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Abstract

High-fat, low-carbohydrate (CHO) diets increase whole-body rates of fat oxidation and down-
regulate CHO metabolismVe measured substrate utilization and skeletal muscle mitochondrial
respirationto determinef these adaptations are drivieyhigh-fat or low-CHO availabilityln a
randomized crossover design, eight male cyclists consumed fivefdapsgh-CHO diet (HCHO,

> 70%erergy intake (El)), followedby five daysof eitheranisoenergetic high-fat (HFAT, > 65%

El) or high-protein diet (HPRO, > 65% EI) with CHO intakéamped’ at < 20%EI. During the
intervention, participants undertook daily exercise trainigday six, participants consumed a
high-CHO diet, priotto undertaking 10@nin of submaximal steady state cycling plus a #80

time trial. Following five days of HFAT, skeletal muscle mitochondrial respiration supplyted
octanoylcarnitine and pyruvasswell asuncoupled respirationasdecreasedtrest, and rates of
whole-body fat oxidation were higher during exercise compiaretPRO. Following one day of
HCHO intake, mitochondrial respiration returnedbaseline valuesn HFAT while rates of
substrate oxidation returned towards basehngoth conditions. These findings demonstrate that
high dietary fat rather than low-CHO intake contributeseductionsn mitochondrial respiration

and increaseis whole-body rates of fat oxidation following a high-fat, low-CHO diet.

Key words: Carbohydrate oxidation, substrate oxidation rates, mitochondrial adaptations, cycling
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High-fat, low-carbohydrate (CHO) diets have increasgmbpularity over the past two decades
with regardsto their efficacy for improving both metabolic health profiles [1] and athletic
performance [2, 3]. Short-ter(t-3 week) ingestion of a high-fat, low-CHO diet when compared
with an isoenergetic high-CHO diet for the same duration increases rates of whole-body and
muscle fat utilization and decreases the rate of muscle glycogenolysis during subreagnciaé
[2, 4-6]. Such metabolic perturbations are robust and perdis¢ faceof high-CHO availability
from both endogenous and exogenous sources [4, 7, 8]. Impaired glycogessdysmmsequence
of high-fat, low-CHO diets has been explaineg decreased pyruvate dehydrogenase (PDH)
activation [5], suggesting impaired metabolic flexibiiityskeletal muscle. A range of alterations
in the activities of regulatory enzymes and/or signaling protiginghe pathways underlying
skeletal muscle fat and CHO metabolism are likidyexplain the changes observed with
adaptatiorto a high-fat diet. Howevetp dateit has not been possile determine whether such
adaptations are driveby high-fat or low-CHO availabilityas the protocols useth previous
studies involved changés both macronutrients simultaneously [2, 4, 5, 7]. Thereforerderto
elucidate the underlying mechanisms driving changesetabolic flexibility, high-fat dietary
intake must be compardd an isoenergetic diet, where CHO intaiseclampedin both dietary
interventions. Ew studies have determined changeskeletal musclén well-trained humans
following a high-fat diet ando date, no study has assessed mitochondrial respiratitims

populationto determingf this could explain chamgin metabolic flexibility.

Therefore, the current investigation aimeddetermine whether the metabolic perturbations
inducedby a high-fat diet are a result of high-fat or low-CHO availability. Well-traineshans
were fed five days of either a high-fat dieboisoenergetic high-protein diet (~65% energy intake
(EI)) with CHO intake‘clamped to < 20% of total dail\El (2.6 g-kg' body masp We utilized
whole-body expired gas measures together with assessment of skeletal muscle substrates,
mitochondrial respiration and signaling proteins with putative rialssibstrate metabolism an
effort to identify mechanisms underlying changeshe patterns of substrate oxidation observed
following a high-fat dietWe hypothesized that whole bodyeabf fat oxidation would be greater
following high-fat comparetb a high-protein diet dum high-fat rather than low-CHO availability

driving the shiftan fuel utilization and skeletal muscle mitochondrial respiration.



Materialsand Methods

Ethical Approval

This study conformetb the standards sby theDeclaration of Helsinkand was approvealy the
Human Research Ethics Committee of Australian Catholic University and registered with the
Australian New Zealand Clinical Trials Registry (ACTRN12616000433404). Participants
completed a medical history questionnagensure they were free from illness and injury before
commencing the study and were inforntéall experimental procedures and possible risks prior

to providing their written, informedonsent.

Overview of study design

Eight well-trained male cyclists with a history of endurance training and riding k2@@eek!

were recruited for this study. Participant characteristics were: age, 25 +; (8idy mass (BM),

77.3 *+ 7.0kg; VOzpeak, 64.0 + 3.5nLkg'min™; peak power output (PPO), 380 + 86 An
overview of the study desiga shownin Figurel. Each participant completed two experimental
conditionsin a block randomized, crossover design while undertaking supervised training. There
was a ~14 day wash out period between conditibngas not possibl blind participantgo the
dietary interventions. However, the principal researchers completing the data collextion a

performance measures were blindethe ordeiof experimental trials.
Preliminary testing

Each participant completed an incremental test to volitional fatigue on an electronically braked

cycle ergometer (Lode Excalibur Sport, Groningen, Netherlands) to determine VO2peak andPPO

[9]. During the maximal test and all subsequent experimental trials, expired gas was collected
every 30 s via open-circuit spirometry (TrueOne 2400; Parvo Medics, Sandy, UT) and the
instantaneous rates o @nsumption (VOz) andCO; production (VCOy) were usedo calculate

the respiratory exchange ratio (RER). Befea&ch test, gas analyzers were calibrated with
commercially available gases (16%,@% CQO) and volume flow was calibrated using a 3 L

syringe. An individual’s VO2peak was determineakthe highest 30-s average. These data were
usedto calculate the work rate corresponding3% and 80% oPPOfor the two experimental

rides.



Experimental trials

Participants followed &ontrolled” high-CHO diet (72% EI), 18 kg BM [HCHO)]) for five days

prior to an experimental trial (see Table 1). Participants repdrdebe lab on the'Sday afteran
overnight fast and a resting blood samffemL) was collected froman antecubital vein.
Participants were then provided a standardized bredRfgste™ BM CHO). Two hours following
breakfast, participants were weighed and a second blood sample was collected before they
completed a 2énin continuous ridet 63% PPO. Expired gas and measures of heartHi&eand

rating of perceived exertion (RPE) wardlected during the last gin of the ride [10]. Water

was consumedd libitumand upon completion of the ride, a third blood sample was collected
prior to participants leaving the lab for the final (5th) adyhe HCHO diet.

