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ABSTRACT: Few studies have investigated the short-term effects of a very low carbohydrate ketogenic diet
(KD) on body composition and substrate utilization in trained individuals. This study investigated effects on
substrate utilization during incremental exercise, and changes in body composition, in response to seven days
ad libitum consumption of a KD by athletes from endurance sports. Nine young trained males (age, 21.8 £ 1.9y;
height, 1.83 = 0.11 m; body mass, 78.4 = 13.8 kg; body fat, 14.9 = 3.9%; VO,pe, 54.3 = 5.9 mL kg™ min™)
were assessed before (day 0; PRE) and after (day 7; POST) seven days of consuming an ad libitum KD. Following
an overnight fast, body composition was measured by dual x-ray absorptiometry, and substrate utilization was
measured during an incremental (3 min stages, 35 W increments) exercise test on a cycle ergometer. After KD,
Winae (PRE, 295 & 30 W; POST, 292 = 38 W) and VO, (PRE, 4.18 = 0.33 Lmin™'; POST, 4.10 = 0.43 L min™")
were unchanged, whereas body mass [-2.4 (-3.2, -1.6) kg; P < 0.001, d = 0.21], fat mass [-0.78 (-1.10, -0.46)
kg; P < 0.001, d = 0.22] and fat-free mass (FFM) [-1.82 (-3.12, -0.51) kg; P = 0.013, d = 0.22] all decreased.
The respiratory exchange ratio was lower, and rates of fat oxidation were higher, at POST across a range of
exercise intensities. Maximal fat oxidation rate was ~1.8-fold higher after KD (PRE, 0.54 + 0.13 g min"'; POST,
0.95 + 0.24 g min™; P < 0.001, d = 2.2). Short-term KD results in loss of both fat mass and FFM, increased
rates of fat oxidation and a concomitant reduction in CHO utilization even at moderate-to-high intensities of
exercise.
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INTRODUCT ION

Sports nutrition guidelines have generally recommended high carbo-
hydrate (CHO) diets for performance in athletic populations [11.
However, there is much interest in modulation of the CHO and fat
content of the diet, and specifically how such approaches alter body
composition, adaptive responses to exercise training, and athletic
performance [2].

Very low CHO ketogenic diets (KD) (< 50 g d* CHO, > 80% fat,
and moderate protein) have emerged as an intensely-studied [3],
albeit contentious [4], nutrition strategy particularly among endur-
ance [5-12], and ultra-endurance athletes [13]. Low CHO, high fat
(LCHF) diets and KDs are similar in that both restrict CHO intake,
and encourage increased intake of dietary fat, but they are somewhat
distinct in their metabolic consequences [3, 14]. Both LCHF and
KDs are associated with an elevation in circulating free-fatty acids,
but the lower glucose availability arising from a greater degree of
CHO restriction imposed with a KD is associated with an elevation
in the ketone bodies acetone, acetoacetate (AcAc) and
B-hydroxybutyrate (BHB) [15].

Whether nutritional ketosis as a consequence of a KD confers
a performance benefit over LCHF remains to be established [16].
Proponents of the benefits of a KD for performance suggest that
a period of “ketoadaptation” is necessary when adapting from a CHO-
based diet to a KD, as the short term effect of a KD is often charac-
terized by reports of low-energy, fatigue, and decreased cognitive and
physical performance[3, 5, 8, 17]. Operational definitions of keto-

ABBREVIATIONS

BMI, body mass index; CHO, carbohydrate; FAT,,,, exercise inten-
sity that elicits the maximal rate of fat oxidation; FFM, fat-free mass;
KD, ketogenic diet; LCHF, low carbohydrate, high fat; PDH, pyruvate
dehydrogenase; PRE, testing day prior to intervention; POST, testing
day upon completion of intervention; RER, respiratory exchange ratio.

a BioLoGy oF SporT, VoL. 38 Nol, 2021 145




adaptation in an exercise context are lacking however, as are objec-
tive data demonstrating that such a phenomenon exists.

