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Abstract: (1) Background: The purpose of the current meta-analysis was to investigate any positive
or negative effects of ketogenic diets in athletes and provide an assessment of the size of these effects.
(2) Methods: Databases were used to select relevant studies up to January 2021 regarding the effects of
ketogenic diets in athletes. Inclusion criteria were as follows: data before and after ketogenic diet use,
being randomized controlled trials and presenting ketogenic diets and assessments of ketone status.
Study subjects were required to be professional athletes. Review studies, pilot studies, and studies in
which non-athletes were included were excluded from this meta-analysis. The outcome effect sizes in
these selected studies were calculated by using the standardized mean difference statistic. (3) Results:
Eight studies were selected for this meta-analysis. Athletes who consumed the ketogenic diet had
reduced body fat percentages, respiratory exchange rates, and increased total cholesterol compared
to athletes who did not consume this diet. However, body mass index, cardiorespiratory fitness, heart
rate, HDL cholesterol, glucose level, and insulin level were unaffected by the diet. (4) Conclusions:
Ketogenic diets had a beneficial effect by decreasing body fat percentage, but athletes with high total
cholesterol level need to be monitored when instituting a ketogenic diet. Our study sample size was
limited; therefore, additional studies may be needed to confirm the current findings. Further studies
need to be conducted on changes in LDL cholesterol, HDL cholesterol, total cholesterol and ratio of
LDL to HDL cholesterol.

Keywords: athletes; ketogenic diet; meta-analysis

1. Introduction

Athletes who require weight control for participation in weight category sports or ath-
letes attempting to improve performance are interested in ketogenic diets. A ketogenic diet
consists of a low level of carbohydrates (less than 50 g/day) relative to intakes of calories
and fat [1]. Several ketogenic studies suggested that the beneficial effects of ketogenic diets
included reduced weight; reduced fasting glucose and insulin levels; less exercise-induced
oxidative stress and inflammation; improved cognition and mood; decreased fat oxidation,
and sparing of glycogen stores [2,3]. The reductions in total carbohydrate intake with low
glycemic index diets were also suggested to decrease cardiometabolic risk [4].

Several ketogenic diet studies have been reported in athletes to assess improvement in
submaximal intensity exercise [1,5]. Increased fat oxidation after a ketogenic diet affected
athletic performance [3,5,6]. However, there were several questions on whether or not
the ketogenic diet had any positive or negative influence on athletic body composition,
exercise capacity, and physiological factors. These factors included heart rate, insulin level,
and levels of cholesterols; the effects of ketogenic diets on these factors in athletes were
inconsistent. A previous study reported a negative effect of ketogenic diet on athletic
endurance performance [7]. The reasoning was that alterations in the main energy sources
from carbohydrate to fat oxidation limited glycogen stores, leading to restrictive muscle
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protein accumulations. A previous review study reported no clear benefits of ketogenic
diets on athletic performance. However, some short duration benefits on vigorous intensity
test outcomes were reported [5]. This review study did not calculate the effect sizes of
ketogenic diets on athletic performance.

One main consideration was the effect of ketogenic diets on lipid profiles. Some
previous studies reported decreased total cholesterol, LDL cholesterol, and triglycerides;
other studies did not find changes in those variables after completion of ketogenic di-
ets [2,6,7]. Lipid profile assessments were crucial because increased lipid profiles are
associated with increased risk of cardiometabolic diseases that include heart disease [8],
and the link between lipid markers and heart disease is complex [9]. Additionally, keto-
genic diet influences on athletes” weight, fat level, heart rate, glucose level, and insulin level
needed to be identified. Understanding the effects of ketogenic diet on those outcomes in
an athletic group can help not only to expand aerobic and resistance training in athletes,
but also to address controversial findings including cardiometabolic and physiological
factors and lipid profiles. While levels of physical fitness and exercise need to be controlled
in ketogenic diet studies, limited studies have restricted physical fitness and exercise. A
more heterogeneous pool of subjects including an athletic group will increase understand-
ing on the effects of a ketogenic diet. Therefore, the purpose of this meta-analysis was
to investigate the positive and negative effects of ketogenic diets on body composition;
cardiometabolic factors including respiratory exchange rate; cardiorespiratory fitness and
heart rate; lipid profiles including total cholesterol, LDL cholesterol, and HDL cholesterol;
and physiological factors including glucose and insulin levels by reviewing all relevant
studies. We calculated the size of these effects on athletic performance.

