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CABSTRACT 3 

Carbohydrate has been shown to delay fatique in 

aarmabic activities. Only preliminary data CLambert @t al., 

Loo15 hae shown that there could be same effect af 

carbohydrate during multiple bout resistive exercises, 

especially when comsuming & low energy diet. Twenty two 

experienced male boadybuilders were studied ta test far 

the effect of carbohydrate ingqestian an muscle endurance. 

Fourteen subjects CPROT and CARB) were divided into 

twa treatment groups, protein supplemented PROT ¢n=7), anc 

the carbohydrate supplemented CARE (¢n=7). These subjects 

Were placed on &@ prescribed exercise workout and a 

Maintenance diet for 3 days. Then, testing was performed 

on &ll subjects before the twa groups were placed an a law 

eneray diet for 4 days. A&A cantroal CONT ¢n=8) group was 

asked ta recard their mormal diet and workeut during the 

MAINT and EXPER phase days. Refore the performance tests 

were perfarmned, PROT received a protein supplement at 1.25q 

of prateinvkq of beady weight. The CARE group was given an



leccaloric amount of carbohyorate beverage 1S minutes 

a before test performance. The test cansisted of seven sets 

af decreasing repetitions of flat bench presses with the 

last eet being performed until volitional fatique. 

Mao giqnificant difference was found amoung groups and 

all tests with set ¥ volume Ckhilograms Lifted & 

repetitions in set seveni in baseline (CONT= iOgs + 1ao.c, 

PROP= Lilo + 119.1, and CARB= 1oG4 + 110.03, pre-test 

C(CONT= 9681 + 150.85, PROT= 1o9a + Llg.i, and CARBS: Lilyit+ 

110.09, and pest-test (CONT= Lo01_ + 150.5, PROT= 1046 + 

Lig.d, CARBS: Lige + 110.353. The volume lifted by CARB 

tended ta increase with @ach test while that for PROT 

oe, tee oe 

tended te decrease in gqroup by time interaction (¢p=.0687), 

Therefore, it appears that carbohydrate ingestion given 15 

Minutes pricr ta a multiple beut bench press test of seven 

sets, had mo significant effect an muscle endurance during 

FESLStaNCe weight training.
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Chapter I 

INTRODUCTION 

Diet is am integral part af athletic performance and 

achievement in many sports today. For example, endurance 

athletes need plenty of fuel to sustain long pericds af 

exercise. In cantrast, powerlifters alter their diets tea 

increase strength and muscle mass. But athletes such as 

badybuilders, use diets toa enhance their physical physique. 

Bedybuilders have twa distinct phases of training for 

campetition. The "mass building” stage, where diet is 

altered ta abtain as much muscle mass as possible, and 

claser to the campetition a "cutting" phase which typically 

-invelves reduction af calorie intake while maintaining an 

intense training pregram. If the calarie intake is 

severely restricted it may be detrimental ta the athleta’s 

health and/ar physical performance ¢CHicksan @et al., L990; 

Elliat @et al., 1987; Freischlaqg et al., i384). 

A let of badybuilders have achieved this qeoal oaf 

muscle definitian through the use of anabolic steriads ar 

threugh dietary and exercise manipulations CElliot et al., 

19879. Many studies have shown the detrimental effects af 

steriods and the negative impact an the bady, both shart 

and lang term (Kleiner et al., 1989). Where other studies 

such as that performed by Mancre et al. (C1333), examined a 

world-class bedybuilder whoa consumed a high carbehydrate 
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diet in preparatian far a competition. 

Althaugh strength measurements were mat taken, Mancre 

et al., C1393), suqgested the possibility that the athlete 

was able to endure this rigorous training while dieting due 

to a&a& diet mestly in carbohydrates. It may be pessible that 

the high carbohydrate diet allewed the bedybuilder te 

perform his rigeragus training regime while still achieving 

his goal ef muscle definition for campetition, in 

comparision te other diets in previcus campetitions. This 

is in camcurrence with the "typical" bodybuilding diet: 

high carbohydrate, law fat, and moderate ta high in pratein 

(Sandoval et al., 1991). Sandoval et al. CIB51)I, state 

that the typical bedybuilding diet is high in complex 

carbohydrates, very low in fat, and very repetitive. They 

mate that the beadybuilder’s rationale for this type of diet 

is toe reduce overall bodyfat (get cutd and ta have enough 

energy ta survive the training workouts. 

Carbohydrates are an important macronutrient in 

previding energy to the beady. The availability of 

carbohydrate can determine the rate of muscle fatique 

(Castill, 19869. Accarding ta Costill, the rate of 

gqlyceqen depletion depends on exercise intensity, physical 

canditianing, exercise made, environmental temperature, and 

pre-exercise diet. Therefore, maintenance of muscle 

Qlycegen is difficult with repeated activity and invealves 

many different factors.
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Much research has shawn that cansumption of glucose 

can slow muscle and liver glycogen depletion and increase 

exercise endurance at intensities of 7O-S0% af maximum 

mxyqen cansumptian (Bergstrom et al., 1967). Coyle and 

Caggin ©1988) shawed that maintenance of blecd glucose 

through a carbohydrate supplement helped ta delay fatique 

in @ndurance athletes. Hargreaves et al., (i383) and 

Neuffer et al.,¢€1987), supported these findings and 

determined that exercise was actually proleanged during the 

latter phases of exercise, and at performance at a sprint 

rate, It is suqgested that this is due te the enhanced 

carbohydrate availability threugh beverage ingestian. This 

carbohydrate can be used for oxidatian and helps to spare 

qglycagen in the liver (Coyle and Coqgin, 1988). 

There 16 a wide array of literature tea shew the 

benefits af carbohydrate an aerabic performance. There are 

manly a few studies however, that have examined the effect 

of carbohydrate ingestion aon resistive exercise 

performance. Multiple bout weight training is a high 

intensity intermittent exercise that is usually performed 

by the training bodybuilders ta achieve muscle size and 

definitican. Researchers have shawn that glycogen levels 

can be affected by certain types af training, especially a 

decrease in muscle glycogen after multiple-beaut high 

intensity training (McCartney et al., 13869. With this 

type af high intensity exercise, Lambert et al., ¢€1i391),
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suqgested the possibility that muscle glycogen may become a 

limiting seurce of @eneraqy and therefore, carbohydrate 

ingestion cauld enhance performance by elevating bleae«ad 

Qlucose levels tc spare muscle aglycaqen. 

This importance of maintaining bleed glucose for 

qlycaqgen sparing is seen through studies that examine the 

pesitive effects of carbohydrate an physical performance. 

Lambert @et al. €19919, found that carbohydrate ingestion 

enhanced anaercabic performance. Lambert eat al. C1391), 

used multiple-beut weight training exercise ta determine 

this. In this study they cite data which previscusly showed 

that a decrease in muscle gqlycagen of 40-50% is found after 

6 sets of G& repetitions of leg extensions. They suggested 

that carbohydrate ingestion during this type of exercise 

may help te delay fatique by reducing muscle glycagen 

depletion. Although a study by Jacob et al. €19919, cites 

na change in perfarmance with a high ar a law carbohydrate 

diet, they used a ane bout SO maximal contraction exercise 

performance, where Lambert et al. C19919, used a multiple 

bout Caround 15 sets, 10 repetitians) of resistive 

exercise. Therefore, the benefits gained from carbehydrate 

ingesticn may only be seen with a multiple bout resistance 

exercises when glycalysis is the primary energy system used 

to generate ATP for muscle cantractian.
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Statement of the Problem 

There is ample literature te show evidence that high 

carbohydrate diets enhance aerabic @xercise performance. 

Although there is very little research aon the effect of 

carbohydrate estion on anaerobic performance, it LS 

theoretically pessible that carbohydrate supplementatican 

could enhance perfarmance af multiple bout resistive 

exercise, especially in an eneray depleted state. This, 

when badybuilders cansume a lew energy diet during 

preparation for competition, their ability toa tolerate the 

lactate preduced during resistive exercise may be impaired. 

A carbohydrate supplement cansumed before exercise may 

reduce ketasis and alleviate this situation. Therefare, 

the purpose af this study is toa see if a carbohydrate 

supplement pravided shartly before multiple bout weight 

training will increase multiple bout resistive training 

endurance volume in bodybuilders cansuming an eneray 

restricted diet. 

Research Hypothesis 

The following null hypothesis was tested in this 

study: 

Hee There was no cifference in muscle endurance 

Volume camputed as ¢tatal number of 

repetitions * weight lifted) in the multiple 

baut resistance flat bench press test 

between the carbohydrate, pratein, ar



placebo qreups, while the carbohydrate and 

pratein groups underwent a low energy diet. 

Significance of the Study 

The sport of bodybuilding is filled with 

misunderstandings about mutritican, especially dieting, and 

the effect of nutrition an performance. With all the 

conglomeration of preducts available toa these athletes wha 

all claim "miracle results", many bedybuilders are confused 

and are aften misinformed about praper nutrition and 

dieting for campetition. 

Carbohydrate supplement beverages are a camman 

mccurrence in any gym today. They are used by bath trained 

bedybuilders and the “average” weightlifter ta produce an 

ergagenic effect on performance (Burke et al., 19939. Many 

pecple misuse these drinks and same are canfused as ta the 

expected cutcaomes af what the beverage will pravide, 

claiming that the beverage will alter the cutcame af their 

workout (Grunewald @et al., is93>. These researchers state 

that this lack af research in the area of Supplementatian 

With bodybuilders allows the athlete toa utilize products 

With questionable claims from supplement companies. 

The results fram this study can inform these athletes 

whether there is an effect of the cansumptican af 

carbohydrate supplementation on helping them train for a 

bedybuilding competition. This study will determine the 

validity in the belief that the use of carbohydrate might



have same effect in helping them ta train lange@r per 

Sessican by prolonging their endurance, than if they were an 

a very lew calorie diet with noe supplementation. Thereby, 

the carbohydrate cauld possibly have some effect aon their 

campetition autcame. 

Delimitations 

The follewing delimitaticaons were made: 

1. The Subjects were trained male bedybuilders ages 

i8-Seé. 

The made of training utilized was free weight 

training of a 3S day roatation of leqs and biceps, 

chest and lats, and shoulders and triceps, plus oo 

minutes/day on the stationary bicycle, at 69-75% 

yrange of their age predicted maximum. 

A maintenance period af three days where diet and 

activity were cantrolled was completed by all 

subjects prior ta beginning the study. 

The hypreneragy diet cansumed by bath the 

carbohydrate and protein groups was a mixed diet 

consisting of 21 kcal/kg of bedy weight and S52 

carbohydrates, 15% fats, and SOZ% protein. 

The independent variables were Aa carbohydrate rich 

beverage far the carbohydrate group CCAREB), a 

protein rich beverage for the placeboa ar protein 

group, (PROT), and a central greup (CONT), 

rec@iving mo beverace.



The dependent criterion scare was: changes in the 

total weight lifted between the three groups (CHO, 

PROT, CONT), during the multiple-bent flat bench 

press delimited ta 60% af 1 RM. 

Limitations 

The following limitations of the study were noted: 

i. The small sample size may limit this study’s 

findings tea the subject sample studied. 

Subjects were mat living in a metabolic ward, and 

therefore vere mot continuously manitered ta see 

if they strictly adhered ta the study’s 

guidelines. 

The shart length of the hypoenergy phase (4 

days) might mot be the same as the effects of 

lang term dieting that many bedybuilders underage 

during preparatian far campetitian. 

The difference amang the 2 supplemental drinks 

(CARR, PROT, CONT? was nat blind because it was 

neat possible ta make the fluids loaak and taste the 

same. 

The CONT group was non-randamized and chasen 

mastly fram the subject pool that did nat wish 

te be put an a low eneray diet. 

Definitions and Symbals 

The follewing definitions and symbols will be 

utilized:



a 
Seed or 

Bady Campasitian: The major campanents of the 

body which included muscle, fat, crqgans and bene 

(McArdle, Katch amd Katch, 13981). 

Percent Body Fat ¢% BFI: Percentage of total beady 

campasitian including essential and man-essential 

lipid stores (McArdle, Katch and Katch, i961). 

Body Builder: Subjects whoa have engaged in weight 

lifting 4-5 times/week, at arcacund GO 

minutes/sessian for at least one year. 

Maintenance Diet: Diet prescribed for the two 

days before the experimental prior ta the 

beqinning af the experiment. It cansists of an 

exchange diet af 3S kcal/kg af body weight, 

comsisting af SS% carbohydrate, SO4% fat, and 15% 

pratein. 

Hypoeneraqy Diet: Diet prescribed far four days 

immediately following the maintenance pericqd. Tt 

consists of an mixed diet of Si kcal/kaq af bady 

weight, cansisting af SS% carbohydrate, 15% fat, 

and 3024 protein. 

Prae-Maintenance Phase (CPRE-MAINT?: the begining 

af the study to the Maintenance Phase. Includes 

all of the preliminary data that was gathered 

such as body fat, 1 RM etc. 

Maintenance Phase (MAINT): immediately folleaws 

Practice & day. KHeqinning of workout and maint-



10. 

ii. 
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enance diet. 

Experimental Phase CEXPER): Immediately follows 

MAINT phase. EXPER phase lasts for 4+ days and 

begins with the Pre-test, law eneray diet and 

secand phase of workout cycle. 

fine repetition maximum CIRM): The maximum ameunt 

af weight that can be lifted ane time. 

Carbohydrate Group CCAREI: The group that 

Yeceives the carbohydrate beverage 15 minutes 

befeare testing. 

Pyristeim Group PROTO: The placeba group that 

receives the beverage that is highest in protein 

iS minutes before testing. 

Cantral Group ¢CONT?>: This group will eat their 

ewn diets and perform their own exercises during 

the entire experiment C6 days? but they will 

receard exactly what is eaten and haw they 

exercise. 

Dependent Measure: endurance valume- Camount of 

weight lifted X tmtal repetitians per farmed) 

Basic Assumptions 

The follewing basic assumptions were made: 

1. Tt was assumed that during the muscle functioning 

tests, all subjects qave a maximal effeart. 

It was assumed that all subjects adhered ta the 

prescribed diet and workout for the duration of
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the study. 

we Tt was assumed that all subjects had been weight 

training 4-3 days/week for at least one year pricr 

to engaging in this study. 

4. Tt wae assumed that the flat bench press test was 

an accurate depiction of muscle @ndurance for this 

agraup of bodybuilders. 

Summary 

Bodybuilders preparing for campetiticon put enarmous 

damands an their beady during their training phase in order 

to achieve their muscular, lean physique. They drastically 

reduce their caloric intake while maintaining grueling 

workouts of one to three hours a day. During this time 

their bedies may became depleted and their energy levels 

can become quite low. 

Carbohydrates have been previously shawn tea imprave 

endurance in many aerobic activities. Lambert et al. 

(19919, has shown evidence that points to the possibility 

that carbohydrate might alsa enhance multiple bent 

resistive training anaerobic performance. 

