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Ketones in exercise, training and
rehabilitation

Prof. Dr. Chiel Poffe
Exercise and muscle physiology
Rehabilitation Research Center
UHasselt (Belgium)




Why ketones during exercise & training? (in 2014)

Energy
substrate

“The fourth fuel”

(1) Evans, E. et al. Am. J. Physiol. Endocrinol. Metab. 324, E56—-E61 (2023)
(2) Poffé, C. et al. J. Physiol. 12, 2345-2358 (2023)
(3) Robberechts, R. et al. J. Appl. Physiol. 449-460 (2022)

Ketosis

Signalling
molecule

Erythropoiesis @
Angiogenesis @

Sympathetic activity @
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Ketones: a “superfuel” for athletes?

Sparing other energy sources
(e.g., muscle glycogen)

Free fatty acids

Higher “metabolic efficiency” ()

Saraflogou et al. (2017)
(1) Sato et al., FASEB (1995)

Energy
production
Control, n = 8 Insulin,*n « 5 Ketones, ' n = 5
Hydraulic work, J+min™' - g wet wt™! 0.30 + 0.01 0.3¢4 + 0.017 0.37 £ 0.01¢
O; consumption, gmol: min™'+ g wet wt™! 6.5 ¢ 0.1 56 + 0.1¢ Bl 0
Cardiac efficiency, % 10.5 + 0.3 13.4 + 0.6° 13.0 + 0.2
Insulin: 100 nm.

‘Data are means ¢ SE. Control = 10 mM glucose perfusion.
P < 0.05 compared to control, determined using the Mann-Whitney U test.

+24%

Ketones and insulin, n « 5

0.32 ¢+ 0.01
¢

I 143 &+ 1.3¢ I

Ketone bodies: 4 mm D-8-hydroxybutyrate + | mm

+36%
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Endogenous ketosis not suitable for most athletes

Fat oxidation (g.min")

Burke et al., J Physiol (2017)
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HCHO K-LCHF
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38 =

-6%

|

36

] Race 1
Bl Race 2

A Race1:
Mean
[90°6CI]

HCHO

190 s faster -
[114-266 s]

Faster

LCHF

23 s slower
[162 s Faster
-208 s Slower]

For each mole O, 6% more ATP with CHO vs. FAT
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Endogenous ketosis not suitable for most athletes

Ruben Robberechts, PhD thesis (2024)

NEGATIVE EFFECTS

Training capacity | Fat oxidation T

Muscle & liver glycogen content { —_ Ketone bodies 1

Exercise capacity > 70 % VO.max | —

‘ Intramyocellular triglycerides 1
Carbohydrate oxidation { '
Fat mobilisation & transport 1
Perceived effort 1 T >
Well-being { Weight loss T
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Fake ‘keto’ supplements

@] (3 https://www.bing.com/images/search?q=ketone+supplements&form=HDRSC3&first="18&tsc=ImageBasicHover

‘ xc' ) BHB E 2 Ketone Keto Supplement Raspberry Ketone
=) Ketones Powder i =W Ketones v il

KE
TO

MCT OIL POWDER

Pills

S Keto BHB Exogenous “‘. ™. Keto Diet Ketone
>/ Capsules Ketone Supplements g Supplements Products

6 = Not syncing 3

RUTRA

Raspberry
Ketones

ETO PILL SCAM
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Ketone supplements
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0- T T | T
MC T-ail (R)-1,3-butanediol Ketone KME BH-BD BD-AcAc
(2Bg) (3 x 11.5q) salt (~20g) (25q) (2 x ~1B.5q)
[61] [62] (~30g) [40] [65] [66]
[40]
Ketone Ketone Mono- Ketone
precursors salts ester di-esters

Ruben Robberechts, PhD thesis (2024) »» |UHASSELT




Blood B-DHB (mM)

| LCHF MEAL

Ketone supplements vs. ketogenic diet

Keto diet

1 Normal diet

8:00 1200 4L, 18:00 24:00 7:00
g
KE

Time
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How to use ketones to improve performance?

During exercise

> to improve
endurance exercise performance
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KE improved cycling time-trial performance

UNIVERSITY OF

A Protocol visits and study design
B Randomised order

% KCal

[[]Dextrose E_ <. =
[l Fructose 3 o—" 2| S« |2
- ' C - L- X | =~
[ Maktodextrin CHOdrink |8 [ " | = 0
B Ketone =S I week
e e~
] Drink ingestion: 0
o iy, LRESI60 MIn @ 75% L™ 30°TT|
k= | AL | B 1B 1 1
Time (min) Baseiine 02510 25 45 60 90

Cox et al., Cell Metabolism (2016)

Distance (m)
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free—
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Mechanism: glycogen sparing + extra energy source

Pre-exercise
NS

PAS stain composition (%)

CHO

Dearlove et al., MSSE (2020)

KE + CHO

PAS stain composition (%)

100
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Post-exercise

p<0.05

CHO

KE + CHO

% of Oxygen consumption

100%

90% -

80%
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20%

10% -

0%

<5%
' | '
o - Ketone
17%
Fat
Carbohydrate
78%
65%
40% 75%

Exercise intensity (% Wp..)

