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Co se Vam poji s pojmem cirkadianni
rytmus?

( Start presenting to display the poll results on this slide.
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* Biorytmy * Chrono-vyziva
e Cirkadianni rytmy * Chrono-exercise
* Hodinové geny * Jet lag (pasmova nemoc)
e Chronotypy
e Zeitgebers
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Blorytmy

Evoluce — den a noc, stridani rocnich obdobi

Prizplsobeni organismu k periodickym zménam faktoru
zivotniho prostredi, spojenych s rotaci Zemé kolem
vlastni osy a kolem Slunce (stfidani dne a noci, ro¢ni
obdobi)
Minimum a maximum amplitudy sledovanych rytmu

* Rytmy ultradianni < 20 hodin

e Rytmy infradianni > 28 hodin

e Rytmy cirkadianni 20-28 hodin

Chronobiologie




Cirkadianni rytmy

e Ovlivnuiji:

* Spanek

* Naladu
Metabolismus
Teplotu
Bdélost
Srdecni frekvenci
Krevni tlak
Vylucovani modi
Produkci hormon
Hlad
Kognitivni vykon
Silu




Hodinove geny

Komponenty cirkadiannich hodin
Geny se vzajemneé ovlivnuji a vytvareji oscilace genové exprese
Ozubena kolecka mechanickych hodinek

Zakladnim principem je postupna aktivace genu ve formé cyklu, pocatecni
aktivace genu je regulovana poslednim genem v sekvenci (autoregulacni smycka,
pro kterou jeden cyklus trva cca 24 hoadin)

Zajistuji rytmicitu (i v neperiodickém prostredi)



Transkripcne-translacni zpetnovazebna
smycka

1. Transkripcni aktivatory — CLOCK, BMAL1
ridi expresi negativnich regulatori PERIOD
(PER) a CRYPTOCHROME (CRY)

2. PERa CRY slouzi k inhibici transkripcni I—ﬁ
aktivity CLOCK/BMAL1 (potlacuji tedy | 1 day |
svou vlastni expresi)
degradatio

3. Jakmile dojde k poklesu hladiny PER a CRY, \
cyklus zac¢ina znovu

Circadian time O .. .
Per Cry o @

* Tato zakladni smycCka zapojuje radu dalSich
transkripénich/translacnich smycek a
zahrnuje mnoho dalsich udalosti, které
spolecné poskytuji robustni 24hodinovy
cyklus

Zdroj obrazku: Minegishi, S., Sagami, I., Negi, S., Kano, K., & Kitagishi, H. (2018). Circadian clock disruption by selective removal of endogenous carbon monoxide. Scientific Reports, 8(1), 11996.


https://doi.org/10.1038/s41598-018-30425-6

,centralni hodiny“
e Suprachiasmaticka jadra (SCN)

Ce Ntrum CR * Frontalni hypothalamus
e Cca 20 000 neuronu

* Informace z ocni sitnice
(svétlo/tma) — skrze
retinohypotalamickou drahu

* TycCinky, Cipky, melanopsin

Qutput Rhythms.,
F".‘,' SIO0 1)

,Periferni hodiny”

e Organy, bunky

 Témeér kazda bunka ma vlastni
,hodiny“

* Synchronizace z centralnich
hodin

* vliv okolniho prostredi
(strava/cviceni)

Zdroj obrazku: https://en.wikipedia.org/wiki/Retinohypothalamic_tract#/media/File:Circadian_rhythm_labeled.jpg
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Figure 4. Organization of the circadian timing system in mammals. The circadian clock system is made up of cellular clocks in virtually all cell types.
The suprachiasmatic nucleus (SCN) of the hypothalamus of the brain synchronizes cellular clocks located in all other organs or tissues, including
liver, heart, adipose tissue, skeletal muscle and gut. Light entrains the SCN through the retinal-hypothalamic tract. SCN pacemaker sends time cues
to non-SCN peripheral clocks in part through the hypothalamus-pituitary-adrenal gland axis. Catecholamine signaling and glucocorticoid signaling
are involved in this progress. In addition, SCN may synchronize peripheral clocks through autonomous nervous system (ANS) or through circadian
rhythms of locomotor activity and feeding behavior.

Zdroj: Zhang, Z., Xin, H., Li, M.-D., Circadian Rhythm of Lipid Metabolism in Health and Disease. Small Methods 2020, 4, 1900601.



https://doi.org/10.1002/smtd.201900601

Markery CR

* Teplota télesného jadra

e Oscilace v rozmezi ~0,8-1.0°C mezi minimem v
noci a maximem v pribéhu dne, minimum
pozorovano typicky mezi 03:00-07:00

* Hladina melatoninu
 Hormon tvoren v epifyze
» K vyplavovani dochazi ve veCernich hodinach —
signal ze SCN
e Zvyseni potreby ke spanku cca 2 hodiny po
zaCatku produkce
e Zhruba 7 hodin po zacatku produkce melatoninu

eVV/

e VvvVvV/

obvykle dosazeno nejvyssi teploty jadra




Markery CR

vV /y(

* ,Nejnizsi“ bod CR (nadir) nastava ~7 hodin po
nastupu melatoninu (CBTmin)

e ,Nejvyssi“bod CR (peak) ~12 hodin po CBTmin

* Maximalni ospalost a nejhorsi mentalni/fyzicky
vykon v obdobi 2-3 hodin pred a po CBTmin




Markery CR

* Osoba, ktera obvykle usina v 23:00 a probouzi se
v 7:00 bude mit nastup produkce melatoninu
zfejme okolo 21.hodiny, CBTmin ~4:00 a CBTmax

~16:00

* V jakém Casovém rozmezi bude zfejmé podavat
nejlepsi vykon?




Y RONNIECZ ZMENY V CIRKADIANNICH RYTMECH
| V PRUBEHU STARNUTI

asnd teplota — kortizol melatonin

RANE DETSTVI

Ranni ptacata

yPY

ce — pfirozena variace v
fer Sl obach spanku a subjektivnich
QO0aCh HidXLT 1 Ini Cilosti

N NP RN | 1= Py N 4 4] Sovy

ipadech brzky chronotyp
|éha do postele

o Bl iV gend (polygenni)

ronntvn Normalni
rozlozeni

Ranni ptacata
Zdroj obrazku: https://medicina.ronnie.cz/c-33268-cirkadianni-
rytmy-i-uvod-do-problematiky.html ; dle Logan &McClung (2019)



FYZIOLOGICKY
STAV AV R

JSTE SKRIVAN NEBO SOVA?
URCETE SI SVUJ CHRONOTYP!

DOBA SPANKU

A
G =)

(U D D D D D D D D D D D D D D D D D D |
2021&230123]4507.!10111213141510!»1!

STREDNI DOBA SPANKU
Brzky chronotyp Normalni Pozdni chronotyp
SKRIVAN chronotyp SOVA
« lidé, jejichz stfedni doba || * lidé, jejichZ stfedni doba * lidé, jejichz stfedni doba
spanku je pred 1:30 v spanku je mezi 1:30 a spanku je po 5:00 rano
noci 5:00 réno * chodi spat nad ranem a
* chodi spat velmi brzy a * vétsina lidi vstavaji velmi pozdé
vstavaji ¢asné zrana * z ptadi fise
napfiklad
papousci

Zdroj: https://www.fgu.cas.cz/articles/975-jste-skrivan-nebo-sova?fbclid=IwAR1UplOFc-Z1LT_DORvG3zGK3IEOZghluktpb9dup3-aPBk309xJuaT810U



LZeitgeber” CR

e Externi stimul, ktery dokaze (re)synchronizovat télesné
hodiny

* Moduluji aktivitu hodinovych genu

e Svétlo
* Vyziva
e Cviceni



Cirkadianni desynchronizace
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Ci r ka d i a, n n II Circadian Synchronyf; _ Circadian Misalignment
" disrupted sleep
esynchronizace

feeding/fasting altered feeding patterns
leptin resistance
CNS (116, 124, 153)