The researchers in this study will examine the effects 

of carbohydrate supplementatian on @ndurance in multiple 

bout weight training when ingesting a low energy diet. tf 

carbohydrate supplementation is beneficial it could suggest 

that this would be a way for bodybuilders ta enhance the 

quality of their workouts while dieting, in preparation far



competition,



Chapter II 

REVIEW OF LITERATURE 

Bedybuilding 16 a sport where the athlete campetes an 

this basis of his or her physique rather than their 

athletic performance. This influences the type af training 

and the diet that the bedybuilder underqoes. The ultimate 

gral oof the sport is te achieve large muscle mass that is 

defined and symmetrical (Newton, i393). In addition te 

yigeoroaus weight training and aerabic exercise, preparatian 

far a competition includes a strict low calorie diet 

camprised of high carbohydrates, moderate to high levels of 

pratein, and low levels af fat (Sandoval et al., i951). 

The fecus of this study is the effect that 

carbohydrates have aon multiple boaut resistive weight 

training when aon a lew energy diet. Areas of research that 

will be discussed in this chapter will be broken inta five 

broad categories: (C1) carboehydrate metabolism during 

exercise; ¢€2) the effect of carbohydrate supplementatian an 

aerabic performance; (3) the effect of supplementation an 

anaerabic performances; and ¢€43 the dietary practices of 

bedybuilders in preparatian for campetition., 

i. Carbohydrate Metabolism and Energy Use During Exercise 

Muscie Glycogen Utilization 

In erder te produce Adenosine Triphosphate CATP? an 

mzuderate work intensities longer than 3O secands, there 

must be muscle glycogen or bleod qlucase present ta serve 
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as fuel for anaerobic glycolysis. Depletion of these fuels 

makes it very difficult ta continue the work level because 

af the muscle’s inability to meet the needs of the muscles 

for ATP. The breakdown of carbohydrate is the primary fuel 

that 18 weed in bedy metabolism in this intense exercise af 

S30 secands. Therefore, when the muscle is depleted of 

Glycagen, the fibers are unable tea produce the metabolites 

from the breakdown of carbohydrate toa cantinue bodily 

metabolism (Castill, 13988). 

At the first few minutes of this intense exercise, 

muscle glycogen is the primary scurce for energy. After 

about 60 minutes, the glycogen stores became depleted and 

fatique starts tc became more evident (Castill, i989). 

According to Castill, this rate of fatigue varies with 

several factars such as G@xercise intensity, physical 

conditioning, exercise mode, environmental temperature, and 

the pre-exercise diet. 

The higher the exercise intensity ¢(4Voez2max)d, the 

higher the rate of muscle glycogen utilizatian, and 

therefare there is a higher dependence an carbohydrate for 

fuel. Costill cites evidence that at levels below 9S% af a 

runner’s Valmax, bath fats and carbohydrates are used as 

fuels. It is moat until the athlete gets above this level, 

that carbohydrate appears ta be used almast exclusively. 

Therefore, evidence points tea the direction af 

carbohydrates as a necessary factor in anaerabic or high



energy activity. For example, a high intensity level of 

@vercise at the anset af exercise leads ta glycogen 

depletican and could pessibly lead te premature exhaustian 

(Costaill, i986 9. Thus, carbohydrates are mecessary in 

maintaining praper fuel levele during exercises. 

Exercise in het weather alsa stresses the glycagen 

level mare than mormal. Data listed by Costill has shown 

that as much as a 76% increase in glycogen use can occur if 

evercising in temperatures around 41 degqrees Celsius rather 

than exercise in temperatures around 9 deqrees Celsius. 

This mechanism accurs because there 16 a reduction in the 

bloaad flow ta the exercising muscle, which will cause an 

increase in intramuscular temperature and therefore, 

qreater use of glycogen (Castill, i988). 

Muscle glycogen depletian alsa depends an the type of 

activity engaged upon. Type af activity has a direct 

yelatianship an the muscle fiber types invelved. There are 

twa basic types of muscle fibers: Type I, which are high in 

maxidative capacity but cantract mare slawly, and Type II, 

which have a lower capacity for oxidative metabolism and 

are slower tea cantract. Type II is differentiated between 

Type Ila, which are more aften recruited than Type IIb, 

which ig mastly used in maximal exertions. More 

information about the type of muscle fibers that are 

recruited with various types af activities will be included 

later in this chapter. Basically, Type I fibers are mostly
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depleted at exercise at aor below 7OA Valmax, whereas Type 

Ila and finally Type TIlb fibers are recruited more 

frequently as tensicn requirements increase. In additisan 

to varicaus types of muscle fibers that are recruited in 

Various activities, different muscle groups recruited alsa 

vary an the type and intensity of activity involved. Fav 

example, cyclists shaw more glycaqgen depletion in the 

quadricep muscles than runners, wha might show more 

depletion in the gatrenemius and saleus. 

Muscle glycagen is important ain previding the 

carbohydrate needed for moderate intensity exercise af a 

leng duration, but it is mot the sole source of 

carbohydrate. Blood glucase contributes a large amount af 

enerqy ta the muecle during moderate intensity endurance 

activity CYaspelkis [II et al., 19959. As activity 

continues, glucose broken dawn fram the liver glyccaqen 

pravides a constant Supply af glucose toa the muscle. Since 

the liver glycogen supply is limited, bleed glucese levels 

can fall when exercise demands are greater than liver 

Glycagen preducing capacity. When the muscles and liver 

aglyceqgen became depleted, liver gqluconerngenesis must supply 

carbohydrate toe the muscle. When these glycogen reserves 

became depleted and gluconmengenesis cannat keep up with 

Glucese needs, fatique develops. Therefore, cansumptian of 

exaqaenaus carbohydrate may. relieve fatique by serving as a 

GQlucese source for the muscles CYaspelkis [II et al.,
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Glycogen Stores and Performance 

The storage of glycagen is pertinent ta performance 

capacity in humans. There are differences in stcarage 

capacity between humans that depend upan factors such as 

diet, activity, and training levels of the individual. 

Studies have shawn that liver glycogen stores will decrease 

yapidly when a resting individual is deprived af 

carbohydrate in as little time as 24 heours(Cestill, 1988). 

Activity can alec greatly deplete these stares, the 

cambination of high activity with a low carbohydrate diet 

cantributes greatly te a decreased glycogen storage level. 

Because liver qlyceagen cannot be regenerated by 

Qlucenecgenesis without extra carbohydrate ingestion, 

humans must rely an the intake of carbohydrate fonds to 

restore these levels. Individuals who are nom-athletes 

have & lower storage of gqlycegen than da endurance trained 

athletes. This i8 due ta the cambined influence of chronic 

exercise, glycagqen depletian, and carbohydrate intake in 

athletes which makes them more efficient in steering 

Glycagen (Ceastill, i989). This is further varified ina 

study canducted by Zachwieja et al. C1993), who alsa nated 

that depletion rates af muscle glyccgen vary with intensity 

and type of @xercise. This area of mechanisms of depletian 

levels will be cavered more extensively later in the 

chapter.
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Fiming of Carbohydrate Feeding Before Exercise 

It is well knewn that carbohydrate feeding before the 

start of prolonged aerobic activity can help ta reduce the 

time to fatique. There is much debate aver the best time 

ta ingest carbohydrate before the anset af activity. It 

depends mostly on the type of carbohydrate ingested, the 

type of activity, and the duration of the activity te be 

engaged in. Later on in this chapter the debates over the 

best methods for gach will be discussed. This section will 

give a brief overview of different methodologies that can 

be utilized. 

Same research CCoyle et al., i385 and Yaspelkis and 

Ivy, 1991) states that ingestian af carbohydrate 

immediately before exercise Cless than 60 minutes) may 

result in a dramatic rise in bleed gqlucase and insulin. 

This as followed by an increase in carbohydrate oxidatican 

and a rapid fall in bleed glucese during the first few 

minutes af exercise. What this means to the individual is 

a4 decrease, instead of an increase in time to fatique, thus 

acting canversely ta the original expected results of 

enhanced carbohydrate intake. However, this should be 

moted that this observation was taken in @xercise of lower 

intensities CiS0%4 Vel max). It appears that carbohydrate 

intake taken for @xercise performed at GS-754 af Vol max, 

enhances performance through replenishing glycagen reserves 

and rveducing the chance of a drastic drop in bloed qlucase,



thereby reducing fatique (Yaspelkis et al., i393). 

There appears ta be a trend towards pralanged 

exercise perfarmance with ingestion of exagencus 

carbohydrate, thereby sparing the muscle glycagen as a fuel 

gsaurce. Therefore, carbohydrate ingestion should aecur 

either immediately before and intermittently during 

@xercise, or several haurs befeare activity in order tea 

prevent the drastic decline in bleed glucose and ineulin 

that occurs if carbohydrate is ingested 15 to 45 minutes 

before exercise. These lower levels of glucose and insulin 

are thought by Costill ¢€1988) te increase glycagen 

exidation and thus reduce fatty acid metabolism leading ta 

earlier fatique. Many other studies have argued this point 

and this antire issue will be discussed further in the 

Section on aerabic metabolism. 

It is mow apparent how the basic mechanism of 

carbohydrate metabolism occurs toa suppeart the eneray 

demands of exercise. There appears to be a dependence an 

the level of glycagen reserves ta suppert the increased 

level of activity from exercise. As mentioned before, 

there are many factears such as glycegen storage, bleacd 

Clucase, type/intensity of activity, and timing of gqlucase 

ingestion, that determine the success in carbohydrate 

metabolism. 

Il. The Effect of Carbohydrate Supplementation on Aerabic 

Per formance



anG 

There 18 &@ vast array af studies that explore the 

effects of carbohydrate ingestion on aerabic activity. 

Far the most part, the research is in agreement that the 

effects of carbohydrate are beneficial. There are a few 

studies, Nhowaver, that report that glucase ingestican has mo 

effect on @ndurance @xercise time. 

Research That Shows No Change In Aerobic 

Performance With Carbohydrate Ingestion Under 

Normal Calorie Intake 

In many studies, carbohydrate ingestion improves 

exercise perfarmance. Far the most part, when perfarmance 

ig met enhanced by carbohydrate ingestion, it is mostly due 

ta the type ar timing af carbohydrate ingestican. Tm a 

study conducted by Cole et. al.¢1l35932, there was ne 

Significant difference in performance between varying 

levels af glucose solutions and a water placebo, given 

intermittently throughout cycling at 7O% Vetmaxn. This lack 

of impraved perfarmance is mainly attributed ta the lack of 

Glycagen depletion in the liver and the amount of exogenous 

carbohydrate given (42 q/haurd. The exaqencus carbohydrate 

Qiven above is less than what is needed, and has mo 

beneficial effect an performance. Cole et al. ¢1lDpgs:, 

state that in other studies where dasage was higher ¢?42 

aq/hr.d, they found improved performance with gqlucase 

ingestion. Therefore, there seems ta be a correlation in 

the amount of glucase ingestion and the benefits it has on
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�c�o�n�t�r�e�v�e�r�s�y� �a�s� �t�e�a� �w�h�e�t�h�e�r� �t�h�e� �p�r�e�v�e�n�t�i�o�n� �o�f� �h�y�p�o�g�l�y�c�e�m�i�a� �i�s� 

�r�e�l�a�t�e�d� �t�e�a� �e�n�h�a�n�c�e�d� �p�e�r�f�a�r�m�a�n�c�e�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �a�r�t�i�c�l�e� 

�S�h�a�w�s� �i�n�c�r�e�a�s�e�d� �p�e�r�f�o�r�m�a�n�c�e� �a�s� �a� �r�e�s�u�l�t� �o�f� �c�a�r�b�o�h�y�d�r�a�t�e� 

�i�n�g�e�s�t�i�a�n�,� �b�u�t� �a�l�e�a� �t�h�a�t� �b�l�e�e�d� �g�l�u�c�e�o�s�e� �l�e�v�e�l�s� �d�i�d� �m�o�t� 

�d�i�f�f�e�r� �a�m�a�n�q� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�e�d� �g�r�o�u�p�s� �a�n�d� �t�h�e� �n�o�n�-� 

�c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�e�d� �g�r�o�u�p�s�,� �s�u�q�g�e�s�t�i�n�g� �t�h�a�t� �h�i�g�h� �b�l�e�e�d� 

�Q�l�u�c�e�s�e� �l�e�v�e�l�s� �a�r�e�n�'�t� �t�h�e� �s�o�l�e� �r�e�a�s�o�n� �i�n� �e�n�h�a�n�c�i�n�g� 

�p�e�r�f�o�r�m�a�n�c�e�,� 

�A� �s�t�u�d�y� �i�n� �w�h�i�c�h� �a� �3�%� �c�a�r�b�o�h�y�d�r�a�t�e� �g�s�e�l�u�t�i�o�a�n� �o�r� �w�a�t�e�r� 

�W�A�S� �G�i�v�e�n� �t�a� �t�h�e� �s�u�b�j�e�c�t�s� �i�m�m�e�d�i�a�t�e�l�y� �b�e�f�o�r�e� �a�n�d� �e�v�e�r�y� �i�n
� 

�k�K�i�l�e�m�e�t�e�r�s� �o�f� �a� �S�O� �k�m� �r�a�c�e� �f�o�u�n�d� �i�m�p�r�e�v�e�d� �e�n�d�u�r�a�n�c�e� �t�i�m�e� 

�f�a�r� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� �f�e�d� �q�r�o�u�p� �a�s� �c�o�m�p�a�r�e�d� �t�a� �t�h�a�t� �w�h�e� 

�i�n�g�e�s�t�e�d� �w�a�t�e�r� �(�¢�T�s�i�n�t�z�a�s� �e�t� �a�l�.�,� �1�9�9�5�)�.� �T�h�e�y� �s�t�a�t�e� �t�h�a�t



�t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� �s�u�p�p�l�e�m�e�n�t�a�t�i�a�n� �r�e�s�u�l�t�e�d� �i�n� �m�a�i�n�t�e�n�a�n�c�e� 

�a�f� �r�u�n�n�i�n�g� �s�p�e�e�d� �w�h�i�l�e� �t�h�e� �s�u�b�j�e�c�t�s� �q�i�v�e�n� �w�a�t�e�r� �d�e�c�r�e�a�s�e�d� 

�t�h�e�i�r� �d�e�s�i�r�e�d� �r�u�n�n�i�n�g� �s�p�e�e�d�s�.� �T�h�e�r�e�f�a�r�e�,� �t�h�e� 

�s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �p�r�o�v�e�s� �b�e�n�e�f�i�c�i�a�l� �i�n� �m�a�i�n�t�a�i�n�i�n�g� �c�h�a�s�e�n� 

�r�u�n�n�i�n�g� �s�p�e�e�d� �t�h�r�e�u�g�h�o�u�t� �t�h�e� �r�a�c�e�.� �R�e�s�u�l�t�s� �f�r�a�m� �t�h�i�s� �s�t�u�d�y� 

�a�l�s�a� �a�i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e�r�e� �w�a�s� �m�o� �d�i�f�f�e�r�e�n�c�e� �i�n� �b�l�e�e�d� �g�l�u�c�a�s�e� 

�b�e�t�w�e�e�n� �t�h�e� �t�w�a� �q�r�a�u�p�s�.� �T�e�i�n�t�z�a�s� �e�t� �a�l�.�,� �C�L�9�9�S�)� �a�t�t�r�i�b�u�t�e�s� 