»» | UHASSELT




Glycogen sparing in simulated cycling race?

RACE
® Muscle biopsy ) !
V Blood sampling {_ {_
f”] KE or CON supplementation O'O {_ SO Qt
rin
D Recovery drink ]
IMT, g — 6 x 30 min

90

®
|

CHO 60g/h
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No glycogen sparing effect

Muscle glycogen
(mmol.kg'1 wWW)

: —
I CON 5 § 150- r=0.58:p <0.05
- )
_|_ B KE =D
O =
8 S 100+
S E
# # <
T # # 8 g
'|' > = 50-
o=
_—
o 2
S =
| | 1 sS3 0 T T 1
Pre-ex End IMT180I End TT15' 0 1 2 3

Mean [BHB] during IMT g (MM)

»» | UHASSELT




No performance effect

Sprint

15-min TT
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Carbohydrates negate the KE-induced increase In
exercise efficiency

240+
++ -- CHO Time, P<0.001
-2 CHO+KE Condition, P=0.006
Interaction, P=0.933
230 = -+ KE
T
E 220-
— . t
& E LN _
3F 2101 | TR [
-g’ ioj [ 14 \»\ ] —. -
g Bl P < 0.05
& ' = ki KE vs. CHO
190+ G 1 | {
180 )
0- T T

1 1 | |
10km-h’ 11 km-h’ 12km-h" 13km-h”’ 14 km-h’

Brady & Egan, MSSE (2023) E UHASSELT




Blood D-RHB (mM)
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Poffé et al., JAP (2020)

No effect
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Blood D-BHB (mM)

1. 1 T T 1T 1 T T 1
-60 -30 0 30 60 90 120150180200

Time (min)

Poffé et al., MSSE (2021)

No effect

SPRINT

Time (min)

Poffé et al., MSSE (2021)

-1.5% (30 min TT)
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No (positive) performance effect
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Poffe et al., AJP (2021)

No effect
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Stalmans et al., unpublished Robberechts et al., JAP (2022)
-3.5% (30 Min TT) No effect
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Should you take ketones during exercise?

15s 20 min 60 min 3h+15minTT

Evans et al., MSSE (2018) Leckey et al., Front Physiol (2017) Poffé et al., J Appl Physiol (2020)
Waldman et al., Appl Physiol Poffé et al., MSSE (2020) Poffé et al., MSSE (2021)
Nutr Metab (2018) McCarthy et al., Int J Sport Nutr Exerc Metab Robberechts et al., J Appl Physiol (2022)
(2023)

When CHO intake is adequate >> | UHASSELT




Should you take ketones during exercise?

15s 20 min 60 min 3h+15minTT
3 CON
A * B +  EE KE
7 5009 § 2 350
% 4507 ﬂ E 300 é_‘
100km ultrarun £ 00 2 250
ﬁ %E‘l"ﬂ' %Ezno—
250 KE/h vs. placebo g :: : :: '
2ol 2 oL

I
Pretest Posttest Pretest Posttest

Poffé et al., J Appl Physiol (2023) ‘ | 2 I UHASSELT ‘




KE attenuates oxygen desaturation during hypoxic exercise

B
-o- CON
- KE
<
0
> g - >
g 3000 2
3 A= e e v e n e v e e 0o oo . . | . . . 1000 =
= ) T 3
20 0 30 60 90 120 150 180 120 0 30 60 90 120 150 180
Time (min) Time (min)

Poffé et al., AJP — Physiol Regul Integr Comp (2021) ‘ | 2 | UHASSELT ‘




o) Headache
Nausea
2500m : ~25% of individuals
—
4000m: ~50% of individuals
Dizziness
Acute Mountain :
| Sickness -
i (AMS) : S :
S Fatigue
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n=14
000

Mww > 18-35 years old, male
Cross-over design

4500 m

@© 4000 m

S

>

L

O{B (ﬁ O{b Oﬁgo Ketone ester (KE) / placebo (CON) (gi%g/h) O“QO?.)
Sleep |

Oh 29h

Stalmans et al., J. Appl. Physiol. (2024) ‘ > ‘ UHASSELT \




KE Increases hypoxic tolerance

CON

AMS sensitive participants: +99% KE
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KE attenuates arterial, cerebral and SkM oxygen desaturation

« CON
v&\ &« KE
*
*
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— T mitochondrial oxygen efficiency?
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How to use ketones to improve performance?

