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0 Abstract

Introduction and Objective. Restrictive diets are growing in
popularity as more athletes attempt to improve their physical
performance. One such diet that has recently attracted interest
is the ketogenic diet, which drastically restricts carbohydrate
intake to fewer than 20g per day. The primary objective of
this diet is to induce a metabolic state called ketosis, which
results in the production of ketone bodies and allows the body
to primarily rely on fat as a source of energy. The purpose of
this study was to investigate the effects of a ketogenic diet on
athletic performance.

Brief description of the state of knowledge. The reported
reduction in body weight and body fat remained unaffected
by weightlifting performance. Maximal aerobic performance
remained unaltered. Running performance over 5 km and
endurance during CrossFit training showed no significant
differences. During the Wingate test, the ketogenic diet
decreased average and peak power by 6% and 7%, respectively.
The total distance run in the yo-yo intermittent recovery test
was 15% less after the ketogenic diet.

Summary. According to a review of studies, there is no
conclusive evidence that a ketogenic diet improves athletic
performance. Despite the fact that this diet can aid in weight
loss in weight-class sports, it can have a negative impact on
performance in activities requiring high levels of sustained
effort. There is no conclusive evidence that following a keto-
genic diet leads to significant improvements in athletic
performance.
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I Streszczenie

Wprowadzenie i cel pracy. Coraz wiecej sportowcédw decy-
duje sie na stosowanie restrykcyjnych diet w celu poprawy
swojej wydolnosci fizycznej. Zauwaza sie wzrastajace zainte-
resowanie dietg ketogeniczng, ktéra polega na ograniczeniu
spozycia weglowodandw do wartosci ponizej 20 g dziennie.
Celem diety jest uzyskanie stanu metabolicznego zwanego
ketoza, w wyniku ktérego wytwarzane sg ciata ketonowe, co
pozwala na zwiekszone wykorzystanie ttuszczéw jako Zrédta
energii. Celem pracy byta ocena wptywu diety ketogenicznej
na wydajnos¢ sportowa.

Opis stanu wiedzy. Dieta ketogeniczna nie wptyneta na
poprawe sity miesni ani wydajnosci wytrzymatosciowej. Odno-
towana redukcja masy ciata i tkanki ttuszczowej pozostata bez
wptywu na mozliwosci w zakresie podnoszenia ciezaréw. ROw-
niez maksymalna wydajnos$¢ aerobowa nie ulegta zmianie. Nie
zaobserwowano znaczacych réznic w wydajnosci biegowej na
dystansie 5 km ani na sprawnos¢ fizyczng podczas treningu
CrossFit. Dieta ketogeniczna zmniejszyta moc szczytowg o 7%
i moc $rednig 0 6% podczas testu Wingate. Catkowity dystans
przebiegniety w tescie przerywanej wytrzymatosci Yo-Yo byt
0 15% mniejszy po zastosowaniu diety ketogenicznej.
Podsumowanie. Analiza badan sugeruje brak jednoznacz-
nych dowodéw na korzystny wptyw diety ketogenicznej na
wydajnos¢ sportowa. Choc dieta ta moze poméc w redukgji
masy ciata w sportach klasy wagowej, to w sportach wyma-
gajacych wysokiej intensywnosci i dtugotrwatego wysitku
moze negatywnie wptywac na wydajnosc. Nie wykazano,
iz zastosowanie diety ketogenicznej prowadzi do istotnej
poprawy wynikéw sportowych.

Stowa kluczowe
dieta ketogeniczna, wydajnos¢ sportowa
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INTRODUCTION

The concept of ‘sports performance’ is very broad and
ambiguous. In the simplest terms, sports performance can
be categorized in terms of intensity, duration and frequency
of activity. At one end of the spectrum are events that require
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very high intensity of effort over a short period of time, such
as Olympic weightlifting, endurance events, like marathons
(26.2 miles), ultramarathons (50+ miles) and multi-stage
competitions, such as the Tour de France, which take place
over several days or weeks. Each sport is characterized by
different dynamics and varying durations. For example,
even in ‘ordinary’ racing sports, an athlete’s baseline muscle
strength cannot be static, as conditions during competition
(whether environmental or related to other athletes) force the
use of varying levels of intensity to complete a sprint, chase
a fleeing competitor or defend against an attack.