�t�h�i�s� �t�e� �b�l�e�a�d� �g�l�u�c�o�s�e� �o�x�i�d�a�t�i�o�n� �b�e�i�n�g� �c�a�n�t�r�i�b�u�t�e�d� �e�q�u�a�l�l�y� 

�t�o� �e�n�e�r�g�y� �m�e�t�a�b�o�l�i�s�m� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �t�w�a� �h�o�u�r�s� �o�f� 

�e�x�e�r�c�i�s�e�,� �w�h�e�t�h�e�r� �f�e�d� �w�a�t�e�r� �o�r� �c�a�r�b�o�h�y�d�r�a�t�e�.� �T�h�e�y� �a�l�s�a� 

�a�t�t�r�i�b�u�t�e� �s�a�m�e� �c�h�a�n�g�e� �b�e�t�w�e�e�n� �t�h�e� �g�r�a�u�p�s� �t�a� �t�h�e� 

�c�a�r�b�o�h�y�d�r�a�t�e� �f�e�d� �g�r�o�u�p� �a�n�d� �n�o�t� �t�h�e� �p�l�a�c�e�b�o� �q�r�a�u�p� �i�n�c�r�e�a�s�i�n�g� 

�t�h�e� �l�i�v�e�r� �g�l�y�c�o�g�e�n� �s�t�o�r�e�s�,� �t�h�u�s� �s�h�a�w�i�n�g� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� 

�p�e�r�f�o�r�m�a�n�c�e�.� �S�a� �t�h�e�r�e�f�o�r�e�,� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �c�h�a�n�g�e�s� �a�r�e� �d�u�e� 

�t�a� �i�n�c�r�e�a�s�e�d� �g�q�l�y�c�a�g�e�n� �s�t�o�r�a�g�e� �l�e�v�e�l�s� �a�n�d� �m�a�t� �p�r�a�v�e�n�t�i�a�n� �o�f� 

�h�y�p�o�a�l�y�c�e�m�i�a�.� 

�T�h�e� �f�i�n�d�i�n�g�s� �b�y� �T�s�i�n�t�z�a�s� �e�t� �a�l�.�,� �¢�1�3�9�5�0� �a�r�e� �v�a�r�i�f�i�e�d� 

�b�y� �C�o�y�l�e� �e�t� �a�l�.�,� �(�1�3�8�3�)�.� �A�S� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �f�i�n�d�i�n�g�s� �f�r�a�m� 

�t�h�e�s�e� �t�w�a� �s�t�u�d�i�e�s�,� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�a�n� �d�o�e�s� �h�a�v�e� �s�a�m�e� 

�i�m�p�l�i�c�a�t�i�o�n� �i�n� �i�m�p�r�e�v�i�n�g� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �S�p�a�r�i�n�g�,� �b�u�t� �i�t� �i�s� 

�p�e�s�s�i�b�l�e� �t�h�i�s� �i�s� �d�u�e� �t�o�a� �g�l�y�c�o�g�e�n� �s�p�a�r�i�n�g�,� �n�o�t� �p�r�e�v�e�n�t�i�a�n� �a�f� 

�h�y�p�o�g�l�y�c�e�m�i�a�.� �C�o�y�l�e� �e�t� �a�l�.�,� �(�1�9�3�9�3�3�)� �f�o�u�n�d� �t�h�a�t� �t�h�e�r�e� �w�a�s� 

�i�m�p�r�a�v�e�m�e�n�t� �i�n� �p�e�r�f�o�r�m�a�n�c�e� �w�i�t�h� �s�u�b�j�e�c�t�s� �t�h�a�t� �w�e�r�e� �f�e�d� 

�c�a�r�b�o�h�y�d�r�a�t�e� �o�v�e�r� �t�h�e�i�r� �c�a�n�t�r�a�l� �b�u�t� �t�h�a�t� �t�h�e� �b�l�e�e�d� �g�l�u�c�o�s�e� 

�l�e�v�e�l�s� �f�a�r� �b�a�t�h� �g�r�o�u�p�s� �w�e�r�e� �S�i�m�i�l�a�r�.� �T�h�e�r�e�f�o�r�e�,� �C�o�y�l�e� �e�t� 

�a�l�.�  ¬�1�9�8�5�)�,� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�e� �m�a�i�n�t�a�i�n�e�d� �b�l�a�n�d� �g�l�u�c�o�s�e



�l�e�v�e�l�s� �a�l�l�e�w�e�d� �t�h�e� �s�l�e�a�w�i�n�g� �a�f� �m�u�s�c�l�e� �g�l�y�c�e�g�e�n� �t�h�r�o�a�u�g�h� �b�l�o�o�d� 

�G�l�u�c�a�s�e� �u�t�i�l�i�z�a�t�i�o�n�.� �T�h�i�s� �i�d�e�a� �a�f� �h�y�p�o�a�l�y�c�e�m�i�a� �m�a�t� �b�e�i�n�g� 

�t�h�e� �c�a�u�s�e� �o�f� �f�a�t�i�q�u�e� �f�o�r� �m�a�s�t� �e�x�e�r�c�i�s�e� �b�o�u�t�s� �i�s� �f�u�r�t�h�e�r� 

�s�t�r�e�n�q�t�h�e�n�e�d� �b�y� �r�e�s�e�a�r�c�h� �c�o�n�d�u�c�t�e�d� �i�n� �1�9�8�2� �b�y� �I�v�y� �e�t� �a�l�.�,� 

�C�1�9�8�3�)�.� �T�h�i�s� �s�t�u�d�y� �c�a�n�c�l�u�d�e�s� �t�h�a�t� �@�x�h�a�u�s�t�i�o�a�n� �i�s� �m�o�t� �a� 

�f�u�n�c�t�i�o�n� �a�f� �c�e�n�t�r�a�l� �n�e�r�v�o�u�s� �s�y�s�t�e�m� �d�y�s�f�u�n�c�t�i�o�n�i�n�g�.� �I�v�y� �e�t� 

�a�l�.� �¢ ¬�1�9�8�3�0�,� �f�o�u�n�d� �t�h�a�t� �e�x�h�a�u�s�t�i�o�n� �i�n� �a� �p�s�y�c�h�o�a�m�a�t�a�r� 

�p�e�r�f�o�r�m�a�n�c�e� �t�e�s�t� �i�s� �m�o�a�t� �a�f�f�e�c�t�e�d� �b�y� �i�o�w� �b�l�o�o�d� �g�l�u�c�e�a�s�e� 

�l�e�v�e�l�s�.� �I�n� �t�h�i�s� �s�t�u�d�y�,� �a� �g�l�u�c�o�s�e� �p�o�l�y�m�e�r� �w�a�s� �i�n�f�u�s�e�d� �i�n� 

�t�h�e�i�r� �s�u�b�j�e�c�t�s� �t�h�r�o�u�g�h�o�u�t� �a� �w�a�l�k�i�n�g� �a�c�t�i�v�i�t�y� �(�4�5�%�4�V�a�e�m�a�x�d�,� 

�t�h�e�r�e�b�y� �m�a�i�n�t�a�i�n�i�n�g� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �l�e�v�e�l�s�.� �F�u�r�t�h�e�r� 

�s�t�u�d�i�e�s� �h�a�v�e� �s�h�o�w�n� �t�h�o�u�g�h� �Y�a�s�p�e�l�k�i�s� �e�t� �a�l�.� �¢ ¬�1�9�9�5�)�,� �t�h�a�t� 

�l�o�w�e�r� �i�n�t�e�n�s�i�t�y� �a�c�t�i�v�i�t�i�e�&�®� �a�r�e� �s�a�m�e�t�i�m�e�s� �m�a�t� �e�n�o�u�g�h� �t�a� 

�d�e�p�l�e�t�e� �t�h�e�s�e� �g�l�y�c�o�g�e�n� �s�t�o�r�e�s�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �e�r�a�g�e�n�i�c� 

�e�f�f�e�c�t� �m�f� �t�h�e� �g�l�u�c�e�s�e� �p�o�l�y�m�e�r� �d�r�i�n�k� �s�h�o�u�l�d� �b�e� �q�u�e�s�t�i�o�n�e�d� �i�n� 

�s�u�c�h� �&� �l�o�w� �i�n�t�e�n�s�i�t�y� �a�c�t�i�v�i�t�y� �(�4�5�2�4�2� �V�o�e�m�a�x�)� �a�s� �p�e�r�f�o�r�m�e�d� �i�n� 

�t�h�e� �s�t�u�d�y� �c�a�n�m�d�u�c�t�e�d� �b�y� �I�v�y� �@�t� �a�l�.�,� �C�l�g�)�.� 

�R�i�g�o�r�a�u�s� �e�n�d�u�r�a�n�c�e� �a�c�t�i�v�i�t�y� �i�s� �t�a�x�i�n�g� �o�n� �t�h�e� �b�a�d�y ��s� 

�e�n�e�r�q�y� �r�e�s�e�r�v�e�s�.� �W�h�e�n� �t�h�i�s� �i�s� �c�a�n�f�a�u�n�d�e�d� �b�y� �a� �s�p�r�i�n�t� 

�p�e�r�f�o�r�m�a�n�c�e� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �a�e�r�m�b�i�c� �p�h�a�s�e�,� �e�n�e�r�a�q�y� �d�e�m�a�n�d�s� 

�a�r�e� �e�v�e�n� �h�i�g�h�e�r�.� �B�l�o�a�a�d� �g�l�u�c�o�s�e� �1�5� �t�h�e� �m�a�i�n� �s�o�u�r�c�e� �o�f� 

�e�n�e�r�g�y� �t�h�a�t� �a�l�l�o�w�s� �t�h�e� �b�e�a�d�y� �t�o�a� �e�n�d�u�r�e� �a� �s�p�r�i�n�t� �p�e�r�f�o�r�m�a�n�c�e� 

�a�t� �t�h�e� �e�n�d� �o�f� �s�u�c�h� �a�n� �a�e�r�a�b�i�c� �w�o�r�k�o�u�t�.� �T�h�e� �t�h�e�o�r�y� �s�t�a�t�e�d� 

�a�b�o�v�e� �i�s� �s�t�r�e�n�g�t�h�e�n�e�d� �b�y� �t�h�e� �w�o�r�k� �f�o�a�u�n�d� �b�y� �M�i�l�l�a�r�d�-�S�t�a�f�f�o�r�d� 

�e�t�.� �a�l�.� �(�1�9�8�8�)�,� �a�n�d� �H�a�r�g�r�e�a�v�e�s� �e�t� �a�l�.� �C�l�9�8�+�)�,� �w�h�e�r�e� �m�o� 

�c�h�a�n�g�e� �i�n� �p�e�r�f�o�r�m�a�n�c�e� �w�a�s� �n�o�t�e�d� �b�e�t�w�e�e�n� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e



�f�e�d� �a�n�d� �p�l�a�c�e�b�o� �g�r�o�u�p�s� �u�n�t�i�l� �s�p�r�i�n�t� �a�c�t�i�v�i�t�y�,� �a�t� �t�h�e� �e�n�d� �o�f� 

�t�h�e� �c�a�r�d�i�o�v�a�s�c�u�l�a�r� �w�o�r�k�o�u�t�.� �S�p�r�i�n�t� �p�e�r�f�a�r�m�a�n�c�e� �w�a�s� 

�e�n�h�a�n�c�e�d� �a�s� �a� �r�e�s�u�l�t� �o�f� �e�x�a�g�e�n�c�u�s� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n�.� 

�T�h�e� �c�o�n�s�u�m�p�t�i�o�n� �o�f� �c�a�r�b�o�h�y�d�r�a�t�e� �h�e�l�p�e�d� �t�a� �m�a�i�n�t�a�i�n� �b�l�o�o�d� 

�G�l�u�c�e�a�s�e� �l�e�v�e�l�s�.� �S�a� �i�n� �e�x�e�r�c�i�s�e� �a�f� �s�h�a�r�t� �d�u�r�a�t�i�o�n� �C�e�p�r�i�n�t�)�,� 

�i�t� �a�p�p�e�a�r�s� �t�h�a�t� �p�r�e�v�e�n�t�i�o�n� �o�f� �h�y�p�o�g�l�y�c�e�m�i�a� �i�s� �b�e�n�e�f�i�c�i�a�l� �t�e� 

�e�n�h�a�n�c�i�n�g� �p�e�r�f�o�r�m�a�n�c�e�.� 

�I�n� �a� �s�t�u�d�y� �c�a�n�d�u�c�t�e�d� �b�y� �N�e�u�f�f�e�r� �e�t� �a�l�.� �(�1�9�8�7�)�,� �b�l�o�a�c�d� 

�G�l�u�c�e�s�e� �l�e�v�e�l�s� �h�e�l�p� �t�a� �r�e�d�u�c�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �f�a�t�i�q�u�e�.� �T�h�e�y� 

�e�x�a�m�i�n�e�d� �l�o�w� �h�e�p�a�t�i�c� �a�n�d� �m�u�s�c�l�e� �g�l�y�c�e�a�q�e�n� �s�t�o�r�e�s� �a�f�t�e�r� �a� �1�2� 

�h�a�e� �f�a�s�t� �w�i�t�h� �a� �l�o�w� �c�a�r�b�o�h�y�d�r�a�t�e� �d�i�e�t�.� �P�e�r�f�a�r�m�a�n�c�e� �i�s� 

�e�n�h�a�n�c�e�d� �b�y� �i�n�g�e�s�t�i�o�n� �o�f� �4�5� �g�r�a�m�s� �o�f� �c�a�r�b�o�h�y�d�r�a�t�e� 

�i�m�m�e�d�i�a�t�e�l�y� �b�e�f�a�r�e� �o�n�e� �h�o�u�r� �o�f� �i�n�t�e�n�s�e� �e�x�e�r�c�i�s�e� �(�7�7�%� �V�a�l� 

�m�a�x�3�,� �f�o�l�l�e�w�e�d� �b�y� �1�5� �m�i�n�u�t�e�s� �a�f� �i�s�o�k�i�n�e�t�i�c� �c�y�c�l�i�n�g�.� 

�I�m�p�r�o�v�e�m�e�n�t� �i�n� �e�x�e�r�c�i�s�e� �p�e�r�f�o�r�m�a�n�c�e� �i�s� �a�f�f�e�c�t�e�d� �b�y� �b�l�a�n�d� 

�g�q�l�u�c�e�a�s�e� �a�n�d� �d�u�e� �t�a� �a� �s�t�a�t�e� �i�n� �w�h�i�c�h� �e�n�d�o�q�g�e�n�c�u�s� �g�q�l�y�c�a�q�e�n� 

�S�t�o�r�e�s� �a�r�e� �v�e�r�y� �l�e�w�.� �T�h�e� �r�e�s�u�l�t�s� �a�f� �t�h�i�s� �s�t�u�d�y� �d�i�f�f�e�r� �f�r�a�m� 

�t�h�e� �r�e�s�u�l�t�s� �f�r�a�m� �H�a�r�g�r�e�a�v�e�s� �e�t� �a�l�.� �C�1�9�8�5�)�,� �w�h�i�c�h� �s�h�a�w� 

�c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �d�u�r�i�n�g� �i�n�t�e�n�s�e� �e�x�e�r�c�i�s�e� �s�p�a�r�i�n�g� 

�m�u�s�c�l�e� �q�g�l�y�c�a�g�e�n�.� �T�h�i�s� �d�i�s�c�r�e�p�a�n�c�y� �i�s� �@�x�p�l�a�i�n�e�d� �b�y� �N�e�u�f�f�e�r� 

�@�e�t�o�a�l�.�,� �C�1�9�8�7�)� �i�n� �s�t�a�t�i�n�g� �t�h�a�t� �H�a�r�g�r�e�a�v�e�s� �e�t� �a�l�.� �c�C�i�v�e�d�,� 

�s�h�o�w�s� �A� �p�e�r�i�o�d�i�c� �d�e�c�r�e�a�s�e�s� �i�n� �t�h�e� �d�e�m�a�n�d�s� �o�a�n� �m�u�s�c�l�e� 

�g�l�y�c�a�g�e�n�,�.� �T�h�e�r�e�f�o�r�e�,� �w�h�e�n� �t�h�e�r�e� �i�f� �a�n� �i�n�c�r�e�a�s�e� �i�n� �s�e�r�u�m� 

�G�l�u�c�a�g�s�e�,� �t�h�e�r�e� �w�i�l�l� �b�e� �a�c�c�e�l�e�r�a�t�e�d� �c�o�n�v�e�r�s�i�c�a�n� �o�f� �g�l�u�c�a�s�e� �t�o� 

�g�l�y�c�a�g�e�n� �e�l�i�c�i�t�i�n�g� �a�n� �i�n�c�r�e�a�s�e� �i�n� �g�l�y�c�o�g�e�n� �s�p�a�r�i�n�g� �t�N�e�u�f�f�e�r� 

�@�t� �a�l�.�,� �1�3�0�7�)�.� �I�n� �t�h�e� �s�t�u�d�y� �c�a�n�d�u�c�t�e�d� �b�y� �H�a�r�g�r�e�a�v�e�s� �e�t� �a�l�.