Cross-sectional data from endurance [7], and ultra-endurance
athletes [13], habituated to a KD for 8-36 months demonstrate
marked changes in the metabolic response to exercise compared to
moderate and high CHO diets. Most notable were higher rates of fat
oxidation during submaximal intensity exercise including 2 h cycling
at ~72%V0,pea (~1.21 g min) [7], and 3 h cycling at ~70%VO-
omax (~1.54 g min!) [13]. However, similar rates of fat oxidation
(~1.57 g min'!) were observed in elite race walkers during exercise
at ~80%V0,p after as few as 21 days of consuming a KD [6].
More recently, 4 days of consumption of a KD produced an ~4.5-fold
increase in the rate of fat oxidation (~0.14 g min™t to ~0.63 g min™!)
during a 5 km time trial (~82-84%V0,,,,) [121], while 5-6 days of
consumption of a KD resulted in fat oxidation rates of ~1.43 g min*!
at ~ 73%V0,, during a graded exercise test [18].

Body mass, and body composition are important determinants of
optimal athletic performance, with endurance athletes benefiting
from a lower energy cost of movement and increased power-to-weight
ratio associated with reduced body mass and fatness [1]. Various
KD interventions have consistently been associated with reduced
body mass [6, 8, 10, 19-21], and estimations of body fat
mass [9, 10, 19, 221, within trained populations following 3 to
12 week interventions.

To date, the majority of research on KD in athletic populations
have focused on > 3 week interventions, but the extent to which
changes in substrate utilization and body composition can occur in
short-term ( < 7 days) interventions in free-living conditions is large-
ly unexplored. Therefore, the aim of the present study was to inves-
tigate effects on substrate utilization during incremental exercise,
and changes in body composition, in response to short-term (seven
days) ad libitum consumption of a KD by athletes from an endurance
training background.

MATERIALS AND METHOD'S 1
Participants

Nine young males [age, 21.8 + 1.9y; height, 1.83 = 0.11 m; body
mass, 78.4 + 13.8 kg; body mass index (BMI), 23.3 + 2.1 kg m;
body fat, 14.9 + 3.9%; fat-free mass (FFM), 66.80 = 10.62 kg;
VOjpean, 54.3 £ 5.9 mL kg min!1 participated in the study. Volun-
teers were sought from university sports clubs who were male, aged
18 to 35y, free from lower limb injury for the previous six months,
self-reported as currently training > 4 times per week in endurance-
related activities, and having had a training history of at least two
years at this level of activity. The final cohort consisted of n = 9
trained, sub-elite endurance athletes, namely four long distance run-
ners, four collegiate rowers, and one cyclist.

Experimental design
Each participant performed an incremental exercise test to exhaustion
on a cycle ergometer in order to measure rates of substrate utilization
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over a wide range of exercise intensities [23, 24]. This test was
performed on two occasions, once before (PRE) and once after (POST)
prescription of seven days of ad /ibitum consumption of a KD. This
study was approved by the University College Dublin Research Eth-
ics Committee (permit: UH-13-06-Fusco-Egan), and was performed
in accordance with the Declaration of Helsinki. Each participant
provided written informed consent to participate after explanation of
the experimental procedures.

Pre-test preparation

All participants had previous experience of laboratory testing of lac-
tate threshold and aerobic fitness as part of their participation in their
respective sport. All tests were performed between 0730 and 1000
(ambient temperature ~19°C), and participants performed their POST
test at the same time of day = 0.5 h as their PRE test. Pre-test
preparation was the same for each visit. For 24 h prior to each visit,
participants were asked to abstain from alcohol consumption, and
refrain from strenuous exercise. All testing took place after an overnight
(~81to 10 h) fast, and participants were asked to consume 500 mL
of plain water upon waking, which was 2 h prior to arriving at the
laboratory.

Prior to the PRE visit, each participant kept a three day portion
size estimate food diary. Analysis of these food diaries (Nutritics
Dietary Analysis Software; Nutritics, Dublin, Ireland) revealed that
during this time participants consumed on average per kg of body
mass 41.3 = 8.5 kcal kg comprised of 4.51 = 1.16 g kg'* CHO,
2.26 + 0.42 g kg'! protein, and 1.53 + 0.69 g kg™ fat, and equiv-
alentto 44 + 8%, 23 + 3%, and 32 + 11% of energy from CHO,
protein and fat respectively.

Iesting procedures

Upon arrival and after voiding of the bladder, body mass (to nearest
0.1 kg) and height (to nearest 0.01 m) were measured using a dig-
ital scales (SECA, Germany) and wall-mounted stadiometer (Holtain,
UK), respectively, after which body composition was assessed by
dual-energy X-ray absorptiometry (DXA; Lunar iDXA, GE Healthcare,
UK).