GIRODITALIA.IT ?’;”ic-'

e Low training status
* Ageing
A « Prolonged moderate exercise
* Low-CHO diet
« Low CHO intake pre-exercise
« Low liver glycogen
A

v

= Post-exercise alanine intake
s 2 hr post-exercise glucose intake
+ High CHO-intake before exercise

[Blood ketone body]
y )

Post-exercise recovery

Time g After exercise
to improve
training adaptation and recovery

Rest Exercise

Poffé & Robberechts, AJP (2024) »» | UHASSELT




Ketone ester as a recovery drink during a ‘Tour de France’

Day1l Day2 Day3 Day 4 Day5 Day6 Day7
70 min 30 min 70 min 30 min 70 min
o g IMT Rest HIT IMT HIT IMT Test Wk1
v 100/55% 100/55% 100/55%
7]
g 60 min 60 min 60 min 60 min 60 min
E Rest Rest ET ET ET ET ET
70% 70% 70% 70% 77.5%
70 min 30 min 70 min 30 min 70 min
~ g IMT Rest HIIT IMT HIT IMT Test Wk2
> 100/65% 105/65% 110/80%
7]
g 90 min 60 min 90 min 60 min 90 min
E Rest Rest ET ET ET ET ET
77.5% 85% 80% 90% 85%
120 min 70 min 120 min 70 min 70 min Postiest
" g HIIT & ET Rest IMT ET-TT30mi, IMT IMT S
< 85% 110/80% 85% - 30’ all-out 110/80% 110/85% €s
7]
§ 90 min 120 min 150 min
E Rest Rest ET Rest ET HIT & ET Rest
90% 95% 92.5%

Poffé et al., J Physiol (2019)

+ 259 KE/PL doses

2-3 * daily
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Total work output (kJ)

15000+

10000+

5000+

KE increased sustained training workload
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- Training workload
-30minTT
- 120 min training + 30 Min TT
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KE stimulated spontaneous energy intake

Energy intake (kJ/day)

mm KE
1 CON

19000- #

17000+

15000+

13000\

1

b
)

Q
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KE suppressed heart rate drop

e KE
O CON
Resting HR Submax HR Peak HR Nocturnal noradrenalin excretion
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KE increased skeletal muscle capillarization

e KE
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Poffé et al., J Physiol (2023) »»> | UHASSELT




EPO effect additive to altitude?

n=15
-5 ¥ 13 male < 2 female
m - -
Cross-over design

I\ICON - NKIQ - HCON - HKIQ

‘d
O% Training } Venous blood sample

e 8
O%E) Time trial J Muscle biopsy

@ Rustmetingen v Supplement (PL/KIQ) Ig

Normoxia / Hypoxia (3,000 m)

So_

>

-2 -1 0




KIQ improved EPO response to altitude

5 Ncon
15- — Nkia
) Hcon
S
= 10- o Hkia
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KE does not improve hemoglobin mass

N=18 healthy male & female volunteers

..-

5 days/week at sea-level (~9h/week)
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Near Infrared

Spectroscopy
Vascular occlusion : f\v._,
protocol

-20 —

-30 -

-40

Tissue oxygenation index (%)
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e
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Baseline TOI (%)

Minimal TOI (%)

Occlusion Reperfusion

Increased oxygen
extraction capacity
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KE during ‘normal training’

N=28 well-trained cyclists & triathletes

s CON
» KE
15000 -
)
o 2
6 days/week: ~8 training sessions/week £ 10000+ g - ;g
3 (~10h training/week) s ‘—% 'i ” ;% :
— ey L]
£ S 5unu-§ 4 il $ e’
—_ =] L] 2 A
lg _E @ " ‘.
| | _
0 I I I | | | I 1
w1 |[ w2 |[[w3 [[wa [[ws |[ we |[ w7 |[ ws Wi W2 W3 W4 W5 W6 W7 W8

_ + no differences In
2 to 3x/day: 259 KE/PL energy/macronutrient intake
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A mean power output
TT3ﬂI‘I1II"| vs. PRE

KE Iincreases endurance performance & VO,max
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KE increases mitochondrial content/oxidative potential
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Clinical potential?

£
n =24 Unilateral immobilization Unilateral retraining (3x/week)
) 5 4-6x12 reps @65% of 1RM ‘
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
y 1 ; El2 3x 20g ketone monoester/day
n=12 3x isocaloric placebo/day (MCT
cON p y (MCT)
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KE 1 muscle volume & torque during rehabilitation
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My ofibrillar FSR
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KE 1 muscle protein synthesis =y
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KE 1 engineered ligament function

A MTL (N)
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Conclusion

No acute effect on exercise
performance

Sleep

Cognition
EPO release @ @ Muscle angiogenesis

Total hemoglobin mass @
' @ Muscle protein synthesis

€. ) Mitochondrial mass & function

Oxidative stress

Muscle protein breakdown

Glycogen resynthesis

Inflammation @

Clinical potential!
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