�(�1�9�8�4�)�,� �s�u�b�j�e�c�t�s� �w�e�r�e� �d�i�v�i�d�e�d� �i�n�t�e� �t�h�r�e�e� �g�r�o�u�p�s� �o�f� �2�:� �1�)� �t�i�
 

�h�i�g�h� �d�o�s�e� �c�a�r�b�o�h�y�d�r�a�t�e� �g�r�o�u�p� �C�2�1�.�5� �Q�g�/�6�0� �m�i�n�u�t�e�s�d�s� �2�)� �a� �m�o�r�e� 

�f�r�e�q�u�e�n�t� �i�m�t�e�r�v�a�l� �o�f� �c�a�r�b�o�h�y�d�r�a�t�e� �g�i�v�e�n�  ¬�1�0�.�7�5�q�g�/�3�0� �m�i�n�u�t�e�s�)� 

�;� �a�n�d� �3�)� �t�h�e� �c�o�n�t�r�o�l� �o�f� �w�a�t�e�r� �¢�4�0�0� �m�1�/�G�O� �m�i�n�d� �u�n�d�e�r� �a� �4�-� 

�h�e�r� �c�y�c�l�i�n�g� �b�o�u�t� �f�o�l�l�o�w�e�d� �b�y� �a� �s�p�r�i�n�t� �r�i�d�e� �t�m� �e�x�h�a�u�s�t�i�a�n� 

�(�1�0�0�%� �V�o�l�m�a�x�3�>�.� �T�h�e�r�e� �w�e�r�e� �m�o� �d�i�t�f�e�r�e�n�c�e�s� �i�n� �m�u�s�c�l�e� 

�Q�l�y�c�o�g�e�n� �l�e�v�e�l�s� �a�m�o�n�g� �t�h�e� �t�h�r�e�e� �g�r�o�u�p�s�,� �y�e�t� �t�h�e�y� �h�a�d� 

�v�a�r�y�i�n�g� �l�e�v�e�l�s� �o�f� �b�l�o�o�d� �q�l�u�c�a�s�e�.� �T�h�e�r�e� �w�a�e� �e�n�h�a�n�c�e�d� �s�p�r�i�n�t� 

�p�e�r�f�o�r�m�a�n�c�e� �i�n� �t�h�e� �g�r�a�u�p�s� �t�h�a�t� �w�e�r�e� �f�e�d� �c�a�r�b�o�h�y�d�r�a�t�e� 

�H�a�r�g�r�e�a�v�e�s� �@�t� �a�l�.�,� �C�1�9�8�5�)� �w�h�i�c�h� �s�u�q�q�e�s�t�s� �t�h�a�t� �g�l�u�c�e�s�e� �w�a�s� 

�t�h�e� �p�r�i�m�a�r�y� �f�u�e�l� �s�c�a�u�r�c�e� �d�u�r�i�n�g� �t�h�a�t� �p�e�r�f�o�r�m�a�n�c�e�.� �T�h�i�s� �w�a�s� 

�d�u�e� �t�a� �e�n�h�a�n�c�e�d� �p�e�r�f�o�r�m�a�n�c�e� �i�n� �c�o�r�r�e�l�a�t�i�a�n� �w�i�t�h� �t�h�e� �b�l�o�o�d� 

�Q�l�u�c�e�s�e� �l�e�v�e�l�s�.� �T�h�e� �r�e�s�e�a�r�c�h�e�r� �m�a�t�e�d� �t�h�a�u�g�h� �t�h�a�t� �m�u�s�c�l�e� 

�Q�g�l�y�c�a�q�e�n� �w�a�s� �s�t�i�l�l� �t�h�e� �p�r�i�m�a�r�y� �f�u�e�l� �s�o�u�r�c�e� �i�n� �e�x�e�r�c�i�s�e� �a�f� 

�t�h�e� �l�e�n�g�e�r� �d�u�r�a�t�i�o�n� �b�e�c�a�u�s�e� �t�h�e� �q�u�a�n�t�i�t�y� �o�f� �c�a�r�b�o�h�y�d�r�a�t�e� 

�q�d�i�v�e�n� �(�2�1�.�5�q�/�h�o�u�r�?� �w�a�s� �m�o�e�t� �l�a�r�g�e� �G�@�n�e�n�g�h� �t�a� �s�u�p�p�l�e�m�e�n�t� 

�e�n�d�a�g�e�n�c�a�u�s� �s�t�o�r�e�s� �o�f� �l�i�v�e�r� �a�n�d� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �d�u�r�i�n�g� �t�h�e� �+�4� 

�h�o�u�r�s� �o�f� �e�x�e�r�c�i�s�e�,� �d�e�s�p�i�t�e� �g�l�u�c�o�s�e� �l�e�v�e�l�s� �(�H�a�r�g�r�e�a�v�e�s� �e�t� 

�T�h�e� �i�d�e�a� �t�h�a�t� �g�l�u�c�a�o�s�e� �i�n�g�e�s�t�i�c�a�n� �h�a�s� �a� �d�i�r�e�c�t� 

�r�@�l�a�t�i�a�n�s�h�i�p� �t�a� �e�n�d�u�r�a�n�c�e� �p�e�r�f�o�r�m�a�n�c�e� �i�s� �c�l�e�a�r�.� �R�e�s�e�a�r�c�h� 

�p�o�i�n�t�s� �t�a�e� �p�o�s�s�i�b�i�l�i�t�i�e�s� �t�h�a�t� �b�l�e�e�d� �g�q�l�u�c�a�s�e� �l�e�v�e�l�s� �a�r�e� 

�a�t�t�r�i�b�u�t�a�b�l�e� �t�e�a� �p�e�r�f�o�r�m�a�n�c�e� �i�n� �s�p�r�i�n�t� �e�x�e�r�c�i�s�e� �b�u�t� �i�n� 

�e�n�d�u�r�a�n�c�e� �a�c�t�i�v�i�t�i�e�s�,� �b�l�a�a�d� �g�q�l�u�c�a�s�e� �a�c�t�s� �a�s� �a� �m�e�d�i�a�t�m�a�r� �t�a� 

�p�r�e�v�e�n�t� �q�l�y�c�e�q�e�n� �d�e�p�l�e�t�i�o�n� �w�h�i�c�h� �w�o�u�l�d� �l�e�a�d� �t�a� �f�a�t�i�g�u�e�.� 

�T�w�a� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �a�r�t�i�c�l�e�s� �e�x�p�l�a�i�n� �w�h�y� �s�u�b�j�e�c�t�s� �w�h�e



�i�n�g�e�s�t� �c�a�r�b�o�h�y�d�r�a�t�e� �w�i�l�l� �h�a�v�e� �i�n�c�r�e�a�s�e�d� �l�e�v�e�l�s� �o�f� 

�p�e�r�f�o�r�m�a�n�c�e� �a�t� �v�a�r�i�a�b�l�e�-�i�n�t�e�n�s�i�t�y� �@�x�e�r�c�i�s�e�.� �A� �r�e�c�e�n�t� �s�t�u�d�y� 

�J� �p�e�r�f�a�r�m�e�d� �b�y� �I�v�y� �e�t� �a�l�.� �C�l�o�u�t� �k�e
�,� �d�,� �s�t�a�t�e�s� �t�h�a�t� �a�t�h�l�e�t�e�s� �w�h�e� 

�w�e�r�e� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �c�a�r�b�o�h�y�d�r�a�t�e� �o�n� �m�i�x�e�d� �i�n�t�e�n�s�i�t�y� 

�c�y�c�l�i�n�g� �¢�4�5�%�-� �7�5�4� �V�o�l�t�m�a�x�?� �t�a�d� �l�a�n�g�e�r� �t�i�m�e�s� �t�o� �f�a�t�i�q�u�e� �d�u�e� 

�t�o� �t�h�e� �r�e�d�u�c�t�i�o�n� �o�f� �d�e�p�e�n�d�e�n�c�y� �o�n� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �a�s� �a� �f�u�e�l� 

�s�o�u�r�c�e�,� �t�h�e�r�e�b�y� �r�e�l�y�i�n�g� �m�a�r�e� �h�e�a�v�i�l�y� �o�n� �b�l�e�c�d� �g�l�u�c�o�s�e� 

�l�e�v�e�l�s�.� �I�n� �&� �@�i�m�i�l�a�r� �s�t�u�d�y� �w�i�t�h� �a�l�t�e�r�n�a�t�i�n�g� �i�n�t�e�n�s�i�t�i�e�s� �o�f� 

�c�y�c�l�i�n�g� �(�G�O�-�3�5�%� �V�e�e�m�a�x�)�,� �t�h�e�r�e� �w�a�s� �a� �p�r�e�v�e�n�t�i�o�n� �o�f� �d�e�c�l�i�n�e� 

�i�n� �p�l�a�s�m�a� �g�l�u�c�e�s�e� �i�n� �t�h�e� �f�a�s�t�e�d� �s�t�a�t�e� �s�o� �t�h�a�t� �c�a�r�b�o�h�y�d�r�a�t�e� 

�m�e�x�i�d�a�t�i�a�n�m� �1�6� �m�a�i�n�t�a�i�n�e�d� �a�n�d� �f�a�t�i�q�u�e� �i�s� �d�e�l�a�y�e�d� �b�y� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �S�O� �m�i�n�u�t�e�s� �(�C�n�y�l�e� �a�n�d� �C�e�q�g�i�n�,� �1�9�8�8�)�.� �E�v�e�n� 

�t�h�r�a�u�g�h� �t�h�e� �l�a�s�t� �t�h�i�r�d� �h�o�u�r� �o�f� �c�y�c�l�i�n�g�,� �t�h�e� �r�e�s�e�a�r�c�h�e�r�s� 

�n�a�t�e�s� �t�h�a�t� �s�u�b�j�e�c�t�s� �w�e�r�e� �a�b�l�e� �t�o�a� �m�x�i�d�i�z�e� �c�a�r�b�o�h�y�d�r�a�t�e� �u�p� �t�o� 

�2� �Q�/�m�i�n�.� �T�h�i�s� �e�x�p�l�a�i�n�s� �w�h�y� �g�l�u�c�e�s�e� �i�n�g�e�s�t�i�a�n� �i�s� �s�a� 

�i�m�p�o�a�e�r�t�a�n�t� �t�o� �@�e�n�d�u�r�a�n�c�e� �r�a�t�e�s�,� �b�e�c�a�u�s�e� �i�t� �k�e�e�p�s� �g�l�u�c�a�s�e� 

�a�x�i�d�a�t�i�o�n� �l�e�v�e�l�s� �s�t�e�a�d�y� �a�n�d� �r�e�d�u�c�e�s� �t�i�m�e� �t�o� �f�a�t�i�q�u�e�.� 

�I�t� �s�h�o�u�l�d� �b�e� �m�a�t�e�d� �t�h�a�t� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �w�a�s� �n�o�t� 

�m�e�a�s�u�r�e�d� �d�u�r�i�n�g� �t�h�i�s� �s�t�u�d�y� �d�u�e� �t�a� �t�h�e� �f�i�n�d�i�n�g�s� �i�n� �a� 

�p�r�e�v�i�c�u�s� �s�t�u�d�y� �C�o�y�l�e� �a�n�d� �C�o�g�q�g�i�n� �(�1�9�8�6�)�,� �w�h�i�c�h� �s�u�q�q�e�s�t�e�d� 

�t�h�a�t� �g�l�y�c�o�g�e�n� �w�a�s� �n�a�t� �d�e�p�l�e�t�e�d� �a�t� �t�h�e� �l�a�t�e� �s�t�a�g�e�s� �|� �x�f� 

�e�x�e�r�c�i�s�e� �d�u�e� �t�o� �t�h�e� �h�i�g�h� �o�x�i�d�a�t�i�o�n� �r�a�t�e� �o�f� �b�l�o�o�d� �g�l�u�c�o�s�e�,� 

�T�h�i�s� �s�t�u�d�y� �i�f� �i�m� �a�c�c�o�r�d�a�n�c�e� �w�i�t�h� �t�h�e� �f�i�n�d�i�n�g�s� �f�r�e�m� 

�H�a�r�g�r�e�a�v�e� �e�t� �a�l�.� �(�i�3�8�5�)�,� �t�h�a�t� �s�t�a�t�e� �e�x�e�r�c�i�s�e� �p�e�r�f�o�r�m�a�n�c�e� �i�s� 

�e�n�h�a�m�c�e�d� �b�y� �b�l�o�o�d� �g�l�u�c�o�s�e�.� �T�h�e� �i�n�t�e�r�m�i�t�t�e�n�t� �e�x�e�r�c�i�s�e�s� �w�i�t�h� 

�i�n�t�e�r�v�a�l�s� �a�f� �r�e�s�t�,� �a�l�l�o�w� �t�h�e� �e�l�e�v�a�t�e�d� �b�l�a�c�d� �g�l�u�c�o�s�e� �l�e�v�e�l



�t�o� �e�n�h�a�n�c�e� �c�a�n�v�e�r�s�i�a�n� �o�f� �g�l�u�c�o�s�e� �t�e� �q�l�y�c�a�g�e�n� �a�n�d� �t�h�u�s�,� 