The following morning, participants reportéal the lab overnight fasted and a cannula (22G;
Terumo, Tokyo, Japan) was inserted iatoantecubital vein and a resting blood san{glenL)

was collected. A resting muscle biopsy was then taken from the vastus lateralis using the
percutaneous biopsy technique with suction applied [11]. Participants then repeatednine 20
continuous rideat 63% PPOin the fasted state, before commencing a high-intensity interval
session (HIITY8 x 5min at80% PPO)aspreviously described [12]. The purpose of this interval
session wat reduce muscle glycogen storedoth conditions prioto the dietary intervention.

Diet and Training Intervention

Participants commenced five days of either a high-fat (HFAT) or a high-proteindHiR&. The

HFAT and HPRO diets comprised 6/bfrom fat or protein and 19%l from CHO (Table 1).
Protein was provideds an alternative macronutriertb meet energy requirements, while CHO
was‘clamped. TotalEl was 0.22MJ kg BM. The HFAT diet was comprised of ~55% saturated
and 45% unsaturated (mono and polyunsaturated) fats. Fiber intake was matched for both diets.
All meals, snacks and energy-containing fluids were provideparticipantsin pre-prepared
packages, with diets individualized for food preference. Participants completed a daily food
checklistto maximize compliance and recediall fluid (water) consumed on a daily basis during
both trials. Caffeine ingestion was not permitted 24 h poianexperimental trial and participants
refrained from alcohol during the intervention period. During this time, participants followed a
prescribed trainingorogram described previously [2] that closely matcleedh individual’s

habitual road cycle training volume. Training was matcheegéohexperimental treatment and
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participants were instructed ride at a rating of perceived exertiqiRPE) that corresponddd
11-13 [10] duringeachon-road session. Participants reportedhe lab on day 4 and completed
the same HIIT sessicason day 1.0nthe morning of day 6, participants reportedhe labin a
fasted state and a resting blood san{flenL) and muscle biopsy were collected before they
compleeda 20min ride at 63% PPO. Participanwere then provided with lag of a high-CHO
diet (10g'’kg* BM CHO) (Table 1).

Performance ride

After an overnight fast participants reportéal the laboratoryto complete a performance ride
consisting of 100nin steady state (100SS) cyclia3%PPQ followedby a 7kJ kg™ BM time

trial (TT). Onarrivalatthe laboratory, a cannula was inserted artartecubital vein and a fasted
blood sample (10 mL) was collected. A muscle biopsy was then takernelstal from the
previous incisionPaticipants then consumed breakfé2tg'kg? BM CHO) and rested for 120
min. Immediately priorto exercise participas were weighed and a second blood sample was
collected. During exercise blood samples (10 mL) and measures of RMRamedre collected
every 20 min, with expired gasllectedat 15, 35, 55, 75, and 95 min. Participants were provided
with CHO in the formof isotonic gels (SiS50 Isotonic Gel; BlackburnUK) and a 6% CHO
solution (933nL fluid, 2 gels total) every 2@in throughout the ridat a rate of 6@'h™* and water
was consumedd libitum during each trial. Immediately upon completion of the 100SS ride, a
further muscle biopsy was taken. Participants then voided their bladder and irad & prior

to commencing th@T. Participants were instructed complete thel T asfastas possible with
visual feedback of cadence and verbal feedibdetapgedwork asa percentage of the total work
(every 10%). Participants were only provided the results of Fikiperformance upon study
completion. Blood samples were collected immediately before and aff€f the

Rates of substrate oxidation and total energy edipere

Whole body rateef CHO and fat oxidatiofg'min™) were calculated from respiratory gas samples
collected during rides using the non-protein RER equations [13] which are based on the

assumption that O, andVCO- accurately reflect tissue;@onsumption an@O; production:



CHO oxidation(g'min™) = 4.585 VCO2 (L'min}) - 3.226 VO, (L'min™?)
Fat oxidation(g'min™) = 1.695 VO (L'min™?) - 1.701 VCOz (L'min™Y).

Rates of CHO and fatty acid oxidatiqmol-kg-min™) were calculatedy converting the rates of
oxidation(g'kg-min™) to their molar equivalentt was assumed that 6 moles afi®consumed

and 6 moles o€0Oy is produced for each mole of CHO (180 g) oxidized and that the molecular
mass of human triacylglycerid 855.3 g-mol. The molar rates of triacylglycerol oxidation were

multiplied by 3 because each molecule contains 3 moles fatty acid.

Blood sampling and analgs

Blood sampleg6-10 mL) were collected into vacutainers containing EDTA and immediately
analyzed for blood lactate (YSI 2900 STAT Plus, Yellow Spritgs$, USA) and total cholesterol,

high density lipoproteins (HDL), low density lipoproteins (LDL) and triglycerides (Cobas b 101,
Roche Diagnostics Ltd, Basel, Switzerland). The remaining sample was then centitflig&d

g for 10minat4 °C, and aliquots of plasma were stoaeeBO °C for later analysis of FFA (Wako
Pure Chemical Industries, Ltd, Osaka, Japan), glycerol (Sigma-Aldrich, Ltd, Australia), insulin
(R-Biopharm— Laboratory Diagnostics Pty Ltd, NSW, Australifigta-hydroxybutyratepHB)
(Sigma-Aldrich, Ltd, Australia) and glucose (Melbourne Pathology, Vic, Australia) concentration.

Mitochondrial respiration analgs

Vastus lateralis muscle biopsies were excised and X¢g2@as immediately placed intor8L of
ice-cold biopsy preservation solution (BIOPS) [2r@W CaK ethylene glycobis(-aminoethyl
ether)N,N,N’ N’-tetraacetic acid (EGTA), 7.281M K2EGTA, 5.77mM NaATP, 6.56 mM
MgCl2-6 H20, 20 mM taurine, 15mM NaPhosphocreatine, 2nhM imidazole, 0.5mM
dithiothreitol (DTT), 50mM MES hydrate; pH 7.1]. Muscle fibers were mechanically separated
in ice-cold BIOPSto maximize fiber surface area and transferred into ice-cold BIOPS
supplemented with saponin (8- mL™?) for 30min with agitationto permeabilize the sarcolemma
and allow diffusion of substrates. Fibers were then washed 3 times via agrtatieold MiR0O5

respiration medium (2nM 4-2-hydroxyethyl)-1-piperazine ethanesulfonic acid (HEPES), 0.5
9



mM EGTA, 10mM KH2PQi, 3mM MgClz- 6HO, 60 mM lactobionic acid, 20nM taurine, 110
mM D-sucrose, 1 g-EL bovine serum albumin (BSA); pH 7.1). Fiber bundles were divided and
weighed on a microbalance (1.5¥) each) for respirometry analysisduplicate. All respiration

analygswere commenced within 1 h of sampling.

