F., Chong, M., Chu, A. Y., Berry, D., Dorajoo, R., Dueker, N. D., Kasbohm, E.,
Feenstra, B., Feitosa, M. F., ... Hoed, M. D. (2022). Genome-wide association analyses of physical activity and sedentary behavior provide insights into underlying mechanisms and roles in disease prevention. Nature genetics, 54(9), 1332—
1344. https://doi.org/10.1038/s41588-022-01165-1



H KaBI1oTIK) cUMTTEPIPOPA DEIXVEI
OETIKEG YEVETIKEG CUOXETIOEIG HE
voouaTta O0TTwgs d1afATNG TUTTOU
2, oTtepaviaio vooog Kal
KOPKIVOG TOU TTVEUMOVA, EVW N
PUOIKA dpaoTnPIOTNTA TEIVEI va
OUCOXETICETAI ApVNTIKA PHE QUTOUG
TOUG KIVOUVOUG.

MapatnpouvTal YEVETIKES
OUOYXETIOEIG UE BIODEIKTEG OTTWG
HDL xoAnotepoAn,
TPIYAUKEpPIdIa, YAUKOLN,
IVOOUAivn Kal OEiKTEG
AVTiOTAONG OTNV IVOOUAIvVN,
UTTOONAWVOVTAG KOIVI YEVETIKNA
BAaon pETALU PMETABOAIKNAG UYEIOG
Kal ETITEO WYV dpacTnPIOTNTAG.

H @uoik dpacTnpi1oTnTa KAl N
KABIOTIKI) CUMTTEPIPOPA £XOUV
YEVETIKEG OUOXETIOEIG ME
KATTVIoOHd, SIAPKEIQ UTTVOU,
aUTTVia Kol YVWOTIKEG
AgiToupyieg, deixvovTag OTl Ol
OUMTTEPIPOPEG UYEIAG NTTOPEI va
MOIPACOVTaIl KOIVEG YEVETIKEG
ETTIPPOEG.

Salf-reponed physical activity Seli-reported physical activity
and sedentary traits and sadentary traits
MVPA LST sDwW sDC MVPA LST sSDW 3DC
I 1 I 1 1 1 1 1
Haight_2010 PMID:20881960 —  0.08 -0.06 0.12 ~0.04 Former versus current smokar PMID: 204188390 - 0.40 -0.34 0.38 -0.15
Extreme BMI PMID:23563607 —  —0.03 0.23 -0.21 0.19 Intelligence PMID:28530673 - 0.28 -030 [oFENN -o042
Childhood cbesity PMID: 22484627 -  -0.08 0.15 -0.20 0.07 @ Age of smoking initiation PMID:20418890 -  0.26 -0.a7 0.21 0.04
% Hip circumference PMID:25673412 - -0.11 027 -0.08 017 g Sleep duration PMID:27494321 = 0.11 —0.19 0.04 0.18
= BMI PMID:20835630 - -0.11 029 -0.21 0.20 2 Excessive daylime sleepiness PMID:27992416 - -0.09 0.16 ~0.06 0.06
£ Overwaight PMID:23563607 - —0.13 032 -0.24 029 g Ever varsus never smoked PMID:20418890 —  -0.27 032 -0.24 0.20
5 Obesly class 2 PMID:23563607 - SSS0i1 5 Sl ook 3 Insomnia PMID:27992416 - 0.3 032  -014 002
2 Obesity class 1 PMID:23563607 = =0.16 0.3 =0.26 027 ! . .
8 o correlation Cigarettes smoked per day PMID:20418890 - -0.33 032 -0.14 0.39
£ Waist circumference PMID:25673412 = =020 035 =0.15 028 o Insomnia PMID-28604731 - —0.33 0.35 018 0.15
s Obesity class 3 PMID:23563607 - -0.22 0.27 -0.25 0.20 '3'5 : = = : :
Waist-to-hip ratio PMID:25673412 -  -0.22 0.31 -0.19 0.24 o
MVPA LST sSDw sDC
Extrame waist-to-hip ratio PMID: 23563607 - =024 0.25 -0.01 0.03 0.5 | ) | |
Body fat PMID:26833246 - -0.33 0.41 -0.19 023 B_io HDL cholesterol PMID:20686565 -  0.20 -0.26 0.14 -0.14
\VPA LsT Sow . Forced vital capacity (FVC) PMID:26635082 -  0.17 017 0.03 -0.12
' \ | | Forced expiratory volume in 1 s (FEVH1) PMID:26635082 — 0.17 -0.13 0.08 —0.09
Bipolar disorder PMID:21926972 -  0.24 =0.19 0.14 =0.06 @ Forced vital capacity (FVC) PMID:28166213 - 0.07 =0.12 =0.01 =0.05
§ Subjective wellbaing PMID:27083181 —  0.16 -0.14 o 0.01 E HOMA-B PMID:20081858 - -0.11 0.1 a 0.14
E Anorexia nervosa PMID24514567 = 0.15 -0.16 0.05 -0.15 g Fasting glucose main effect PMID:22581228 - -0.14 0.15 -0.23 -0.01
% PGC cross-disorder analysis PMID:23453885 -  0.12 —0.13 0.02 -0.06 § Triglycerides PMID:20686565 — =016 0.27 =0.14 0.08
£ Schizophrenia PMID:25056061 -  0.04 -0.14 -0.03 -0.04 Leptin_adjBM| PMID:26833098 -  -0.17 0.19 0.01 -0.04
= Deprassive symptoms PMID:27089181 -/ -0.31 o3 -0.29 0.04 HOMA-IR PMID:20081858 -  -0.21 0.34 -0.20 0.15
:% Attention deficit hyperactivity disorder {no GC) PMID27663845 - =046 0.48 -0.48 0.14 Fasting insulin main effect PMID:22581228 - -0.25 0.35 -0.21 0.10
Attantion deficit hyperactivity disorder (GC) PMID:27663945 - =046 048 -0.48 0.13 Leptin_not_adjBMI PMID:26833098 - -0.25 0.35 -0.19 0.20
MVPA LST sSOW SDC MVPA LST sDw sDC
I ] I i 1 | ] 1
Celiac disease PMID:20190752 -~ 0.04 -0.17 0.09 0.02 Age of first birth PMID:27798627 - 0.45 -0.50 057 -0.3
8 Rheumateid anthritis PMID:24390342 - —0.14 0.11 -0.27 0.10 Parents’ age at death PMID:27015805 — =040 -0.37 0.45 -0.47
: Type2 dabetes PUIDZ2085022 - 014 02 013 O . Mobere 202 e P21 I
= i ’ _ a g - = K £ .
T Coronary artery disease PMID:26343387 -0.18 024 -0.17 016 g Neo-openness to experience PMID: 21173776 = 0.26 -0.33 0.28 =048
3 Squamous cell kung cancer PMID:27483534 —IRSNRCSNRENENE, 0.1 Number of children ever born PMID:27798627 - -0.12 023 | -035 032
o Lung cancer (all) PMID:24880342 - -0.31 021 -0.24 0.13 Meuroticism PMID:24828478 —  -0.22 0.19 -0.33 0.19
Lung cancer PMID:27488534 - =037 022 -0.24 0.12 Meuroticism PMID:27089181 - -0.25 022 -0.24 0.04