The incremental exercise tests were based on the method for
determining the intensity (FAT ) eliciting the maximal rate of fat
oxidation [23]. Briefly, on an electronically-braked cycle ergometer
(Lode Excalibur Sport, Netherlands), participants began exercise with
a warm-up of 5 min at 50 W, before commencing the first stage at
95 W for 3 min, after which for each stage the power output was
increased by 35 W every 3 min thereafter until volitional exhaustion.
Participants were instructed to maintain a pedaling cadence between
70 and 80 rpm, which was kept consistent within and between tests.
During the last 20 s of each stage, blood lactate was measured us-
ing a finger-prick sample analyzed by a handheld lactate analyzer
(LactatePro2, Japan), and heart rate (HR; Vantage, Polar Electro,
Finland) and rating of perceived exertion (RPE) were recorded at the
same time. Expired air was collected continuously throughout each
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exercise test, and breath-by-breath measurements were performed
using Quark CPET gas analysis system (Cosmed, Italy). Oxygen up-
take, as a 30 s average, was considered to have peaked, if two of
the following criteria were achieved: (i) levelling off of the VO, despite
increasing power output (increase of less than 2 ml kg~ min~1), (ii)
HR within 5% of the age-predicted HR,, (208 — 0.7 x age in
years), and (iii) respiratory exchange ratio (RER) > 1.10. Maximal
power output (W) was calculated from the power output of the
last completed stage plus the fraction of time spent in the final non-
completed stage multiplied by the power output increment (i.e. 35 W).

Average values (L min?) for VO, and VCO, and RER, were cal-
culated during the last 2 min of each 3 min stage in the incremental
tests as described by the established determination of FAT,,,, proto-
col [23]. Whole-body rates (g min) of CHO and fat oxidation, and
energy expenditure during each stage were calculated using intensi-
ty-dependent equations that assume negligible protein contribution
to energy expenditure [25]. The percentage contribution of CHO and
fat to total energy expenditure during exercise was also calculat-
ed [26]. The %V 0,4 corresponding to lactate threshold at the fixed
blood lactate concentration of 2 mM was calculated using a polyno-
mial equation based on the curvilinear relationship between blood
lactate concentration and %VO,peq.

Short-term KD intervention

Upon completion of testing at PRE, participants commenced the
consumption of a KD that prescribed a limit to CHO intake to a max-
imum of 40 g d”!, and of total energy to derive ~75-80% from fat,
~15-20% from protein, and ~5-10% from CHO, and incorporated
best practice guidelines for KDs and physical performance [27, 28].
In order to transition immediately into KD after PRE, in the days
prior to PRE, participants were provided with an information booklet
with guidelines for consuming a KD, a traffic light system list of foods
that were advised to be eaten or avoided, an indicative meal plan
and associated recipes. However, the exact foods, meals and timing

to be eaten remained the choice of each participant and therefore,
the diet was considered ad /ibitum and without caloric restrictions.

To monitor compliance to the dietary prescription, each participant
was provided with reagent strips for urinanalysis of ketone body
concentrations (Ketostix; Bayer, Germany). Participants were asked
to measure their urine ketone body concentration each evening after
dinner [29, 301, and document the evidence of their current status
by providing a picture of reagent strip alongside the colorimetric scale
by smartphone messaging to the study investigators each day. This
messaging exchange also facilitated discussions between investiga-
tors and participants around compliance with the diet. After 72 h of
KD, all participants were within the 1.5 to 4.0 mM range indicated
by the colorimetric scale, and remained so until POST.

Statistical analysis

Data were evaluated using Prism v8.4 (GraphPad Software, Inc., San
Diego, CA, USA), and are presented as mean = SD, or mean differ-
ence (lower, upper 95% confidence limits of the mean) as appropriate.
Two-way (intensity x condition) repeated measures analysis of variance
(ANOVA) were used to determine differences between PRE and POST
for variables with serial measurements e.g. VO,, VCO,, %W a0 HR,
RER and blood lactate. When a main effect of condition, or an inter-
action effect between condition and intensity, was indicated, post-hoc
testing was performed using Bonferroni’'s multiple comparisons test
to compare PRE to POST at respective time points for which multi-
plicity-adjusted P values are reported. A paired t-test was used to
compare differences between PRE and POST for variables as single
measurements. The data were tested for normality using the Shapiro-
Wilk test prior to proceeding with the parametric tests described. The
significance level was set at P < 0.05 for all statistical tests. Stan-
dardised differences in the mean were used to assess magnitudes of
effects within and between groups, with effect sizes calculated as
Cohen’s d and interpreted as trivial for < 0.2, small for>0.2 to < 0.5,
moderate for > 0.5 to < 0.8, and /arge for > 0.8.