Electron transport system (ETS) and oxidative phosphorylation (OXPHQOS) respiration were
measuredy the Oxygraph O2k high resolution respirometer (Oroboros Instruments, Innsbruck,
Austria) via a substrate-uncoupler-inhibitor titration (SUIT) protat8l7 °C in MIRO5 respiration
medium with magnetic stirringt 750 rpm. Briefly, after fibers were added andwas injectedo

the respiration chamber (maintained between 300 and 500 pmol), the sequential addition SUIT
protocol commenced with titrations of malg®&mM final concentration) and octanoylcarnitine
(0.2 mM)to determine leak electron-transferring flavoprotein (ETF) respiration. OXPHEIFS
(ETFp) respiration was assesdpdaddition of adenosine diphosphate (ADP; 5 mM), complex |
(CI) substrate pyruvatg mM) and complexl (Cll) substrate succinate (10 mM). Cytochrome c
(10 uM) was addedo confirm mitochondrial membrane integrity, and titrations of carbonyl
cyanide-4-(trifluoromethoxy)phenylhydrazone (FCCP; 0.0288) were addedto determine
uncoupled respiratory flux. Complex-specific respiration was inhilbygtie addition of rotenone

(2 uM) and antimycin A5 uM) to Cl and complexlil (Clll), respectively. Finally, complek/

(CIV) capacity was measured during oxidation of N,N,N',N'-Tetramethyl-p-phenylenediamine
dihydrochloride (TMPD; 0.5 mM) with ascorba2mM). O, flux dueto auto-oxidation of these
chemicals was determined after inhibition of compléXCIV) with sodium azide (15 mM) then
subtracted from the raw CIV:@lux. Chamber @concentration was maintained between 300 and
450 pmol L. Mass-specific @flux was determined from steady-state flux normalietissue

wet weight and adjusted for instrumental background and residwaSumption.

Muscle glycogen concentration

Muscle glycogen concentration was determiasdescribed previously [14]n brief, ~20mg of
muscle was freeze-dried and powdered, with all visible connective tissue removed under a
microscope. Glycogen was then extracted from the freeze-dried sample and glycogen

concentration was determined via enzymatic analysis [15].
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Citrate synthase activity

Whole skeletal muscle lysates were prepatsiconcentration of 2&ig'mL™* and 5uL of sample

was loaded onto a 96-well microtiter plate withidOof 3 mM acetyl CoA, and 2L of 1 mM
5,5’-dithiobis [2-nitrobenzoic acid] (DTNB)in 165 puL of 100 mM Tris buffer (pH 8.3).
Subsequently, 1pL. of 10mM oxaloacetic acid was addageachwell and immediately analyzed
using a SpectraMax Paradigm plate reader (Molecular Devices, Sunnyvale, CA). Absorlsance wa
readat 412 nm and was recorded every 15 s foni after 30 s of linear agitation. Maximal
activity was recorded with citrate synthase activity repdrtenol'h'kg™* protein.

Protein analyss

For generation of whole skeletal muscle lysates, mg@f skeletal muscle was homogenized
buffer containing 5GnM Tris-HCI, pH 7.5, InM EDTA, 1mM EGTA, 10% glycerol, 1% Triton
X-100, 50mM sodium fluoride, 5mM sodium pyrophosphate, M DTT, 10 ug/mL trypsin
inhibitor, 2 pg'mL? aprotinin, 1mM benzamidine, and MM phenylmethylsulfonyl fluoride.
Samples were spuat 16,000g for 30 min at 4°C and supernatant was collected. After
determination of protein concentration via bicinchoninic acid protein assay (Pierce, Rockford, IL),
lysates were resuspendaed_aemmli sample buffer and 1) protein of each sampleasloaded

into 4-20% Mini-PROTEAN TGX Stain-Free Gels (Bio-Rad Laboratories, California, USA). For
OXPHOS antibody cocktail, 8.5 pug protein from unboiled lysates were loaded into 12%
polyacrylamide gels. Following electrophoresis, gels were activated accotdinthe
manufacturer's instructions (Chemidoc; Bio-Rad Laboratories, Gladesville, Australia) and
transferredo polyvinylidine fluoride (PVDF) membranes. After transfer, a Stain-Free image was
obtained for protein loading normalization before rinsing membranes bineflistilled water,
blocking for 1 h with5% nonfat milk, washing three timg$ min each wash) with 1M
Tris-HCI, 100mM NacCl, and 0.02% Tween 20 solution (TBST) and incubating with primary
antibody dilutedn TBST (1:1,000) overnighdat 4°C on a shaker. Membranes were incubated for

1 h the next day with a secondary antibody dilute@BST (1:2,000) and proteins were detected

via enhanced chemiluminescence (Amersham Biosciences, BuckinghamsKirePierce

11



Biotechnology) and quantifiebly densitometry (Chemidoc; Bio-Rad Laboratories). Time points

and both diets for each subject were run on the same gel.

Antibodies against fatty acid translocase (FAT/CD36) (no. 14347), Carnitine palmitoyltransferase
1 (CPT1A) (no. 12252), AMP-activated protein kinag&@MPKa) (no. 2532), phospho-
AMPKT™"72(no, 2531), Acetyl CoA Carboxylase (ACC) (n0.3662), phospho-&C{no.3661),
mammalian target of rapamycin (MTOR)o. 2972), phospho-mTGR?48 (no. 2971),S6
Ribosomal Protein RPS6 (no. 2217), phospho-RPS82%6(no. 2211), Citrate Synthase (no.
14309), Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (no. 2118) were purchased from
Cell Signaling Technology (Danvers, MA) and total OXPHOS (no. 110411) purchased from
Abcam (Cambridge, UK). Volume density of each target band was normé&bizethl protein
loaded intoeachlane using Stain-Free technology (Bio-Rad Laboratories), excluding OXPHOS
cocktail which was normalizetb GAPDH imaged from the same membrane following the
addition of stripping buffer (Thermo Fisher Scientifiocthe OXPHOS membrane arsprobing

for GAPDH. Following protein loading normalizatioeachphosphoprotein was then normalized

to its respective total protein.