Fig. 4 | Genetic correlations of four self-reported physical activity traits with complex traits and diseases. Results are based on published GWAS with
P <4.6x10~*for at least one physical activity or sedentary trait. Darker colors reflect higher negative (purple) or positive (red) correlation coefficients.
GC, genomic control; HDL, high-density lipoprotein; HOMA-B, homeostasis model assessment of beta-cell function; HOMA-IR, homeostatasis model
assessment of insulin resistance; PGC, psychiatric genomics consortium.

Wang, Z., Emmerich, A., Pillon, N. J., Moore, T., Hemerich, D., Comelis, M. C., Mazzaferro, E., Broos, S., Ahluwalia, T. S., Bartz, T. M., Bentley, A. R., Bielak, L. F., Chong, M., Chu, A. Y., Berry, D., Dorajoo, R., Dueker, N. D., Kasbohm, E.,
Feenstra, B., Feitosa, M. F., ... Hoed, M. D. (2022). Genome-wide association analyses of physical activity and sedentary behavior provide insights into underlying mechanisms and roles in disease prevention. Nature genetics, 54(9), 1332—

1344. https://doi.org/10.1038/s41588-022-01165-1
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Genome-wide association studies of 27
accelerometry-derived physical activity
measurements identified novel loci and genetic
mechanisms

H @uoik adpavela gival onuavTikog TTapAyovTag
KIVOUVOU VIO TTOANEG a0 BEVEIEG.

EvTotTioTnKaV 5 VEEG YEVETIKEG TTEPIOXEG TTOU
oxeTidovtal ue TN QuUOoIki 0pacTtnEIdTnTa (PA),
Baociopéveg o€ dedopEVa ETTITAXUVOIOUETPOU ATTO
88,411 cupperéxovreg Tou UK Biobank.

O1 véeg TEPIOXEC OXETICOVTAI E PAIVOPEVA OTTWG
MeETABaon atrdé KabioTIKN o& dpacThpia {wN,
eAQ@PIA CWHATIKA dpaoTnEIOTNTA Kal JOTiRa
UTTVOU.

O1 avaAuoelg deixvouv pOAo TOU AIMATOAOYIKOU

KOl VOO OTTOINTIKOU OUCTAMATOG OTNV £€KPPOaon

QAUTWYV TWV YEVETIKWYV ETTIOPACEWV.

Significant loci associated with physical activity in single-variant analysis.

Chromosome . Minor  Major Minor allele  Nearest coding Previous studies that
Lead variant” region Base pair allele ullejle frequency gene and distance?  Significantly associated traits” discovered the locus
ovel lﬁcib
rs3f36d64 3p253 10454772 CA C 0.274 SEC13 (92kb) ASTP (p=2.2e-09, b=—(.032) NA
rs98 18758 3p21.31 49382925 A G 171 USP4 (4.8kb) Relative amplitude (p=2.1e-09, b=—0.036)
31:131647162 TA T  3q22 131647162 T TA 466 CPNE4 (357kb) TLA 2am-d4am (p=2.2e-09, b=0.029)
Known loci
rsl 144566 1925.3 182569026 T C 030 RGS16 (3.9kb) Timing of L5 (p=5e-10. b=—0.086) * 4
rs301799 1p36.23 8489302 C T 422 SLC45A1 (111kb) TLA épm-8pm (p=1.Te-09, 1)4}.[]2?}' orGe
rs113851554 Ipl4 66750364 T G 050 MEIS1 (90kb) TLA 12am-2am (p=6.7e-37, b=0.138) * TLA 2am-4am 14
(p=T7.9¢-39, b=0.142) ", L5 (p=1.3e-33, b=0.13) ", Relative
amplitude (p=6.9e-15, b=—0.082)", Timing of L5
(p=5.4¢-22, b=0.105)"
rs2009950 5q33.1 151886147 A G 418 NMUR2 (73kh) TLA 6pm-8pm (p=9.4e-10, b=—0.028) = 4
rs12717867 5g33.1 152412845 G A 453 GRIAL (456kb) LIPA (p=6.2e-10, b=—0.029) * 4
rs9369062 6p21.2 38437303 C A .292 BTBD9 (171kb) TLA 12am-2am (p=1.5e-12, b=—0.037) ", TLA 2am-dam 4
(p=2.3e-10, b=—0.033)"
rs2006810 7gq11.22 69902152 C T 395 GALNTIT (695kb)  pp o 8pm-10pm (p=8.1e-11, b=—0.031) » 14
rs1 268539 99333 128195657 A C 419 GAPVDI (172kb) TLA (p=1.1e-10, b=0.03), LIPA (p=3.2e-10, b=0.03)* 1
rs364819152 10p12.31 21820650 G A 320 SKIDAT (5kb) TLA Sam-10am (p=1.4e-09, b=—0.031)" 1.3
rs2138543 12q12 39298423 A T 477 CPNES (2.8kb) TLA fam-8am (p=3.9e-11, b=0.03) * pe2 (p=1.5¢-09, 4
b=—0.029)"
rs12927162 16122 52684916 G A 277 TOX3 (103kb) TLA 10pm-12am (p=1e-09, b=0.032) * 4
rs2532402 17¢21.31 44304130 G C 221 KANSLI (1.4kb) TLA (p=1.5e-12, b=0.04), MVPA (p=1.9e-10, b=0.035) 1,234
rs3837946 19p13.2 QO55920 TTTITG T 475 PIMNI {10kb) TLA (p=13e-11, b=—0.032), LIPA (p=1.6e-09, b=_0.“19]"' 1.3