2. Materials and Methods
2.1. Searching Processes to Identify Eligible Studies

EMBASE and MEDLINE databases were used to find relevant studies. All studies
were published in the English language up to October, 2020. Search terms for this meta-
analysis were “athletes” (athletic, sports, players) AND “ketogenic diet” (low carbohydrate
and high fat). All possible combinations of the search terms were used to select relevant
studies. One researcher (J. L.) and one reviewer (H. L.) independently selected relevant
studies based on inclusion and exclusion criteria. Further discussions resolved any dis-
agreements in the selection processes. The citation lists of review studies were screened to
find any relevant studies missed. Inclusion criteria for this meta-analysis were random-
ized control trials that reported outcomes of ketogenic diet use in athletes. Athletes must
have comprised both experimental and control groups. Descriptions of the ketogenic diet
and assessments of ketone status were required. Pilot and review studies and studies
of non-athlete populations were excluded. The Cochrane Collaboration’s Risk of Bias
Tool was used to assess quality and risk of bias [10]. This tool is a seven-domain bias
assessment: random sequence generation, allocation concealment, blinding of participants
and personnel, blinding of outcomes, incomplete outcome data, selective reporting, and
other biases. These domains provided an assessment of bias and overall quality of the
reports. Cut-off points or scores were not indicated in the assessment. Two researchers (J.
L and H. L.) also evaluated the quality and bias independently. Additional discussions
resolved any disagreements.

2.2. Statistical Analysis

Effect sizes of ketogenic diet interventions for athletes were calculated by using the
standardized mean difference statistic, the difference in both treatment and control groups’
means divided by the pooled standard deviation. If there were more than two outcomes,
the effect size was computed. Effect sizes between 0.2 and 0.5 were considered to be small.
A medium effect size was 0.5-0.8 and a large effect size was >0.8. The Q statistic was used
to determined heterogeneity (p = 0.1). If I> was <50%, heterogeneity was absent and a fixed-
effect model was used. If I was >50%, heterogeneity existed and a random-effects model
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Identification

] [Screening

was used. Statistical significance was set at p < 0.05. All analyses were conducted using
Comprehensive Meta-Analysis Version 1.25 software (Biostatic Inc., Englewood, NJ, USA).

3. Results

The selection process for the systematic review and meta-analysis is presented in
Figure 1. Those search terms were used for initial screening, and 540 studies were retrieved
in the initial screening. All titles and abstracts were used to determine the eligibility for
inclusion in the meta-analysis; and 453 studies that were review studies, pilot studies,
protocol studies, or recreationally trained individual studies, and studies that were not
related to ketogenic diets and exercise were excluded. The remaining 87 studies’ full texts
were reviewed to determine eligibility. An additional 80 studies were excluded. These did
not include pre- or post-ketogenic diet outcome data, were not restricted to professional
athlete and control groups, or did not use a standard diet. Therefore, eight studies [11-18]
were selected for the current meta-analysis. The average ketogenic diet was 3 weeks and
ranged from 1 week to 24 weeks. During ketogenic diet use, the athletes participated in
their training. Ketone status was monitored. Aerobic athletes were included in four studies,
and resistance-trained athletes were included in four studies.

Records identified through database searching Additional records identified through other
(n=25201 sources {n=10)

[ Eligibility

Included

Records after duplicatas removed (n =2520)

Fecords screened Records excluded

{n=2520 [n=2452)

A

Eull arsicles azzessed for Full-text articles excluded, with

sligibility > reasens
[n=28) {n=20)

A J

Studies included in quslitative
synthesis (n=8)

¥

Studies included in guantitative

synthesis (meta-znalysis) (n=8)

Figure 1. Selection process for the systematic review and meta-analysis.