Statistics

Statistical analysis was undertaken ussiRs S Version 20 for Windows, SPSS Inc, Chicago, IL).
Data from the two experimental conditions were analyzed using a linear mixed model (iteatme
x time) and subsequembst hoacomparisons were completed within the linear mixed model based
on least significant difference. Separate analysis was compbatechpare day five of high-CHO
dietto 100SS (fed) and day one of HFATHPROto five days post-diet (fasted). Normality was
visually assessed using the linear model residuals. Differem@éds performance between trials
were compared usingSaudent’s paired t-test.Statistical significance was considegd® < 0.05.

All data are representadmean + SD.

Results
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All participants complied with the prescribed dietary (Table 1) and training intervention for both
conditions.No difference was reported across the 5-day intervention periods for distance covered
or RPE during training for either diet (HFAT, 222 £ 23 km, 13 £ 0.5; HPRO, 196 £+ 29 km, 13 £
0.7 respectively).

Muscle glycogen concentrations

There was a significant main effecttwhe for muscle glycogen concentrati{fd< 0.001) (Figure
2). Muscle glycogen was reducéd both HFAT and HPRO conditions pre post-diet(P <
0.001). Following one dagf high-CHO diet, muscle glycogen increassd~45%in both HFAT
and HPRO condition§P < 0.001) but was not restored baokpre-diet values in HFATP <
0.001). Following 100SS, muscle glycogen was redutbdth HFAT and HPRO conditions (526
+ 8610 411 + 62 mmol-kg dry massDM), P=0.033; 637 * 8% 420 + 92 mmol-kgDM, P <
0.001, respectively); however, no differencghe percentage change from pi@post-exercise

was measured between conditions.

Rates of substrate oxidation

There was a significant interaction effect for RER and rates of CHO andidattior (all P =
0.001) (Figure B, B, C) after five days of either HFAT or HPRO diet. RER was reducedt@re-
post-diet for both HFAT and HPRO (0.90 £ 01020.79 + 0.02; 0.90 + 0.0%® 0.86 + 0.02,
0.001 respectively) and was lower post-aeHFAT comparedo HPRO(P < 0.001). Rates of
fat oxidationincreased after five days of HFAT and HPRO and were great$éffAT compared
to HPRO post-diet (55 + 7sv36 + 6umol-kg-mint, P < 0.001). Concomitantly, rates of CHO
oxidation were reduced pr& post-dietin both conditions and were lower HFAT than HPRO
post-diet (106 + 2@mol-kg- min® vs. 169 + 17umol-kg- mint, P < 0.001). Following oneay of
high-CHO diet, RER values returnéd baselinein the HPRO trial during the first 2@in of
100SS, but remained lower than baseimthe HFAT trial (HFAT 0.93 = 0.0%0 0.90 + 0.03, P
= 0.002). RER was lowen HFAT comparedo HPRO during the firs#0 min of 1200SS(P <
0.04). Following one dy of high-CHO diet, rates of CHO oxidation were lower than baseline
during 100SS following HFATP < 0.001) and were significantly lower during 1008 HFAT
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comparedo HPRO (213 + 35 vs. 241 + 3imol- kg- mint, P = 0.025, respectively). Rates of CHO
oxidation declined throughout 10088HPRO (from 241 + 310 215 + 26umol-kg-mint, P <
0.001), but remained stalile HFAT (~208umol-kg- mint). Despite one ay of high-CHO diet,
rates of fat oxidation remained elevated above baselittee HFAT trial during the first 2hin

of 100SS(P = 0.002) but returnet baselinen HPRO. During the first 2fhin of 100SS, rates of
fat oxidation were significantly highan HFAT than HPRO (0.53 £ 0.11 vs. 0.38 + 0.18
umol-kg-min-1, P = 0.010) and remained higher than HPRO after 40 amict 80exercise. Rates
of fat oxidation increased during 1008Soth HFAT and HPRQ@P < 0.05).

Blood metabolites pre- and post-diet

There was a main effect @fime for FFA concentration(P < 0.001) pre-to post-diet. FFA
concentration was greater following exercise post-diet companec-dietin both HFAT (0.31

mM to 0.58 mM, P < 0.001) and HPRO (0.880.56 mM, P < 0.001). There was a significant
main effect oftime (P = 0.013) and conditio(P = 0.048) for LDL cholesterol. LDL cholesterol
increased preto post-dietin HFAT (2.44 £ 0.630 2.93 £ 0.75 mM) and was higher than HPRO
post-diet (2.93 = 0.75 vs 2.55 + 0.71, P = 0.025). There was a significant interaction for HDL
cholesterol and triglyceridg® = 0.010, 0.042, respectively) between HFAT and HPRO. HDL
cholesterol increased (1.01 + 0120L.30 + 0.23 mM, P < 0.001) ptejpost-dieto be greater than
HPRO (1.08 £ 0.20 mM), while triglycerides decreased (1.26 +t0.8%9 + 0.36 mM, P =0.001)

to be lower than HPRO (1.06 + 0.45 mMlo differencean total cholesterol was measured between

conditions from preto post-diet.

Blood metabolites during the performance ride

There was a significant interaction for plasma glycerol concentration between HiATPRO

(P = 0.035; Figure 4A). Glycerol concentration increased significantly from rest afterncof
exercisein HFAT and remained elevated until after th&. Glycerol concentrations were
significantly higheiin HFAT than HPRO after 4tin of 100SS. There was a significant effect of
time for plasmaFFA (P < 0.001), although no differences were observed between diets (Figure

4B). FFA concentrations decreased 2 h following CHO breakiasboth conditions and were
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elevated from resting values after 80n of 100SS until completion of th€T. PlasmaBHB
concentrations increased following CHO breakfast and remained stable during ihOO&S
conditions until after th&T (Figure 4C). There was a main effectiaie for blood lactate, blood
glucose and plasma insulin concentrati@is 0.001) during 100SS, bob differences between
diets (Figure 4D-F). Blood glucose concentration decreased following CHO breakfast diets

but following 40min of exercise, glucose concentrations had increasedtbaesting values.
Plasma insulin concentrations increagedoth conditions after breakfast and remained elevated
2 h after ingestion. After onset of exercise, insulin concentrations were redux®d conditions
and were similarto pre-breakfast values throughout 100SS. Following 100SS, participants
ingested a CHO drink which increased insulin concentratioheth conditions, but this increase
was abolished following the onset the TT. Blood lactate concentrations remained stable
throughout 100S$ both conditions and were higher pd3t comparedo restin HFAT (3.1 £

1.1 mM) and HPRO (3.1 £ 1.0 mM).