(SCN & extra SCN)

e Centralni a periferni hodiny nedostavaji podnéty ve
spravny &as vascular tone N d " e.evit‘é‘;:g;‘ﬁ,";giisure

. Pfitiny: » |
* Chronicky jet lag

Cardiovascular system
altered inflammatory

_ . *_ * responses
cytokine production mmas » * tams insulin resistance
v s v atherosclerosis
° N ocnl sme ny Immune system (122, 123, 148)

* Nepravidelnost ve stravovani fat storage obesty
insulin sensitivity - T altered feeding behavior
* Nepravidelny spankovy rezim

(116, 153)
Adipose tissue

* Osoby, které pracuji v ramci noCnich smén, spi méné insulin secretion W altered insulin secretion
. .s vVv/s o,V . mmme yperglycemia
hodin, maji vyssi telesnou hmotnost a BMI index, a Pancreas @211
témeér 3x vyssi miru abdominalni obezity, nez osoby gluconeogenesis .
.r s lipogenesis dyslipidemia
pracujici ve dne (Brum et a|,2020) insulin sensitivity e ’ - Steatosis

fuel oxidation (117, 118)

glucose disposal hyperglycemia
insulin sensitivity mmns inun disrupted sleep
fuel oxidation (119, 120, 147)

. . . . . : L : nutrient absorption mnms . altered lipid uptake
Zdroj obrazku: Maury, E. Off the Clock: From Circadian Disruption to Metabolic Disease. Int. J. Mol. Sci. 2019, 20, 1597. (41)

https://doi.org/10.3390/ijms20071597

Intestine



Zdroj obrazku: https://webbtelescope.org/contents/media/images/01F8GF6NH5PTXGBVNVHR2TSQRB

ULTRAVIOLET VISIBLE LIGHT INFRARED

| | i |
400 nanometers 700
higher energy >
(shorter wavelength]

lower energy
(longer wavelength)

e Svétlo
. e Jednad se o nejdulezitéjsi stimul, ktery upravuje (Casuje
,,Zeltgebel’(y)” cirkadiénm’syjstém-SéN T e/ g
. .« 7 / e Zmeény ve vzorcich svételné expozice mohou rychle a
Cl I’ka d lanni h O podstatné posunout fazi CR
e Zejména svetlo o vysoké energii a nizké vinové délce
ryt mu  VétsSina perifernich hodin neziskava primé informace o

svétle, jsou proto senzitivni k jinym ,,synchronizatorim®



JZeitgeber(y)”
cirkadianniho rytmu

* Vyziva
e Stimul, ktery dokaze (pre)nastavit hodiny v
perifernich tkanich

* dostupnost cirkulujicich makronutrientu,
hormony, metabolity

* Prijem potravy > inzulin > exprese hodinovych
genu

e Stimul vyzZivy zfejmé pusobi na periferni tkané
rychleji nezli signal z SCN




LZeitgeber(y)” cirkadianniho rytmu

Cviceni
 Stimul, ktery mlze mit vliv na zpozdéni/urychleni ,faze”, zfejmé skrze vliv
na produkci melatoninu (kortizol, télesna teplota)

ot s s s s



 Latky, které jsou schopné ,ménit”
biologické rytmy a zpUsobit ¢asovy ,,posun®
" "  Vlyuzitelnost u pracovnikl pracujicich v
Ch ronObIOtI ka ramci nocnich smén?

* Kofein, kreatin monohydrat, aminokyseliny
(tryptofan)




Chrono-vyziva

Studuje interakce mezi biologickymi rytmy a vyzivou

Zabyva se distribuci prijmu energie, frekvenci a
pravidelnosti prijmu potravy, délkou obdobi prijmu
potravy a tim, jak vSechny tyto faktory mohou ovlivnit
zdravi

Systémy ridici metabolismus podléhaji CR

* Potrava opousti zaludek rychleji po dopolednich
jidlech

e Pohyby tlustého stfeva — casté pohyby béhem dne,
minimum béhem noci

e Geny kédujici produkci metabolickych enzym
* DIT —rano vyssi nezli vecer
Spravné fungovani perifernich hodin udrzuje

metabolicke procesy v synchronizaci s prostredim — vliv
na zdravi organismu



hrono-nutrition: From molecular and neuronal mechanisms to

human epidemiology and timed feeding patterns

Alan Flanagan, David A. Bechtold, Gerda K. Pot, Jonathan D. Johnston g2«

22 November 2020 | https://doi.org/10.1111/jnc.15246 | Citations: 15

/7 /o

Chrono-vyziva

Co a jak jime se v nasi spole€nosti zménilo (stravovani v no€nich hodinach apod.)

Desynchronizace mezi hodinami a metabolismem > ztrata synchronizace rytmu > rozvoj metabolickych
onemocneéni?

Vétsi distribuce energie ve vecCernich hodinach, zvysena frekvence konzumace jidel, prodlouzené okno
konzumace jidel — faktory, které mohou prispivat k rozvoji kardiometabolickych onemocnéni

Studie (predevsim na experimentalnich zviratech) poukazuji na fakt, ze prijem potravy v ,,nespravném® Case
vede k rozvoji obezity (hlodavci) (Garaulet & Gémez, 2014)

Stejné jidlo snézené rano a vecer muze vykazat odlisSny metabolicky vliv (Kanikowska et al., 2015)




Time-restricted feeding (TRF)

Zameéruje se na prijem potravy v, dennim” okné
4-12 hodinové okno (8-10)

Redukce télesné hmotnosti

Zlepseni télesné kompozice u osob s nadvahou

Zlepseni glykemické odezvy, hlad krevnich lipidQ (lepsi vysledky u osob s
vétsSim rizikem)

Zrejmé nema negativni vliv na MPS (kratkodoby vs. dlouhodoby horizont!)
Negativni vliv na rytmus — vynechavani snidané, prijem potravy pozdé v noci

Vysledek muze byt ovlivnén snizenim prijmu kalorii, kalorickou restrikci!
» Dalsi modulatory — délka studie, mnozstvi probandu, pohybova intervence

Nutrients. 2020 Dec; 12(12): 3770. PMCID: PMC7763532
Published online 2020 Dec 8. doi: 10.3390/nu12123770 PMID: 33302500

Food Timing, Circadian Rhythm and Chrononutrition: A Systematic Review of Time-
Restricted Eating’s Effects on Human Health

Ré: dafer," Wassil Messaadi, Mériem Meddahi, Alexia Patey, Abdelmalik Haderbache, Sabine: Ba{,ﬂf and Nassir
Messaadi’

Effect of Time-Restricted Feeding on Anthropometric,
Metabolic, and Fitness Parameters: A Systematic
Review

ie Kang &%, Nicholas A. Ratamess, Avery D. Faigenbaum, Jill A. Bush, Noah Beller, Ariselle Vargas, how a

Beneficial Effects of Early Time-Restricted Feeding on Metabolic
Diseases: Importance of Aligning Food Habits with the Circadian Clock

by (3 Anouk Charlot ™ &, 2} Fanny Hutt &3, () Eugénie Sabatier & and § Joffrey Zoll * &2
CRBS, UR3072: Mitochondria, Oxidative Stress and Muscular Protection, University of Strasbourg, 1 rue Eugéne

Boeckel, 671 nce

* Authors to whom correspondence should be addressed

Academic Editor: Silvio Buscemi
Nutrients 2021, 13(5), 1405; hitps://doi.org/10.3390/nu13051405

Received: 11 March 2021 / Revised: 17 April 2021 / Accepted: 20 April 2021 / Published: 22 April 2021

Time-restricted feeding and risk of metabolic
disease: a review of human and animal studies @

Jeff Rothschild, Kristin K Hoddy, Pera Jambazian, Krista A Varady =

Nutrition Reviews, Volume 72, Issue 5, 1 May 2014, Pages 308-318,
https://doi.org/10.1111/nure.12104
Published: 01 May 2014




ORIGINAL ARTICLE ((FREE PREVIEW )

Calorie Restriction with or without Time-Restricted Eating in Weight Loss

Deying Liu, M.D., Yan Huang, M.S., Chensihan Huang, M.D., Shunyu Yang, M.D., Xueyun Wei, M.D., Peizhen Zhang, M.D., Dan Guo, M.D., Jiayang Lin, M.D., Bingyan Xu,
M.D., Changwei Li, Ph.D., Hua He, Ph.D., Jiang He, M.D., Ph.D., et al.