Basic characteristics of the selected studies, including name of the first author, year of
publication, country in which the study was conducted, design of the study, sample size,
participants” ages and sports involved, ketogenic diet processes and ketone assessments,
and main outcomes, are presented in Table 1. The quality and bias of risk measured by the
Cochrane Collaboration’s Risk of Bias Tool is presented in Supplementary Table S1. A high
degree of bias was not detected in any of the selected studies. Each common outcome variable
was used to calculate the effect size when the outcome variable was reported in at least two
studies. All outcomes of the selected studies were included to calculate effect size.
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Table 1. Basic Characteristics of selected studies.

Ketogenic Diet including Length, Energy, and

First Author Design, Number of Participants Participants/ Exerc1s.e Compositions/Contorl Group/Assessments of Outcomes
(Year), Country per Group, Age (Years Old) Control Intervention Ketosis
Aerobic exercise
Glucose, lactate, insulin, free fat oxidation,
Randomized controlled trails: . 4 weeks, high intensity 15 days, no restricted calorleos, HFD: total energy .[S—hydroxybutyrate,.pla.sma glucose oxidation,
. . ndurance- . 2. (4334 =+ 3382 kJ), fat (32 + 8%), carbohydrate (48 + ingested glucose oxidation, muscle glycogen
Goedecke, (1999), high fat diet (HFD, n=8,24 + 3 . interval training 10 x 60 s o . S 2. i
! trained male . 10%), protein (14 & 2%), control: 13,210 4 3382 k], oxidation, carnitine acyltransferase (CAD),
South Africa [13] years old) vs. control (CON, n = li cycling intervals & 60 s of P o bohvd N . hvd ] dehvd
8,30 £ 9 years old) cyclists recovery, 3 days/week at (30 &= 8%), carbohydrate (53 & 10%), protein 3-hy rozyacyl-coenzyme a dehydrogenase
’ ! (13 & 3%), blood samples (3-HAD), citrate synthase (CS), glucose
transport-4 (GLUT-4)
4 weeks, high intensit 14 days, high fat (energy 14.00 MJ, carbohydrate:
Lambert (2001), Randomized cross over trails: Endurance- inter l/tr ;gn ine 10 x %O <15%, protein: 20%, fat: >65%), habitual diet (energy =~ Weight, body fat, serum cholesterol, serum high
United Kingdom high fat (HF, n = 8) vs. control (n  trained male c celir‘ia intae rvali &60s 0? 14.3 £ 0.7 MJ, carbohydrate: 52.6 & 5.8, protein: density lipoprotein (HDL) cholesterol, serum
[15] =8), average 22.4 = 1.5 yearold  cyclists yemg 12.8 £ 0.9, fat: 29.9 £ 4.5), 8-hydroxybutyrate triglyceride
recovery, 3 days/week
ketone level
6 months, 2200 kcal/day, isocaloric diets in Carbohydra}tes, fat, protein, calorles{ welght,
. . [ . . Body mass index, HOMA, glucose, insulin,
Randomized cross over trails: keteogenic diet and standard Western diet, ketogeic HbAlc, cholesterol, low density lipoprotein
Zajac, (2014), exercise + low carbohydrate diet Cyclists, body fat 6 months, >30 min/day, >5 diet (70% fat, 15% protein, 15% carbohydrates), (LDL) cholesterol, HDL cholesterol,

Australia [18]

(n=8,25.4 + 4.0 years old) vs.
control (n = 8,25 + 7 years old)

days/week mixed or standard Western diet (50% carbohydrates,
30% fat, 20% protein), 30 8-hydroxybutyrate ketone

level

triglycerides, prostate-specific antigen, HsCRP,
heart rate, VOzmayx, respiratory exchange rate
(RER)

Burke (2017),
Australia [12]

Randomized controlled trails:
high carbohydrate diet (HCD, n =
9,254 £ 4.0 years old),
periodised carbohydrate
(PCHOD, n =10, 27.4 & 4.6 years
old) low carbohydrate high fat
diet (LCHFD, n=10,28.3 £ 3.5
year old)