TT Performance

There was no differenge TT performance between diet conditions (30:59 + 2:55 vs. 30:10 £2:70
min:sec for HFAT and HPRO, respectively). Mé&@ during theT T were 299 + 34 W and 304 +

35 W (P = 0.41) andHR averaged 168 + 9 bpm and 166 + 7 b:him HFAT and HPRO,
respectively. A significant reduction BM was observed prée post-exerciséP < 0.04) for both
HFAT (-0.86 £ 0.79 kg) and HPRO (-0.61 £ 0.83 kg), although there were no differencesrbetwe
conditions.No differencein RPE was reported between conditions during 100SS although RPE
increased throughout the exeraiséoth HFAT and HPRO (from 11 +th 14 £ 1, P < 0.001).

Skeletal muscle mitochondrial respiration

Based on differences;n whole-body substrate oxidation rates pte-post-diet and during
prolonged exercise between HFAT and HPRO (Figyren@ next testedf skeletal muscle
mitochondrial substrate utilization was contributbogthis outcome using a sequential addition
SUIT protocol. Absolute O2k respiration measures taken from permealsikeletal muscle fiber

bundles analyzeth duplicate fromeachparticipantat eachtime point and undeeachdiet are
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reportedin Table 2.To portray the effects of diet and exercise on mitochondrial respiration,
percentage change data are representédgure 5. Although HFAT and HPRO absolute O2k
values were not significantly different following either diet (Table 2), there was a sighifica
interactionin percentage change 6f + ETFp respiration following HFAT and HPR® = 0.042;
Figure 5A). The diet-induced reduction Cl + ETFp respiration following the addition of
octanoylcarnitine and pyruvate was significantly greater following HFAT comparetiPRO.
Despite no differences absolute O2k values, percentage changeT@ uncoupled respiration
(Figure 5A;ETSCI + CIl + ETF; ETS CIl) was significantly reduced following HFAT but not
HPRO. Absolute and percentage chalges Cll uncoupled respiration remained unchanged
following one cy of high-CHO dietin HPRO but percentage change was significantly increased
in HFAT comparedo HPRO(P = 0.032, Figure 5B). ETFp respiration was significantly reduced
following 100SSin HFAT but not HPRO (Figure 5C). Percentage change of post-ex€icise
ETFp,Cl + Cll + ETFp,ETSCI + Cll + ETF, ancETS ClI respiration was significantly reduced

in both HFAT and HPRO (Figure 5C) despite no differemtedsolute O2k values. The reduction

in percentage changeg Cl + ETFp andCl + Cll + ETFp respiration was greatierHFAT than
HPRO following 100S$P = 0.024, 0.019, respectively). There were no significant differances
skeletal muscl€S activity acrossime or between dieté- 20 mol- h-kg}) (Figure 5D).

Immunoblot analyses

Total protein contents of citrate synthase (Figure 5E) and OXPHOS complexes I-\é (Agky
were not different between HFAT and HPR®anytime point during intervention. OXPHOS
complex Il showed a trend towards a main effectifoe (P = 0.073) with a decrease from pre-
to post HFAT diet. There was a significant interaction for FAT/CD36 protein cofien0.001)
from pre-dietto after one dy of high-CHO diet (Figure 7A). FAT/CD36 protein content was
higher pre- and post-diet and pre- and post-10038-AT comparedo HPRO. There were no
differencesn total CPT1a from pree post high-CHO diein either HFAT or HPRO (Figure 7B).
No main effects were found for AMPK Thr172 phosphorylation levels relabietal AMPK,
although a trend towards a main effectiofe was observe(P = 0.06) withanincrease following
HFAT (Figure 7C). There waan effect oftime for ACC Ser79 phosphorylation relatitetotal
ACC (P = 0.015). ACC Ser79 relativim total ACC was greatein HFAT following 100SS
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comparedto post HFAT (Figure 7D). There were no differences mTOR Ser2448
phosphorylation relativeo total mMTOR pre-diet comparéd after one day of high-CHO (Figure
7E). There was a significant effecttohe for RPS6 Ser235/236 phosphorylation relatwéotal
RPS6 (P < 0.05). RPS6 Ser235/236 phosphorylation increased following 10038°RO
comparedo pre- and post-diet (Figure 7FRPS6 Ser235/236 phosphorylation was also higher
post-exercisen HPRO comparetb HFAT (P = 0.034).

Discussion

This is the first studyto manipulate dietary fat and protein content while simultaneously
‘clamping dietary CHO intake during a short-term period of intense exercise tramivgll-
trained humans. Suchn experimental desigms essentialin an effort to pinpoint potential
mechanisms underlying the high rates of fat oxidation reported following short-term adaptation
fat-rich diets, which persist even after one day of glycogen restoration witlfChiGhintake [2,

7] and/or high exogenous CHO availability [4, 5, 7]. The results of the present study provide nove
insights into the mechanisms governing pattefrsibstrate oxidatiom responséo diet-exercise
interactionsWe report that comparea anisoenergetic high-protein diet, five dagglaptatiorio

a high-fat diet resultsn greater whole-body rates of fat oxidation during submaximal cycling and

impairmentsn mitochondrial respiration.

A series of independent studies over the past two decades [2, B]%ake compared
high-fat versus high-CHO diets and shown that short-{erihdays) high-fat diets resuit peak
rates of whole-body fat oxidation of ~ Ingin (~ 50 umol-kgmin™), values that are typically
two-fold greater than after isoenergetic high-CHO diets [2, 7]. The rates of fat oxiohatios
present investigation (1.2 g- minafteranidentical period of a fat-rich diet were simitarthose
reported previously. Howevdhe first novel finding from the present study was that rates of fat
oxidation were 33% greater than after five days of a low-CHO, HPRO diet (0ii8"): We report
anincreasan post-exercise plasnfaéFA concentration from pre-diet interventioinsHFAT and
HPRO, which likely contributedo the increased rates of fat oxidation after both conditions.
However, the higher rates of fat oxidatiortHFAT comparedo HPRO are likely associated with

altered rates of whole body lipolysis and subsequent storage of triglycerides [6, Feetifjus
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work has shown higher rates of whole-body lipolysis, determibgdelevated glycerol
concentration, and this increase was associated with elevated intramuscular triglyceride (IMTG)
concentration following fat-adaptation [6, 18]. Limited muscle biopsy sample did not permit
IMTG measurements the current studyit is also known that low-CHO availability reduces
circulating insulin concentrations which could increase rates of whole-body fat oxidation.
Although CHO intake was identical both dietary conditions, it likely that a proportion of
proteinin HPRO was converteid glucose via gluconeogenesis [19], which may explain slightly
higher muscle glycogen concentrations postidietPRO comparetb HFAT. Higher availability

of muscle glycogen likely contributes lower rates of whole-body fat oxidatian HPRO
comparedo HFAT. Accordingly, the higher rates of fat oxidation measured after HFAT are likely

drivenby higher fat rather than higher CHO availability.