* N=139
» Kaloricka restrikce vs. kaloricka restrikce + TrF (8:00-16:00)
e 12 mésicl

* M=1500-1800 Kcal; Z= 1200-1500 Kcal
* 40-55 %S, 15-20% B, 20-30 % T

* Hmotnost, obvod pasu, BMI, mnozstvi tukové hmoty, méreni metabolickych ukazatel(
(plazmaticka g, inzulinova senzitivita, TK, krevni lipidy)




Calorie Restrictic

Deying Liu, M.D., Yan Huang, M.S., Ch

* Vysledky
e 118 dokond
e -8,0 kg TRF

Table 2. Effects of Diets on Weight Loss and Body Composition.*

Time-Restricted Daily Calorie Difference
Eating Restriction between Groups a .
Variable (N=69) (N=70) (95% Cl) lg 1n ‘N‘elght LOSS

Body weight — kg
6 mo
12 mo
Body-mass index
6 mo

12 mo

Waist circumference — cm

6 mo

12 mo

Body fat mass — kg

6 mo

12 mo

Body lean mass — kg

6 mo

12 mo

Body fat percent — %

6 mo

12 mo

Change from baseline (95% Cl)

-9.4 (-10.8 to -7.9)
-8.0 (-9.6 to -6.4)

-3.4 (-3.9t0-2.9)
2.9 (-3.5t0-2.3)

-9.4 (-11.0to -7.9)
-8.8 (-10.4to-7.1)

-6.9 (-8.0 to -5.7)
-5.9 (-7.1 to -4.7)

-1.9 (-2.4 to -1.4)
-1.7 (-23 to-1.1)

-4.7 (-5.6 to -3.8)
-4.3 (-5.3 t0 -3.3)

-8.9 (-10.3 to -7.4)
-6.3 (-7.8to-4.7)

3.2 (-3.7t0-2.7)
23 (-28t0-1.7)

-8.7 (-10.2t0-7.3)
7.0 (-8.5 to -5.4)

6.4 (-7.5t0-5.3)
-4.5 (-5.6 to -3.3)

-1.7 (2.2 t0-1.2)
-1.4 (2.0 t0 -0.9)

~4.4 (-5.3 to -3.5)
3.0 (-3.9t0 -2.0)

0.5 (-2.6 t0 1.6)
1.8 (-4.0 t0 0.4)

-0.2 (-1.0t0 0.5)
-0.7 (-1.5t0 0.1)

0.7 (-2.8to 1.4)
1.8 (-4.0t0 0.5)

0.5 (-2.0to 1.1)
-1.5 (-3.110 0.2)

-0.2 (-0.9 t0 0.5)
-0.3 (-1.1t0 0.5)

~0.3 (-1.6 to 1.0)
~1.3 (-2.7t0 0.1)

uo, M.D., Jiayang Lin, M.D., Bingyan Xu,

Area of abdominal visceral fat — cm?
6 mo -32.9 (-41.1t0 -24.8)  -31.3 (-39.2 to -23.4)
12 mo -26.0 (-35.0t0-17.1)  -21.1 (-29.5 to -12.8)

-1.7 (-13.0t0 9.7)
4.9 (-17.3 to 7.5)
Area of abdominal subcutaneous fat — cm?
6 mo ~70.1 (-85.2t0 -55.1)  -49.2 (-64.1 to -34.4)
12 mo -53.2 (-71.9t0 -34.6)  -37.0 (-52.1to0 -21.9)

~20.9 (-42.0t0 0.2)
~16.2 (-39.2t0 6.8)

* Analyses were conducted with the use of a mixed-effects model, with randomized treatment as a factor and the use of a
multiple imputation approach for missing data.




FEEDING HABITS MATCHED WITH

CIRCADIAN CLOCK

FEEDING HABITS MISALIGNED WITH
CIRCADIAN CLOCK

)

Night shift Late-night Eatlng Intermittent Fasting : Time-Restricted Eating
Social Jetlag Breakfast Sklpplng Daily eating window from 8 a.m. to 4 p.m.

W A

Circadian Clock
Disruption

@X
v

Increase of Metabolic Risks

%
v

Decrease of Metabolic Risks

N\ (. Y [ Disbetes |

e Obesity i rclm!ovast:ularj Diabetes r Obesity Cardiovascular

T Body weight
T Fat mass

T Food
consumption

T Blood Pressure
T LoL
1 HDL

.

T Fasting insulin
levels

1 Glucose
tolerance

T Weight loss
1 Fat mass

d Food

tonsumption

1 Blood Pressure
1oL
T HDL

1 Fasting insulin
levels

T Insulin
sensibility

.

-

Zdroj obrazku: Charlot, A., Hutt, F., Sabatier, E., & Zoll, J. (2021). Beneficial Effects of Early Time-Restricted Feeding on Metabolic Diseases: Importance of Aligning Food Habits with the Circadian Clock. Nutrients, 13(5), 1405.

https://doi.org/10.3390/nu13051405
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Pozorujete na sobé vykyvy vykonnosti v ramci dne? Kdy si myslite
(citite/vite), Ze podavate nejlepsi vykon?

( Start presenting to display the poll results on this slide.



Diurnalni variace ve
fyzickém vykonu

» Sportovni vykon vykazuje aspekty CR
* Peak time = akrofaze

* Neprima evidence — svétové rekordy (pozadavky divakd,
sledovanost..)

* Silovy trénink — spolehlivy ukazatel rytmu

* Pfi porovnani vykonu mezi ranni (6:00-10:00) a vecerni (16:00-20:00) hodinou
témer vzdy lepsi vykony vecer (rozdily az 18 %) (Gabriel & Zierath, 2019)




Review Article

Influence of circadian rhythms on sports performance

Victoria Ayala (&, Manuel Martinez-Bebia (1), Jose Antonio Latorre (), Nuria Gimenez-Blasi (), Maria Jose Jimenez-Casquet (),

Diurnalni variace ve o Condeipo®, e
fyzickém vykonu

* Dle vysledku je optimalni ¢as pro fyzickou aktivitu mezi 16:30-18:30

 ,peak time” brzkych chronotypu - brzy odpoledne
 ,peak time” pozdnich chronotypu - pozdni odpoledne

* VVeCerni chronotyp je nejvice ovlivnén vykonem mimo jeho optimalni
cas




Rev Article

Inﬂuence of c1rcad1an rhythms on sports performance

Antonio Latorre (&, Nuria Gimenez-Blasi Maria Jose Jimenez-Casquet [,

Diurnalni variace ve
fyzickém vykonu

* Telesna teplota silné spojena s fyzickym vykonem ?
* Do jaké miry?
» ZvySeni BT pred cvicenim muze zlepsit vykon, ovSem samotna BT
nedokaze pokryt celkovou variabilitu v ramci dne

* Vykon v rannich hodinach > prodlouzeni warm-up casti > ovlivnéni
diurnalni variace

e ZvySeni CBT pomoci warm-upu > vykon stale nizsi nezli odpoledne

* Fluktuace hladiny biomarkert v plazmé v odpovédi na trénink
* Antioxidacni enzymy, hormony




5, Issue 4, 16 February 2015, Pages 518-522

Report

The Impact of Circadian Phenotype and Time

Di u r n a, I n |, Va ri a Ce Ve ;:tl;cle tAwakening on Diurnal Performance in
fyzickém vykonu

Elise Facer-Childs *, Roland Brandstaetter ! ©

e 121 vykonnostnich sportovcu
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* Nasledné vybrano 20 (stejny vek, vykonnost, |
cirkadianni fenotyp odrazejici vyskyt v populaci |- P—
— 25 % ECT, 50 % ICT, 25 % LCT) i e