Elite race walkers

3 weeks, HC: daliy energy intake: 14.73 MJ 231
kJ/kg (carbohydrate: 549 g, 8.6 g/kg, 60% energy,
protein:138 g, 2.1 g/kg, 16% energy, fat: 77 g, 1.2
g/kg, 20% energy), PCHO: daliy energy intake:
14.89 M]J 226 k] /kg (fat: 79 g, 1.2 g/kg, 20%, protein:
144 g, 2.2 g/kg, 17% energy, carbohydrate:547g, 8.3
g/kg, 60% enegry), LCHF: daliy energy intake:
14.90 M] 223 k] /kg (fat: 312 g, 4.7 g/kg, 78% energy,
protein: 144 g, 2.2 g/kg, 17% energy,
carbohydrate:33g, 0.5g/kg, 3.5% enegry),
B-hydroxybutyrate ketone level

4 days, ~30 min walking after
breakfast, lunch, and dinner,
~60% of maximal heart rate,
accelerometer

Body mass, respiratory exchange ratio, VOpmax,
heart rate, perceived exertion (RPE)
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Table 1. Cont.

First Author
(Year), Country

Design, Number of Participants
per Group, Age (Years Old)

Participants/
Control

Exercise
Intervention

Ketogenic Diet including Length, Energy, and
Compositions/Contorl Group/Assessments of
Ketosis

Outcomes

Resistance exercise

Wilson (2017),
US.A. [17]

Randomized controlled trails:
exercise + ketogenic diet (n = 13,
23.5 4 4.5 years old), vs. exercise
+ regular diet (n =12,21.3 £ 3.7
years old)

Resistance training
men

11 weeks, resistance exercise
(week 1: 65% and 15 repetitions,
85% and 5 repetitions, week 2:
70% and 12 repetitions, 90% and
4 repetitions, week 3: 75% and 10
repetitions, 90% and 3 repetitions
week 4: 77.5% and 8 repetitions,
90-100% and 1-2 repetitions,
week 3-6 hypertrophy, week
7-10: strength, squat, lunges, leg
extension, leg curl, bench, stiff
leg deadlift, hyperextension, leg
press, calf press)

10~11 weeks, ketogenic diet: 2652.9 + 205.6
kcal/day, 75% fat, 20% protein, 5% carbohydrate,
until blood ketone bodies detected, regular diet:
2528.1 + 200.4 kcal/day, 20% protein, 5%
carbohydrate, 75% fat

Total mass, muscle thickness, bench press,
squat, Wingate power, testosterone total,
testosterone free, inclusion blood glucose,
triglycerides, total cholesterol, high density
lipoprotein

Greene (2018),
Australia [14]

Randomized cross over trails:
low carbohydrate ketogenic diet
(n =12), vs. usual diet (n = 12),
average 35 &+ 5 years old

Elite powerlifters
and Olympic
weight lifters

4 weeks, high intensity interval
training (10 x 6 s cycling sprints
& 9 s recovery, total 2.5
min/session), moderate intensity
continuous training (30 min
cycling, 5 min for warm-up, 50%
of VOspeak for 10 min, 60% of
VO2peask for 10 min, 5 min for
recovery), 5 days/week,
pedometers, logbook

12 weeks, low carbohydrate ketogenic diet: usal diet
diet: [male (energy intake: 9868.1 & 1322.9 kJ/day,
carbohydrate: 7.5 £ 2.1%, fat: 70.1 & 6.6%, protein:
22.4 + 5.7%, female (energy intake: 6995.5 £ 1554.5
kJ/day, carbohydrate: 8.9 &+ 1.7%, fat: 67.6 £ 4.1%,
protein: 23.5 & 2.9%, usal diet diet: [male (energy
intake: 9653.2 & 1885.4 kJ/day, carbohydrate: 44.7
=+ 2.8%, fat: 33.7 & 6.2%, protein: 21.7 % 6.5%,
female (energy intake: 7147.5 £ 1500 k] /day,

carbohydrate: 45.1 &= 7.1%, fat: 32.4 & 6.3%, protein:

22.5 + 5.8%, 8-hydroxybutyrate ketone level

Body mass, fat mass, lean mass, 1 repetition
maximum (1RM), resting metabolic rate
(RMR), respiratory quotient, glucose,
potassium, sodium

Randomized controlled trails:
exercise + ketogenic diet (n = 9),

8 weeks, hypertrophy training

8 weeks, a daily energy intake >39 kcal/kg/day,
ketogenic diet: 70% fat, 20% protein, <10%

\S]a;%is[l(é?lg)’ non-ketogenic diet (1 = 10) vs. Trained men (upper limb and lower limb 2 carbohydrate, and until blood ketone were Egi?;“{:;ihg’o fjt mass, visceral adipose
p control (n = 5), average 30 & 4.7 times per week) monitored weekly, non-ketogenic diet: 55% ’ y mass
years old carbohydrat, 20% fat, 20% protein
28 days, ketogenic diet: [male (energy intake: 13.73
Randomized repeated-measure =+ 2.43 MJ/day, carbohydrate: 4.1 + 0.8%, fat: 77.7 Body mass, VOymax (L-min~1), respirator
Shaw (2019), New  crossover study, CT: exercise + Trained male 28 days, running and cycling =+ 3.9%, protein: 18.2 & 3.5%, usal diet diet: [male 0dy mass, vijma , respiratory

Zealand, [11]

ketogenic diet (n = 8), average
29.6 £ 5.1 uears old

endurance athletes

training

(energy intake: 13.07 & 1.67 MJ/day, carbohydrate:
42.9 £ 7.8%, fat: 38.5 + 7.1%, protein: 18.6 £ 1.45%,
B-hydroxybutyrate ketone level

exchange ratio, energy expenditure, heart
rate, rate of perceived exertion

HOMA = homeostatic model assessment; VO, = maximal oxygen uptake.
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3.1. Influences of Ketogenic Diet on Body Composition

Four trials that tested % body fat were included to calculate effect size (Figure 2).
Athletes who participated in the ketogenic diet had statistically significant reduced body
fat percentages (d = —0.48 [95% confidence interval, —0.96-0.00; p = 0.05; k = 4]) compared
to control athletes who consumed non-ketogenic diets. However, those who consumed
ketogenic diets did not have statistically significant changes in body mass (d = 0.05 [95%
confidence interval, —0.32-0.42; p = 0.77; k = 4]) compared to those of non-ketogenic
diet athletes.

Study name Statidicsfor each dudy Std diff in means and 95% CI
Std diff Standard Lower Upper
in means emor Variance limit limit ZAfalue p-Value
Lambert, 2001 0516 0.508 0.258 -1512 0480 -1015 0.310 —_—
Zajac, 2017 1037 0.533 0.284 -2.081 0.006 -1948 0.051
Vargas, 2018 0580 0.469 0220 -1499 0340 -1236 0.217 —_—
0694 0.289 0.084 -1.261 0127 -239%9 0.016 -
Test for heterogeneity: (Q = 0.60, P = 0.74, IZ= 00.00%) 400 200 iy 200 40
Body fat percentages
Study name Statistics for each dudy Std diffin means and 95% O
Std diff Standard Lower Upper
inmeans efmor Variance limit limit ZNelue pValue
Lambert, 2001 0341 0.504 0.254 -1.328 0.646 0678 0.498 ——
V¥ilson, 2020 0.282 0.402 0.162 -0.506 107 0.702 0.483 —_—r—
Vargas, 2018 0249 0.461 0213 -1.153 0655 0539 0.590 —_—
Zajac, 2017 -0.248 0.502 0.252 -1.232 0.735 -0495 0.621 e
-0.093 0.231 0.053 -0.546 0.359 -0405 0.685 -
-4.00 200 0.00 2.00 400
Test for heterogeneity: (Q = 1.32, P = 0.72, 12: 00.00%)
Body mass
Study name Stalidicsfor each dudy Sid diff in meansand 95% O
St ciiff Standard Lower Upper
inmeans emor Variance limit limit ZValue pValue
Shaw;, 2019 0.100 0.500 0.250 -0881 1.081 0.200 0.842
Zajac, 2014 -0.206 0.501 0.291 -1.188 0777 0410 0.681 s
0053 0.354 0125 0747 0.641 0149 0.882
Test for heterogeneity: (Q = 0.19, P = 0.67, r- 00.00%) 400 -2.00 0.00 200 400
VOomax
Study name Statidticsfor each dudy Std diffin meansand 95% O
Std diff Sandard Lower Lpper
inmeans emor Variance limit limit ZValue pValue
Shaw, 2019 0380 0.504 0255 -0.609 1369 0.754 0.451 —_—
Zajac, 2017 -0333 0.503 0253 -1.320 0653 £.662 0.508 —_—
0023 0.357 04127 0677 0722 0.064 0.949 —
Test for heterogeneity: (Q = 1.01, P = 0.32, 12: 021%) -4.00 -2.00 000 200 4.00
Heart Rate (HR)
Study name Statistics for each dudy Std diff in means and 95% O
Std diff Standard Lower Unper
in means emor Variance limit limit ZValue p-value
Shaw, 2019 -5.000 1.016 1.031 -6.990 -3.010 4924 0.000
Lambert, 2001 -0.341 0.504 0.254 -1328 0.646 0678 0.498
-1.261 0451 0.204 -2.145 -0.377 2795 0.005
Test for heterogeneity: (QQ = 16.89, P = 0.00, I- 94.08%) -4.00 200 000 2.00 4.00