Despite CHO intake beinglamped’ in both dietary conditions, rates of CHO oxidation
were lower following five days HFAT compareglHPRO. Rates of CHO oxidation were reduced
by 50% (3 gmin * to 1.5 gmin™) following HFAT comparedo a 25% decline (2.3 gin™)
following HPRO. The greater oxidation of CHO-based fuels may be explandae slightly
higher muscle glycogen concentration post-dietHPRO comparedo HFAT, which has
previously been showto increase reliance on CHO-based fuels during subsequent exercise [20].
Without a protein tracan the current studyye are unabléo detect the proportion of protein that
is being convertedo glucose. Following a 6-day high-fat diet (634 from fat), Peters [21]
observed a decreasethe active form of the rate limiting enzynmeCHO metabolism, pyruvate
dehydrogenase (PDH), and consequently a redutticetes of CHO oxidation during exercise,
which was not observed following a moderate CHO diet (BE2%HO). Therefore, a decrease
PDH activity may contributeowards the observed reduction whole-body rates of CHO
oxidationin the present study [5]; however, limitatioimsmuscle biopsy sample did not permit

assessment of PDH activity.

To further determine potential mechanisms for reduced CHO oxidatierassessed
skeletal muscle mitochondrial respiratid@a measure dietary effects on substrate flux and

utilization. We found that respiration supportég octanoylcarnitine and pyruvate (Cl + ETFp)
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was significantly reduced after five dagé HFAT, but not HPRO, when CIlIl and/or CIV are
operatingat or near maximal activityln our interpretations of mitochondrial respiration data
obtained using the Oroboros O2k SUIT proto@ois importantto note that supra-physiological
mitochondrial substrate concentrations and a sequential addition protocol are used. Therefore,
interpretations of substrate-specific effects on respiration must be made with caution because this
protocol does not allow us pinpoint whether the addition of a particular substrate alone or any
previously added substrate the protocol are responsible ftre effect. Nonetheless, it was
surprising that FFA (i.e. octanoylcarnitine)-driven mitochondrial respiration (ETF leak) was not
subsequently increased with HFAT. Decreased respiration observed following the addition of
octanoylcarnitine and pyruvaigin line with previous studies reporting high-fat diets reduce the
amount of PDH (ints active form [PDHa]) and PDHa activigt rest but not after a moderate

CHO diet [21]. Alterationgn PDH activity have further been identifiada mechanism underlying
regulation of metabolic flexibilityn isolated rodent skeletal muscle mitochondmniaesponséo

altered substrate availability inducéy high-fat feeding [22].In addition, the reductionn
respiration after five days of HFAT persisted after uncoupling (ETSCIl + ETF ancETSCII),
suggesting that the functional reductiongespiration occurred eithat the level ofCI/CIl or
downstreamat CIII/CIV but notat CV (ATP-synthase)ln line with the observed reductioirs
uncoupled respiration, Skovbro [23] observed that ETFp and uncoupled respiration were decreased
following a longer high-fat feeding period (i.e. 16 days; 55-60% fat) compaeechoderate CHO

diet (i.e. 55-60% CHO) [23]. The mitochondrial effects of HRAThe present study may have

been more pronounced following a longer dietary intervention period. Additionally, theftyyee

dietary fat intake has previously showmaffect mitochondrial function and morphology [24].
Lionetti [24] has shown that high saturated fat intake was associated with greater mitochondrial
dysfunction comparetb unsaturated fain rodents. The current study provided a 65% fat diet,
which was made up of 55% saturated fat, and whether the reduatimitechondrial respiration

would be observed with a different dietary fat composition requires further investigsdion.
changesn mitochondrial respiration were observed following five days of HPRO, this suggests
that the primary driver of these skeletal muscle adaptasdmgh dietary fat availability. Based

on the evidencm the present study, the biochemical explanation of why HFAT resuttsreased

whole body fat oxidation despite reduced skeletal muscle mitochondrial respsaticonclusive

and warrants future investigation of mitochondneother tissues. Given that potential HFAT-
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induced changes the delivery and transport of fatty acids across sarcolemma are remaked
exVvivo analysis of mitochondrial respiration, these additional variables may also cortoithee

observed increasas fat oxidationat the whole body level.

Althoughwe observed changes respiration following the addition of octanoylcarnitine
and pyruvate and uncoupled respiration with HFA@ detected no differencas skeletal muscle
protein content of the five mitochondrial OXPHOS complexes after either dietary condition.
Additionally, neither citrate synthase protein content nor maximal activity was cha@yeth
that changem complex | and citrate synthase activity have strong associations with mitochondrial
content (i.e. volume and/or density), this suggests that caateot affectedy either short-term
HFAT or HPRO availability [25]. Insteadye speculate that changas enzyme activities
regulating mitochondrial substrate flux likely contribute towards the reduced respiration observed
after short-term adaptatiaa HFAT.

To determine alternative enzymes and signaling pathways imphgtéte HFAT and
HPRO,we measured putative transporters with rateskeletal muscl€A uptake, and two energy
sensing metabolic signaling pathways, AMPK and mTOR. There was a 12% inanease
FAT/CD36 protein observed following HFAT, suggesting potential increased capacity for
sarcolemmal and/or mitochondrial membr&#euptake, although this increaseFAT/CD36 did
not reach statistical significance. No chanmgenitochondrial CPT1 was observed following five
daysof HFAT or HPRO. These findings aireagreement with previous work which reported that
a high-fat diet together withn intensive training program result@d significantly greater (i.e.
17% increase) protein abundaméd-AT/CD36 without changm gene expression of CPT1 [16].
Low CHO diets together with periods of endurance training have previously been &hown
increase AMPK activation and signaling its downstream substrate ACC [26]. However, no
significant change was reportesd AMPK Thr172 phosphorylation relative total AMPK, orits
substrate ACC Ser79 phosphorylation relativéotal ACC following the dietary interventions.
No differences post-diet were foumd mTOR Ser2448 phosphorylation relatiteetotal mTOR
and phosphorylation ofs substrate RPS6 Ser235/236 relativéotal RPS@Gn HFAT or HPRO.
Together these findings suggest th#& transporter abundance and activation of these energy-
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sensing pathways were unaffectagdthe two diet interventions, perhagsa result of the high
training status of the cyclists and the abilibycope with the demandf the dietary overload.
Further investigatiors requiredto uncover alternative protein signaling pathways associated with
changesin substrate metabolism that may underpin the dietary effects on skeletal muscle

mitochondrial respiration.