* BLEEP test 6x denné (7:00, 10:00, 13:00, 16:00,
19:00, 22:00)
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5, Issue 4, 16 February 2015, Pages 518-522

Report

The Impact of Circadian Phenotype and Time

] Y 4 Y 4 °
D I u rn a I n | Va rl a Ce Ve since Awakening on Diurnal Performance in

Athletes

>

* Obecné nejhorsi vykon v 7:00, nejlepsiv 16 a 19

e Signifikantni rozdily v maximalnim vykonu mezi
cirkadiannimi fenotypy (chronotypy)

g S
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Q QO
c c
. .
£ £
— ~
R K,
— —
@ @
a o

e ,peak time” brzkych chronotypt - ~12:20 L ALL

< y £ - ™ - ¥
10 13 16 19 22 7 10 13 16 19 22

* ,peak time” intermediate chronotypu - ~15:50 bl Time Of Day (h

@)

* ,peak time” pozdnich chronotypu — ~19:40

Performance (%)
Performance (%)

10 13 16 19 22 7 10 13 16 19 22

Time Of Day (h) Time Of Day (h)



Diurnalni variace ve
fyzickém vykonu

e Variace vykonu v pribéhu dne

* ECT a ICT — nevyrazné vykyvy v rozmezi 7-
10%
e LCT — mnohem vétsi variace —az 26 % !

>

* Vykon navazan na cas od probuzeni
e ECT a ICT ~ 6h po probuzeni
 LCT az 11h po probuzeni!
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Report

The Impact of Circadian Phenotype and Time

since Awakening on Diurnal Performance in
Athletes

Elise Facer-Childs *, Roland Brandstaetter ! ©

lime since
awakening

Peak Performance Time (hrs)



Review Article

Influence of circadian rhythms on sports performance

Victoria Ayala (&, Manuel Martinez-Bebia (1), Jose Antonio Latorre (), Nuria Gimenez-Blasi (), Maria Jose Jimenez-Casquet (),

Diurnalni variace ve o Condeipo®, e
fyzickém vykonu

* Dle vysledku je optimalni ¢as pro fyzickou aktivitu mezi 16:30-18:30

 ,peak time” brzkych chronotypu - brzy odpoledne
 ,peak time” pozdnich chronotypu - pozdni odpoledne

* VVeCerni chronotyp je nejvice ovlivnén vykonem mimo jeho optimalni
cas

 VétSina vyzkumu provedena na muzich




Diurnal Variation in Maximum Endurance and Maximum Strength
Performance: A Systematic Review and Meta-analysis
KNA HAEL'?; QIAN, JINGYI™%; ROTH, RALF; INFANG : 0? ; cajoC

INFANGER, DENIS®; NOTTER, TIMO®; WANG, WEI"; CAJOCHEN, CHRISTIAN®®; SCHEER, FRANK A. J.

Diurnalni variace ve
fyzickém vykonu

) 169-180, January 2022. | DOI: 10.1249/MSS.0000000000002773

* Nékolik Review (vétSina narrative)
* Bez meta-analyzy
* 1. meta-analyza tykajici se této problematiky




A Endurance exercise test

Author (Year) SMC [95% CI]
Deschenes (1998) .—.—4 0.72[0.02, 1.41]
Dolton (1997) I—t—i -0.10 [-0.84, 0.64]
Facer-Childs (2015) I——I—i 0.39 [-0.07, 0.84]
Faria (1982) l-—I—! 0.26 [-0.10, 0.62]
Knaier (2019) I——I—I 0.19 [-0.29, 0.67]
Reilly (1990) »—-——1 -0.17 [-0.68, 0.34]
Zadow (2018) |——-—| 0.22 [-0.29, 0.73]
Zadow (2020) .__._. 0.27 [-0.19, 0.73]
RE Model (Q= 5.52, df=7, ’ 0.23[0.05, 0.40]
p= 0.60; I°= 0.0%)
4 005 1 15

Standardized Mean Change

C Hand grip strength test

B 30-s Wingate test

Author (Year)

SMC [95% CI]

Chtourou (2013) 0.57 [-0.10, 1.24]
Hill (2020) E——I—| 0.37 [-0.17, 0.91]
Kin-Isler (2006) l—I—i 0.45[-0.10, 1.00]
Melhim (1993) —.— 0.79[0.17, 1.42]
Reilly (1992) r—-—{ 0.68 [ 0.05, 1.31]
Souissi (2004) e 2.08[1.28, 2.88)
Souissi (2010) r—l—i 0.55[0.08, 1.02]
RE Model (Q= 14.27, df= 6, - 0.73[0.37, 1.09]

p= 0.03; I°= 60.0%)

4 0 1 2 3
Standardized Mean Change

D Jump height test

Author (Year) SMC [95% CI]
Knaier (2019) m 0.26 [-0.20, 0.72]
Racinais (2004) I-l1 0.32 [-0.10, 0.74]
Reilly (2007) Feooooe 4.68[2.29, 7.08]
Teo (2011) X B 1.33[0.72, 1.93]
Unver (2015) HIH 0.90 [ 0.44, 1.37]
Souissi (2010) m 0.45 [-0.01, 0.91]

Author (Year) SMC [95% CI]
Baxter (1983) »—-—{ 0.02 [-0.51, 0.54]
Chtourou (2013) r——-—| 0.42 [-0.23, 1.06)
Facer-Childs (2018) — 0.81[0.51, 1.12]
Ghattassi (2016) ———y 0.76 [ 0.12, 1.40]
Hatfield (2016) |——-—| 0.11 [-0.64, 0.85]
Ishee (1986) e 0.15[-0.31, 0.61]
McGarvey (1984) }—|—| 0.33[0.01, 0.65]
Reilly (2007) . S — 0.28 [-0.43, 0.99]
Souissi (2010) .—.—| 0.34 [-0.11, 0.79]
p=0.13; I’= 39.2%)
-1 -05 0 05 1 15

Standardized Mean Change

RE Model (Q= 22.60, df=5, |
. -
p=0.00; I’= 80.2%) ;

2 0 2 4 6 8

Standardized Mean Change

0.79[ 0.28, 1.30]




APPLIED SCIENCES

Diurnalni variace ve
fyzickém vykonu

* V/ytrvalostni vykon
* Oproti dalSim testim komplexn

vV eV 7/

&jsi

Diurnal Variation in Maximum Endurance and Maximum
Performance: A Systematic Review and Meta-analysis

IA Endurance exercise test

e Ze sledovanych proménnych nejmensi variabilita |

* 3-5%

Deschenes (1998)
Dolton (1997)
Facer-Childs (2015)
Faria (1982)

Knaier (2019)

Reilly (1990)
Zadow (2018)
Zadow (2020)

RE Model (Q= 5.52, df=7, !
5 -

b= 0.60; 1= 0.0%)

K 0
Standardized

C Hand grip strength test

Author (Year)

Baxter (1983)
Chtourou (2013)
Facer-Childs (2018)
Ghattassi (2016)
Hatfield (2016)
Ishee (1986)
McGarvey (1984)
Reilly (2007)
Souissi (2010)

RE Model (Q= 12.46, df= 8,
p=0.13; 2= 39.2%)

-1 05 0 0O
Standardized M

SMC [95% CI]

0.72[0.02, 1.41]
-0.10 [-0.84, 0.64]
0.39 [-0.07, 0.84]
0.26 [-0.10, 0.62]
0.19[-0.29, 0.67]
-0.17 [-0.68, 0.34]
0.22[-0.29,0.73]
0.27-0.19, 0.73]

0.23[0.05, 0.40]

SMC [95% CI]

02[-0.51, 0.54]
0.42 [-0.23, 1.06]
0.81[0.51,1.12]
0.76[0.12, 1.40]
0.11 [-0.64, 0.85]
0.15[-0.31, 0.61]
0.33[0.01, 0.65]
0.28 [-0.43, 0.99]
0.34 [-0.11, 0.79]

0.39[0.18, 0.60]

B 30-s Wingate test

Author (Year)