zlh;ig;nil"lcam variants (single nucleotide polymorphism (SNP) or insertion/delgion) are defined as those with fastGWA. p-value < 2.63 = 10~ (Bonferroni corrected for 19 independent traits). LD clumping
as performed at 2 <0.1 and lead variants of different loci were required =500kb apart.

Qi, G., Dutta, D., Leroux, A., Ray, D., Muschelli, J., Crainiceanu, C., & Chatterjee, N. (2022). Genomewide association studies of

27 accelerometry-derived physical activity me asure ments identified novel loci and genetic mechanisms. Genetic

epidemiology, 46(2), 122—138. https://doi.org/10.1002/gepi.22441
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Genetic variants related to physical activity
or sedentary behaviour: a systematic
review

Lene Aasdahl™

, Tom har Lund Milsen'~, Ingebrigt Meisingset’, Anne Lovise Mordstoga ',
% Julie Paulsen’, Paul Jarle Mork' and Eivind Schielderup Skarpsno

H peAéTn auth avaokotrnoe 1 BiBAloypagia yia TIg
YEVETIKEG TTAPAAAAYEG TTOU OXETICOVTAI E TN CWHATIKA
OpaoTNPIOTNTA KAI TN KABIOTIK) CUMTTEPIPOPA.

E¢etdotnKav 54 PEAETEC, €K TWV OTTOIWYV 6 ATAV MEAETEC
GWAS ka1 48 uttopn@Iieg YOVIOIOKEG MEAETEG.

O1 yeAétec GWAS avakdAuwav 10 TToOAUpOp@PIcUOUG TTOU
OuVvOEOVTAl HE TN CWHATIKI dPACTNPIOTNTA KAl TNV
KABIOTIKI) CUMTTEPIPOPA.

H peAétn katéypawe 30 yovidia 1Tou oxeTiCovTal JE TN
OWMATIKN dpacTNEIOTNTA ] TN KABIOTIKA CUNTTEPIPOPA, UE
onuUavTiki oTaTIoTIKA cuoxETion (p < 0.05).

Aasdahl, L., Nilsen, T. I. L., Meisingset, I, Nordstoga, A. L., Evensen, K. A. I, Paulsen, J., Mork, P. J., & Skarpsno, E. S. (2021). Genetic
variants related to physical activity or sedentary behaviour: a sy stematic review. The international journal of behavioral nutrition and phy sical
activity, 18(1), 15. https://doi.org/10.1186/s 12966-020-01077-5
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* H peAétn autry avaokoTtnoe 1N BiIBAloypagia yia TIg
YEVETIKEG TTAPAAAAYEG TTOU OXETICOVTAI E TN CWHATIKA
OpaoTNPIOTNTA KAI TN KABIOTIK) CUMTTEPIPOPA.

« ECetdotnkav 54 PeAETEC, EK TWV OTTOIWYV 6 ATAV MEAETEC
GWAS ka1 48 uttopn@Iieg YOVIOIOKEG MEAETEG.

« O peAétec GWAS avakahuywav 10 TToOAupop@IouoUG TTOoU
ouvOEoVvTal YE TN CWHATIKI dpacTNEIOTATA Kal TNV
KABIOTIKI) CUMTTEPIPOPA.

* H ueAétn katéypawe 30 yovidia TTou oxeTi(OVTal PE TN
OWMATIKN dpacTNEIOTNTA ] TN KABIOTIKA CUNTTEPIPOPA, UE
onuUavTiki oTaTIoTIKA cuoxETion (p < 0.05).
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EvroTttioTnKav 4 TTEPIOXES TTOU
AAANAETTIOPOUV PUE TN CWHATIKA
OpaCTNPIOTNTA VIO TN PUBUION
Twv emmédwyv HDL, LDL kai
TPIYAUKEPIDiWV.

H @uoiki dpaoTtnpioTnTa
gvioxuoe Ta arroTeAéopaTa
au¢nong NG HDL xoAnotepdAng
oTig Trepioxéc CLASP1, LHX1
Kal SNTA1 kai peiwoe tnv
au¢non TG LDL xoAnoTtepdAng
oTnv Treploxri CNTNAP2.

