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Your Body

lcoppomia vepobL

over the body

parts on the O-To od)”q

\{j‘;./ [ left and find
out the varicus
effects of
dehydration
S Ny = *

o e
S '

70-80% FFM 10% FM

EvSOKULTTAPIO VEPO TTEPITTOL
65%, N 28 Nitpa vePoL

E€wokuTtTApIo VEPO
(necokvurTapio ~ 10,5 1 vepo kai
evéayyeiako ~ 3,4 | vepo),mepitrou
35%, n 13,7 Nitpa vepoL
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Water Gain Water Loss

looppornia Yypwv oto

2ZWHo
- e
W™ Insensible

Water Loss

Input Sensors Integrator Effectors of body

heat loss
Exercising

Glucose + O2 —> CO2 + H20 + ATP 1.5 L/day

Cutaneous vasodilation

Hypothalamus

A

i Output
Intake Metabolic utpu

Sweating (evaporation) . | output
2.2 L/day Production ( )

0.3 L/day L/day

Modifying inputs
Blood pressure
Environmental Osmolarity

heat gain from Na*/Ca?* ratio
radiation, conduction, Hormones (e.g., estrogen)
and convection Cytokines (e.g., interleukin-6)




Decrease of Plasma fluids

l
Increase in blood viscosity

:

Increase in perig
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Emépaocseic apudarwong otnv amodoon
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% Body Weight Loss & Dehydration
__Effects on Sports Performance
@ s
~
/

~ 1% Body e Thirst
- Weight Loss * T Heartrate

2% Body . Qghyfiration e 7 Body temperature
| Welght Losé e T Thirst e | Physical performance
e'- e | Mental clarity
) 3-5% Body ‘ e | Blood volume e | 3% in muscle power
Weight Loss e | 2% in muscle strength e | 10% in high-intensity endurance

6-8% Body * Headache and dizziness * T Heartrate
Weight Loss * T Body temperature e T Breathing
* Muscle cramps e Disorientation
* Nausea * Weakness
9-12% Body e Vomiting . Redt.'zc.ed Performance
* Headache * Inability to Concentrate
Weight Loss — . .
* Dizziness * |rrational Behavior
e Confusion e Renal failure

Death
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13 ' % dehydration



Emidpaon

EvuSartwpévog @ ............................

2% APLSATWHEVOG @ q’

4% A(pu&(;"w“évog ® .............................

MO APTOIl KAI AITOTEPO EYXTOXOI KAGQ1L TO EMINMEAO ADYAATQIHL AYZANETE

Baker et al. Med Sci Sports Exerc 39:1114-1123, 2007



Alya Kal TapayovTeG LYP WV

WYXOAOTIKH B4 ' ANTIAHWH
AlWA 'Y ' AIWAT

AAPYTKOAOTIKOI
MAPATONTEZ

KENTPIKO NEYPIKO
IYITHMA

@ OEPMOKPAIIA
@ reviH \ -y

& ; @ YoH
YNOBOAEMIA AYZHIH : = @ 1vITAIH ITOMATIKH METPHIH =yPO ITOMA
OIMOTIKOTHTAX I / (KATAMOZH)
e AIAGEIIMOTHTA

Y 4

{ (Modified from) Baker LB and Jeukendrup AE. Optimal Compo id-Replacement Beverages. Compr Physiol 4(2):575-620, 2014.




QOoUWTIKOTNTA
Kal Mnxaviopog

Siyag

H €kkplon avtidloupnTLKAG OPUOVNG
oo tnvorioBla umoduon
(veupoUmoduon).

O vedpog pe ) pUBULON TNG
WOHWTLKOTNTOC TWV OUPWV, O
ouvepyoaoia orwsavadepOnKe, LE TV
avTLOLOUPNTLKY) OPHOVN.

higher concentration O 0
of water - higher

waterpotentel 0 0 .

0
solute molecules —

amotpss 0 O g

through the
partial permeble? O
membrane

Water moleculs can
Dass across the
partially permeable
membrane

lower concentration
of water - lower

O 0 Water potental

pariallypermeable membrane
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Greenleaf & Sargent. J Appl Physiol. 20:719-724, 1965.
Osterberg et al. J Athl Train 44:53-57, 2009.