�s�p�a�r�e� �m�u�s�c�l�e� �q�g�l�y�c�a�q�e�n�.� �A�l�t�h�a�u�g�h� �t�h�e� �s�u�b�j�e�c�t� �p�o�o�l� �u�s�e�d� �b�y� 

�C�o�y�l�e� �a�n�d� �C�o�g�g�i�n�s� �(�1�9�9�6�)� �w�e�r�e� �e�l�i�t�e� �c�y�c�l�i�s�t�s� �p�e�r�f�a�r�m�i�n�g� �i�n� 

�m�u�l�t�i�p�l�e� �i�n�t�e�n�s�i�t�y� �a�c�t�i�v�i�t�y�,� �a�n�d� �H�a�r�g�r�e�a�v�e�s� �e�t� �a�l�.� �¢�i�v�S�s�)�,� 

�u�s�e�d� �t�e�n� �m�a�n�-�a�t�h�l�e�t�e�s�,� �t�h�e� �i�m�p�l�i�c�a�t�i�o�n�s� �a�r�e� �t�h�e� �s�a�m�e�.� 

�S�o� �f�r�o�m� �t�h�e� �d�a�t�a� �g�i�v�e�n� �a�b�o�v�e�,� �t�h�e�r�e� �a�p�p�e�a�r�s� �t�o� �b�e� �s�a�m�e� 

�r�e�l�a�t�i�a�n�s�h�i�p� �b�e�t�w�e�e�n� �f�a�t�i�q�u�e� �l�e�v�e�l�s�,� �m�u�s�c�l�e� �g�q�l�y�c�a�g�e�n� �a�n�d� 

�b�l�o�a�c�d� �c�q�l�u�c�a�s�e�.� �I�t� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �t�h�a�t� �f�a�t�i�q�u�e� �i�s� �m�o�a�t� �d�u�e� 

�t�a� �t�h�e� �e�f�f�e�c�t�s� �o�f� �h�y�p�s�e�g�q�l�y�c�e�m�i�a� �o�r� �C�N�S� �d�y�s�f�u�n�c�t�i�o�n�i�n�g� �a�t� �t�h�e� 

�e�n�d� �o�f� �a�c�t�i�v�i�t�y� �b�u�t�,� �t�h�e�r�e� �i�s� �a� �p�o�s�s�i�b�i�l�i�t�y� �t�h�a�t� �e�x�a�g�e�n�c�u�s� 

�c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �c�a�n� �r�e�d�u�c�e� �f�a�t�i�g�u�e� �b�y� �s�p�a�r�i�n�g� �m�u�s�c�l�e� 

�G�l�y�c�o�g�e�n� �l�e�v�e�l�s� �t�h�r�e�u�g�h� �i�n�c�r�e�a�s�i�n�g� �b�l�o�o�d� �g�l�u�c�a�s�e� �l�e�v�e�l�s�.� 

�T�y�p�e�s� �o�f� �C�a�r�b�o�h�y�d�r�a�t�e�s� �T�o� �C�o�n�s�u�m�e� �T�o� �M�a�x�i�m�i�z�e� 

�P�e�r�f�o�r�m�a�n�c�e� 

�I�t� �h�a�s� �b�e�e�n� �e�s�t�a�b�l�i�s�h�e�d� �t�h�a�t� �t�h�e�r�e� �i�s� �a� �r�e�l�a�t�i�o�n�s�h�i�p� 

�b�e�t�w�e�e�n� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �a�n�d� �e�x�e�r�c�i�s�e� �p�e�r�f�o�r�m�a�n�c�e�.� 

�B�u�t� �w�h�a�t� �m�e�e�d�e� �t�a� �b�e� �c�l�a�r�i�f�i�e�d� �i�s� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� 

�t�h�e� �t�y�p�e� �e�f� �c�a�r�b�o�h�y�d�r�a�t�e� �c�o�n�s�u�m�e�d� �a�n�d� �@�x�e�r�c�i�s�e� �p�e�r�f�o�r�m�a�n�c�e�.� 

�&� �s�t�u�d�y� �c�a�n�d�u�c�t�e�d� �t�h�a�t� �c�o�m�p�a�r�e�s� �a� �l�i�q�u�i�d� �c�a�r�b�o�h�y�d�r�a�t�e� 

�d�r�i�n�k�,� �a� �c�a�r�b�o�h�y�d�r�a�t�e� �b�a�r�,� �a�n�d� �a� �c�o�m�b�i�n�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� 

�t�w�a�,� �S�h�o�w�s� �m�a� �d�i�f�f�e�r�e�n�c�e� �i�n� �b�l�o�a�d� �g�l�u�c�a�s�e�,� �i�n�s�u�l�i�n�,� �t�i�m�e� 

�t�r�i�a�l� �p�e�r�f�o�r�m�a�n�c�e�s�,� �a�r� �t�o�t�a�l� �c�a�r�b�o�h�y�d�r�a�t�e� �o�x�i�d�i�z�e�d� �d�u�r�i�n�g� 

�1�2�0� �m�i�n�u�t�e�s� �o�f� �c�y�c�l�i�n�g� �a�t� �7�O�X� �V�e�a�t�m�a�x� �C�l�i�u�g�m� �e�t�.� �a�l�.�,� �9�9�D�)�.� 

�T�h�e�s�e� �f�i�n�d�i�n�a�s� �w�e�r�e� �s�t�r�e�n�g�t�h�e�n�e�d� �b�y� �H�a�r�a�d�r�e�a�v�e�s� �e�t� �a�l�.�,� 

�C�1�9�9�3�9� �w�i�t�h� �t�r�a�i�n�e�d� �r�u�n�n�e�r�s� �u�s�i�n�g� �@�i�t�h�e�r� �a� �c�a�r�b�o�h�y�d�r�a�t�e� �b�a�r� 

�m�y� �l�i�q�u�i�d� �b�e�v�e�r�a�g�e�.� �T�h�e� �r�e�s�e�@�a�r�c�h�e�r� �f�o�u�n�d� �n�o� �d�i�f�f�e�r�e�n�c�e� �i�n



�o�o� 

�b�l�o�o�d� �g�l�u�c�a�s�e� �o�r� �i�n�s�u�l�i�n� �i�n� �e�q�u�a�l� �a�m�e�n�n�t�s� �a�f� �s�a�l�i�d� �o�r� 

�l�i�q�u�i�d� �f�o�r�m� �o�f� �i�n�g�e�s�t�e�d� �c�a�r�b�o�h�y�d�r�a�t�e�  ��H�a�r�g�r�e�a�v�e�s� �e�t� �a�l�.�,� 

�L�u�)�.� �I�n� �a� �S�i�m�i�l�a�r� �s�t�u�d�y� �u�s�i�n�g� �s�e�a�e�l�i�d� �a�n�d� �s�l�u�r�r�i�e�d� 

�b�a�n�a�n�a�s�,� �m�o� �s�i�q�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �m�a�i�n�t�e�n�a�n�c�e� �a�f� 

�p�l�a�s�m�a� �G�l�u�c�o�s�e� �a�n�d� �e�n�d�u�r�a�n�c�e� �e�n�h�a�n�c�e�m�e�n�t� �w�e�r�e� �n�a�t�e�d� �b�e�t�w�e�a�n� 

�t�h�e� �t�w�o� �g�r�o�u�p�s� �d�u�r�i�n�g� �a�n� �@�n�d�u�r�a�n�c�e� �b�o�u�t� �a�f� �c�y�c�l�i�n�g� �a�n�d� 

�j�o�g�g�i�n�g� �¢�M�u�r�d�a�c�h� �e�t� �a�l�.�,� �l�o�o�m�)�.� 

�M�a�n�y� �o�f� �t�h�e� �r�e�s�e�a�r�c�h�e�r�s� �s�t�a�t�e� �t�h�a�t� �t�h�e�y� �w�e�r�e� �s�u�r�p�r�i�s�e�d� 

�b�y� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �s�t�u�d�i�e�s� �a�b�o�v�e�.� �L�u�g�e� �e�t� �a�l�.� �c�C�l�o�g�o�5�,� 

�h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �t�h�e� �f�a�t� �a�n�d� �p�r�o�t�e�i�n� �i�n� �t�h�e� �s�e�l�i�d� �f�o�r�m� �o�f� 

�c�a�r�b�o�h�y�d�r�a�t�e� �w�o�u�l�d� �d�e�l�a�y� �g�a�s�t�r�i�c� �e�m�p�t�y�i�n�g� �a�n�d� �i�n�t�e�s�t�i�n�a�l� 

�a�b�s�a�r�p�t�i�o�n�,� �r�e�s�u�l�t�i�n�g� �i�n� �@�a�r�l�i�e�r� �d�e�c�l�i�n�e� �i�n� �b�l�e�e�d� �g�l�u�c�o�s�e� 

�f�a�y� �t�h�e� �s�o�l�i�d� �a�s� �c�o�m�p�a�r�e�d� �t�m� �t�h�e� �l�i�q�u�i�d�.� �I�n� �t�h�e� �s�t�u�d�y� 

�t�h�a�t� �e�x�a�m�i�n�e�d� �t�h�e� �d�i�f�f�e�r�e�n�t� �c�o�n�s�i�s�t�e�n�c�i�e�s� �o�f� �b�a�n�a�n�a�s�,� �t�h�e� 

�r�e�s�e�a�r�c�h�e�r�s� �o�r�i�g�i�n�a�l�l�y� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �t�h�e� �s�o�l�i�d� �b�a�n�a�n�a�s� 

�w�o�u�l�d� �b�e� �m�a�r�e� �e�f�f�e�c�t�i�v�e� �f�a�r� �p�e�r�f�o�r�m�a�n�c�e� �d�u�e� �t�o�:� �1�2�)� �s�o�l�i�d� 

�f�o�o�d� �s�u�p�p�l�y�i�n�g� �c�a�r�b�e�a�h�y�d�r�a�t�e� �c�a�n�t�i�n�u�s�c�u�s�l�y� �b�y� �s�t�a�y�i�n�g� �i�n� �t�h�e� 

�i�n�t�e�s�t�i�n�e�s� �l�a�n�g�e�r�;� �2�3� �s�e�a�l�i�d� �f�o�o�d�s� �p�r�o�v�i�d�i�n�g� �m�o�r�e� 

�c�a�r�b�o�h�y�d�r�a�t�e� �p�e�r� �u�n�i�t� �w�e�i�g�h�t�;� �a�n�d� �3�)� �s�e�l�i�d� �f�e�e�d�s� �b�e�i�n�g� �m�a�r�e� 

�p�a�l�a�t�a�b�l�e� �(�M�u�r�d�o�c�h� �e�t� �a�l�.�,� �i�3�9�3�)�.� �T�h�e�r�e�f�o�r�e� �i�t� �a�p�p�e�a�r�s� 

�t�h�a�t� �t�h�e�r�e� �i�s� �n�e�a� �d�i�f�f�e�r�e�n�c�e� �i�n� �b�l�o�a�d� �g�l�u�c�o�s�e�,� �i�n�s�u�l�i�n�,� 

�p�e�r�f�o�r�m�a�n�c�e�,� �o�r� �c�a�r�b�o�h�y�d�r�a�t�e� �o�x�i�d�a�t�i�o�n� �i�n� �t�h�e� �f�o�r�m� �o�f� 

�c�a�r�b�o�h�y�d�r�a�t�e� �t�h�a�t� �a�n� �a�t�h�l�e�t�e� �i�n�g�e�s�t�s�.� 

�H�o�w� �M�u�s�c�l�e� �F�i�b�e�r� �T�y�p�e�s� �A�r�e� �A�f�f�e�c�t�e�d� �I�n� 

�E�x�e�r�c�i�s�e� 

�T�h�e� �d�e�p�l�e�t�i�o�n� �o�f� �m�u�s�c�l�e� �f�i�b�e�r� �g�l�y�c�o�g�e�n� �d�e�p�e�n�d�s� �a�n� �t�h�e



�i�3
� 

�i�n�t�e�n�s�i�t�y� �a�n�d� �t�y�p�e� �o�f� �a�c�t�i�v�i�t�y� �t�h�a�t� �t�h�e� �p�e�r�s�o�n� �e�n�g�a�g�e�s� �i�n�.� 

�I�n� �a� �s�t�u�d�y� �i�n�v�e�l�v�i�n�g� �r�u�n�n�e�r�s� �i�n� �a� �S�O�-�k�m� �r�a�c�e�,� �t�h�e� 

�r�e�s�e�a�r�c�h�e�r�s� �f�o�u�n�d� �t�a�t�a�l� �g�l�y�c�e�q�e�n� �d�e�p�l�e�t�i�a�n� �i�n� �T�y�p�e� �I� 

�f�i�b�e�r�s�,� �s�h�o�w�i�n�g� �t�h�a�t� �t�h�e�r�e� �a�p�p�e�a�r�s� �t�a� �b�e� �a� �r�e�l�a�t�i�c�a�n�s�h�i�p� 

�b�e�t�w�e�e�n� �t�h�e� �a�c�t�i�v�i�t�y� �t�y�p�e� �a�n�d� �m�u�s�c�l�e� �f�i�b�e�r� �g�l�y�c�a�g�e�n� 

�d�e�p�l�e�t�i�c�a�n� �l�e�v�e�l� �¢�T�s�i�n�t�z�a�s� �e�t� �a�l�.�,� �1�9�9�5�)�.� �T�h�i�s� �h�y�p�e�t�h�e�s�i�s� 

�i�s� �f�u�r�t�h�e�r� �s�t�r�e�n�g�t�h�e�n�e�d� �b�y� �d�a�t�a� �f�o�u�n�d� �b�y� �H�a�r�a�r�e�,� �5�s� �e�t� �a�l�.� �h�i
� 

�i�s�?� �f�i�i
� 

�L�1�9�9�G�)�,� �t�h�a�t� �s�t�a�t�e�s� �t�h�a�t� �a�t� �i�n�t�e�n�s�i�t�i�e�s� �b�e�l�o�w� �V�o�l�t�m�a�x�,� �s�l�a�w�-� 

�t�w�i�t�c�h� �t�1�9� �f�i�b�e�r�s� �w�e�r�e� �t�h�e� �f�i�r�s�t� �t�o� �l�a�s�e� �g�l�y�c�o�g�e�n�,� �f�o�a�l�l�e�a�w�e�d� 

�b�y� �T�y�p�e� �I�I� �f�i�b�e�r�s� �i�f� �@�x�e�r�c�i�s�e� �w�a�s� �c�o�n�t�i�n�u�e�d�.� �T�h�e�r�e�f�o�r�e�,� �i�f� 

�t�h�e� �s�u�b�j�e�c�t� �i�g�s� �a�t� �a� �l�o�w�e�r� �i�n�t�e�n�s�i�t�y� �l�e�v�e�l�,� �t�h�e� �t�y�p�e� �T�I� 

�f�i�b�e�r�s� �a�r�e� �i�n�a�c�t�i�v�e� �a�n�d� �c�a�n� �s�y�n�t�h�e�s�i�z�e� �g�l�y�c�a�g�e�n� �i�n� �o�r�d�e�r� �t�a� 