> Mat Commun. 2019 Jan 22;10(1):376. doi: 10.1038/541467-018-08008-w.

Multi-ancestry study of blood lipid levels identifies
four loci interacting with physical activity

Fig.1
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Genome-wide results for interaction with physical activity on HDL cholesterol levels. The P
values are two-sided and were obtained by a meta-analysis of linear regression model results (n
up to 250,564). Three loci, in/near CLASP1, LHX1, and SNTA1, reached genome-wide

significance (P <5 x 1078) as indicated in the plot

Kilpeldinen, T. O., Bentley, A. R., Noordam, R., Sung, Y. J., Schwander, K., Winkler, T. W., Jakupovi¢, H., Chasman, D. I., Manning, A., Ntalla, I., Aschard, H., Brown, M. R., de las Fuentes, L., Franceschini, N., Guo, X., Vojinovic, D.,
Aslibekyan, S., Feitosa, M. F., Kho, M., Musani, S. K., ... Loos, R. J. F. (2019). Multi-ancestry study of blood lipid levels identifies fourloci interacting with physical activity. Nature communications, 10(1), 376. https://doi.org/10.1038/s41467-

018-08008-w
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NMoAuyovidiaka Zkop Kivdouvou kal Puoikil ApaocTnpioTnra
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> Med Sci Sports Exerc. 2020 Jul;52(7):1518-1524. dor: 10.1249/MS55.0000000000002290

Polygenic Risk Scores and Physical Activity

Anuioupyia MNMoAuyovidiakou 2kop Kivduvou (PRS) yia
TN Quoiki dpaoTnpEioTnTa (PA) Kal avdAuon Tng
egnynong t¢ diakupavong tng PA ammd 1o PRS.
Y1roloyiopoc PRS yia autoava@epduevn Kal JETPNMEVN
PA xpnoipgotroiwvTtag dedopéva atro Tnv UK Biobank kai
TIGC PIvAaVOIKEC MeAETEC AIBUNWV.

To PRS €¢nynoe ammod 0.07% €wg 1.44% 1ng
dlakupavong TnG PA. Ta atopa ota uynAoTepa deciles
PRS tmrapouciacav onuavtikd upnAotepa etritreda PA
o€ oxéon ME Ta xapnAdtepa deciles.

Kujala, U. M., Palviainen, T., Pesonen, P., Waller, K., Sillanpéé, E., Niemel&, M., Kangas, M., Vadhé-
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Ypyé, H., Sievénen, H., Korpelainen, R., Jdmsa, T., Mdnnikké, M., & Kaprio, J. (2020). Polygenic Risk Scores and Physical
Activity. Medicine and science in sports and exercise, 52(7), 1518—1524. https://doi.org/10.1249/MS S.0000000000002290
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Associations of polygenic inheritance of physical activity with aerobic
fitness, cardiometabolic risk factors and diseases: the HUNT study

Niko Paavo Tynkkynen
Laura Joensuu'® . Urho Kujala®

1 2 1

- Teemu Palviainen“™ - Matti Hyvarinen
- Anja Bye*( . Elina Sillanpaa'*

- Timo Térméakangas'
- Jaakko Kaprio?

H peAéTn €CeTAlEl TTWG N TTOAUYEVETIKH KANPOVOUIKOTNTA
NG cwuaTiknS dpaoTtnpiotnTag (PA) eTnpeddel Tnv
agPOBIa PUOIKA KATAOTAON, TOUC KOPOIOUETARBOAIKOUC
TTAPAYOVTEG KIVOUVOU KAl TIG Q0OEVEIEG.

XpNOIYOTTOIWVTAG TTOAUYEVETIKOUG DEIKTEG KIVOUVOU (PRS),
BpéBnKe OTI ATOPA PE YEVETIKA TTPOOIABEON YIa uwnAdTEPQ
etTiTreda PA TTapouciacav KaAUTEPOUC KAPSIOMETARBOAIKOUG
OEIKTEG.

AuTa Ta artopa gixav XapnAotepo AM2, TTepidETPO NEONG
ka1 upnAoTepn HDL xoAnoTtepOAn, evw €ixav HEIWPEVO
KivOuvo UTTEPTAONG, EYKEQAAIKOU Kal dlafrTn TUTTOU 2.

Tynkkynen, N. P., Térmékangas, T., Palviainen, T., Hyvérinen, M., Klevjer, M., Joensuu, L., Kujala, U., Kaprio, J., Bye, A.,
& Sillanpéé, E. (2023). Associations of polygenic inheritance of physical activity with aerobic fitness, cardiometabolic risk
factors and diseases: the HUNT study. European joumal of epidemiology, 38(9), 995—-1008.
https://doi.org/10.1007/s10654-023-01029-w

- Marie Klevjer®

Genetic variants influencing effectiveness of exercise training
programmes in obesity - an overview of human studies

* Aleonska-Duniec l=2=E', [l Ahmetov 3-'"', P Zmijewski 3

« TeveTikoi TTapAyovTEG ETTNPEACOUV TNV ATTOTEAECHUATIKOTNTA
TWV TTPOYPOAUPATWY AOKNONG OTNV TTAXUCApPKid, UE
OUYKEKPIUEVES TTapaAAayEC yovidiwy OTTwg Ta FTO, MC4R,
ACE, kai LEP va emrnpedlouv Tn oUOTACH TOU CWHPATOG KAl
TNV ICOPPOTTIA EVEPYEIQG.

* H doknon utropei va PEITEl TNV KANPOVOUIKA TTpodidBeon
yia Traxuoapkia kata 40%.