Repiratory exchange rates (RER)

Figure 2. Cont.
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Study name Statidicsfor each sudy Std diff in meansand 95% G
Std diff Standard Lower Upper
in means efmor Variance limit limit ZValue pValue
Lambert, 2001 0.00 0.50 0.25 -0.98 0.98 0.00 1.00 ——
Wilson, 2020 121 0.44 0.19 0.35 2.06 278 0.01 —
Zajac, 2017 287 0.7 0.51 4.26 -147 4.03 0.00
049 1.07 1.14 -2.58 161 -045 0.65 —r—
5 -8.00 -4.00 0.00 4.00 8.00
N . b = s L)
Trighyceride Test for heterogeneity: (Q = 23.87, P = 0.00, I= 91.62%)
Study name Statidics for each dudy Std diff in meansand 95% CI
Std diff Standard Lower Unper
in means emor Variance limit limit Z-Value p-value
Lambetrt, 2001 082 0.52 027 0.20 184 158 0.1 ——
Wilson, 2020 013 040 0.16 -0.66 091 032 0.75 —
Zajac, 2017 253 0.67 045 121 384 377 0.00 —_—
107 0.65 043 021 235 1.63 0.10 ————
Test for heterogeneity: (Q = 9.44, P = 0.00, T= 78.80%) g &l 000 400 80
HDL
Study name Statistics foreach study Std diffin means and 95% CI
Std diff Standard Lower Unpper
inmeans emr Variance limit limit ZNalue pValue
Villson, 2020 1.2 044 0.18 035 2.06 218 0.01 ——
Zajac, 2017 1.50 0.57 032 038 261 266 0.01 —_—
1.32 0.35 0.12 0.64 199 3.82 0.00 -
. 2 O,
Test for heterogeneity: (Q = 0.17, P = 0.68, I'= 0.00%) 200 400 0.00 400 300
Total cholesterol
Study name Statigtics for each study Std diffin meansand 95% Cl
Std diff Standard Lower Upper
in means elror Variance limit limit Z-Value p-value
Viilson, 2020 -028 049 0.24 -1.25 068 -0.56 0.57
Zajac, 2017 0.01 050 0.25 0497 089 0.03 0.98
013 0.35 0.12 0.82 0.56 -0.38 0.70
Test for heterogeneity: (Q = 0.17, P = 0.69, I- 0.00%) -8.00 4.00 0.00 400 800
CGlucose
Study name Statidticsfor each dudy Std diffin meansand 95% C1
Std diff Standard Lower Lhper
in means emor Vaiance limit limit ZValue p-Value
Wilson, 2020 033 0.50 0.25 064 1.30 0.67 0.50
Zajac, 2017 -14.25 257 6.60 -1929 922 555 0.00
-0.19 049 0.24 -1.14 0.76 -0.39 0.69
Test for heterogeneity: (Q = 31.08, P = 0.00, 12: 69.78%) <600 00 0:00 4100 800
Insulin

Figure 2. Effect sizes of ketogenic diet interventions for athletes.