Chtourou (2013)
Hill (2020)
Kin-Isler (2006)
Melhim (1993)
Reilly (1992)
Souissi (2004)
Souissi (2010)

RE Model (Q= 14.27, df= 6,
p=0.03; 1= 60.0%)

e r I T 2
-1 0 1 2 3
Standardized Mean Change

D Jump height test

Author (Year)

Knaier (2019)
Racinais (2004)
Reilly (2007)
Teo (2011)
Unver (2015)
Souissi (2010)

RE Model (Q= 22.60, df:
p=0.00; I*= 80.2%)

——T—TT
2 0 2 4 8
Standardized Mean Change

SMC [95% CI]

0.57 [-0.10,
0.37 [-0.17,
045[-0.10
0.79[0.17
0.68[0.05
208[1.28
0.55[0.08

0.73[0.37

SMC [95% CI]

0.26 [-0.20,
0.32[-0.10,
4.68[2.29
1.33[0.72,
0.90[0.44
0.45[-0.01

0.79]0.28,




Diurnalni variace ve
fyzickém vykonu

* Wingate test

* Peak primérného vykonu — odpoledne
e VSech 7 studii

e Cim ¢ast&jsi testovani, tim vétsi variace
* 3testovani—-2.5-7%
* 4-6 testovani-17% a 18 %

« Cast8&jsi testovani > vétsi ance zachyceni nadir i S

peak

APPLIED SCIENCES

Diurnal Variation in Maximum Endurance and Maximum Strength
Performance: A Systematic Review and Meta-analysis

IER, RAPHAEL ROTH, R/

Medicine & Science in Sports & Exercise 54(1):p 1

IA Endurance exercise test B 30-s Wingate test

Author (Year) SMC [95% CI] Author (Year) SMC [95% Cl]

Deschenes (1998) ; 0.72[002141]  Chiourou (2013) 0,57 [0.10
Dolton (1997) j -0.10 [-0.84, 0.64] ]
Facer-Childs (2015) . 0.39 [-0.07, 0.84]
Faria (1982) 0.26 [-0.10, 0.62]
Knaier (2019) : 0.19[-0.29, 0.67]
Reilly (1990) ; -0.17 [-0.68, 0.34]
Zadow (2018) 0.22[-0.29, 0.73]
Zadow (2020) 027[-0.19,073)  Souissi(2010) : 0.55[0.08,

Hill (2020) 0.37 [-0.17,
Kin-Isler (2006) 0.45[-0.10
Melhim (1993) 0.79[0.17,
Reilly (1992) j 0.68[0.05
Souissi (2004) 2.08[1.28

RE Model (Q= 14.27, df= 6,

- 0.23[0.05, 0.40] 0.73[0.37

— v T T 1
-1 0 05 1 15 -1 0 1 2 3
Standardized Mean Change Standardized Mean Change

C Hand grip strength test D Jump height test

Author (Year) SMC [95% CI] Author (Year) SMC [95% CI]
Baxter (1983) ‘ 0.02 [-0.51, 0.54] :

Chtourou (2013) ! 0.42 [-0.23, 1.06] Knaier (2019) 0.26[-0.20,0.72]
Facer-Childs (2018) 0.81[051,1.12] Racinais (2004) 0.32[-0.10, 0.74]
Ghattassi (2016) 0.76 [0.12, 1.40] i
Hatfield (2016) 0.11 [-0.64, 0.85]
Ishee (1986) . 0.15[-0.31, 0.61]
McGarvey (1984) 0.33[0.01, 0.65] Unver (2015) ; 0.90[0.44, 1.37]
Reilly (2007) 0.28 [-0.43, 0.99] :
Souissi (2010) 0.34[-0.11, 0.79]

Reilly (2007) 468[2.29,7.08]
Teo (2011) 133[0.72, 193]

Souissi (2010) 0.45[-0.01,091]

= ; RE Model (Q= 22.60, df=5,
g e T - 039[0.18,060] o ode (a2 - 0.79[0.28
p=0.13; 1= 39.2%) ; p=0.00; I°= 80.2%)

——T—TT
-1 05 0 05 1 15 22 0 2 4 6
Standardized Mean Change Standardized Mean Change




APPLIED SCIENCES

Diurnal Variation in Maximum Endurance and Maximum Strength
Performance: A Systematic Review and Meta-analysis

AIER, RAPHAEL': Q : , RALF; , , , WEI'; caj | CHRISTIA

Diurnalni variace ve
fyzickém vykonu

Inform

Medicine & Science in Sports & Exercise

* Handgrip strength

e Jedna se o vhodny test pro zj

(4 A4 vé

steni max. sily?

IA Endurance exercise test B 30-s Wingate test

Author (Year) SMC [95% CI] Author (Year) SMC [95% Cl]

Deschenes (1998) ; 0.72[002141]  Chiourou (2013) ] 0,57 [0.10
Dolton (1997) j -0.10 [-0.84, 0.64] ]
Facer-Childs (2015) . 0.39 [-0.07, 0.84]
Faria (1982) 0.26 [-0.10, 0.62]
Knaier (2019) : 0.19[-0.29, 0.67]
Reilly (1990) ; -0.17 [-0.68, 0.34]
Zadow (2018) 0.22[-0.29, 0.73]
Zadow (2020) 027[-0.19,073)  Souissi(2010) : 0.55[0.08,

Hill (2020) ! 0.37 [-0.17,
Kin-Isler (2006) 0.45[-0.10
Melhim (1993) | 0.79[0.17,
Reilly (1992) j 0.68[0.05
Souissi (2004) 2.08[1.28

RE Model (Q= 14.27, df= 6,

0.23[0.05, 0.40]
p=0.03; 1= 60.0%)

0.73[0.37

— v T T 1
-1 0 05 1 1. -1 1 3
Standardized Mean Change Standardized Mean Change

C Hand grip strength test D Jump height test

Author (Year) SMC [95% CI] Author (Year) SMC [95% CI]
Baxter (1983) ‘ 0.02 [-0.51, 0.54] :

Chtourou (2013) ! 0.42 [-0.23, 1.06] Knaier (2019) 0.26 [-0.20,
Facer-Childs (2018) 0.81[051,1.12] Racinais (2004) : 0.32[-0.10,
Ghattassi (2016) 0.76 [0.12, 1.40]
Hatfield (2016) 0.11 [-0.64, 0.85]
Ishee (1986) . 0.15[-0.31, 0.61]
McGarvey (1984) 0.33[0.01, 0.65] Unver (2015) 0.90[0.44
Reilly (2007) 0.28 [-0.43, 0.99]
Souissi (2010) 0.34[-0.11, 0.79]

Reilly (2007) 4.68[2.29
Teo (2011) 1.33[0.72

Souissi (2010) 0.45[-0.01

RE Model (Q= 12.46, df=38, - 0.39[0.18,060] - Mo0e!(A=2200,d 0.790.28
p=0.13; = 39.2%) : (

——T—TT
-1 05 0 05 1 15 22 0 2 4 6
Standardized Mean Change Standardized Mean Change
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Diurnal Variation in Maximum Endurance and Maximum Strength
Performance: A Systematic Review and Meta-analysis

IER, RAPHAEL ROTH, R/

iurnalni variace ve
fyzickém vykonu

Medicine & Science in Sports & Exercise 54(1):p 1

* Jump height test

e 5/6 - signifikantni diurnalni variace
* Peak time 13:00 — 20:00 o S maegey

Deschenes (1998) 072[002 1411 chiouroy (2013) : 0.57 [-0.10

. . 7 (4 }
* Jedna studie se oproti ostatnim odlisovala v |
Far,ter—ChlIdS (2015) : 0.39 [-0.07, 0.84] Kin-Isler (2006) 045010
mnoha aspektech - owiomom W e

Reilly (1990) : -0.17 [-0.68, 0.34] :
Zadow (2018) 022[029,073]  Souissi (2004) : 2.08[1.28

e \ysSSi teplota a vlhkost, zeny, mnohem vyssi vyskok - cmiomony  Sws@o | osst00m
V4 V4 ‘ i