*  O1yovidlakég TTapaAlayég eTTnpedlouv TNV TTPOCAPHOYA
oTnV Aoknon, Me JIOPOPETIKEG AVTIOPACEIS OE ATOUA UE
Ola@OPETIKA YOVOTUTIA.

*  MeANoOVTIKN €pEuva PTTOPEI VO 0BNYNOEI OE ECATOUIKEUUEVQ
TTPOYPAN MATA A0KNONG YIA KAAUTEPA ATTOTEAEOPATA OTNV
uyeia kal Tnv atmwAeia Bapoug.

Leonska-Duniec, A., Ahmetov, I. I., & Zmiewski, P. (2016). Genetic variants influencing effectiveness of exercise training
programmes in obesity - an overview of human studies. Biology of sport, 33(3), 207-214.
https://doi.org/10.5604/20831862.1201052
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Healthy lifestyle practice correlates with decreased obesity
prevalence in individuals with high polygenic risk: TMM
Comm~Cohort study

Yoichi Sutoh™?, Tsuyoshi Hachiya™?, Yayoi Otsuka-Yamasaki', Shohei Komaki'2, Shiori Minabe'?, Hideki Ohmomo'=,
Makoto Sasaki(®>* and Atsushi Shimizu @™

Leisure-time exercise

0.93 [0.83-1.04]

Daily life activities

0.91 [0.82-1.02]

Téooegpa auvoAa dedOUEVWY ATTO TNV KOIVOTIKA KOOPTN
Tou Tohoku Medical Megabank (TMM CommCohort)

XpNolyotroindnkav otn JEAET.

‘Eva oUvoAo dedopévwy (n = 9,958) xpnoiyotroIenke
yla TNV €TTIAOYI TOU KAAUTEPOU POVTEAOU UTTOAOYIOUOU
TOU TTOAUYOVIBIOKOU YEVETIKOU okop (PGS).

Ta utTOAOITTa OUVOAQ DEDOPEVWY (CUVOAIKA N =
69,341) xpnolyotroienkav o€ pia JETa-avaiuon yia
TNV ETIKUPWON TOU MOVTEAOU Kal TV agIOAOYNON TWV
OXETIKWVY KIVOUVWV.

H au¢non TnG cwWHATIKAG dpacTnpIdTNTAG
AVOWUXNAG OXETICOTAV ONUAVTIKA JE PEIWMEVO KivOUVOo
TTAXUOQPKIOG O€ OAEC TIG YEVETIKEG KATNYOPIES
KIvOUvou.

2TNV KaTnyopia uwnAou yeveTIKOU KIVOUVOU, N augnon
NG oWHATIKAS dpaoTnpidTnTac €ixe OR = 0.9 [0.87-
0.94], katadelkvUOVTAG TOV TIPOOTATEUTIKO TNG POAO.

MET?J 1 81 T 20 { TIMBK
gz 91 083[071-0.97] 0.85[0.91-0.99]" 15 099[0.84-1.15] 0.97 [0.93-1.02]
a4 10 -
Q4
as 2 5
| i T i | i, il :
TMM1BK TMM18K 1.00 [0.92-1.09]
75 0.91[0.83-1.00] g
0.B7[0.75-1.01] 0.87 [0.84-0.90]"*" 1.01(0.88-1.16] 0.7 [0.93-1.00]
5.0 6 |
25 3
% 00 0
g 6] TMMsTK 0.89 [0.85-0.84]** | TMMGTK 0.97 [0.93-1.02]
.| 0ses[083-1.01) 093[0.81-0.94 ~I— 4] 0096[0.90-1.02 099[097-1.01] []]
o [T hin o] (Tt

64 e
Meta-analysis +-|EQID [0.87-0.54] o | Meta-analysis

N wen 0.97 [0.93-1.01
4] 090([083-098)" 0.91([0.87-0.96""T 0.97 [0.92-1.02] 0.98 [0.97-1.00]" ‘ N l )
6
! I
. . |
0 0
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Polygenic risk

Fig. 4 Effect of physical activity across different PGS stratifications. Obesity risk was evaluated in relation to physical activity across different
PGS stratifications. The activity level was derived from a self-administered questionnaire and stratified into quintiles (Q1-Q5). Odds ratios
(ORs) were calculated by logistic regression with adjustments for age and sex. The ORs in trend analysis are depicted above the bars,
accompanied by a 95% confidence interval in square brackets. To account for the detected heterogeneity between cohorts (t, p < 0.05), the
random effects model was employed for meta-analysis. The error bars indicate 95% confidence interval. PGS polygenic score, TMM Tohoku
Medical Megabank, MET metabolic equivalent. * p < 0.05; ** p < 0.005, *** p < 0.0005

Sutoh, Y., Hachiya, T., Otsuka-Yamasaki, Y., Komaki, S., Minabe, S., Ohmomo, H., Sasaki, M., & Shimizu, A. (2025). Healthy life style practice
correlates with decreased obesity prevalence in individuals with high polygenic risk: TMM Comm Cohort study. Journal of human genetics, 70(1), 9—
15. https://doi.org/10.1038/s10038-024-01280-3
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» Scand ) Med Sci Sports. 2021 Apr;31(4):894-902. doi: 10.1111,/sms.13899. Epub 2020 Dec 11

Physical fitness attenuates the genetic
predisposition to obesity in children and adolescents

o AlatunuaTikr) JeEAETN pe 1.471 TTaidid kai epBouc, nAIKiag 6 Ewg 17 Twv.

« ACloAoynBnkav Ta cuoTaTIKA TNG PUOIKNG KATAOTAONG [KapdioavatrveuoTiKn IKavoTnTa (CRF), duvaun Katw
akpwv (LLS), duvaun avw akpwyv Kal duvaun KoIAIaKwV].