Moreover, field sports, such as soccer and rugby, are not
only characterized by alternating periods of low, moderate,
and high intensity activity, but also require the athlete’s ability
to keep his or her mind sharp, quickly analyze a wide range
of inputs, and make correct tactical or strategic decisions.
Additionally, the complexity of the athlete’s decision-making
process, strategy, coach’s suggestions, etc. must be taken
into account. Therefore, caution should be exercised when
generalizing any conclusions from studies conducted under
laboratory conditions to real-world conditions of sports
competitions [1].

Recently, there has been growing interest in alternative
diets that allow athletes to achieve an optimal body shape
while maintaining or even improving their physical fitness
and athletic performance [2]. More and more athletes are
opting for energy-reduced or macronutrient-restricted diets
to improve their physical performance [3]. Examples of such
dietary strategies successfully employed by athletes include
restricting energy intake by increasing protein suppl, and
introducing intermittent fasting — a time-restricted diet
during which food intake is limited to a few hours per day.
Another form of dietary restriction that has become popular
among athletes is a diet very low in carbohydrates - the
ketogenic diet [4-8].

The ketogenic diet is a nutritional approach to drastically
reduce carbohydrate intake while increasing fat intake and
including an adequate amount of protein, so that the body
primarily uses fat as an energy source. Due to the relative
glucose deficiency resulting from limiting carbohydrate
intake to less than 20 grams or 5% of total daily energy
intake, the body begins to produce ketone bodies: acetone,
acetoacetate (AcAc) and beta-hydroxybutyrate (BHB). This
leads to a metabolic state called ketosis [9, 10]. The ketogenic
diet was originally developed to reduce the incidence of
seizures in epilepsy. The origins of the ketogenic diet came
from reports that excessively high levels of ketone bodies,
called ketosis, reduced the incidence of epileptic seizures, and
has now also found use in the treatment of obesity, polycystic
ovary syndrome, cancer, diabetes, and to increase physical
performance in athletes [11, 12].

Restricting carbohydrate intake can contribute to
a decrease in muscle glycogen content, resulting in greater
fat oxidation [13, 14]. After adapting to a ketogenic diet,
the body uses fat as its main source of energy. Since lipids
are a macronutrient much more abundant in energy than
carbohydrates, they theoretically provide energy for a longer
period of time [15]. The ketogenic diet may exert its adaptive
effects on the body through a molecular mechanism of
regulating cellular signal transduction. Activation of this
signalling pathway can lead to increased physical and motor
performance through mitochondrial biogenesis, capillary
thinning, and regenerative processes, especially efficient

utilization of energy substrates from fat [16-18]. Additionally,
studies have shown that a ketogenic diet can reduce lactate
accumulation after exercise, contributing to better muscle
recovery. This evidence suggests that increasing the use of
fat as an energy source through a state of ketosis may benefit
athletes [19, 20].

The aim of this study was to investigate the effects of
a ketogenic diet on athletic performance.
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Figure 1. A study of the issues surrounding the effects of long-term adaptation to
alow-carbohydrate high-fat ketogenic diet (K-LCHF) on carbohydrate metabolism
(CHO) [21].

A - carbohydrate oxidation rates (g min-1) before, during and after 3 h of treadmill
running at 65% peak aerobic capacity in ultra-endurance athletes accustomed to
a K-LCHF diet > 9 months. B — muscle glycogen content (mmol kg wet weight-1)
in ultra-endurance runners following a K-LCHF or high carbohydrate availability
(HCHO) diet is measured before and after training. Additionally, HCHO levels are
assessed before and after 3 h of treadmill running and after 2 h of post-exercise
recovery. C — muscle glycogen storage rates during 2 h of recovery in HCHO-
adapted ultra-endurance runners (Volek et al. 2016) are compared with a literature
summary of average glycogen storage rates in trained individuals during 2-6 h
of post-exercise recovery.