3.2. Influences of Ketogenic Diet on Respiratory Exchange Rate at VOyp,y, Cardiorespiratory
Fitness, and Heart Rate

Those on ketogenic diets in three trials demonstrated statistically significantly reduced
respiratory exchange rates (d = —1.92 [95% confidence interval, —2.70-—1.14; p = 0.01;
k = 3]) compared to control groups (Figure 2). However, there were no statistical differences
in VOpmax (d = 0.12 [95% confidence interval, —0.35-0.59; p = 0.62; k = 4]) in four trials and
heart rate (d = —0.48 [95% confidence interval, —0.96-0.00; p = 0.44; k = 3]) in three trials
between experimental and control groups.
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3.3. Influences of Ketogenic Diet on Total Cholesterol, HDL Cholesterol, Triglyceride, Glucose Level,
and Insulin Level

Total cholesterol in athletes consuming ketogenic diets was statistically significantly
reduced (d = 1.32 [95% confidence interval, 0.64-1.99; p = 0.05; k = 2]) in two trials (Figure 2).
However, HDL cholesterol (d = 1.07 [95% confidence interval, —0.21-2.35; p = 0.10; k = 3])
in three trials, triglyceride (d = —0.49 [95% confidence interval, —2.58-1.61; p = 0.65; k = 3])
in three trials, glucose level (d = —0.13 [95% confidence interval, —0.82-0.56; p = 0.70; k = 2])
in two trials and insulin level (d = —0.19 [95% confidence interval, —0.14-0.76; p = 0.69;
k =2]) in two trials did not statistically significantly change compared to control athletes.

4. Discussion

Professional athletes who consumed ketogenic diets had reduced body fat percentages,
increased respiratory exchange rates, and increased total cholesterol levels. All participants
exercised, but diet was the only difference between the experimental groups and the control
groups. Ketogenic diets were consumed for an average of 10 weeks, and average exercise
interventions were moderate to vigorous exercise interventions five times per week. The
ketogenic diets may help to reduce body fat percentages when professional athletes need
to decrease body mass; however, before starting the ketogenic diet, total cholesterol level
should be monitored in those with high cholesterol levels at baseline.

The ketogenic diets were effective in reducing body fat percentages of professional
athletes. Additionally, the ketogenic diet groups had increased VOppax that indicated levels
of cardiorespiratory fitness, but these measurements did not reach statistical significance.
There were no meta-analysis studies that compared those results. A previous pilot study
demonstrated reduced body weight, body fat, and well-being, but not exercise performance,
in endurance athletes after completing ketogenic diets [19]. Another previous study
demonstrated that the VOyny,¢ had a negative correlation with body fat percentage in
female athletes but it was not statistically significant [20]. While additional studies are
needed to support the effects of ketogenic diets, athletes who consumed ketogenic diets had
reduced body fat percentages, which may be associated with increased aerobic capacity.

Athletes who consumed ketogenic diets had a statistically significantly decreased res-
piratory exchange rate on the VOy,« test, but cardiorespiratory fitness and heart rate did
not change significantly. The reduced respiratory exchange rate after consuming ketogenic
diets was consistent with the findings of a previous study [21]. Increased high fat intakes
were associated with reduced respiratory exchange rate [22]. Changes in cardiorespiratory
fitness findings are controversial, but we did not find statistically significant changes in our
meta-analysis. Previous studies demonstrated impairments in high intensity, endurance
performance after ketogenic diet adaption [3,10,16] due to reduced glycogenolysis and
prorate dehydrogenase activity [23] and increased heart rate [11] that was associated with
increased sympathetic nervous system activity [24]. Other studies did not demonstrate
statistically significant changes in cardiorespiratory fitness and heart rate [15]. Respiratory
exchange rate, cardiorespiratory fitness and heart rate were influenced by exercise type
in both aerobic athletes and resistance athletes when the athletes consumed the ketogenic
diet. The findings on exercise type may need to be confirmed in further studies.