�i�n�c�r�e�a�s�e� �@�e�n�d�u�r�a�n�c�e� �w�h�e�n� �@�x�e�r�c�i�s�e� �c�a�n�t�i�n�u�e�s� �a�n�d� �t�h�e� �t�y�p�e� �I�T� 

�f�i�b�e�r�s� �a�r�e� �c�a�l�l�e�d� �u�p�e�n�.� 

�T�h�e� �r�e�s�e�a�r�c�h� �l�i�s�t�e�d� �a�b�m�v�e� �b�a�s�i�c�a�l�l�y� �d�e�s�c�r�i�b�e�s� 

�d�e�p�l�e�t�i�a�n� �p�a�t�t�e�r�n�s� �i�n� �l�o�w�e�r� �i�n�t�e�n�s�i�t�y� �a�e�r�o�b�i�c� �a�c�t�i�v�i�t�i�e�s�.� 

�T�h�e� �t�w�a� �s�t�u�d�i�e�s� �b�y� �C�h�e�e�t�h�a�m� �e�t� �a�l�.� �¢ ¬�1�9�8�6�)�9�,� �a�n�d� �M�a�u�g�h�a�n� �e�t� 

�a�l�.�  ¬�i�3�6�8�1�3�,� �d�e�s�c�r�i�b�e� �d�e�p�l�e�t�i�o�n� �p�a�t�t�e�r�n�s� �i�n� �h�i�g�h�e�r� �i�n�t�e�n�s�i�t�y� 

�e�x�e�r�c�i�s�e� �C�s�1�0�0�4� �V�a�l�m�a�x�)�d� �t�h�a�t� �s�h�a�w� �m�o�r�e� �d�e�p�l�e�t�i�o�n� �a�f� �t�y�p�e� �I�I� 

�f�i�b�e�r�s�.� �T�h�i�s� �i�s� �b�e�c�a�u�s�e� �a�n� �a�e�r�o�b�i�c� �a�c�t�i�v�i�t�y� �r�e�q�u�i�r�e�s� �a� 

�h�i�g�h� �a�m�a�u�n�t� �o�f� �e�@�n�e�r�a�q�y� �i�n� �a� �s�h�a�r�t� �a�m�e�a�u�n�t� �a�f� �t�i�m�e�,� �a�n�d� �t�y�p�e� 

�I�l� �f�i�b�e�r�s� �c�a�n� �p�r�e�v�i�d�e� �t�h�i�s� �e�n�e�r�g�y� �f�a�s�t�e�r� �t�h�a�n� �t�y�p�e� �I�-� �s�l�e�w� 

�t�w�i�t�c�h� �o�x�i�d�a�t�i�v�e� �f�i�b�e�r�s�.� �T�h�i�s� �i�s� �d�e�m�e�a�n�s�t�r�a�t�e�d� �i�n� �t�h�e� �s�t�u�d�y� 

�c�a�n�d�u�c�t�e�d� �b�y� �M�a�u�g�h�a�n� �e�t� �a�l�.� �C�1�9�8�1�)�,� �a�o�n� �s�u�p�r�a�m�a�x�i�m�a�l� �b�i�c�y�c�l�e� 

�b�o�u�t�s� �a�f� �i�-�2� �m�i�n�u�t�e�s�,� �d�e�p�l�e�t�i�n�g� �t�y�p�e� �T�I�l�b� �f�i�b�e�r�s� �w�h�i�l�e� �t�y�p�e� 

�I� �f�i�b�e�r�s� �c�o�n�t�a�i�n�e�d� �s�i�q�n�i�f�i�c�a�n�t� �a�m�o�u�n�t�s� �a�f� �g�l�y�c�o�g�e�n� �(�M�a�u�g�h�a�n



�a� 

�e�t� �l�.�,� �1�9�8�1�2�.� �i�
 

�T�h�e�r�e� �h�a�s� �b�e�e�n� �d�a�t�a� �t�o� �s�h�a�w� �a� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� 

�a�c�t�i�v�i�t�y� �t�y�p�e� �a�n�d� �m�u�s�c�l�e� �f�i�b�e�r� �d�e�p�l�e�t�i�c�a�n�.� �R�e�p�l�e�t�i�a�n� �a�f� 

�m�u�s�c�l�e� �f�i�b�e�r�s� �i�s� �m�o�r�e� �@�x�a�c�t�i�n�g�,� �i�t� �d�e�p�e�n�d�s� �u�p�o�n� �a�m�o�u�n�t� �o�f� 

�g�l�y�c�o�g�e�n� �d�e�n�l�e�t�i�c�n�.� �T�h�e� �g�r�e�a�t�e�r� �t�h�e� �a�m�o�u�n�t� �o�f� �d�e�p�l�e�t�i�a�n� �i�n� 

�t�h�e� �m�u�s�c�l�e�,� �t�h�e� �g�r�e�a�t�e�r� �t�h�e� �r�a�t�e� �o�f� �g�l�y�c�a�g�e�n� �r�e�s�y�n�t�h�e�s�i�s�.� 

�T�h�i�s� �i�s� �d�u�e� �t�o�a� �t�h�e� �g�l�y�c�o�g�e�n� �s�y�n�t�h�a�s�e� �a�c�t�i�v�i�t�y�,� �a�n�d� �t�h�e� 

�a�b�i�l�i�t�y� �o�f� �m�u�s�c�l�e� �t�e� �t�a�k�e� �u�p� �g�l�u�c�e�s�e�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� �h�i�g�h�e�r� 

�r�e�s�y�n�t�h�e�s�i�s� �r�a�t�e� �(�C�a�s�t�i�l�l� �e�t� �a�l�,� �i�9�9�1�9�.� �T�h�e� �a�m�e�a�u�n�t� �o�f� 

�d�e�p�l�e�t�i�o�n� �c�a�n� �s�i�q�n�m�i�f�i�c�a�n�t�l�y� �a�f�f�e�c�t� �t�h�e� �r�a�t�e� �a�f� �r�e�s�y�n�t�h�e�s�i�s� 

�d�u�r�i�n�g� �t�h�e� �e�a�r�l�y� �h�o�u�r�s� �o�f� �p�o�s�t�-�e�x�e�r�c�i�s�e� �r�e�c�a�v�e�r�y�.� �T�h�e�s�e� 

�r�e�s�e�a�r�c�h�e�r�s� �c�i�t�e� �n�o�r�m�a�l� �r�e�s�y�n�t�h�e�s�i�s� �r�a�t�e� �b�e�t�w�e�e�n� �3� �a�n�d� �&� 

�m�a�l�/�k�g�/�h�o�a�u�r�,� �t�h�e�r�e�f�o�r�e�,� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �s�h�o�u�l�d� 

�c�a�o�m�y�d�i�n�a�t�e� �w�i�t�h� �t�h�i�s� �¢�C�a�s�t�i�l�l� �e�t� �a�l�.�,� �i�g�p�l�o�.� �T�h�e�y� �s�t�a�t�e� 

�t�h�a�t� �t�h�e�r�e� �s�e�e�m�s� �t�o� �b�e� �a�n� �i�n�i�t�i�a�l� �r�a�p�i�d� �p�h�a�s�e� �o�f� 

�r�e�s�y�n�t�h�e�s�i�s� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �f�i�v�e� �h�o�u�r�s� �o�f� �r�e�p�l�e�t�i�o�n�,� �t�h�e�n� 

�t�h�e� �r�a�t�e� �t�a�p�e�r�s� �d�o�w�n�.� �M�a�n�y� �p�e�a�p�l�e� �t�r�y� �t�a� �t�a�k�e� �a�d�v�a�n�t�a�g�e� �o�f� 

�t�h�i�s� �@�a�r�l�y� �o�n�s�e�t� �b�y� �i�n�c�r�e�a�s�i�n�g� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�c�n� �b�u�t�,� 

�t�h�e� �m�u�s�c�l�e� �r�e�g�u�l�a�t�e�s� �t�h�e� �r�e�s�y�n�t�h�e�s�i�s� �t�h�r�o�u�g�h� �n�e�g�a�t�i�v�e� 

�f�e�e�d�b�a�c�k� �C�C�o�s�t�i�l�l� �e�t� �a�l�.�,� �A�D�D�L�)�.� �I�n� �e�n�e� �s�t�u�d�y�,� �r�e�s�e�a�r�c�h�e�r�s� 

�t�r�i�e�d� �t�a� �r�u�s�h� �t�h�i�s� �c�a�r�b�o�h�y�d�r�a�t�e� �r�e�s�y�n�t�h�e�s�i�s� �b�y� �i�n�g�e�s�t�i�n�g� 

�c�a�r�b�o�h�y�d�r�a�t�e� �t�h�r�o�u�g�h�c�u�t� �e�x�e�r�c�i�s�e�,� �y�e�t� �t�h�i�s� �d�i�d� �m�o�t� 

�i�n�f�l�u�e�n�c�e� �t�h�e� �r�a�t�e� �a�f� �g�l�y�c�o�g�e�n� �r�e�s�y�n�t�h�e�s�i�s� �b�e�c�a�u�s�e� �o�f� �t�h�e� 

�m�e�c�h�a�n�i�s�m� �s�t�a�t�e�d� �a�b�o�v�e� �¢�C�e�s�t�i�l�l� �e�t� �a�l�.�,� �1�3�9�5�)�.� �W�h�e�n� 

�c�a�r�b�o�h�y�d�r�a�t�e� �i�s� �f�e�d� �i�n� �n�o�r�m�a�l� �a�m�o�u�n�t�s� �¢�1�.�5� �g�/�k�q� �b�o�d�y� �w�e�i�g�h�t� 

�e�v�e�r�y� �h�o�u�r�d�,� �a�v�e�r� �a� �G�&� �h�o�u�r� �p�e�r�i�o�d�,� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �c�a�n� �b�e
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�r�e�s�t�o�r�e�d� �t�a� �a�l�m�o�s�t� �f�u�l�l� �a�m�e�c�u�n�t�s� �(�P�a�s�c�o�e� �e�t� �a�l�.�,� �l�5�9�5�)�.� �O�n�e� 

�s�t�u�d�y� �s�t�a�t�e�s� �t�h�a�t� �t�h�e� �b�e�s�t� �t�y�p�e� �o�f� �c�a�r�b�o�h�y�d�r�a�t�e� �t�o� �i�n�g�e�s�t� 

�t�o� �r�e�s�t�e�r�e� �g�q�l�y�c�a�g�e�n� �s�t�o�r�e�s� �a�r�e� �s�t�a�r�c�h�y� �c�a�r�b�o�h�y�d�r�a�t�e�s�,� �o�a�r� 

�t�h�e�s�e� �w�i�t�h� �a� �h�i�g�h�e�r� �g�q�l�y�c�e�m�i�c� �i�n�d�e�x� �(�B�u�r�k�e� �@�t� �a�l�.�,� �I�D�S�)�.� 

�F�o�o�d�s� �w�i�t�h� �a� �h�i�g�h� �g�l�y�c�e�m�i�c� �i�n�d�e�x� �g�e�t� �i�n�t�e� �t�h�e� �b�l�e�a�d� �s�t�r�e�a�m� 

�m�a�r�e� �r�a�p�i�d�l�y� �a�n�d� �t�h�u�s� �a�r�e� �t�r�a�n�s�f�o�r�m�e�d� �i�n�t�e� �g�l�y�c�a�g�e�n� �q�u�i�c�k�e�r� 

�t�h�a�n� �t�h�e�a�s�e� �f�o�o�d�s� �t�h�a�t� �h�a�v�e� �a� �l�o�w�e�r� �g�l�y�c�e�m�i�c� �i�n�d�e�x�.� 

�F�r�a�m� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �p�r�e�s�e�n�t�e�d� �a�b�o�v�e�,� �o�n�e� �c�a�n� �s�e�e� �t�h�e� 

�t�r�e�n�d� �t�o�w�a�r�d�s� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �a�f�f�e�c�t�i�n�g� �a�e�r�a�b�i�c� 

�G�x�X�G�r�c�i�s�e�.� �T�h�e�r�e� �i�s� �l�i�t�e�r�a�t�u�r�e� �t�h�a�t� �s�h�o�w�s� �t�h�a�t� �p�e�r�f�o�r�m�a�n�c�e� 

�i�g� �a�f�f�e�c�t�e�d� �b�y� �m�a�n�y� �d�i�f�f�e�r�e�n�t� �f�a�c�t�o�r�s� �s�u�c�h� �a�s� �o�r�i�g�i�n�a�l� 

�g�l�y�c�a�g�e�n� �s�t�o�r�a�g�e� �l�e�v�e�l�,� �b�l�a�n�d� �g�l�u�c�o�s�e� �l�e�v�e�l�s�,� �i�n�t�e�n�s�i�t�y� �o�f� 

�a�e�r�a�b�i�c� �a�c�t�i�v�i�t�y�,� �a�n�d� �l�o�w� �c�a�l�o�r�i�c� �d�i�e�t�i�n�g�.� �P�e�r�f�o�r�m�a�n�c�e� �i�s� 

�d�e�p�e�n�d�e�n�t� �a�o�n� �t�h�e� �s�i�t�u�a�t�i�o�n� �a�n�d� �v�a�r�i�e�s� �d�u�e� �t�e�a� �t�h�e� �f�a�c�t�o�r�s� 

�l�i�s�t�e�d� �a�b�o�v�e�,� �t�h�e�r�e�f�a�r�e�,� �t�h�e�r�e� �i�s� �n�o� �u�n�i�v�e�r�s�a�l� �f�o�r�m�u�l�a� �f�a�r� 

�h�o�w� �b�e�s�t� �t�o�a� �e�n�h�a�n�c�e� �a�e�r�o�b�i�c� �p�e�r�f�o�r�m�a�n�c�e� �u�s�i�n�g� �c�a�r�b�o�h�y�d�r�a�t�e�.� 

�I�n�s�t�e�a�d�,� �t�h�e� �t�y�p�e� �o�f� �a�g�r�a�b�i�c� �a�c�t�i�v�i�t�y�,� �P�r�e�v�i�o�u�s� �g�l�y�c�a�g�e�n� 

�s�t�a�r�a�q�d�e� �l�e�v�e�l�,� �a�m�a�u�n�t� �a�n�d� �t�i�m�i�n�g� �o�f� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n�,� 

�a�m�o�u�n�t� �o�f� �c�a�l�o�r�i�e�s�,� �a�n�d� �t�h�e� �t�y�p�e� �o�f� �m�u�s�c�l�e� �f�i�b�e�r�s� �a�f�f�e�c�t�e�d� 

�s�h�a�u�l�d� �b�e� �c�o�n�s�i�d�e�r�e�d� �b�e�f�o�r�e� �u�n�d�e�r�q�o�i�n�g� �a� �c�a�r�b�o�h�y�d�r�a�t�e� 

�i�n�g�e�s�t�i�a�n� �r�e�g�i�m�e� �t�o� �e�n�h�a�n�c�e� �p�e�r�f�o�r�m�a�n�c�e�.� 

�l�i�l�.� �C�a�r�b�o�h�y�d�r�a�t�e ��s� �E�f�f�e�c�t� �O�n� �A�n�a�e�r�e�b�i�c� �P�e�r�f�o�r�m�a�n�c�e� 