After CHO restoration strategies (e.g. 1 day of high-CHO diet, a pre-exercise QHO-ric
breakfast and CHO intake during exercise) muscle glycogen incrneaseth HFAT and HPRO,
but did not reach pre-intervention valueHFAT. This may be a result of the brief (24 h) CHO
restoration period comparealfive days of high CHO intake pridéo baseline measures. Rates of
fat oxidation and CHO oxidation returnemivards baseline values during 1®@n SScyclingin
both HFAT and HPRO, and were simitarthe results sedn the pre-diet protodoHowever, the
CHO restoration and exercise feeding protocols involved aggressive stravegresnote high
CHO availability from both exogenous and endogenous sources, compared with overnight fasted
and water fed conditions on the pre-diet protocol. Therefore, rates of fat oxidation were higher and
CHO oxidation lower than expected during the 0 steady state protocol oayl7, particularly
with HFAT. Indeed, although the present study did not include a direct compgoiaarhronic
high-CHO dietasin our prior investigations [2, 4, 7], our results are consistent with previous
observations that muscle adaptation during chronic periods of a low-CHO diet, espedtzly
case of the HFATIis sufficiently robusto persist despite the restoratiohCHO [2, 4,7]. For
example, CHO oxidation rates following HFAT or HPRO and CHO restoratidhe current
study, were lower than those reportadorevious studies following a controlled (chronic high-
CHO) diet (200-220 umol-kg- mirnvs. 250-300 umol-kg-ni) [7]. Muscle glycogen utilization
in the current study was ~100 mmol-Ri1 lower than those previously reported with HFAT
intervention [2] and was slightly highér HPRO comparedo HFAT. This difference may be
relatedto higher pre-exercise muscle glycogerHPRO. Overall, this reduced capacity for CHO
oxidationin HFAT, despite the availability of exogenous and endogenous stores was previously

associated with persistent downregulation of PDH activity [5].

Whole body rates of fat oxidation after CHO restoration remained slightly higher after

HFAT comparedo HPRO, but this resulteith only a small differencén the total fat oxidized
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during 100min SS cycling (~ 15 g over 100min). No difference was measured for FFA
concentrations between the two dietary conditions, although plasma glycerol concentrations were
greater during exercise following HFAT compatedHPRO. The elevated glycerol concentration
following HFAT indicates a greater rate of whole-body lipolysis which could be associated with
greater IMTG utilization and/or liberation of FFA into the blood, contributmghe minor
variationin rates of whole-body fat oxidation between HFAT and HPRO. Correspotadioil

fat utilization, there were only minor differendagotal CHO oxidized between HFAT and HPRO

(~ 30 g) during 106nin of exercise.

Although one day of high CHO availability the current study failetb fully reverse the
differencesin whole-body rates of substrate oxidatidnwas sufficiento restore the decreased
mitochondrial respiration (Cl + ETFp) from HFAT, battkpre-diet values. This indicates that
there may ban additional underlying mechanism regulating charngesibstrate oxidation (i.e.
downregulating CHO oxidation) and mitochondrial respiratiés.the current study precluded
investigation of a high-CHO trial du® the high number of biopsies that would have been
required,we are unablego speculate whether differenc@smitochondrial respiration would have
been observed between the three dietary conditdfes.also reported greater post-exercise
reductiondn Cl + ETFp andCl + Cll + ETFp respiratiomn HFAT than HPRO and this was not
attributableto reductiondo citrate synthase protein or activity. These effects of exercise following
the HFAT maybeattributableto mitochondrial adaptatioreg the cessation of exercise that impact
ETC, including changes signaling, mitochondrial membrane dynamics and/or buffering of
reactive oxygen speciels.should alsde noted that there could have been dantagayofibers
during separation and permeabilization. This ctioldt the interpretation of the respiratory values
prior to the addition of cytochrome i@ the SUIT protocol sincié occasionally increased>@ux
more than 10% above CI+CII+ETFp (Table 2). Despite thésare confident that the data prior
to the addition of cytochrome i8 still meaningful since the effect was consistent across all trials.
To determine the effect of potential shifisubstrate utilization on exercise performance, previous
studies have included a cyclifig after a bout of steady state exercise, following the high-CHO
intake. Burke [2] reported similaf T performance between high-fat and high-CHO trialsiand
the present studye did not detect any differende TT performance between HFAT and HPRO
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after one day of CHO restoration; howewsg cannot compare this performartoea high-CHO

condition and therefore the shiftssubstrate utilization require further investigation.

In conclusion, the results of the present investigation demonstrate that whole-body rates of
fat oxidation increas¢o a greater extenn trained humans following high dietary fat intake
comparedo a high-protein diet, with CHCclamped at 20% of energy intake. High dietary fat
also reduced mitochondrial respiration suppotigdctanoylcarnitine and pyruvase well as
uncoupled respiratiof.hese reductions mitochondrial 'function' may be compensatory, and not
solely 'driving’ fuel regulation under the conditions of our investigattanther mechanistic
investigation into potential underlying diet-induced differenaesmitochondrial membrane
dynamics, mitochondrial complex subunits and additional enzymes regulating mitochondrial
substrate fluxs warranted. The acute but aggressive restoration of endogenous and exogenous
CHO availability was unabl® completely restore normal rates of substrate oxidation but was able
to reverse the fat-induced disruption of mitochondrial respiration. Together these findings
demonstrate the impact a high-fat diet has on metabolic flexibility and skeletal muscle

mitochondrial respiratiom trained cyclists.
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Figure Legends

Figure 1: An overviewof the study design showing the five days high-CHO diet follolyeiive
days high-fabr high-protein diet (D1o D7) with one day of a high-CHO diet. CHO, carbohydrate;
HIIT, high-intensity interval trainingT T, time-trial.

Figure 2: Resting muscle glycogen levels following five days high-CHO (Pre-diet D1), five days
high-fat or high-protein (Post-diet D6), one day of a high-CHO diet (D7 Pre Ex) and following
100min SScyclingat 63%PPO(D7 Post Ex) (A) and muscle glycogen percent change from Pre-
diet (D1)to Post-diet (D6), from Post-diet (D& D7 PreEx and fromD7 PreEx to D7 PostEx

(B) . Values are mean 3D for n=6. a HFAT differento Pre-diet (D1) within condition; b HPRO
differentto Pre-diet (D1) within condition; ¢ HFAT differetd D7 PreEx andD7 PostEx within
condition; d HPRO differertb D7 PreEx andD7 PostEx within condition.