* O GRS BaociotTnke o€ JOVO-VOUKAEOTIOIKOUG TTOAUOPPICUOUG TTOU €XOUV TTPONYOUNEVWGS OUCXETIOTEI JME TNV
TTaxuoapkia: rs9939609 (FTO), rs6548238 (TMEM18) ka1 rs16835198 (FNDC5).

»  BpéBnkav onuavtikéc aAAnAemopdaceig yia Tnv CRF (p = 0.041), LLS (p = 0.041) kai T dUvaun KolAiakwyv (p =
0.046) X 5 ka1 6 aAAnASpop@a kivouvou pe To BMI pévo otoug e@rifouc.

« EmmAfov, uttipgav evdeiteic OTI T CUOTATIKA TNG PUOIKIC KATAOTAONG METPIaCAV TNV UWNAR YEVETIKN
TTPodIa0eon yia uwnAo BMI.

* Ta ouoTtatikd TNG QUOIKAG KATAOTAONG AEITOUPYOUV WG PETPIAOTEG 0T oxéon peTagu GRS kal BMI otoug
epnpoug.

Todendi, P. F., Brand, C., Silveira, J. F. C., Gaya, A. R., Agostinis-Sobrinho, C., Fiegenbaum, M., Burns, R. D., Valim, A. R. M., & Reuter, C. P. (2021). Physical fitness attenuates the genetic predisposition to obesity in children and
adolescents. Scandinavian journal of medicine & science in sports, 31(4), 894-902. https://doi.org/10.1111/sms.13899
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Physical activity attenuates the genetic
predisposition to obesity in 20,000 men and women

from EPIC-Norfolk prospective population study

shengxu Li 7, Jing Hua Zhao, lian'an Luan, Ulf Ekelund, Robert N Luben, Kay-Tee Khaw,
MWicholas J Wareham, Ruth J F Loos

*  [evemikog €leyxoc 12 SNPs o€ treploxéc TpodidBeonc yia
TTaxuoapkia o€ dciypa 20,430 atopwy (NAIkiag 39-79 €Twv).

* YTroAoyioTnKe €va YEVETIKO oKop TTpodidafdeong ue Baon 1a
aAAnASuopea aug¢nong Tou BMI atré Toug 12 SNPs.

s 2ZWMaTIKA dpacTNPEIOTNTA agIOAOYNBNKE HECW EPWTNUATOAOYIOU.

+  Kd&B¢e emmmAéov aAAnAduoppo BMI-au&nong ouvdEBNKE e
auénon Tou BMI katd 0.154 kg/m?.

e 270 aVEVEPYA atopa, n av¢non BMI Atav yeyaAutepn (0.205
kg/m?) kal o KivOuvog TTaXUCapPKiag augnBnke onuavTIKA.

*  HowpaTtiky 0pacTnpIOTNTA UEIWOE TNV YEVETIKA TTPpodIdBeon
yia Traxuoapkio katd 40%.

28.5
O Low genetic susceptibility (score = 11)
O High genetic susceptibility (score > 11)
P for interaction = 0.004
27.5
—
[a ]
E 27.2
S 26.5 I
x 1
™ t
= 26.5
[+1]
T
+ 26.2
\ 25.5 25.8
24.5
Inactive Active

Figure 2. Difference in least square means of BMI between the high (>11 BMI-increasing alleles) and the low (=11 BMl-increasing
alleles) genetic susceptibility groups in the combined active group and the inactive group. Error bars show 95% Cls.
doi: 10,137 1/jourmal. pmed. 1 000332.9002

Li, S., Zhao, J. H., Luan, J., Ekelund, U., Luben, R. N., Khaw, K. T., Wareham, N. J., & Loos, R. J. (2010). Physical activity attenuates the genetic predisposition to obesityin 20,000 men and
women from EPIC-Norfolk prospective population study. PLoS medicine, 7(8), e1000332. https://doi.org/10.1373/joumal.p med. 1000332
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Original Investigation | Nutrition, Obesity, and Exercise

Physical Activity and Incident Obesity Across the Spectrum
of Genetic Risk for Obesity

Evan L. Brittain, MD, M5c; Lide Han, PhD; Jeffrey Annis, PhD; Hiral Master, PhD; Andrew Hughes, MD; Dan M. Roden, MD;
Paul A. Harris, PhD; Douglas M. Ruderfer, PhD

Figure 1. Risk of Incident Obesity Modeled by Mean Daily Step Count and Polygenic Risk Scores (PRSs)
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2KOTTOC: ECETOON TNG OUVOEONG METACU YEVETIKOU
KivoUuvou uynAou AMZ kal Tou €TTITTEDOU (PUOIKAG
OpacTnNPEIOTNTAC VI TV TTPOANYN TNS
TTAXUOAPKiag.

2UMMETEXOVTEG: 3,124 atopa atro TO TTPOYPAMUA
All of Us Research Program (AocURP).

Eupruara: AvaAoya e ToV YEVETIKO KivOuvo
(PRS), o1 cuppeTEXOVTEC XpEIalovTay va
TTEPTTATOUV ETTITTAEOV BAPATA VIO VA PEIWOOUV TOV
KivOUVO TTaxUCoapKiag.

Avaloya pe 10 PRS, 01 CUPPETEXOVTEC OTO 750
EKATOOTNUOPIO ETTPETTE VA TTEPTTATOUV £WG KAl
6,350 emmITTAEOV BAPATA TNV NUEPT VIO VA £XOUV
OUYKPIOIJO KivOUVO UE EKEIVOUG OTO 250
EKATOOTNHOPIO.