METHOD AND MATERIALS

The PubMed database was analyzed. Articles were searched
in English using the following key words: ‘ketogenic diet’,
‘sports performance’. Scientific articles published in the last
five years (2018-2022) were included in the search.

RESULTS

Muscle strength parameters. Muscle strength parameters
were assessed based on the maximum weight lifted during
bench pressing, pulling the bar to the cage with an overhand
grip, and bench pressing with both feet on the machine. The
cyclic ketogenic diet did not impact any of these parameters
[2]. Although the ketogenic diet contributed to weight loss
and body fat reduction, it had no effect on weightlifting
performance [22].

Spiroergometric parameters. The results of the study showed
a reduction in gas exchange ratio in subjects who followed
a cyclic ketogenic diet. None of the other spiroergometric
parameters changed significantly [2].

Maximum aerobic capacity. The study results revealed no
significant differences in peak oxygen uptake (VO2max),
time required to reach exhaustion (Texh), or maximum
workload (Wmax) when men consuming a ketogenic diet
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[23,24]. In contrast, women showed a significant reduction in
VO2max by 10.4 after following a ketogenic diet. Additionally,
maximum heart rate (HRmax) was significantly higher in
both genders [24]. The ketogenic diet led to a 10% lower peak
and mean respiratory exchange ratio (RER) [23].

5 km running performance. No significant differences were
observed in running performance over a 5-km distance
following the ketogenic diet. Initially, there was a significant
average decrease in performance, but subsequent trials
showed improvement [23].

Assessment of physical fitness specific to CrossFit
training. No significant differences were observed in
physical performance during CrossFit training following
the ketogenic diet. The results of the Fight Gone Bad test
showed no significant differences in individual rounds or
overall performance after analyzing three rounds. Notably,
the number of repetitions of box jumps was higher after
consuming the ketogenic diet in round two. Additionally,
in women the ketogenic diet led to increased repetitions in
rounds two and three, as well as a higher total number of
box jumps across all rounds [24].
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Figure 2. Total scores on the Fight Gone Bad (FGB) test.

Values expressed as mean (black fill) + standard deviation and raw data (white fill).
+ —females; O - males; A - data were analyzed using one-way analysis of variance
(repeated-measures). Statistical significance - p < 0.05 [24].

Anaerobic capacity test Wingate. The Wingate test,
commonly used to assess high-intensity exercise
performance, involves a 30-second ride ‘at full speed’ on
a cycling ergometer. The primary outcomes are peak power
and average power. Peak power represents the highest power
achieved in any five-second period, typically occurring in the
initial five seconds, while average power reflects the mean
power recorded throughout the entire test [25]. According
to the study, after following ketogenic diet, peak power was
7% lower compared to the power achieved after a high-
carbohydrate diet. The average 30-second power was 4%
lower during the low-carbohydrate trial, and total work was
6% lower in the ketogenic trial [26].

Intermittent Yo-Yo endurance test. The Yo-Yo intermittent
endurance test is a commonly used tool to assess the physical
performance of soccer players. It involves acceleration and

deceleration phases interspersed with rest. By incorporating
progressive speeds and repeated shuttle runs, the test
facilitates intermittent exercise, maximizing activation of
the aerobic system and evaluating the body’s ability to recover
from repeated exertion, primarily utilizing the anaerobic
system [27]. According to the study, the average total distance
run during the Yo-Yo intermittent recovery test was 15%
shorter after following a ketogenic diet [26].