When athletes consumed ketogenic diets during exercise training, these athletes had
increased total cholesterol compared to control groups. Although total cholesterol has
become an irrelevant isolated marker for heart disease risk for any population [25,26],
athletes with pre-existing high level of total cholesterol should be monitored while on
a ketogenic diet. Dietary macronutrient composition was not statistically significantly
different between the two groups, but athletes had significantly higher energy intake and
energy expenditure compared to non-athletes [27]. The lipid profiles may be not influ-
enced by training or non-training, but the nutrient composition effects on lipid profile
levels included total cholesterol, HDL cholesterol, and LDL cholesterol. Several studies
demonstrated that participating in exercise decreased lipid profiles including total choles-
terol, LDL cholesterol, triglycerides, and increased HDL cholesterol [28,29], but a study of
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athletes professionally or recreationally trained had conflicting results after participants
completed ketogenic diet use. A previous study reported increased LDL cholesterol, but
decreased body fat, in recreationally trained CrossFit trainees after participating in keto-
genic diet use [30]. Another previous study found no statistically significant changes in
athlete lipid profiles [17]. Although additional studies are needed to confirm lipid profile
results, the lipid profiles were associated with diverse factors including family history
and nutritional habits. Additionally, the effect size of lipid profile as measured by LDL
cholesterol and ratio of HDL cholesterol to LDL cholesterol was not investigated due to
limited numbers of studies or missing data. Insulin and glucose levels were decreased in
athletes using ketogenic diets, but the results in the current studies were not statistically
significant. The restricted source of glucose removed the trigger of insulin release that led
to decreased insulin levels [31]. The effects of ketogenic diets in athletes on insulin and
glucose levels need further investigation.

There were several limitations in the current meta-analysis. First, while effect size
was calculated for two trials, sample sizes were small. Caution needs to be exercised in
generalizing these results. Second, professional athletes who performed both endurance
and resistance exercise were included. Depending on the exercise type, the results of this
meta-analysis will need recalculation when additional studies regarding the effects of
ketogenic diets on athletes are added. Third, the periods of ketogenic diets and exercise
interventions were diverse; this may have had an influence on the outcomes. Both short-
term and long-term use of ketogenic diet and exercise interventions need to be conducted.
Fourth, variables of total cholesterol, HDL cholesterol, triglycerides, and glucose were
one-off measures that have the possibility of over- or underestimation of results. The LDL
data that are an important assessment of cardiometabolic risk were not reported in studies
that limited current findings to the effects of ketogenic diet on lipid profiles. More studies
about the ketogenic diet and lipid profiles are needed. Last, all selected studies assessed
ketone status, but the levels of ketones and assessment tools for the ketone status were not
consistent across all selected studies.

There are potential mechanisms of the ketogenic diet on reducing body fat percentage
among athletes. Increased intake of fat in daily meals elevated total fat oxidation during
exercise [1,32]. Additionally, a higher level of fat oxidation shifted utilization from carbo-
hydrates and led to concomitant muscle glycogen sparing [33,34]. Increased fat oxidation
might be associated with the decreased body fat percentage observed in athletes on a
ketogenic diet compared to those on a standard diet.

5. Conclusions

Ketogenic diets reduced body fat percentages and increased respiratory exchange
rates and total cholesterol. Additional studies may be needed to confirm these results. The
athletes in this current meta-analysis study participated in an average of five weeks of
ketogenic diet consumption. Additional studies on the shorter- and longer-term effects of
ketogenic diets on athlete body composition, cardiometabolic factors including respiratory
exchange, cardiorespiratory fitness and heart rate, and lipid profiles may be required. To
further understand the effects of ketogenic diets on athletes, exercise type may also need to
be considered in future studies.
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