Passe et al. [JSNEM 17:284-295, 2007.
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1 A. ATTAcia ISpoTa

AmreAgia Bapoug + MpooAnyn

borts. 20:40-47, 2010.
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Exogenous CHO oxidation

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Mears et al Med Sci Sports Exerc. 2020 Mar 10. In press

Effect of pattern of
carbohydrate intake

every
20 min

" 200 mL
|

mysportscience

G @jeukendrup

www.mysportscience.com

200 mL every
20 min better
than 50 ml
every 5 min

| 23% higher

- | oxidation

exogenous
carbohydrate

0 20 40 60 80 100i 80-20 CHO-5

12 runners

100 min at 70% VOapeax
1L of a 10% dextrose solution

Emépaoceig

xopnynong Cho kara
TNV AoKNon HE bypa

Beverage Hydration Index

The higher the value, the better fluid is retained in the body

Oral rehydration solution
Skimmed milk

Whole milk

Orange juice

Cola

Diet cola

Cold tea

Tea

| Still water

Sparkling water
Sports drink
Lager

Coffee

TR

0.00

0.50

1.00

mysportscience

a @jeukendrup

www.mysportscience.com

After 2 h, full-fat
milk, skimmed
milk, ORS, and

orange juice had

a higher BHI
than still water
(all differences
¢ P <0.05)

Maughan et al
Am J Clin Nutr
103: 717-723, 2016

1.50 2.00
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Shi X et al. Med Sci Sports Exerc 27:1607-1615, 1995.
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Why sodium?

Before Exercise
* Retaining Fluid?

During Exercise
* Helps absorption of fluids?

* Maintain blood sodium?

* Avoid depletion of body sodium?
* Prevent cramps?

Ti eival To varplo Kai yiarti géival onuavriko;

Strong evidence that it
retains fluid, unclear if
this is useful

Relatively small effects
Only in extreme conditions

No evidence
Possibly in extreme conditions?

* Improve performance?

After Exercise

Little or no evidence
Little or no evidence

Strong evidence only if

* Retaining Fluid?
* Replacing sodium deficit?

no food is consumed
Only in extreme conditions

mysportscience

\rkuck tha Poysee of Suerca to Cpr rise Peamiance

a @jeukendrup

www science.com

.

\
4

A
Jd
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What is sodium?

Molecular mass of
sodium 23 g/mol

Most abundant
electrolyte in sweat

70 grams of
sodium in the body

Sodium in blood:
140 mmol/L sodium
(16 grams)

Most abundant in
extracellular space
(incl. blood)

‘ ﬂ
=

Part of table salt
(sodium chloride)

mysportscience

Lo e Fowar of Scarot b

G @jeukendrup

www.mysportscience.com

Sodium s a
chemical
element with the
symbol Na (from
Latin natrium)
and atomic
number 11.

11

Na
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NMpooAnywn Nartpiov

Highest i Most i sool U M -
! countries ! Recommended Dally Intake
Health AT : Y Recommendation Type Recommended Dosage
. ! o | ! ©
Risk R ! 5
1 5 s 1 g
-1 B ! ® RDI for the average
R B | . Serhn == 2000mg or less per day
X oW o [ z
£ 20 | o : B
Eﬂ E E Adequate intake — 460-920mg per day
£ 1 !
< 9« : : l .
I I ——Lowest risk—— RDI for those with = S e
lowest| 30 ! (“sweet spot”) ! hypertension &P y
2g 3g 4g 58 6g Athletes and those with =y Individualised - likely

l | | high sweat rates

Too low Sodium intake, g daily Too high

higher than the RDI




NMpooAnywn Nartpiov

mysportsmence

o ¢ 5o o Uy s Pamines

Sodium needed to maintain blood
sodium concentration

G @jeukendrup

P { ) Wysportscience.com
 Sodumin 4. \V P

£
2
g'g 100% | sweat o . 3
a9 Fow) 1840 mo/L
-
§§ 80% i 1360 mgrL
o R ===
ce Or
‘% 60%
52
T'm
S £ £ 40%
0=
§ ; B How much sodium needs to be ingested
£9520% to maintain blood sodium concentration
3 %_ 8 depends mainly on how much fluid is
0
03

ingested (% of fluid losses replaced)

How much sodium do you lose when you sweat?