TABLE 1. Participant characteristics and changes in response to seven days of a ketogenic diet.

PRE POST Change %change P-value
mean = SD mean = SD mean (95% CI) mean (95%Cl)

Body mass (kg) 78.4 =+ 13.8 76.0 = 13.1 -2.4 (-3.2, -1.6) -3.0 (-3.9, -2.1) < 0.001
Body fat (%) 149 = 3.9 143+ 4.2 -0.6 (-1.3, 0.0) -5.1 (-10.2, 0.0) 0.055
Fat mass (kg) 11.34 = 3.97 10.56 = 4.18 -0.78 (-1.10, -0.46)  -8.3 (-12.7, -4.0) < 0.001
Fat-free mass (kg) 66.80 = 10.62 64.98 + 9.33 -1.82 (-3.12, -0.51) -2.5(-4.2,-0.9) 0.013
Wiax (W) 295 + 30 292 + 38 -2 (-18, 13) -1.0 (-6.2, 4.2) 0.723
W, (W kg!) 3.81 = 0.41 3.87 = 0.30 -0.06 (-0.16, 0.28) 2.1(-3.5,7.7) 0.541
VO, (L min™) 4.18 = 0.33 4.10 = 0.43 -0.09 (-0.39, 0.21) -1.9 (-8.8, 5.0) 0.518
VO,,e.i (ML kg! min) 54.4 = 5.9 54.7 = 6.3 0.4 (-3.3, 4.2) 1.2 (-6.3, 8.7) 0.802
2 mM LT (%VOgpea) 70.1 = 6.4 81.0+7.6 10.3 (4.1, 16.6) 15.2 (5.6, 24.8) 0.005

Note: Date are n = 9. SD, standard deviation; 95%Cl, 95% confidence interval; W,,,, maximal power output; VO,,..x, peak oxygen

uptake; LT, lactate threshold.
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Body mass [-2.4 (-3.2, -1.6) kg; P < 0.001, d = 0.21], fat
mass [-0.78 (-1.10, -0.46) kg; P < 0.001, d = 0.22] and
FFM [-1.82 (-3.12, -0.51) kg; P = 0.013, d = 0.22] were all
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FIG. 1. Substrate utilization during exercise across a range of
intensities before (PRE) and in response to seven days of consuming
a ketogenic diet (POST). A, Respiratory exchange ratio (RER); B,
rates of carbohydrate oxidation; C, rates of fat oxidation. *P < 0.05,
**P < 0.01, and ***P < 0.001 are for PRE vs. POST at same
stage of the incremental exercise test.
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decreased by KD (Table 1). These changes equated to decreases of
3.0%, 8.3% and 2.5%, for body mass, fat mass and FFM, respec-
tively, with the magnitude of effect size for each variable interpreted
as small. VO,peq and Wi,,, Whether expressed in absolute terms or
relative to body mass, were not different from PRE to POST (Table 1).

Across the incremental power output with each stage, %W nax
96V 0ppeax and HR were similar at PRE and POST as indicated by the
absence of main effects for condition, or interaction effects for inten-
sity x condition (Table 2). Despite similar oxygen consumption at
each stage at PRE and POST (Table 2), the RER was lower (P < 0.001
for each stage) at POST compared to PRE (Figure 1A). For rates of
CHO oxidation, main effects for intensity (P < 0.001) and condition
(P < 0.001), and an interaction effect (P < 0.001) were observed
(Figure 1B), whereas for rates of fat oxidation, main effects for in-
tensity (P < 0.001) and condition (P < 0.001) were observed, but
there was no interaction effect (P = 0.075) (Figure 1C). Therefore,
rates of fat oxidation were higher at POST across a range of exercise
intensities, with the maximal fat oxidation rate being 1.8-fold high-
er after KD (PRE, 0.54 = 0.13 g min'!; POST, 0.95 + 0.24 g min’};
P < 0.001, d = 2.2) (Figure 2).