Brittain, E. L., Han, L., Annis, J., Master, H., Hughes, A., Roden, D. M., Harris, P. A., & Ruderfer, D. M. (2024). Physical Activity and Incident Obesity Across the Spectrum of Genetic Risk for Obesity. JAMA network open, 7(3), €243821.

https://doi.org/10.1001/jamanetworkopen.2024.3821



XAPOKOTIEIO MNMANEMIZTHMIO
HAROKOPIO UNIVERSITY

Original Investigation | Nutrition, Obesity, and Exercise
Physical Activity and Incident Obesity Across the Spectrum
of Genetic Risk for Obesity

Evani L. Brittain, MD, M5c; Lide Han, PhD; Jeffrey Annis, PhD; Hiral Master, PhD; Andrew Hughes, MD; Dan M. Roden, MD;
Paul A. Harris, PhD; Douglas M. Ruderfer, PhD

Figure 1. Risk of Incident Obesity Modeled by Mean Daily Step Count and Polygenic Risk Scores (PRSs)
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Figure 4. Cumulative Risk of Incident Obesity by Polygenic Risk Score (PRS) and Mean Daily Step Count
at¥ears1, 3,and5

Cumulative incidence

Year 1 Year 3 Year 5
0.50 1 0.50 1 0.50 1
PRS percentile \
—75th !
0.45 1 —sDth 0.45 1 0.45 1 -...'.
—25th \
0.404 0.404 0.40 4
0.351 0.351 0.35 1
ol al
0.30 £ 0301 £ 0.30-
= =
E E
0.254 E 0.254 E 0.25
= E
= =
0.20 E 0201 E 0201
o o
0.151 0.151 0.15 1
0.104 0.104 0.10
~—
0.054 0.054 0.054
0 T T T 0 T T T T T 0 T T T T T
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Mean daily steps, 1000s Mean daily steps, 1000s Mean daily steps, 1000s
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Physical activity and genetic |
predisposition to obesityin a e -

N " . . 32 T
multiethnic longitudinal study P
Hudson Reddon?, Hertzel C. Gerstein’??, James C. Engert®, Viswanathan Mohan®, Ll |
Jackie Bosch?, Dipika Desai'?, Swneke D. Bailey*, Rafael Diaz®, SalimYusuf:23, |
Sonia S. Anand'?? & David Meyre'%? 30

=
* H @uoikny dpactnpidotnta (PA) yelwvel TV €TTidpachn Twv B 27
YEVETIKWV KIVOUVWY atro TNV TTapaAAayr tou yovidiou FTO 28
KAl TOUG OEIKTEG YEVETIKOU KIVOUVOU TTaxuoapkias (GRS) o 1L
oto AMZ. |
o H peAétn EpiDREAM (17423 GUPPETEXOVTEC) AVOAUEL TN 2

oxéon PA ue 14 mTapaAAayEg yovidiwv TTou oXeTidovtal JE
TNV TTAXUOAPKia.

* Augnuévn PA ouvdéBnke pe peiwpévo AMZ kal OeikTn
owMaTiknNG Aimmwdoug padag (BAI).

 H PA pegiwoe tnv etmidpaon Tou kKivouvou FTO rs1421085
oTnv TTaxuoapkia katd 36-75%.

Reddon, H., Gerstein, H. C., Engert, J. C., Mohan, V., Bosch, J., Desai, D., Bailey, S. D., Diaz, R., Yusuf, S., Anand, S. S., & Meyre, D. (2016). Physical activity and genetic predisposition to obesity in a multiethnic longitudinal
study. Scientific reports, 6, 18672. https://doi.org/10.1038/srep18672
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Assessing Genetic Risk for Physical Activity and Its Interaction
with Diet in Predicting Activity Levels and Weight Loss in the
iMPROVE Study

Maria Kafyra 1*(', Panagiotis Symianakis ', loanna Panagiota Kalafati "/, Panagiotis Moulos 2
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WA LY

and George V. Dedoussis

PRSs yia @uaoikr) dpaoTtnpidtnTa UTToAoyioTnKav yia 197 CUPHETEXOVTEG KAl QVTITTIPOCWTTEUOUV DIOPOPETIKES TITUXEC TNG
dpaCTNPIOTATAG (AVTIKEIUEVIKI], QUTOAVAPEPONEVN, KABIOTIKI) CUPTTEPIPOPA).

‘Evag atrd Toug yeveTikoug OeikTeg (PGS002254) eixe onuavrikn aAAnAemidpaon pe Tnv oudda diaitag yia Tnv amwAela BApous HETA
TNV TTapéupaaon.

O 6¢ikTng kKaBIoTIKAG cupTTEpIPopds (PGS001923) aAAnAemdpouoe GNUAVTIKA HE TO PJOTIBO dlaTpo@ric “TTAoUCIO 0€ aKOPEDTA AITTN
KAl XUMOUG @PoUTWV” yIa Ta eTTITTEdA QUOIKAG dpacTnpioTNTAS oTNV apXIKh yETpnon (MET-mins/week).

H emmidpaon Twv YEVETIKWY BEIKTWV ATAV OXETIKA PIKPH (XaunAS TToocooTd ¢nyouuevng dlakupavong, R? mepitrou 6-9%),
uTTOONAWVOVTAG OTI N YEVETIKA €ival JOVO €vag ATTO TOUG TTAPAYOVTEG TTOU ETTNPEACOUV TN CUNTTEPIPYOPA KAl TNV ATTWAEIQ BAPOUG.