Majority of athletes are in this category

¥

- ___mg/tof swe -
R = \\ =

With 900mg of sodium, Insaltd is right in the
sweet spot of the salt spot!

mysportscience.com




NMNapayovreg mov e€apraral o pLOUOG

£Ppidpwong

Most important factors that 99
determine how much you sweat el
e | Qoirendr.o

WA ITIIPOM SCIeNC O COM

Intensity of exercise (power, speed)

Temperature, humidity, windspeed'

g

2

Clothing

Acclimation and training status

Genetics




Xpeialopal EmmAgov Narpio;

Do | need additional sodium?

It depends mainly on how much of your sweat losses you replace

Fluid intake is <70%

of sweat losses

Most sports fall into this category

Blood sodium will aimost
always rise

Sodium intake can be based on
taste rather than a specific
quantity

Scodium intake not essential

Fluid intake is 70-80%
of sweat losses

Ultra-endurance sports fall into this
category

Blood sodium will only faill in
athletes with above average
sweat sodium concentrations
= 1g/L)

if sweat sodium > 1 g/L replace
30-65% of sodium losses

If sweat sodium < 1 g/LL season
to taste

OO0

Fluid intake is 90% or
more of sweat losses

It is almost always unnecessary to
fall into this category. 100%¢ fiuid
replacement Is not recommended

Blood sodium will fall
regardiess of sweat sodium
concentration

If sweat sodium >1 g/L replace
70-85% of sodium losses

If sweat sodium <1 g/L replace
30-40% of sodium losses

mysporiscience

3 @jeukendrup

www.mysportscience.com

&
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Xpeialopal EmmAgov Narpio;

- = - ....
Do | need additional sodium™? VS BGIESCIONcS

RO e Poovir of STetr 35 Dpa s Parnarsince

Exercise G @jeukendrup

duration

] l [ NI rtscience.com
>4 h <4 h ’_I e

g g woconon
im, and/or unnecessary to
sweat rate taste prevent significant performance

[_{ <1.8 Uh ]-L[ >1.8 L/h ]»-1 impairing hypohydration

o - Unrealistic to replace a high %
f fluid . Sl of fluid losses due to practical .
replacemen taste issues and/or tolerance -«

<70%6

€
Blood sodium concentration will \
rise regardless of sweat scdium \
concentration

Season to

Whole body ESGE IS ele[¥lg]
taste

<ig/L ]1

Blood sodium concentration will
Setasczn Ll [ise unless over-replacing fluid
aste (>90% of losses).

Replace
30-865%
of Na* losses

Sodium needs are greater if replacing >909% of fluid losses but this is usually not recommended




AEITOLPYIEC NAEKTPOALTGV

Functions of electrolytes

Selection of functions: G

A7 R

HCOa_

Zn-* | Fe?+

mysportscience

Uniock e Power of Scence © Optimise Performance

@jeukendrup

www.mysportscience.com
Support nervous it b PSR
system

Retains water

Makes sure there is
enough water but not
too much in different
body compartments

Plays a role in muscle
contraction

Helps to maintain a
neutral pH




Drinks or gels?

Exogenous CHO asideten o' ming

14

i3

T

Tattoos may alter ability to sweat ceoe

mysports

Tattoos may
compromise
sweating.

Effects not related
to the age of the
tattoo.

Luetkemeier et al Med. Sci. Sports Exerc., 49(7): 1432—1436, 2017.

NNapAayovreg mov
emnpealovv TNV
moon

OePUOKPATia TTOTOL (6000EPO
16-18)

‘ [ebON TTOTOL

. [locoOTNTA VATEIOL



O Yypa Mpeiv Tnv Aoknon




MepiekTIKOTNTA KAl ToooTNnTES MpPIv TNV aoknon

Cycling at 60% VOzmax at 30 °C
Heavy work (19 MJ/day)

Moderate work (15 MJ/day)

Y
4]
o

Light work (12 MJ/day)

-

n

o
(o0]

Resting (8 MJ/day)

()]
o
Fluid intake (L/day)

—
£
E
c
2
=
S
T 90
<
x
o
o
L
o
£
-

125 mI/10 min 250 mi/10 min.

w
o

0
No drink 15% CHO-E 2% CHO-E

Median and range 7 40 45 50 )
n=6 Galloway and Maughan., 2000 | 500 ml immediately before exercise | Ambient temperature (°C, low humidity)Sawka and Montain., 2000

Arattrioelc abAntwyv og vypa



Mpw tnv doknon

5-7 mL/kg water or 3-5 mL/kg
sports drink

5 to 10 ml/kg body

: 400-600 ml cold weight
< water or sports drink
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Edidpwon kat Aoknon

Ogpuokpacia MNpooAnyn
Nep. vypwv (mi/h)

Mapabwviog  15-20 800-1200 500

B
-
Y Nodoodaipion 10 1000 350
g 0.6 - 20 1200 500
MnAaoket 20-25 1600 1080
KwnnAaoia 10 1165 580
30 1980 960
T T T T T T 1
150 180 210 240 270 300 330 NodnAacia 30 2000 800

Finishing time (min) Maughan et al., 1985




Analysis of food and fluid intake in elite ultra-endurance
runners during 24h running.