The relative contribution of fat to energy expenditure was higher
at each stage at POST compared to PRE (Figure 3B). Consequently,
the crossover point for substrate utilization, i.e. the exercise inten-
sity after which CHO oxidation predominates for energy provision [31],
occurred at a higher relative exercise intensity after KD (PRE,
48.4 = 12.4%V0zpeqy; POST, 75.0 = 9.7%V0,peq; P < 0.001,
d = 2.4). For blood lactate concentrations, main effects for inten-
sity (P < 0.001) and condition (P = 0.009) were observed, but
there was no interaction effect (P = 0.259) (Table 2). The exercise
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FIG. 2. Maximal rates of fat oxidation before (PRE) and in response
to seven days of consuming a ketogenic diet (POST). Data are
shown as individual data points and grouped mean = SD for the
respective PRE and POST time points. ***P < 0.001 PRE vs.
POST.
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FIG. 3. Relative contribution (%) of carbohydrate (CHO) and fat to energy expenditure during exercise across a range of intensities
before (PRE; A) and in response to seven days of consuming a ketogenic diet (POST; B). *P < 0.05, **P < 0.01, and ***P < 0.001
are for PRE vs. POST at same stage of the incremental exercise test.

TABLE 2. Physiological responses, as a function of power output, during incremental exercise on a cycle ergometer before (PRE) and
after (POST) seven days of a ketogenic diet.

Power output (W)
Intensity  Condition Interaction

50 95 130 165 200 235 270 Prvalue byvalue Povalue

ore 171 325 44.5 56.5 68.5 80.5 92.5

o + 1.8 + 3.3 + 4.6 + 5.8 + 7.0 + 8.2 + 9.5

e Winas 17.4 33.0 45.2 57.4 69.6 81.7 91.5
POST .23 +43 +59 =+76 =+92 =+108 <89 ~0001 0336 0.939
pre 314 427 52.6 62.8 73.5 82.4 91.2

o + 3.8 + 3.6 + 4.1 + 5.3 + 6.0 + 7.8 + 6.2

%V 0zpcax 31.7 45.0 55.3 65.8 76.2 85.7 93.4
POST + 3.4 + 4.3 + 5.0 + 5.8 + 7.2 +7.1 + 5.9 < 0.001 0.011 0.982
pre 130 1.77 2.18 2.60 3.04 3.41 3.78

VO, +0.14 =013 =+=0.15 =015 =*=0.19 =028 +=0.30

(L min) 1.30 1.84 2.25 2.68 3.10 3.49 3.81
POST 017 +017 =014 =015 =018 =024 =028 ~000L 0059 0.985
pre 105 1.46 1.88 2.34 2.85 3.39 4.05

VCo, +0.13 =010 =011 =*=0.15 =020 =*=0.41 =042

(L min™) 0.92 1.35 1.74 2.16 2.63 3.19 3.74
POST 012 +0.11 =009 =0.14* +024% = 034* + 0.42% = 0:001 <000l 0315
PRE 1.2 1.4 1.4 1.9 2.8 4.8 7.1

Blood +03 +04 +04 +07 +16 +30 +48

lactate 1.3 1.3 1.3 15 1.9 3.4 6.5

(M) . . . . . . .
POST + 0.4 + 0.4 + 0.5 + 0.5 +1.0 =+2.1* + 4.2 < 0.001 0.009 0.259
PRE 92 110 124 141 155 168 176

HR + 17 + 12 + 12 + 12 + 12 + 13 + 12

bpm

(bpm) pos 83 111 126 142 158 170 179 - 000l 0761 0.688

+ 21 + 13 + 11 + 13 + 13 + 14 + 11

Note: Data presented as mean = SD (n = 9). *P < 0.05, **P < 0.01, and ***P < 0.001 are for PRE vs. POST at same power
output (W). %W, percentage of maximal power output; %VO,,e., percentage peak oxygen uptake; VO,, oxygen uptake; VCO,,
carbon dioxide production; HR, heart rate.
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intensity at which the FBLC 2 mM lactate threshold occurred in-
creased from 70.1 + 6.4%VO0,peq at PRE t0 81.0 = 7.6%V0;peq
at POST (P = 0.005, d = 1.5) (Table 1).

DISCUS'S 1O /N /5
The main findings of the present study were that seven days of
consumption of a KD by male endurance athletes resulted in rapid
alterations in body composition, an almost two-fold increase in the
maximal rate of fat oxidation, a rightward shift of the exercise inten-
sities at which the 2 mM lactate threshold and the crossover point
of substrate utilization occurred.