SUMMARY

Analysis of the study suggests a lack of conclusive evidence
for the beneficial effects of a ketogenic diet on athletic
performance. It was noted that there was no effect on
improving muscle strength or endurance performance.
Instead, weight loss and body fat reduction were observed,
with no effect on weightlifting performance. The implication
is that athletes should consider using a ketogenic diet to
achieve the intended weight reduction in weight class sports.

The results of the study showed a reduction in gas exchange
ratio in subjects who followed a cyclic ketogenic diet. There
were no significant differences in peak oxygen uptake
(VO2max), time required to reach exhaustion (Texh), or
maximum workload (Wmax) when consuming a ketogenic
diet in men. However, a significant reduction in VO2max of
10.4 was observed in women after consuming the ketogenic
diet. Peak and mean respiratory exchange ratio (RER) were
10% lower after the ketogenic diet.

There were no significant differences in 5-km running
performance after application of the ketogenic diet. Initially,
an average significant decrease in the score was shown;
however, this improved in subsequent trials. Use of the
ketogenic diet had a rather small effect on aerobic capacity,
as determined by measuring cardiorespiratory indices, and
had no significant effect on fitness during CrossFit training.

The low-carbohydrate diet reduced exercise performance,
as evidenced by 7% lower peak power, 4% lower average
power, and 6% lower work performed during the 30-second
Wingate cycling test. In addition, performance during the
field test designed to mimic intermittent anaerobic exercise
loads in team sports such as soccer, was reduced by 15% after
the ketogenic diet.

In summary, the ketogenic diet did not show any significant
improvements in athletic performance.

REFERENCES

1.Kaspar MB, Austin K, Huecker M, Sarav M. Ketogenic Diet: from
the Historical Records to Use in Elite Athletes. Curr Nutr Rep. 2019
Dec;8(4):340-346. doi:10.1007/s13668-019-00294-0. PMID: 31713719

2.Kysel P, Haluzikova D, Dolezalova RP, Lankova I, Lacinovéd Z, Kasperova
BJ, Trnovska J, Hradkova V, Mraz M, Vilikus Z, Haluzik M. The Influence
of Cyclical Ketogenic Reduction Diet vs. Nutritionally Balanced
Reduction Diet on Body Composition, Strength, and Endurance
Performance in Healthy Young Males: A Randomized Controlled Trial.
Nutrients. 2020 Sep 16;12(9):2832. d0i:10.3390/nu12092832. PMID:
32947920; PMCID: PMC7551961

3.Thomas DT, Erdman KA, Burke LM. Position of the Academy of
Nutrition and Dietetics, Dietitians of Canada, and the American College
of Sports Medicine: Nutrition and Athletic Performance. ] Acad Nutr
Diet. 2016 Mar;116(3):501-528. doi:10.1016/j.jand.2015.12.006. Erratum
in: ] Acad Nutr Diet. 2017 Jan;117(1):146. PMID: 26920240

4.Garthe I, Raastad T, Refsnes PE, Koivisto A, Sundgot-Borgen J. Effect
of two different weight-loss rates on body composition and strength



102

Medycyna Srodowiskowa - Environmental Medicine 2023, Tom 26, Nr 3-4

Anna Martyka, Nina Taborska, Martyna Kubicka-Figiel. The power of ketogenic diet in physical performance - review of the latest research