220 290

Total ran distance (km)



https://jissn.biomedcentral.com/
https://jissn.biomedcentral.com/

Endurance time (min)

120

100+

(@]
O
1

D
[an)
|

S
o
|

N
(@]
1

Katd mpoogyylon wplaia
epldbpwon oe cUyKpPLON UE TLC

Erdpdoelg mpooAndng vepou
LkavoTnTa avtoxng o Bepuokpacia 20C , ’
NMEPLBAANOVTLKEC OUVONKEG Kal

TaxutnTa

103 min

T

77 min __ 207
<
[ 3
Q
® 1.5
o
£
$
3 1.0-
)
No fluid
0.5

T T T T T
160 200 240 280 320

Williams et al., 1996 Sawka and Pandolf., 1990 Running speed (m/min)




MepIEKTIKOTNTA KAl amodoon

Exercise time (min)

9 9.5 10 10.5 il 11:5 12

Time to complete the time trial (min)

No drink Wat Isotonic Hypotonic
Mean values + SEM (n = 8) Below et al., 1995 S st pir-l B

’ Maughan et al., 1987. 70%
i 213221%, VO2max g€&vtAnon
CHO 79g KUKAOEPYOUETPO



MepiPpaAlov kal AVAYKEG

/ Solar

Alir temperature radiationrn
Alir hurmidity Sky
therrmal

/ radiation
Respiratory

Reflected Sweat
solar
radiation

Skin blood floww
convection

Convection
SGrournd
therrmal
radiation

NMetabolic
storage

NMuscle blood
flow convection

Contracting
muscle




[Moon Moootnta Yypwyv xpetaletal yia va artopeuxBel 2%

aduvdatwon;

Fluid intake needed to prevent - o00e
2% loss of body mass s

. g @jeukendrup
Example of 70kg person
100% who sweats 0.9 L/h 900 www.mysportscience.com

90% (high-normal) 800
700
600
500
400
300
200
100
0]

16

80%
70%

60%
50%
40%
30%
20%
o

0%

2 4 8

Exercise duration (hours)

Flid intake (mLr)

|
£ | [
J £
A :
\

Fluid required to prevent 2% BM loss
(% of sweat rate)




Kata tnv Stapkela

150-250 ml/20m 300-600 ml/h

400-800 ml/h cold 450-675 ml, for

~water or sports drink eyery 0.5 kg of body
p weight lo

FEIRE VIR e LR o e de



O Yypa yeTa Tnv Aoknon




Evudatwon UETA TNV AoKNOoN

Drink sodium concentration = 23 mmol/L Drink sodium concentration = 61 mmol/L
1500
1000
\E/ 8084 F‘\-\ é
[<}] [}
g Ok T T | «©
E — 3 4 5 6 s
- —500 T —A o
E Ep— ) E’
= —1000 — =
= =
—1500 —
—2000 -
a Time after rehydration (h) b Time after rehydration (h)
Shirreffs et al., 1996 —e— 50% —/— 100% | —— 150% —O— 200%

Net sodium balance (mmol

— — 100

R L 120
Netfiulid balance:(mml) Shirreffs and Maughan., 2000




Metd tnv Aoknon

1.25 to 1.5 L yta kaBg 1 kA

- 0, 5
anwAsLa oto 3B 100-120% ywo kaBe

anwAswa 2B

Yypa pe 150 % R 200
% TNC AMWAELQ
450-675 mL for ne S

,, ; J every 0.5 kg of

ot BT S K i
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Shirreffs & Sawka. J Sports Sci 29:539-46, 2011.




Fluid balan"l - = = L X X

— !