Seven days of a KD with ad /ibitum caloric intake resulted in
decreases in body mass [-2.4 (-3.2, -1.6) kgl, fat mass [-0.78 (-1.10,
-0.46) kg and FFM [-1.82 (-3.12, -0.51) kgl. Of the eighteen stud-
ies that have assessed the impact of 3 to 12 weeks of a KD on
changes in body mass in normal weight individuals, fifteen studies
noted decreases in body mass (~2 kg on average), while twelve of
the fourteen studies that assessed body composition noted decreas-
es in fat mass [32]. To our knowledge, changes in body composition
have not been reported previously in studies of short-term ( < 7 days)
KD or LCHF, but CHO restriction is commonly used in the later
stages of the weight-making process in weight category sports [33].
Dual X-ray absorptiometry is a measurement that is dependent on
body water, and therefore has been shown to be unreliable unless
a participant’s hydration status, and dietary intake, especially in the
form of CHO, is standardised given the coupling of ~3 g of water to
each 1 g of CHO stored as glycogen [34-36]. For example, one week
of CHO restoration (263 = 42 g d!) following ten weeks of KD
within resistance trained males increased body mass (+3.4 kg) and
DXA-based measurement of lean body mass by ~4.5 kg [22]. Sim-
ilarly, three days of rest and CHO loading (8.1 g kg'!) increased body
mass (+0.6 kg) and FFM (+0.9 kg) in non-obese men [37]. Due
the present KD intervention being ad /ibitum caloric intake, and the
limitations of DXA in measuring FFM under conditions where CHO
intake is modulated, it is unknown if these participants were in
a caloric deficit, and therefore, if loss of FFM observed was in the
form of tissue mass or water, or a combination of both. Notwithstand-
ing potential limitations of our body composition assessment, the
reduction in body mass is noteworthy to endurance athletes, as car-
rying mass distally increases the aerobic demand of exercise [1].
Similarly, a short-term dietary approach that reliably produces acute
changes in body mass may be attractive to athletes making weight
in weight category sports [33], assuming there is no detrimental
effect on performance.

Three well-controlled investigations containing elite racewalk-
ers [6, 18], and runners [11], achieved fat oxidation rates of
~1.43 gmin at ~73%V0,,4 (RER, 0.75)[18], 1.57 =+ 0.32 g min™!
at ~80%VO0, e, (RER, 0.75), and 1.20 + 0.18 g min™! at ~
77%\V05max (RER, 0.79), respectively, following 5-6 days [18],
21 days [6], and 31 days [11] of adherence to a KD. These figures
are noteworthy, as they equal or surpass figures achieved in cross-
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sectional investigations containing ultra-endurance athletes [13], and
cyclists [7], habituated to a KD for > 8 months, who achieved fat
oxidation rates of 1.54 + 0.18 g min! at ~70%V0,,., [131], and
1.21 = 0.15 g min (RER, 0.78) at ~72%V0,, [71. Here we
demonstrate that seven days of a KD produced an almost two-fold
increase in fat oxidation (to 0.95 + 0.24 g min™ atan RER of 0.77),
with these maximal rates of fat oxidation occurringat 62.0 = 14.7%V0-
omax- 1N€SE results are similar to those reported at ~70%V0,peqx
(increase from 0.67 + 0.16 g min! to 0.91 + 0.20 g min™) fol-
lowing just 5 days of adherence to a LCHF diet [38]. Notably, no
further increases in the rates of fat oxidation were noted following
10 and 15 days of adherence to LCHF [38]. Differing rates of fat
oxidation between the various studies are likely a consequence of
training status of participants, and different exercise protocols imple-
mented e.g. steady-state versus incremental exercise. The present
study (54.7 = 1.3 mL kg! min?) and a study in cyclists
(59.4 = 5.2 mL kg min!) [11] contained trained individuals, while
previous studies contained well-trained (64.7 + 3.7 mL kg!
min? [13];61 = 5mLkg! min'' [7]; 66.3 = 4.8 mL kg min™ [6];
67.7 = 6.1 mL kg’ min™! [18]) individuals. Moreover, maximal rates
of fat oxidation were reportedly ~34% lower in “low performance”
(59.4 = 5.9 mL kg'! min!) participants compared to “moderate
performance” (64.3 + 7.1 mL kg! min!) participants during the
incremental FAT ..., protocol [39]. This difference in rates of fat oxida-
tion based on the stratification by aerobic fitness is similar to differ-
ences observed in the present study compared to investigations in-
volving well-trained individuals following 5-6 day (~34% lower) [18],
21 day (~40% lower) [6], and > 8 month (~38% lower) [13],
periods of KD consumption. Overall, we contend that the maximal
rate of fat oxidation is influenced to a greater extent by training sta-
tus rather than the duration of an adherence and/or adaptation to
a KD.