RE Model (Q= 14.27, df= 6,

" 0.23[0.05, 0.40]
p=0.03; 1= 60.0%)

0.73[0.37

— v T T 1
-1 0 05 1 15 -1 0 1 2 3
Standardized Mean Change Standardized Mean Change

C Hand grip strength test D Jump height test

Author (Year) SMC [95% CI] Author (Year) SMC [95% CI]
Baxter (1983) ‘ 0.02 [-0.51, 0.54] :

Chtourou (2013) ! 0.42 [-0.23, 1.06] Knaier (2019) 0.26[-0.20,0.72]
Facer-Childs (2018) 0.81[051,1.12] Racinais (2004) 0.32[-0.10, 0.74]
Ghattassi (2016) 0.76 [0.12, 1.40] i
Hatfield (2016) 0.11 [-0.64, 0.85]
Ishee (1986) . 0.15[-0.31, 0.61]
McGarvey (1984) 0.33[0.01, 0.65] Unver (2015) ; 0.90[0.44, 1.37]
Reilly (2007) 0.28 [-0.43, 0.99] :
Souissi (2010) 0.34[-0.11, 0.79]

Reilly (2007) 468[2.29,7.08]
Teo (2011) 133[0.72, 193]

Souissi (2010) 0.45[-0.01,091]

= ; RE Model (Q= 22.60, df=5,
g e T - 039[0.18,060] o ode (a2 - 0.79[0.28
p=0.13; 1= 39.2%) ; p=0.00; I°= 80.2%)

——T—TT
-1 05 0 05 1 15 22 0 2 4 6
Standardized Mean Change Standardized Mean Change




Table - Circadian strategies to optimize performance. 2%

Physiological The optimum timing of competition and training schedules to coincide with the diurnal

Di 3Ini vari
. , p variation in performance and athletes underlying chronotype
f z I C ke m V ko n u Environmental The control of environmental inputs to keep athletes sleep-wake cycle closely aligned to
control their internal biological (circadian) rhythms

Travel strategies The appropriate timing and grouping of game times to minimize the impact of circadian
desynchrony on athlete's performance

Medical therapies The potential use of medical treatments to help athletes reset their circadian rhythms and
keep them closely aligned to their sleep-wake cycle

* Jak minimalizovat vliv diurnalni variace?
e Atlet
* Chronotyp (dotazniky, on-line verze — dostupné free)
e Kofein?
* Trénink a soutéz
* Obvykly ¢as tréninku a obvykly ¢as soutéze > snaha o sjednoceni
e Soutéz v rannich hodinach > prodlouzit warm-up fazi > zvyseni CBT

* V ramci max. silového vykonu
* Trénink odpoledne > rozdil mezi maximalnim vykonem rano a odpoledne (peak vykonu odpo)
* Trénink rano > vykon rano a odpoledne se vyrovnava

Zdroj tabulky: Simmons, N., Mandal, S., Paton, B., & Ahmed, I. (2022). Are Circadian Rhythms a New Frontier in Athletic Performance? Current Sports
Medicine Reports, 21(1), 5. https://doi.org/10.1249/JSR.0000000000000929
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KeAi Sports

Medicine and Health Science

olume 5, Issue 1, March 2023, Pages 50-58

Review
Chrono-exercise: Time-of-day-dependent
physiological responses to exercise

Chrono-exercise

= e Obecné mame doporuéeni pro objem,

(A) Variation in clock genes frekvenCi, intenzitu

~/ : - w v ’ 7 Vv V4

@: o Qy PO s R « Nacdasovani cviceni?

S T Mo * Chrono-exercise — kdy?
(& Amplitude? : : C o . ,
%K ' e Studium biologickych rytmu a interakci

\ mezi metabolickymi procesy

Exercise

e Zdravotni vs. vykonovy aspekt (bude
se lisSit?)
2 hlavni aspekty podpory zdravi
Gﬁ,d /I . * Regulaéni — cviceni/pohybova aktivita

JA\\//\/\ reguluje/resetuje biologické hodiny
Mg * Nalézt optimalni nacasovani cviceni

Exercise pro zefektivnéni vyuziti energetickych
T' 7 o . . . .
" substratu a optimalizaci metabolismu

() Circadian rhythm of Effective exercise timing for improving
glucose or lipid metabolism glucose or lipid metabolism?

Morning? Evening?

Concentrations

Kim, H.-K., Radak, Z., Takahashi, M., Inami, T., & Shibata, S. (2023). Chrono-exercise: Time-of-day-dependent physiological
responses to exercise. Sports Medicine and Health Science, 5(1), 50-58. https://doi.org/10.1016/j.smhs.2022.11.003
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External Factors