Figure 3: RER (A) and rates of CHO (B) and fat oxidation (C) following five days high CHO
(Baseline and Pre-diet D1), five days high-fat or high-protein (Post-diet D6) durmm2§cling

and following one day of a high-CHO diet (D720-100) during &®0 SScycling at 63% PPO.
Values are mean = SD. # HFAT differantHPROat time point; e HFAT differento Baseline
within condition; f HPRO differento Baseline within condition; a HFAT differemd Pre-diet
(D1); b HPRO differento Pre-diet (D1) within condition.

Figure 4: Effect of five days high-fat diet or high-protein and one day of a high-CHO diet on
plasma glycerol (A), FFA (B3HB (C), blood glucose (D), plasma insulin (E) and blood lactate
concentration (F) before and during @i cyclingat63% PPO. Values are mean + SD. # HFAT
differentto HPROat time point; g HFAT differento T=0 within condition; h HPRO differenb

T=0 within condition; $ differento all time points withineachcondition.

Figure 5: Effect of five days high-fat or high-protein diet (A), one dafya high-CHO diet (B),

100 min SS cycling at 63% PPO (C) on mitochondrial respiration using a sequential addition
protocol. Respiratory states are suppotigdingleor convergent electron input via complex |
(CI), complexlIl (CIl) and/or electron transfer flavoprotein (ETF) under non-phosphorylating
(Leak) conditions, state-3 oxidative phosphorylatiothe presence &DP (indicatedoy “p”), or

with anuncoupler (FCCPo assess maximal electron transport system (ETS) activity. Values are

mean + SDasa fold change from respective day indicateedachfigure panel. Differencem
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respiratory fluxes were not due altered overall mitochondrial conteas indicatedby citrate
synthase activity (D) or protein content (E). 3 flux per mass different from Pre-DiBxl (A);
Post-DietD6 (B); PreEx D7 (C) of the respective high-fat or high-protein diet. # HFAT different
to HPRO conditiorat time point.

Figure 6: Skeletal muscle protein contgiit-E) and representative images (F) of five OXPHOS
complexes following five days high-CHO diet, five days high-fat or high-protein diet, gnef da
a high-CHO diet and following 10@in SScyclingat 63%PPO. Values are meanSb asa fold

change relativéo resting pre-dieD1 values.

Figure 7: Skeletal muscle protein content and representative blots of fat (CD36, GRTR &),
fat/CHO (p- Thrl72 AMPK/Total, p-Ser79 ACC/Toté&( & D) and protein regulatory signaling
pathways (p-Ser2448 mTOR/Total, p-Ser235/236 RPS6/T@a#) F) following five days high-
CHO, five days high-fat or high-protein diet, one day of a high-CHO diet and followinght00
SScycling. Values are meanSD asa fold change relativi® resting pre-dieD1 values. # HFAT
different to HPRO at time point; i HFAT differentto D7 PostEx within condition, j HPRO

differentto D7 PostEx within condition.
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Tables

Table 1: Macronutrient content of the high-carbohydrate (HCHO), high-fat (HFAT) and high-protein (HR&®)xonsumed. Total
Energy Intake (TEI).

Energy Carbohydrate Protein Fat
MJ MlJ/kg Total (g) g/kg % TEI Total (g) g/kg %TEI Total (g) g/kg % TEI
HCHO 17.0+14 0.22+0.0 |7694+63.4 10.0+£0.1 73.0+0.5 | 140.5+11.8 1.8+0.0 142+04 58.2+6.3 0.8+£00 12.8+0.8
HFAT 170+1.5 022+0.0 [|196.1+19.7 25+0.1 183+0.7 |138.7+10.7 1.8+0.1 13.7+04 | 3155+268 4.1+0.1 68.0+0.6
HPRO 17.0+1.5 0.22+0.0 [2003+19.5 2.6+£0.1 185+1.0 |679.8+66.7 88+0.5 66.7+0.9 69.3+74 09+ 0.1 14.8+0.7
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Table 2: Effects of five days high-fat or high-protein diet, one @&y high-CHO diet and 10fin SS cycling at 63% PPOon
mitochondrial respiration. Respiratory states are suppbstathgleor convergent electron input via complex | (Cl), comgle¢ClI)
and/or electron transfer flavoprotein (ETF) under non-phosphorylating (Leak) conditions, state-3 oxidative ylatispharthe
presence ofADP (indicatedby “p”), or with an uncoupler (FCCPjo assess maximal electron transport system (ETS) activity. Values

are mean 5D. a HFAT differento D7 Post Ex; b HPRO differemd D7 Post Ex within condition; ¢ HFAT differento D6.

O2Kk respiration measure; O2 flux per mass (pmol/s/mg)); mean = SD)

ETF Leak ETFp CI + ETFp CIgT(éII)I - oytctest L1 %IT; CI+ grsen

Sub'st.raterncoupler/ malate ‘

Inhibitor oc tanoylcarili tine ADP pyruvate succinate cytochrome ¢ FCCP Rotenone
HFAT Pre-Diet (D1) 202+59 43.8+5.8 625112  1168+22.6  136.6+29.5 1444322 925+19.0
HPRO Pre-Diet (D1) 17.5+4.1 47.7+5.6 66.1+152 1250312 147.1+370 1549373 1006303
HFAT Post-Diet (D6) 21.0+4.9 42.8+7.0 55.7+13.5 10354272 119.1+392  1240+384  772+305"
HPRO Post-Diet (D6) 19.1+3.8 50.7+4.5 6344154 1220£269 1403344 14824372 913+215
HFAT D7 Pre Ex 24.6+5.7 524+72 643+ 139"  120.1£29.0  141.1+£39.7"  1459+388  92.9+273"
HPRO D7 Pre Ex 18.7+5.9 49.8 +12.8 64.8 £20.3 1200369  142.9+473° 15194510  973+33.6
HFAT D7 Post Ex 24.6+49 447+9.8 47.6+13.8 84.0 +23.8 99.0 + 26.7 108.1+31.0  60.8+20.5
HPRO D7 Post Ex 217459 479+ 11.3 56.8+18.3 101.1 +30.2 105.4 +35.4 115.0£37.4  654+27.0
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