The crossover point describes the intensity at which CHO oxidation
predominates energy provision during exercise [31]. A rightward shift
in the crossover point was observed after seven days of a KD as in-
dicated by the intensity at which this occurred being 48.4 + 3.7%
VOgpeac at PRE, and 72.1 + 4.1%V 0y, at POST. This was accom-
panied by a rightward shift in the blood lactate response curve and
the 2 mM lactate threshold occurring at a higher intensity of exercise
at POST (81.0 = 7.6%V0ppe,) compared to PRE (70.1 * 6.4%
VOgpear). The mechanistic basis of these marked metabolic effects
are unclear e.g. as a consequence of reduced dietary CHO consumed,
or reduced flux through pyruvate dehydrogenase (PDH), as low CHO
diets (< 10% total energy) are associated with metabolic acidosis
due to elevation in free-fatty acids and BHB [40]. Acute LCHF feed-
ing, even with CHO restoration, is associated with a reduction in
glycogenolysis, and attenuation in maximal enzymatic activity of the
active form of PDH during moderate (~70%VO,pe,) and near-max-
imal (150% of peak power output) intensity exercise in well-trained
cyclists [41]. However, no effects on blood lactate concentrations
during exercise were observed following 21 [6], and 31 [11], days
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of adherence to a KD, and in general the effect of KD on the blood
lactate response to exercise has been equivocal [32].

Whether the metabolic changes observed after short-term KD would
translate into a performance benefit is doubtful in well-trained athletes,
at least at high intensities of exercise. For instance, with increasing
intensity of exercise in the present study, the relative contribution of
carbohydrate to energy expenditure was reduced between PRE and
POST, which may be problematic given the dependency of high in-
tensity performance on carbohydrate as a substrate [42]. While a study
in recreationally-trained athletes noted no decrement in 5 km time-
trial running performance with short-term (4 days) consumption of
a KD [12], additional studies containing athletes of higher calibre have
noted potentially detrimental effects for athletic performance [6, 11, 18].
For example, adherence to a KD for 21 days resulted in reduced ex-
ercise economy at ~91%V0,,..x, and negated the benefits of training
adaptations for completion of a 10 km racewalk [6]. Moreover, a recent
study of 5-6 days of a KD was associated with an ~5-8% increase
in oxygen cost during a 25 km race walk (~75%V0,,,,) [18]. Lastly,
a so-called “throttling” of RER and an adaptation-intensity interaction
during the final stage of graded exercise test has been described [11].
Despite increased rates of fat oxidation and reduced RER throughout
incremental exercise after KD, the present study noted no decrement
to efficiency as oxygen consumption and HR remained similar between
PRE and POST up to ~93%V0,pes.

The present study is not without limitations. While we included
an objective urinary measure to monitor adherence to the KD and
provided recipes, meal plans and daily support for the participants,
we did not perform a dietary analysis for the seven day intervention
period. Therefore, whether a short-term calorie deficit contributed to
the urinary ketone body concentrations or the changes in body mass
and composition is unknown. Using a single arm, pre-post design
means that the absence of a control group can be considered a lim-
itation. Moreover, we did not monitor training load for the seven day
intervention period. However due to the short duration of the study,

the low P values, and small-to-large magnitude of effects for re-
ported outcomes, it is unlikely that effects observed are invalidated
by a lack of control group, or that a training effect explains any of
the PRE to POST differences.

CONCLU S| OIN S 15—
The present study demonstrates that a short-term (seven days) ad
libitum KD consumed by trained men produces ~3% loss of body
mass, and marked changes in substrate utilization across a range of
exercise intensities. Although such changes in substrate utilization
may be considered to be ergogenic in some performance contexts
e.g. ultra-endurance exercise, and generally reflect the outcomes of
longer term adherence to a KD, it remains to be confirmed whether
there are performance contexts in which a short-term KD could con-
fer a performance benefit.
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