!y Central Clock :
®: — isc Chrono-exercise

~~~~~ o"
/' ¢ e - f
-~~~ .
Light exposure y -
I
!
. . .

E Lnternal Factors Synchronizace hodin v

Ormones o ’ 7 ’ 7 N7

_______________________________ | : rdznych tkanich vytvari

I eufogenic iactors koordinovany cirkadianni
Food intake v Y

"% Peripheral Clocks rytmus metabolickych
: procesu, jako je sekrece
inzulinu, syntéza cholesterolu
a vydej energie.
Exercise Liver Adipose tissue Muscle
4
Insulin secretion cholesterol synthesis Energy expenditure
— — —
0 Time [h 24 0 Time [h 24 0 Time [h 2

Kim, H.-K., Radak, Z., Takahashi, M., Inami, T., & Shibata, S. (2023). Chrono-exercise: Time-of-day-dependent physiological responses to exercise. Sports Medicine and Health Science, 5(1), 50—
58. https://doi.org/10.1016/j.smhs.2022.11.003
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KeAi Sports Medicine and Health Science

Volume 5, Issue 1, March 2023, Pages 50-58
e
Chrono-exercise —
Review

Chrono-exercise: Time-of-day-dependent

m eta b O I i S m u S S u bSt r'a,t G physiological responses to exercise

Hyeon-Ki Kim * be B . Zsolt Radak ?, Masaki Takahashi d Takayuki Inami °, Shigenobu Shibata

e

Table1. Changes in metabolism-related indicators in exercise timing.

Morning Evening Metabolic effects

IL-6 T ‘" Increase glucose uptake, lipolysis, fat oxidation, and hepatic

glucose production

GH T TT Improve visceral adipose tissue, circulating lipid levels, and

insulin resistance

Catecholamines T ‘" Increase lipolysis and glycogenolysis

Corticosterone T ‘n Increase in free fatty acid consumption and [-oxidation

SCFAs -— T Regulates metabolic and immune function

[L-6, interleukin 6; GH, growth hormone; SCFAs, short-chain fatty acids.

im, H.-K., Radak, Z., Takahashi, M., Inami, T., & Shibata, S. (2023). Chrono-exercise: Time-of-day-dependent physiological responses to exercise. Sports Medicine and Health Science, 5(1), 50—

3. ps://dol.org/10.1016/].smnhs.2022.11.00
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Jet lag

Unava béhem

dne GIT poruchy

Poruchy spanku




slido

Setkali jste se s jet lagem? Znate nejaké
zpusoby, jak jet lag zvladnout?

( Start presenting to display the poll results on this slide.



Regulace spanku

Dvou procesovy model spanku (Borbély et al., 2016)

* Proces ,C“
e Cirkadianni proces
* Melatonin
* CBTmin

* Proces ,,S“
e Spankova homeostaza

o Tlak“—akumulace s rostoucim ¢asem bdéni
(hromadéni adenosinu)

* Nesoulad mezi témito procesy — poruchy
spanku, problémy s usnutim, udrzeni spanku



Jet lag vs. Unava z cestovani

* Jet lag

* Symptomy, které se objevuji ve dnech
po priletu
e Bolest hlavy
* Podrazdénost
e Ospalost béhem dne
* Neschopnost spat béhem noci
* Nizka mentalni a fyzicka vykonnost
e GIT problémy

e Zpusobeno desynchronizaci CR
(centralni a periferni hodiny, proces S)

e Unava z cestovani

* Symptomy béehem letu, pripadné
okamzité po priletu
 Unava
* Dezorientace
* Bolest hlavy

* Prevazineé zpusobeno — nedostatkem
spanku, dehydratace, hypoxie, nizky
tlak,...




Jet lag —
cestovani na
vychod/zapad

Cestovani na vychod/zdpad muze ovlivnit
cirkadianni systém odlisnée
Pfi cesté na vychod
se cirkadianni

systém musi
,posunout vpred*

Obecné byva
adaptace pri
cestovani na vychod
obtiznégjsi

Pri cesté na zapad se
cirkadianni systém
musi ,opozdit”

Re-synchronizace obvykle trva ~1 den za kazdé
prekrocené casové pasmo pri cesté na vychod
(1hodina za den)

Re-synchronizace obvykle trva 0,5 dne za kazdé
prekrocené casové pasmo pri ceste na zapad
2hodiny za den



Consensus Statement | Published: 14 July 2021

Managing Travel Fatigue and Jet Lag in Athletes: A
Review and Consensus Statement

Dina C. Janse van Rensburg &3 Audrey Jansen van Rensburg, ... Tanita Botha  + Show authors

J < I ‘ a g Sports Medicine 51, 2029-2050 (2021) | Cite this article

9023 Accesses | 6 Citations | 90 Altmetric | Metrics

 Hodnoceni CR a jet lagu

* Nejpresnéjsi ukazatele — CBT, melatonin (ze slin) — nepraktické, vysoka cena
e Dotazniky (Liverpool Jet Lag Questionnaire)

* Vizualni analogova skala; 15 subjektivnich hodnoceni — spanek, unava,
apetit, mentalni vykon, funkce strev, opakované v ramci dne
» Aktigrafie — informace o pohybu/odpocinku (minimum evidence pro evaluace
jet lagu)
* Mobilni aplikace
* https://www.britishairways.com/travel/drsleep/public/en gb

* https://sleepopolis.com/calculators/jet-lag/
* https://www.timeshifter.com/



https://www.britishairways.com/travel/drsleep/public/en_gb
https://sleepopolis.com/calculators/jet-lag/
https://www.timeshifter.com/

Consensus Statement | Published: 14 July 2021
_J | Managing Travel Fatigue and Jet Lag in Athletes: A
et a g Review and Consensus Statement

Dina C. Janse van Rensburg &3, Audrey Jansen van Rensburg, ... Tanita Botha ~ + Show authors

Sports Medicine 51, 2029-2050 (2021) | Cite this article

* Intenzita a délka symptomu 9023 Accesses | 6 Citations | 90 Afmetric | Metrics
e Stoupa s poctem prekrocenych casovych zon
e 3-4 Casove zony = jemnejsi symptomy nezli 10-12 z6n
e Ovlivnéna smérem cestovani
e 8 Casovych zon na zapad
Atlet bude ospaly
Naruseny vykon ve vecernich hodinach
Bude vstavat drive nez obvykle
e 8 Casovych zon na vychod
 Atlet bude ospaly
* Vlykonnost narusena brzy odpoledne
e Bude mit problém usnout v obvyklych hodinach (usina pozdéji)
e Chronotyp
 Skrivan se bude lépe adaptovat na cestu na vychod (snadnéjsi posunout CR na ,,drivé
* Sova se bude lépe adaptovat na cestu na zapad (snadnéjsi posunout CR na , pozdéjsi

jsi cas®)
cas)



* Hlavni dlivody negativniho ovlivnéni vykonu

e Poruchy spanku (kvalita/kvantita)
* Desynchronizace cirkadiannich rytma (nadir a peak

J et |a g a jednotlivych rytma)

/ e Zotaveni z jet lagu
S p O rt OV n I  Resynchronizace vnitfnich hodin na zmény cyklu
svetlo-tma
* Resynchronizace vnitrnich systému probiha riznou

/
Vy kO n rychlosti (desynchronizace postupné mizi)

« Casto se stava, e se sportovci citi hiife 2-4 den
po priletu (pri porovnani s prvnim dnem)
* Resynchronizace systému Ca S
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Desynchronizace po letu smeér zapad/vychod

A Desynchrony after an 8-h time zone shift to the west B Desynchrony after an 8-h time zone shift to the east
[e.g., London to Los Angeles) [e.g., Los Angeles to London]
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Jet lag — zvladani

symptomu

VétsSina evidence pochazi z vyzkumu behem
laboratornich podminek u obecné populace

Cil: optimalizace spanku, ,serizeni hodin“

Terapie svétlem

Spanek

Melatonin

Cviceni

Vyziva

Stimulanty a sedativa
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Interventions to Minimize Jet Lag After Westward and

Prakticka doporuceni Eastward Fight

Gregory D. Roach” and Charli Sargent

* Cesta na zapad
* CS bude po priletu ,,popredu” oproti casu v zoné priletu
* CS je potreba opozdit, posunout vzad
* Londyn (0 UTC) > Los Angeles (-8 UTC)

A Desynchrony after an 8-h time zone shift to the west B Desynchrony after an 8-h time zone shift to the east
[e.g., London to Los Angeles] [e.g., Los Angeles to London]
, pre-travel - Clock Time in Departure Time Zone (hh) pre-travel - Clock Time in Departure Time Zone (hh)
o CESta na VyChOd 00 04 08 12 16 20 00 04'08 12 16 210 00 0'0 0'4 08 12 16 20 00'04l08 12 16 20 00

* CS bude po priletu ,pozadu® o - ——

oproti Casu v zoneé priletu
e CS je potreba urychlit,
posunout vpred

* Los Angeles (-8 UTC) >

Londyn (0 UTC) . W
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. / \% / Interventions to Minimize Jet Lag After Westward and
Prakticka doporuceni Eastward Fight

Gregory D. Roach” and Charli Sargent

* Pokud rezim vyzaduje svéetlo v ramci dne —pobyt venku bez slunecnich bryli, v
noci > jasné svétlo, svetelny box

* Pokud rezim vyzaduje vyhybani se svéetlu >pobyt uvnitr s vypnutymi svetly;
pokud je nutné vyjit ven > slunecni bryle s minimalni propustnosti

* Kompletni adaptace > CBTmin v misté priletu stejné jako v misté odletu (muze
trvat dny)

e Castetna adaptace > CBTmin v misté pfiletu v no¢nim ¢ase (€ase spanku)

 \ této fazi jsou symptomy jet lagu znatelné redukovany (lepsi spanek, snizena ospalost ve
dne, lepsi fyzicka vykonnost)



Interventions to Minimize Jet Lag After Westward and
Eastward Flight

Gregory D. Roach” and Charli Sargent

Praxe?

* Adaptacni protokoly zalozeny na predpokladech:

e Osoba obvykle spi mezi 23:00-7:00, CBTmin