and power-related performance in elite athletes. Int ] Sport Nutr Exerc
Metab. 2011 Apr;21(2):97-104. doi:10.1123/ijsnem.21.2.97. PMID:
21558571
5.Phillips SM. A brief review of higher dietary protein diets in weight loss:
afocus on athletes. Sports Med. 2014 Nov;44 Suppl 2(Suppl 2):5149-53.
doi:10.1007/s40279-014-0254-y. PMID: 25355188; PMCID: PMC4213385
6.Helms ER, Zinn C, Rowlands DS, Naidoo R, Cronin J. High-protein,
low-fat, short-term diet results in less stress and fatigue than moderate-
protein moderate-fat diet during weight loss in male weightlifters: a pilot
study. Int ] Sport Nutr Exerc Metab. 2015 Apr;25(2):163-70. doi:10.1123/
ijsnem.2014-0056. Epub 2014 Jul 14. PMID: 25028958
7.Tinsley GM, Forsse JS, Butler NK, Paoli A, Bane AA, La Bounty PM,
Morgan GB, Grandjean PW. Time-restricted feeding in young men
performing resistance training: A randomized controlled trial. Eur J
Sport Sci. 2017 Mar;17(2):200-207. doi:10.1080/17461391.2016.122317
3. Epub 2016 Aug 22. PMID: 27550719
8.Moro T, Tinsley G, Bianco A, Marcolin G, Pacelli QF, Battaglia G,
Palma A, Gentil P, Neri M, Paoli A. Effects of eight weeks of time-
restricted feeding (16/8) on basal metabolism, maximal strength,
body composition, inflammation, and cardiovascular risk factors
in resistance-trained males. ] Transl Med. 2016 Oct 13;14(1):290.
doi:10.1186/512967-016-1044-0. PMID: 27737674; PMCID: PMC5064803
9.Phinney SD, Bistrian BR, Evans W], Gervino E, Blackburn GL.
The human metabolic response to chronic ketosis without caloric
restriction: preservation of submaximal exercise capability with
reduced carbohydrate oxidation. Metabolism. 1983 Aug;32(8):769-76.
doi:10.1016/0026-0495(83)90106-3. PMID: 6865776
10.Evans M, Cogan KE, Egan B. Metabolism of ketone bodies during
exercise and training: physiological basis for exogenous supplementation.
J Physiol. 2017 May 1;595(9):2857-2871. d0i:10.1113/JP273185. Epub 2016
Dec 7. PMID: 27861911; PMCID: PMC5407977
11.Martin K, Jackson CF, Levy RG, Cooper PN. Ketogenic diet and other
dietary treatments for epilepsy. Cochrane Database Syst Rev. 2016
Feb 9;2:CD001903. doi:10.1002/14651858.CD001903.pub3. Update
in: Cochrane Database Syst Rev. 2018 Nov 07;11:CD001903. PMID:
26859528
12.Paoli A, Bianco A, Grimaldi KA. The Ketogenic Diet and Sport:
A Possible Marriage? Exerc Sport Sci Rev. 2015 Jul;43(3):153-62.
doi:10.1249/JES.0000000000000050. PMID: 25906427
13.Starling RD, Trappe TA, Parcell AC, Kerr CG, Fink W], Costill DL.
Effects of diet on muscle triglyceride and endurance performance. ] Appl
Physiol. (1985). 1997 Apr;82(4):1185-9. doi: 10.1152/jappl.1997.82.4.1185.
PMID: 9104855
14. Pitsiladis YP, Maughan R]. The effects of exercise and diet manipulation
on the capacity to perform prolonged exercise in the heat and in the
cold in trained humans. J Physiol. 1999 Jun 15;517 (Pt 3)(Pt 3):919-
30. do0i:10.1111/j.1469-7793.1999.0919s.x. PMID: 10358130; PMCID:
PMC2269386
15.Volek JS, Noakes T, Phinney SD. Rethinking fat as a fuel for endurance
exercise. Eur J Sport Sci. 2015;15(1):13-20. doi:10.1080/17461391.2014.
959564. Epub 2014 Oct 2. PMID: 25275931
16. Grabacka M, Pierzchalska M, Reiss K. Peroxisome proliferator activated
receptor a ligands as anticancer drugs targeting mitochondrial

metabolism. Curr Pharm Biotechnol. 2013;14(3):342-56. doi:10.2174/
1389201011314030009. PMID: 21133850; PMCID: PMC3631438

17.Draznin B, Wang C, Adochio R, Leitner JW, Cornier MA. Effect of
dietary macronutrient composition on AMPK and SIRT1 expression and
activity in human skeletal muscle. Horm Metab Res. 2012 Sep;44(9):650-
5. d0i:10.1055/s-0032-1312656. Epub 2012 Jun 6. PMID: 22674476