�T�h�e�r�e� �h�a�s� �b�e�e�n� �&�a� �v�a�s�t� �a�m�o�u�n�t� �o�f� �l�i�t�e�r�a�t�u�r�e� �t�a� �a�s�s�e�s�s� 

�t�h�e� �t�r�e�n�d� �t�o�w�a�r�d�s� �@�e�n�h�a�n�c�e�d� �a�e�r�a�b�i�c� �p�e�r�f�o�r�m�a�n�c�e� �w�h�e�n� 

�i�n�g�e�s�t�i�n�g� �c�a�r�b�o�h�y�d�r�a�t�e�.� �F�e�w�e�r� �s�t�u�d�i�e�s� �h�a�v�e� �b�e�e�n� �d�a�n�e� �a�n� 

�t�h�e� �e�f�f�e�c�t� �t�h�a�t� �e�x�a�g�e�n�c�u�s� �c�a�r�b�o�h�y�d�r�a�t�e� �h�a�s� �u�p�o�n� �a�n�a�e�r�o�b�i�c



�t�J�
 

�e�x�e�r�c�i�s�e�.� �T�h�e� �m�a�x�t� �s�e�c�t�i�o�n� �w�i�l�l� �d�e�s�c�r�i�b�e� �t�h�e� �r�o�l�e� �b�e�t�w�e�e�n� 

�a�n�a�e�r�o�b�i�c� �e�x�e�r�c�i�s�e� �a�n�d� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �d�u�r�i�n�g� �l�a�w� 

�a�n�d� �n�a�r�m�a�l� �c�a�l�a�r�i�e� �i�n�t�a�k�e�.� 

�T�h�e� �R�o�l�e� �B�e�t�w�e�e�n� �C�a�r�b�o�h�y�d�r�a�t�e� �I�n�g�e�s�t�i�o�n� �a�n�d� �A�n�a�e�r�o�b�i�c� 

�P�e�r�f�o�r�m�a�n�c�e� �U�n�d�e�r� �N�o�r�m�a�l� �C�a�l�o�r�i�c� �I�n�t�a�k�e� 

�T�h�e�r�e� �h�a�s� �n�a�t� �b�e�e�n� �a� �l�a�r�g�e� �a�m�o�u�n�t� �o�f� �r�e�s�e�a�r�c�h� �d�a�n�e� �a�n� 

�t�h�e� �a�r�e�a� �o�f� �e�r�a�g�e�n�i�c� �e�f�f�e�c�t�s� �o�f� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�a�n� �a�n� 

�A�N�A�@�r�o�a�b�i�c� �p�e�r�f�o�r�m�a�n�c�e�.� �T�h�e� �t�y�p�e� �o�f� �a�n�a�e�r�o�b�i�c� �a�c�t�i�v�i�t�y� 

�e�n�g�a�g�e�d� �i�n� �a�l�t�e�r�s� �t�h�e� �f�u�e�l� �u�t�i�l�i�z�a�t�i�c�n� �m�e�c�h�a�n�i�s�m�.� �T�h�e�r�e� �i�s� 

�a�&� �g�r�e�a�t� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �r�e�s�i�s�t�i�v�e� �t�r�a�i�n�i�n�g� �@�x�e�r�c�i�s�e� �a�n�d� 

�i�n�t�e�r�m�i�t�t�e�n�t� �m�a�x�i�m�a�l� �p�e�r�f�o�r�m�a�n�c�e� �a�n� �w�h�i�c�h� �p�r�i�m�a�r�y� �f�u�e�l� 

�s�y�s�t�e�m� �i�s� �e�n�g�a�d�g�e�d�.� 

�E�n�e�r�g�y� �S�y�s�t�e�m� �a�n�d� �F�u�e�l� �U�s�e� �D�u�r�i�n�g� �I�n�t�e�r�m�i�t�t�e�n�t� 

�H�a�x�i�m�a�l� �o�r� �S�u�p�r�a�m�a�x�i�m�a�l� �E�x�e�r�c�i�s�e� 

�I�n� �a� �s�t�u�d�y� �c�o�n�d�u�c�t�e�d� �b�y� �G�a�i�n�t�a�n�e�s� �e�t� �a�l�.� �C�i�v�o�s�>�,� �d�a�t�a� 

�w�a�s� �g�a�t�h�e�r�e�d� �a�n� �a� �p�r�o�t�e�c�a�l� �o�f� �t�e�n� �G�-�s�e�c�a�n�d�s� �m�a�x�i�m�a�l� �s�p�r�i�n�t�s� 

�W�i�t�h� �S�O� �s�e�c�o�n�d�s� �a�f� �r�e�s�t� �b�e�t�w�e�e�n� �s�e�t�s� �p�e�r�f�o�r�m�e�d� �o�n� �a� �c�y�c�l�e� 

�e�r�g�a�u�m�e�t�e�r�.� �N�e�e�d�l�e� �m�u�s�c�l�e� �b�i�c�p�s�i�e�s� �o�f� �t�h�e� �v�a�s�t�u�s� �l�a�t�e�r�a�l�i�s� 

�d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�e� �f�i�r�s�t� �6�-�s�e�c�a�n�d� �b�e�a�u�t� �h�a�d� �a�n� �e�q�u�a�l� 

�c�a�n�c�e�n�t�r�a�t�i�a�n� �o�f� �p�h�a�s�p�h�e�a�c�r�e�a�t�i�n�i�n�e� �¢�P�C�)� �d�e�g�r�a�d�a�t�i�a�n� �a�n�d� 

�a�n�a�e�r�a�b�i�c� �g�l�y�c�a�l�y�s�i�s� �(�G�a�i�n�t�a�n�o�s� �e�t� �a�l�.�,� �1�9�9�5�)�.� �A�s� �t�h�e� �l�a�s�t� 

�e�p�r�i�n�t� �p�e�r�f�o�r�m�a�n�c�e� �o�c�c�u�r�r�e�d�,� �t�h�e� �g�r�o�u�p� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� 

�M�a�r�e� �p�o�w�e�r� �w�a�s� �s�u�p�p�l�i�e�d� �b�y� �a�e�r�c�b�i�c� �m�e�t�a�b�o�l�i�s�m� �a�n�d� �P�C� 

�d�e�g�r�a�d�a�t�i�a�n�.� �S�a� �t�h�e�r�e�f�o�r�e�,� �i�n� �a� �m�u�l�t�i�p�l�e� �b�a�u�t� �s�p�r�i�n�t� 

�e�x�e�r�c�i�s�e�,� �f�u�e�l� �u�t�i�l�i�z�a�t�i�o�n� �m�o�v�e�s� �f�r�o�m� �a� �p�r�i�m�a�r�i�l�y� �P�C� �a�n�d� 

�a�n�a�e�r�o�b�i�c� �g�l�y�c�o�l�y�t�i�c� �s�y�s�t�e�m�,� �t�c� �a� �m�o�r�e� �a�e�r�o�b�i�c� �a�n�d� �P�C
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�s�y�s�t�e�m�,� �w�h�i�c�h� �i�6� �c�a�n�t�r�a�r�y� �t�e�a� �w�h�a�t� �a�n�e� �w�o�u�l�d� �n�a�r�m�a�l�l�y� �a�s�s�u�m�e� 

�u�n�d�e�r� �t�h�e�s�e� �s�i�t�u�a�t�i�a�n�s�.� 

�S�u�r�p�r�i�s�i�n�g� �r�e�s�u�l�t�s� �a�l�s�a� �c�a�m�e� �f�r�o�m� �a� �s�t�u�d�y� �c�a�n�m�d�u�c�t�e�d� �a�t� 

�i�n�t�e�n�s�i�t�i�e�s� �g�r�e�a�t�e�r� �t�h�a�n� �1�0�0�%� �V�a�s�e� �m�a�x� �b�y� �M�a�u�g�h�a�n� �a�n�d� �P�a�o�l�e�,� 

�C�1�l�g�s�i�s�.� �T�h�e� �r�e�s�e�a�r�c�h�e�r�s� �c�a�m�p�a�r�e�d� �v�a�r�y�i�n�g� �d�i�e�t�s� �o�f�:� �a� 

�n�o�r�m�a�l� �i�n�t�a�k�e�,� �c�a�r�b�o�h�y�d�r�a�t�e� �f�r�e�e�,� �a�n�d� �h�i�g�h� �c�a�r�b�o�h�y�d�r�a�t�e� 

�a�f�t�e�r� �p�e�r�f�o�r�m�a�n�c�e� �o�n� �&� �S�u�U�p�r�a�m�a�x�i�m�a�l� �w�o�r�k�l�e�a�d� �C�1�0�4�2� �V�a�l�m�a�x�)� 

�t�o� �e�x�h�a�n�u�s�t�i�a�n� �o�n� �t�h�e� �i�k�e�.� �T�i�m�e� �t�o� �e�x�h�a�u�s�t�i�o�n� �w�a�s� �l�o�n�g�e�r� 

�i�n� �t�h�e� �h�i�g�h� �c�a�r�b�o�h�y�d�r�a�t�e� �d�i�e�t�,� �y�e�t� �l�a�c�t�a�t�e� �a�c�c�u�m�u�l�a�t�i�a�n� 

�l�e�v�e�l�s� �w�e�r�e� �t�h�e� �s�a�m�e� �a�m�o�u�n�g� �a�l�l� �g�r�o�u�p�s�.� �T�h�e�r�e�f�a�r�e�,� �t�h�e� 

�r�e�s�e�a�r�c�h�e�r�s� �c�a�m�c�l�u�d�e�d� �t�h�a�t� �g�l�y�c�e�a�q�e�n� �w�a�s� �m�o�t� �t�h�e� �l�i�m�i�t�i�n�g� 

�f�a�c�t�o�r� �i�n� �t�h�e� �w�o�r�k�l�o�a�d�.� �A�n�d� �t�h�e�r�e�f�o�r�e�,� �t�h�e� �c�h�a�n�g�e� �i�n� 

�c�a�p�a�c�i�t�y� �1�8� �c�o�m�s�i�d�e�r�e�d� �u�n�c�e�r�t�a�i�n� �i�n� �t�h�e� �s�t�u�d�y�.� �T�h�e�y� �f�e�e�l� 

�t�h�a�t� �m�a�r�e� �w�o�r�k� �i�5� �n�e�e�d�e�d� �t�a� �d�e�t�e�r�m�i�n�e� �w�h�i�c�h� �m�e�c�h�a�n�i�s�m� 

�d�u�r�i�n�g� �a� �h�i�g�h� �c�a�r�b�o�h�y�d�r�a�t�e� �d�i�e�t� �i�s� �r�e�s�p�o�n�s�i�b�l�e� �f�a�r� �f�a�t�i�g�u�e� 

�(�M�a�u�g�h�a�n� �a�n�d� �P�o�a�g�l�e�,� �1�9�8�1�)�.� 

�E�y�e� �u�
y� �r�o�y� �S�y�s�t�e�m� �a�n�d� �F�u�e�l� �U�s�a�g�e� �I�n� �R�e�s�i�s�t�i�v�e� 

�T�r�e�i�n�i�n�g� 

�A�n�a�e�r�a�b�i�c� �p�e�r�f�o�r�m�a�n�c�e�,� �s�p�e�c�i�f�i�c�a�l�l�y� �r�e�s�i�s�t�i�v�e� 

�t�r�a�i�n�i�n�g�,� �r�e�l�i�e�s� �h�e�a�v�i�l�y� �a�n� �v�a�r�i�o�u�s� �a�n�a�e�r�o�b�i�c� �e�n�e�r�g�y� 

�p�r�a�d�u�c�t�i�a�n�m� �s�y�s�t�e�m�s� �s�u�c�h� �a�s� �h�y�d�r�o�l�y�s�i�s� �o�f� �P�C� �a�n�d� �A�T�P�,� 

�g�l�y�c�o�q�g�e�n�l�y�s�i�s�,� �a�n�d� �a�l�y�c�o�l�y�s�i�s� �(�D�u�d�l�e�y�,� �1�9�8�5�9�.� �T�h�e� �s�p�e�c�i�f�i�c� 

�t�y�p�e� �o�f� �r�e�s�i�s�t�i�v�e� �t�r�a�i�n�i�n�g� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �m�a�q�n�i�t�u�d�e�s� �a�f� 

�t�h�e�s�e� �s�y�s�t�e�m� �u�s�a�g�e�.� �A� �p�o�w�e�r� �l�i�f�t�i�n�g� �t�y�p�e� �o�f� �@�x�e�r�c�i�s�e� �w�h�i�c�h� 

�Y�e�q�u�i�r�e�s� �m�o�r�e� �s�t�r�e�n�g�t�h� �a�v�e�r� �a� �s�h�a�r�t� �a�m�a�u�n�t� �a�f� �t�i�m�e� �r�e�l�i�e�s� 

�m�a�r�e�o�u�n� �h�y�d�r�a�l�y�s�i�s� �a�f� �P�C�.� �A�s� �t�h�e� �n�u�m�b�e�r� �o�f� �r�e�p�e�t�i�t�i�o�n�s
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�i�n�c�r�e�a�s�e� �(�p�e�r� �s�e�t�)� �a�n�d� �r�e�s�t� �t�i�m�e� �b�e�t�w�e�e�n� �s�e�t�s� �d�e�c�r�e�a�s�e�s�,� 

�m�a�r�e� �e�n�e�r�a�y� �i�5� �s�u�p�p�l�i�e�d� �v�i�a� �q�l�y�c�o�l�y�s�i�s�.� �T�h�i�s� �w�a�u�l�d� �b�e� �i�n� 

�k�e�e�p�i�n�g� �w�i�t�h� �t�h�e� �t�y�p�e� �a�f� �r�e�s�i�s�t�i�v�e� �t�r�a�i�n�i�n�g� �t�h�a�t� �a� 

�b�o�d�y�b�u�i�l�d�e�r� �w�a�n�t�i�n�g� �t�a� �a�b�t�a�i�n� �m�u�s�c�l�e� �h�y�p�e�r�t�r�o�p�h�y� �w�o�u�l�d� 

�u�n�d�e�r�g�a�.� �A�l�s�a�,� �w�i�t�h� �t�h�i�s� �t�y�p�e� �o�f� �t�r�a�i�n�i�n�g� �r�e�g�i�m�e�,� �D�u�d�l�e�y� 

�C�1�9�8�8�)� �p�o�i�n�t�s� �o�u�t� �t�h�a�t� �t�h�e�r�e� �i�s� �a�n� �i�n�c�r�e�a�s�e� �i�n� �p�l�a�s�m�a� 

�l�a�c�t�a�t�e�,� �f�r�e�e� �f�a�t�t�y� �a�c�i�d�s�,� �a�n�d� �g�l�u�c�e�s�e�.� �A�n�a�t�h�e�r� 

�i�n�t�e�r�e�s�t�i�n�g� �a�s�p�e�c�t� �i�n� �@�n�d�u�r�a�n�c�e� �r�e�s�i�s�t�i�v�e� �t�r�a�i�n�i�n�g� �b�r�e�u�g�h�t� 