QAT‘

ATRVAAS

Conclusions

- Hypohydration over
2% was prevented by
ad libitum drinking

- Carbohydrate intake
was low in high
intensity sessions
compared with
recommendations

7 S
.=

Rollo et al Nutrients 13 , 201 ; = 3 \.\L_: R






MéEBodoL pETpnonc udATIVNG KATAOTAONC

Armstrong 2007
MeyaAo MeyaAog MeyaAn Méetpla
OAa Meyaho Meyahog MeyaAn MéetpLa
Aev yvwpiloupe Métplo Meyahog Métpla Eukolo
OAa XopnAo MkpOG Mukpn Eukolo
‘E€w KUT. MeyaAo Métplog MeyaAn Métpla
Alpoatog MEéEtplo Métplo MeyaAn Méetpla




MéEBodoL pETpnonc udATIVNG KATAOTAONC

Movo 6oa amofdaAovtal MeyaAo Métplo MeyaAn EUkoAo

Movo 6oa amofdAAovtal Mikpo MkpOGg Métpla EukoAo

Movo 6oa amofdalovtol Métplo MéEtplog Métpla EUkoAo

Movo doa amoBallovtol XopunAo MLKpOC Mukpn EUkoAo

Movo 6oa amofdalAovtal XopunAo MLkpOG Mukpn EUkoAo
OAa Métplo, Métplo MeyaAn EUkoAo

peyaAo
YnoBahapuo XopunAo EUkoAo
- P P P J



MéEBodoL pETpnonc udATIVNG KATAOTAONC

McGarvey et al., 2008

L e

Movo éoa amoBdailovtal XaunAo Mukpog MeyaAn EUkoho
Alparog XounAo Mukpog Métpla EUkoAo
XaunAo MKpOg Mukpn EUkoAo

Aev yvwpiloupe

Movo 6oa artoBaA\ovrat XopunAo Mukpog MeydAn Eukolo




Sensor measures glucose from
interstitial fluid

Bluetooth

'~ glucose
analyser

Sensor _

@
sensor glicose ————0 0 0 ool

intersttal glucose

mysportscience

&3 @joukendrup

W mysporlscience.com

skin

Inferstitil
flid

Blood glucose versus sensor 90

. . mysportscience
glucose: what is the difference?
a @jeukendrup
Blood glucose W MYSpOrtscience.com
Glucose
Concentration
in blood
Sensor glucose is
precise with a time lag

Sensor glucose  (F\
Glucose N
Concentration in

interstitial space




Very good Good Fair Light Dehydrated Very Severe
Dehydrated Dehydrated Dehydrated

Are You Hydrated?




Risk factors of

uscle crm ., scionce 1o Optimise Ferformance O I p D.I.Kég Kpd u nag

=} \
i :
V.

Sev oxeriCovral povo
ME TOLG NAEKTPOADLTES

Doing a
new
activity

Hot and humid
conditions

MuikdC APLSEATWON
— KAUATOG

Prevention and treatment of muscle
cramps

www.mysportscience.com

Muscle cramp treatment

0 streten R ovicence loopporia
for electrolytes . '
© wassage and pickle juice. |_|Ep| [5(])\)\OV I’])\ﬁKTpO)\UT(DV

e Reduce exercise intensity

Training
o Nutrition /conditioning by
« Electrolytes ? far the most
« Fluids important way to
prevent muscle

« Pickle juice ?
cramps




EMUTOAQGHOG MUTKWV KPAUTTWYV IOV oXeTi{ovTol

HE tnv acknon (EAMC) o aBAntéc

howa | Noooowoennohaouos | Bghovpadis

14% Hoffman & Stuempfle., (2015)
18% Navarro et al., (2020)
23%

Schwellnus et al., (2011)
23%

Kao et al., (2015)
41% Schwellnus et al., (2011)
60% Schwellnus et al., (2008)

30-53% Greenwood et al., (2003)

Maddali et al.,(1998)



—




Avakepalaioon
Evodarwong

AvamTulte oxedIo yia TNV
KATAVAAWON WE PACN TIC AAAQYEC
OWPATIKOL BAPOULG YIa va
EAQXIOTOTIOINCETE TNV ATTWAEIQ
BAapoug o€ ~ £ 2% CWUATIKOL
Bapoug

To vATPIO Eival oNUAVTIKO YIA TN
oLYKEATNON KAl TN SIavoun TV
LYPWV OTO CWHPA

EvuSaTtwon PeTA atmo ATTAEID
LYEOL PE VATPIO TA/KINO
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