To €ido¢ TnG dialTag (1T.X. UYPNARS TTPWTEIVNG vs uwnAwv udatavlpdkwV) TTapouaciace eTTidpacn oTnv amwAecia Bapoug, avetdptnTa
aTro TA YEVETIKA TTPO@IA, TOVi(OVTAG TN onuacia NG dlaTpoPng.

H TToAuTTapayovTIKOTATA TWV CUPTTEPIPOP WYV ToU TPOTTOU (WS (Yovidia + dlaTtpo@r] + dpacTnpIdTNTA) UTTOYPAU HICEl OTI OI OTPATNYIKEG

ATTWAEIaG BAPOUG TTPETTEI VA AAP BAVOUV UTTOWN TOOO YEVETIKOUG 000 Kal TTEPIBAAAOVTIKOUG TTAPAYOVTEG.

Kafyra M, Symianakis P, Kalafati IP, Moulos P, Dedoussis GV. Assessing Genetic Risk for Physical Activity and Its Interaction with Diet in Predicting Activity Levels and Weight Loss in the IMPROVE Study. Genes. 2026;17(2):155.
doi:10.3390/genes17020155
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Correlation Heatmap: PRSs vs Outcomes

* PRSs yia @uoikry dpaoTtnpiotnTa
uTtoAoyioTnkav yia 197 CUPPETEXOVTEG Kal o e 0.08 PGS002255 (HRC) Iﬂ_2
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diaITag yia TNV atTwAEIa BApoug YETA TNV
TTapEuBaon.

* O O€ikTNG KABIOTIKAG CUPTTEPIPOPAS
(PGS001923) aAAnNAeTTIOpOUCE ONUAVTIKA
ME TO poTifo diaTpoPni¢ “TTAouaCIo o€
aKOPEeOTA NITTN KAl XUMOUG @POoUTWV” yia Ta
EiTTEdA PUOIKAG OPACTNPIOTNTAG OTNV
apxikn pérpnon (MET-mins/week).
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Kafyra M, Symianakis P, Kalafati IP, Moulos P, Dedoussis GV. Assessing Genetic Risk for Physical Activity and Its Interaction with Diet in Predicting Activity Levels and Weight Loss in the iMPROVE Study. Genes. 2026;17(2):155.
doi:10.3390/genes17020155
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Assessing Genetic Risk for Physical Activity and Its Interaction
with Diet in Predicting Activity Levels and Weight Loss in the
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Maria Kafyra *, Panagiotis Symianakis !

and George V. Dedoussis

* Hemmidpaon Twv YEVETIKWYV OEIKTWV
ATAV OXETIKA MIKPR (XAMNAS TTOOOOTO
ggnyoupevng dlakuuavong, R? trepimou
6—9%), uTTOdNAWVOVTAC OTI N YEVETIKN
TTPodIGBeoN €ival HOVO £vag ATTO TOUG
TTAPAYOVTEG TTOU £TTNPEAOUV TN
CUMTTEPIPOPA Kal TNV aTTWAEIQ BApoud.

« To €ido¢ Tn¢ diaitag (VPnAAC
TTPWTEIVNS VS UWNAWV udaTavepdakwy)
TTAPOUCIaoE ETTIOPACN OTNV ATTWAEIA
Bapoug, aveEApTNTA ATTO TA YEVETIKA
TIPOYIA, Tovi(ovTag TN onuUacia TNG
dIaTPOPNG.

, Ioanna Panagiota Kalafati 1

, Panagiotis Moulos !

Outcomes by PRS and Diet Group
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 Tpotromoinon TnG YEVETIKAG Trpodidfeong: H owpatik dpaocTtnpidtnTa
MTTOPEI va MEIWOEI TNV E€TTidPAON TWV YOVIOiwv TTOU AUZAvouv Tov KivOuvo
TTAXUOOPKiaG.

 AMAnAemidpaon peE yovidila ToU €mMIdPOUV OTNV EKOAAWON TNG
TTaxvoapkiag: H @uoikl dpaocTtnpidtnTa UTTOPEl va €€acBevioel TNV €TTidpacn
yovidiwv oTTwg 10 FTO, Ta otroia oxeTidovTal e au¢nUEVO CWHATIKO BAPOC.

 EuvaiocOnoia otn puBbuion Tou peraBoAiopou: H doknon utropei va HETaBAAEI
TN Agitoupyia yovidiwv Tou emrnpeddouv TNV evepyelakn datdavn Kal Tnv
0&eidwan Tou AITTOUG.

Novidiakd Ttrpocappoouévn amokpion: Opioyéva dartopa  TTapoucialouv
OIAPOPETIKA ATTOKPION 0TV AOKNON AOYW TOU YEVETIKOU TOUG TTPOQIA, KATI TTOU
UTTOYPAMMICEl TNV avAYKN YIA ECATOMIKEUMEVES TTOPENPATEIC.

* 2UVEPYIOTIK] Opdon HME AAAOUG YEVETIKOUG Kal TEPIBAAAOVTIKOUG
TTapayovrteg: H @uaoikr) dpactnpidtnTta PTTOPEI va €TTNPEACEl TN oxEon PETALU
YEVETIKWV TTOAUMOPQICHWY Kal TTEPIBAAAOVTIKWY OuvOnkwy, €TTnpeddovIag 1o
OUVOAIKO KivOuvo €KONAWONG TTaXUOOPKIAG.

Reddon, H., Gerstein, H. C., Engert, J. C., Mohan, V., Bosch, J., Desai, D., Bailey, S. D., Diaz, R., Yusuf, S., Anand, S. S., & Meyre, D. (2016). Physical activity and
genetic predisposition to obesity in a multiethnic longitudinal study. Scientific reports, 6, 18672. https://doi.org/10. 1038/srep18672
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