18. McCarty MF, DiNicolantonio J], O’Keefe JH. Ketosis may promote brain
macroautophagy by activating Sirtl and hypoxia-inducible factor-1.
Med Hypotheses. 2015 Nov;85(5):631-9. d0i:10.1016/j.mehy.2015.08.002.
Epub 2015 Aug 10. PMID: 26306884

19.Carr AJ, Sharma AP, Ross ML, Welvaert M, Slater GJ, Burke LM. Chronic
Ketogenic Low Carbohydrate High Fat Diet Has Minimal Effects on
Acid-Base Status in Elite Athletes. Nutrients. 2018 Feb 18;10(2):236.
d0i:10.3390/nu10020236. PMID: 29463034; PMCID: PMC5852812

20.Ma S, Huang Q, Tominaga T, Liu C, Suzuki K. An 8-Week Ketogenic Diet
Alternated Interleukin-6, Ketolytic and Lipolytic Gene Expression, and
Enhanced Exercise Capacity in Mice. Nutrients. 2018 Nov 7;10(11):1696.
d0i:10.3390/nu10111696. PMID: 30405021; PMCID: PMC6266160

21.Burke LM. Ketogenic low-CHO, high-fat diet: the future of elite
endurance sport? J Physiol. 2021 Feb;599(3):819-843. doi:10.1113/
JP278928. Epub 2020 Jun 10. PMID: 32358802; PMCID: PMC7891323

22.Greene DA, Varley BJ, Hartwig TB, Chapman P, Rigney M.
A Low-Carbohydrate Ketogenic Diet Reduces Body Mass Without
Compromising Performance in Powerlifting and Olympic Weightlifting
Athletes. ] Strength Cond Res. 2018 Dec;32(1 2):3373-3382. doi:10.1519/
JSC.0000000000002904. PMID: 30335720

23.Prins PJ, Noakes TD, Welton GL, Haley S], Esbenshade NJ, Atwell
AD, Scott KE, Abraham J, Raabe AS, Buxton JD, Ault DL. High Rates
of Fat Oxidation Induced by a Low-Carbohydrate, High-Fat Diet, Do
Not Impair 5-km Running Performance in Competitive Recreational
Athletes. ] Sports Sci Med. 2019 Nov 19;18(4):738-750. PMID: 31827359;
PMCID: PMC6873122

24.Durkalec-Michalski K, Nowaczyk PM, Gléwka N, Ziobrowska A,
Podgorski T. Is a Four-Week Ketogenic Diet an Effective Nutritional
Strategy in CrossFit-Trained Female and Male Athletes? Nutrients. 2021
Mar 6;13(3):864. doi:10.3390/nu13030864. PMID: 33800770; PMCID:
PMC8001376

25.Grgic J. Effects of Sodium Bicarbonate Ingestion on Measures of
Wingate Test Performance: A Meta-Analysis. ] Am Nutr Assoc. 2022
Jan;41(1):1-10. doi:10.1080/07315724.2020.1850370. Epub 2020 Dec 14.
PMID: 33314967

26.Wroble KA, Trott MN, Schweitzer GG, Rahman RS, Kelly PV, Weiss
EP. Low-carbohydrate, ketogenic diet impairs anaerobic exercise
performance in exercise-trained women and men: a randomized-
sequence crossover trial. ] Sports Med Phys Fitness. 2019 Apr;59(4):600-
607. doi:10.23736/S0022-4707.18.08318-4. Epub 2018 Apr 4. PMID:
29619799

27.Bangsbo J, Iaia FM, Krustrup P. The Yo-Yo intermittent recovery test:
a useful tool for evaluation of physical performance in intermittent
sports. Sports Med. 2008;38(1):37-51. d0i:10.2165/00007256-200838010-
00004. PMID: 18081366