~04:00 (osoby s pozdéjsim, drivéjSim casem
spanku)

e Osoba chce nastavit spankovou periodu v
prijezdové destinaci na stejny cas, jako v jeji
obvyklé ¢asové zoné

 Prilet nastava v 13:00

 \ pripadé drivéjsiho/pozdéjsiho priletu
muzZe byt potreba protokol o jeden den
opozdit/urychlit




« Seda barva = obdobi spanku

« Cerveny trojuhelnik = minimum télesné teploty, minimum CR
« Cerveny kruh s ,M“ = pfijem melatoninu

e Zlutd barva = vystaveni se svétlu

e T=cestovani

e Arr= pristani v nové casové zoné

e Cil = opozdit fazi

A Time Zone Shift of 3 h West
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Zdroj: Roach, G. D., & Sargent, C. (2019). Interventions to Minimize Jet Lag After Westward and Eastward Flight. Frontiers in Physiology, 10. https://doi.org/10.3389/fphys.2019.00927
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Legend

Zdroj: Janse van Rensburg, D. C., Jansen van Rensburg, A., Fowler, P. M., Bender, A. M., Stevens, D., Sullivan,
K. O., ... Botha, T. (2021). Managing Travel Fatigue and Jet Lag in Athletes: A Review and Consensus
Statement. Sports Medicine, 51(10), 2029—-2050.

Daytime

https://doi.org/10.1007/s40279-021-01502-0

Night-time
CBTmin (core body temperature minimum; £4am home time)

CBTmax (core body temperature maximum; +4pm home time)

Sleep (home time)

DLMO (dim light melatonin onset; +2h before bedtime)

Light exposure

Light avoidance

Administer Melatonin
Note: Practical advice:

@ Suggested sleep (according to destination time)
o

°

Post-flight WEST - delay circadian rhythm (shift body clock backward)

WEST
0-6h or optimally 0-3h before CBTmin

0-6h or optimally 0-3h after CBTmin

4h after CBTmin

Do not wake individuals to
administer melatonin.
Crossing <4 time-zones use
a lower dose (chronobiotic)

Individual experience early evening
increase in sleepiness and early
morning awakening i.e. go to bed
earlier for the first few days

EAST
0-6h or optimally 0-3h after CBTmin

0-6h or optimally 0-3h before CBTmin

11.5h before CBTmin

Individual experience difficulty in
sleep initiation and awakening in the
moming, i.e. go to bed later for the
first few days

19:00 22:00 01:00 04:00 07:00 10:00 13:00 16:00 19:00
HOME
COUNTRY
15:00 18:00 21:00 00:00 03:00 06:00 09:00 12:00 15:00
WEST 1
(day of arrival) ==
X [

1 2 days to full entrainment
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« Seda barva = obdobi spanku

« Cerveny trojuhelnik = minimum télesné teploty, minimum CR
* Cerveny kruh s ,M“ = pfijem melatoninu

« Zlutd barva = vystaveni se svétlu

e T=cestovani

e Arr= pristani v nové Casové zéné

e Cil = urychleni faze

A Time Zone Shift of 3 h East
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https://doi.org/10.3389/fphys.2019.00927

Post-flight EAST - advance circadian rhythm (shift body clock forward)

19:00 22:00 01:00 04:00 07:00 10:00 13:00 16:00 19:00
HOME
COUNTRY
23:00 02:00 05:00 08:00 11:00 14:00 17:00 20:00 23:00
4 HOURS
EAST
(day of arrival)

4 days to full entrainment

Janse van Rensburg, D. C., Jansen van Rensburg, A., Fowler, P. M., Bender, A. M., Stevens, D., Sullivan, K. O., ... Botha, T. (2021). Managing Travel Fatigue and Jet Lag in Athletes: A Review and Consensus Statement. Sports Medicine, 51(1

2029-2050.
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« Cerna barva — obdobi ,vyhybani“ se svétlu b&hem dne (sluneéni bryle, pobyt uvnitf
budov,...)

D Time Zone Shift of 12 h West

pre-travel
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Zdroj: Roach, G. D., & Sargent, C. (2019). Interventions to Minimize Jet Lag After Westward and Eastward Flight. Frontiers in Physiology, 10. https://doi.org/10.3389/fphys.2019.00927
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https://link.springer.com/article/10.1007/s40279-021-01502-0/figures/6

D Time Zone Shift of 12 h East

pre-travel
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Adaptace pred odletem

* Je mozné zacCit s posunem CR jeste pred odletem

Potencialné muze snizit Cas adaptace po pfriletu
* MUze vSak negativné ovlivnit Zivot pred odletem

* Pro opozdéni CR béhem 3-4 dni pred odletem smeéer zapad

» Postupné odkladat ulehnuti do postele a ranni vstavani (30-60 min/den)
* Maximalizace odpoledniho vystaveni svétlu,

* Minimalizace ranniho vystaveni svétlu

* 3 mg melatoninu 1h po probuzeni

Pro urychleni CR béhem 3-4 dni pred odletem smér vychod
* Postupné urychlovat ulehnuti do postele a ranni vstavani (30-60 min/den)
* Minimalizace odpoledniho svétla
* Maximalizace ranniho svétla
* 3 mg melatoninu 6,5h pred spankem



EDUCATION

* Educate athletes on how travel is
likely to impact them and the tools
to mitigate this impact

CALCULATE CBTmin

* Interventions to accelerate adjustment
of body clock are based an individual's
CBTmin
» Melatonin onset occurs approx. 2h

pre-slieep onset and CBTmin occurs
approx. 7h post melatonin onset.

» So, for an athlete whose average
sleep onset time is 23:00 and
average wake time is 07:00, their
CBTmin will occur at approx. 04:00.

l&

POST TRAVEL

LIGHT EXPOSURE/AVOIDANCE +

MELATONIN + EXERCISE

EAST (phase advance)

+ AVOID light in the 3-4 h BEFORE CBTmin

* MAXIMISE light in the 3-4 h AFTER CBTmin
combine with exercise/training

* 3 mg melatonin 11.5 h before CBTmin
[ WEST (phase delay)

+ MAXIMISE light in the 3-4 h BEFORE CBTmin
combine with exercise/training

* AVOID light in the 3-4 h AFTER CBTmin

* 3 mg melatonin 4 h after CBTmin

SLEEP SCHEDULE

« Adjust sleep schedule by 30-60 min per day as

R, body clock adjusts to new time-zone

=  In general start with EARLIER bed and wake times
and move LATER following travel WEST and start

with LATER bed and wake times and move EARLIER

following travel EAST

Rensburg, D. C. (Christa) J. van, Fowler, P., & Racinais, S. (2021). Practical tips to manage travel fatigue and jet lag in athletes. British
Journal of Sports Medicine, 55(15), 821-822. https://doi.org/10.1136/bjsports-2020-103163

DURING TRAVEL

* Minimise sleep debt

* Bank sleep: Increase time in bed by
30-60 min/night

* Aim for 7-9h quality sleep/night

» Practice good sleep hygiene

1
1

1
=]

SLEEP

* Sleep timing: Maximise rest and
sleep during a ‘sleep window' that
corresponds to when it is night at the
place of departure, and it is easier to
initiate sleep

ILLNESS PREVENTION

= Consider probiotic supplementation
2 weeks prior

Sleep hygiene: Minimise blue light
exposure, use eye mask, earplugs,
neck pillow, wear comfortable, loose

TRAVEL TIMING fitting clothing

« Aim for a flight schedule that; Hypnotics: If well tolerated, and

> Minimises the time between the
last nighttime sleep at the place of
departure and first nighttime sleep
at the destination

adhering to WADA regulations, in
consultation with team physician
potentially use melatonin or sedative
to maximise rest and sleep during

» Has the fewest stopovers, particularly ‘sleep window’
during the middle of the night at the

place of departure time

SLEEP HYGIENE

* Aid sleep onset: minimise light exposure and implement :

a wind-down routine 30-60 min prior to bedtime, .
A « Ensure the sleep environment is cool (18-20°C), dark
and quiet [

FATIGUE MANAGEMENT
* Schedule a 20-40 min daytime nap
« Utilise caffeine little but often,

but avoid ~6h prior to bed time

ILLNESS PREVENTION

Avoid touching mouth, nose and eyes

Sneeze into elbow not hands

Use a hand sanitizer with >70% alcohol activity, but if
not available wash hands frequently

Do not share drinking bottles, cups, cutlery, towels, etc.
with other people

: Avoid raw vegetables and undercooked meat, wash
and peel fruit before eating, choose beverages from
sealed bottles

3

ILLNESS PREVENTION

* Avoid touching mouth, nose and eyes
* Sneeze into elbow, not hands
= Use hand sanitizer/wash hands frequently

OTHER

* Nutrition: Use high glycaemic index
foods and tryptophan rich proteins to
help promote sleep

* Hydration: Drink to thirst and avoid
alcohol and caffeine

* Seating: Book exit row or aisle seat to
increase comfort

* Mobility: Ensure frequent movement
around plane following sleep

NUTRITION

Align mealtimes with new local time

Eat little and often to reduce the risk of stomach
upset due to the effects of jet-lag

High glycaemic index foods & tryptophan rich
proteins can help promote sleep

SAS

E A
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