�f�o�r�t�h� �b�y� �t�h�i�s� �g�r�e�u�p� �i�n�c�l�u�d�e�s� �l�i�p�i�d�s� �a�s� �a� �f�u�e�l� �s�o�u�r�c�e�.� �W�h�e�n� 

�t�r�i�g�l�y�c�e�r�i�d�e� �i�n� �t�h�e� �m�u�s�c�l�e� �i�s� �d�e�c�r�e�a�s�e�d� �a�n�d� �f�r�e�e� �f�a�t�t�y� �a�c�i�d� 

�i�n�c�r�e�a�s�e�s� �i�n� �t�h�e� �b�l�a�o�d�,� �B�e�t�a� �O�x�i�d�a�t�i�o�n� �c�a�n� �b�e� �d�e�e�m�e�d� �a� 

�s�o�u�r�c�e� �o�f� �e�n�e�r�g�y� �d�u�r�i�n�g� �t�h�i�s� �@�x�e�r�c�i�s�e� �t�y�p�e�.� �S�o� �t�h�e�r�e�f�o�r�e�,� 

�t�h�e� �d�e�g�r�e�e� �t�o�a� �w�h�i�c�h� �t�h�e� �b�l�e�n�d� �v�a�r�i�a�b�l�e�s� �a�r�e� �i�n�v�a�l�v�e�d� 

�d�e�p�e�n�d�s� �g�r�e�a�t�l�y� �o�n� �t�h�e� �i�n�t�e�n�s�i�t�y� �o�f� �t�h�e� �w�o�r�k�l�o�a�d� �u�s�e�d� 

�(�D�u�d�l�e�y�,� �1�9�8�8�)�.� 

�F�r�o�m� �t�h�e� �r�e�s�e�a�r�c�h� �b�y� �G�a�i�n�t�i�a�n�e�s� �e�t� �a�l� �C�1�3�9�5�)�,� �t�h�e�r�e� 

�s�e�e�m�s� �t�a� �b�e� �a� �t�r�e�n�d� �t�o�w�a�r�d�s� �m�u�s�c�l�e� �s�t�r�e�n�g�t�h� �b�e�i�n�g� �m�a�r�e� 

�d�e�p�e�n�d�e�n�t� �a�n� �t�h�e� �P�C� �s�y�s�t�e�m�.� �T�h�u�s� �a�s� �t�h�e� �r�e�p�e�t�i�t�i�o�n�s� 

�i�n�c�r�e�a�s�e�,� �a�n�d� �t�h�e� �w�o�r�k�o�u�t�s� �f�o�c�u�s� �m�o�r�e� �a�n� �m�u�s�c�u�l�a�r� 

�e�n�d�u�r�a�n�c�e�,� �a�n�d� �a� �c�h�a�n�g�e� �i�n� �t�h�i�s� �f�u�e�l� �u�t�i�l�i�z�a�t�i�o�n� �s�y�s�t�e�m� 

�m�e�c�u�r�s�.� �T�h�e�r�e� �i�s� �m�e�w� �m�a�r�e� �r�e�l�i�a�n�c�e� �a�n� �g�q�l�y�c�a�l�y�s�i�s� �a�n�d� 

�a�e�r�a�b�i�c� �f�u�e�l� �u�t�i�l�i�z�a�t�i�o�n� �s�y�s�t�e�m�s�.� �B�e�c�a�u�s�e� �o�f� �t�h�i�s�,� �t�h�e�r�e� 

�c�o�u�l�d� �b�e� �&� �c�a�u�s�a�l� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �c�a�r�b�o�h�y�d�r�a�t�e� 

�i�n�g�e�s�t�i�c�g�n� �a�n�d� �m�u�l�t�i�p�l�e� �b�e�u�t� �e�n�d�u�r�a�n�c�e� �w�e�i�g�h�t� �t�r�a�i�n�i�n�g�.� 

�T�h�i�s� �i�6� �S�i�m�i�l�a�r� �t�e� �f�i�n�d�i�n�g�s� �i�n� �a�e�r�e�b�i�c� �a�c�t�i�v�i�t�y�,� �b�u�t� �i�t� 
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�h�

 

�t�h�a�t� �t�h�e�s�e� �s�i�m�i�l�a�r�i�t�i�e�s� �a�n�l�y� �h�e�a�l�d� �t�r�u�e� �f�o�r
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�@�n�d�u�r�a�n�c�e� �m�u�s�c�l�e� �t�r�a�i�n�i�n�g�,� �n�o�t� �p�e�w�e�r�,� �b�e�c�a�u�s�e� �e�n�d�u�r�a�n�c�e� 

�t�r�a�i�n�i�n�g� �u�t�i�l�i�z�e�s� �m�o�r�e� �a�e�r�a�b�i�c� �m�e�t�a�b�o�l�i�s�m�.� 

�L�a�m�b�e�r�t� �e�t� �a�l�.� �C�1�9�9�1�9�,� �f�e�d� �c�a�r�b�o�h�y�d�r�a�t�e� �i�m�m�e�d�i�a�t�e�l�y� 

�b�e�f�o�r�e� �a�n�d� �d�u�r�i�n�g� �m�u�l�t�i�p�l�e� �b�o�u�t� �r�e�s�i�s�t�i�v�e� �t�r�a�i�n�i�n�g� �a�n�d� 

�f�o�u�n�d� �t�h�a�t� �w�h�e�n� �g�l�y�c�a�g�e�n� �i�s� �l�i�m�i�t�e�d�,� �a� �h�i�g�h�e�r� �a�m�e�a�u�n�t� �o�f� 

�s�u�b�s�t�r�a�t�e� �a�v�a�i�l�a�b�i�l�i�t�y� �t�h�r�o�u�g�h� �g�l�u�c�o�s�e� �p�o�l�y�m�e�r� �c�a�n� �e�n�h�a�n�c�e� 

�p�e�r�f�o�r�m�a�n�c�e�.� �I�t� �w�a�s� �p�r�e�v�i�c�u�s�l�y� �t�h�e�u�g�h�t� �t�h�a�t� �l�a�c�t�a�t�e� 

�p�r�e�a�d�u�c�t�i�a�n� �f�r�o�m� �g�l�y�c�o�g�e�n� �o�c�c�u�r�r�e�d� �a�f�t�e�r� �A�T�P� �a�n�d� �P�C� 

�d�e�c�r�e�a�s�e�d�,� �b�u�t� �a�t� �a�n�a�e�r�o�b�i�c� �e�x�e�r�c�i�s�e�,� �l�a�c�t�a�t�e� �p�r�e�a�d�u�c�t�i�a�n� 

�m�c�e�c�u�r�s� �f�r�a�m� �a�m�m�e�d�i�a�t�e� �a�q�l�y�c�a�e�g�e�n�c�l�y�s�i�s�.� �T�h�e� �r�e�s�e�a�r�c�h�e�r�s� 

�s�t�a�t�e� �t�h�a�t� �i�t� �i�s� �g�l�y�c�e�q�g�e�n�,� �m�o�t� �A�T�P� �a�n�d� �P�C� �w�h�i�c�h� �i�s� �t�h�e� 

�p�r�i�m�a�r�y� �f�u�e�l� �f�a�r� �m�u�l�t�i�p�l�e� �s�e�t� �e�x�e�r�c�i�s�e� �a�f� �s�h�a�r�t� �d�u�r�a�t�i�a�n� 

�(�L�a�m�b�e�r�t� �e�t� �a�l�.�,� �i�l�g�3�1�)�.� �T�h�e�y� �f�e�e�l� �t�h�a�t� �f�a�t�i�q�u�e� �t�h�a�t� �i�s� 

�c�a�u�s�e�d� �f�r�a�m� �a�n�e� �i�n�t�e�n�s�e� �e�x�e�r�c�i�s�e� �b�o�u�t� �i�s� �m�o�t� �d�u�e� �t�a� 

�m
�r�

 

�q�g�l�y�c�a�g�e�n� �d�e�p�l�e�t�i�o�n�,� �b�e�c�a�u�s�e� �a� �n�m�o�a�r�m�a�l� �o�r� �l�o�w�e�r� �i�n�t�a�k�e� �a�f� 

�c�a�r�b�o�h�y�d�r�a�t�e� �i�n� �t�h�e� �d�i�e�t� �i�f� �@�n�c�u�g�h� �f�o�r� �t�h�i�s� �a�n�e� �B�b�o�a�u�t�.� �I�t� 

�i�s� �n�a�t� �u�n�t�i�l� �t�h�e� �s�u�b�j�e�c�t� �p�e�r�f�e�a�r�m�s� �m�u�l�t�i�p�l�e� �s�e�t�s� �a�f� �@�x�e�r�c�i�s� �i�f�
 �H�e
� 

�b�o�u�t�s� �t�h�a�t� �f�a�t�i�g�u�e� �i�s� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �g�l�y�c�o�g�e�n� �d�e�p�l�e�t�i�a�n� 

�(�L�a�m�b�e�r�t� �e�t� �a�l�.�,� �1�9�9�1�9�.� �T�h�e�r�e�f�o�r�e� �i�n� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e� 

�t�e�s�t�i�n�g� �s�t�r�e�n�g�t�h�,� �t�h�e� �f�u�e�l� �i�s� �C�P� �r�a�t�h�e�r� �t�h�a�n� �c�a�r�b�o�c�h�y�d�r�a�t�e�.� 

�Q�n�l�y� �w�h�e�n� �r�e�p�e�a�t�e�d� �c�a�n�t�r�a�c�t�i�a�n�s� �o�c�c�u�r� �o�v�e�r� �s�e�v�e�r�a�l� �m�i�n�u�t�e�s� 

�w�o�l�l�l�d� �c�a�r�b�o�h�y�d�r�a�t�e� �b�e�c�a�m�é� �a� �m�a�j�o�r� �s�a�u�r�c�e� �a�f� �A�T�P� �p�r�o�d�u�c�t�i�o�n�,� 

�S�a�o� �L�a�m�b�e�r�t� �e�t� �a�l�.� �C�l�o�3�1�9�,� �s�u�q�g�e�s�t�s� �t�h�a�t� �i�n�t�a�k�e� �o�f� �a� 

�c�a�r�b�o�h�y�d�r�a�t�e� �s�u�p�p�l�e�m�e�n�t� �t�a�k�e�n� �a�b�o�v�e� �w�h�a�t� �i�s� �c�a�n�t�a�i�n�e�d� �i�n� �a� 

�n�e�r�m�a�l� �d�i�e�t�,� �c�a�n� �b�e� �b�e�n�e�f�i�c�i�a�l� �f�o�r� �i�n�d�i�v�i�d�u�a�l�s� �i�n�v�o�l�v�e�d� �i�n� 

�M�u�i�t�i�p�l�e�-�b�o�a�u�t� �r�e�s�i�s�t�i�v�e� �e�x�e�r�c�i�s�e�.� �T�h�e�y� �s�u�q�g�q�e�s�t� �t�h�o�u�g�h�,
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�t�h�a�t� �c�a�u�t�i�o�n� �s�h�c�u�l�d� �b�e� �t�a�k�e�n� �w�h�e�n� �e�x�t�r�a�p�o�l�a�t�i�n�g� �t�h�i�s� �d�a�t�a� 

�i�n� �l�o�w�e�r� �t�r�a�i�n�i�n�g� �v�o�l�u�m�e� �h�e�c�a�u�s�e� �i�t ��s� �t�h�e� �v�o�l�u�m�e� �a�n�d� 

�i�n�t�e�n�s�i�t�y� �o�f� �t�r�a�i�n�i�n�g� �t�h�a�t� �a�r�e� �t�h�e� �d�e�t�e�r�m�i�n�a�n�t�s� �a�f� 

�c�a�r�b�o�h�y�d�r�a�t�e� �u�s�e� �i�n� �@�x�e�r�c�i�s�e� �C�L�l�a�m�b�e�r�t� �e�t� �a�l�.�,� �3�9�1�2�.� 

�T�h�e� �E�f�f�e�c�t�s� �o�f� �L�o�w� �C�a�l�o�r�i�e� �D�i�e�t�i�n�g�,� �C�a�r�b�o�h�y�d�r�a�t�e� 

�I�n�g�e�s�t�i�o�n�,� �a�n�d� �A�n�a�e�r�o�b�i�c� �E�x�e�r�c�i�s�e� �o�n� �P�e�r�f�o�r�m�a�n�c�e� 

�S�i�n�c�e� �a� �f�e�w� �s�t�u�d�i�e�s� �s�u�g�g�e�s�t� �a� �b�e�n�e�f�i�c�i�a�l� �e�f�f�e�c�t� �a�f� 

�c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �o�n� �a�n�a�e�r�o�b�i�c� �e�x�e�r�c�i�s�e� �p�e�r�f�o�r�m�a�n�c�e� 

�d�u�r�i�n�g� �m�e�r�m�a�l� �e�n�e�r�g�y� �i�n�t�a�k�e�,� �c�a�r�b�o�h�y�d�r�a�t�e� �m�a�y� �h�a�v�e� �a� 

�S�i�m�i�l�a�r� �e�f�f�e�c�t� �o�n� �p�e�r�f�o�r�m�a�n�c�e� �w�h�e�n� �i�n� �«�a� �l�o�w� �e�n�e�r�g�y� 

�c�a�n�d�i�t�i�a�n�.� �S�a�m�e� �s�t�u�d�i�e�s� �s�h�a�w� �t�h�a�t� �c�a�r�b�o�h�y�d�r�a�t�e� �c�a�n�t�e�n�t� �a�f� 

�&� �l�o�w� �c�a�l�o�r�i�e� �d�i�e�t� �a�f�f�e�c�t�s� �a�n�a�e�r�o�b�i�c� �p�e�r�f�o�r�m�a�n�c�e�.� �O�n�e� 

�a�t�u�d�y� �w�i�t�h� �w�r�e�s�t�l�e�r�s� �s�h�e�a�w�s� �t�h�a�t� �a� �g�r�o�u�p� �i�n�g�e�s�t�i�n�g� �a� �h�i�g�h� 

�c�a�r�b�o�h�y�d�r�a�t�e� �l�o�w� �e�n�e�r�a�q�y� �d�i�e�t� �¢ ¬�7�O�%� �k�c�a�l�)� �m�a�i�n�t�a�i�n�e�d� �p�a�w�e�r� �i�n� 

�a� �W�i�n�g�a�t�e� �T�e�s�t� �w�h�i�l�e� �t�h�e�s�e� �a�n� �t�h�e� �l�o�w� �c�a�r�b�o�h�y�d�r�a�t�e� �d�i�e�t� 

�(�S�0�4� �k�c�a�l�3� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t� �d�e�c�r�e�a�s�e�s� �i�n� �t�o�t�a�l� �a�n�d� �m�e�a�n� 

�p�o�w�e�r� �m�u�t�p�u�t� �C�p� �.�o�m�2� �(�M�c�M�u�r�r�a�y� �e�t� �a�l�.�,� �L�9�9�1�)�.� �T�h�e�r�e�f�o�r�e�,� 

�d�u�r�i�n�g� �c�a�l�e�r�i�e� �r�e�s�t�r�i�c�t�i�o�n�,� �t�h�e� �h�i�g�h� �c�a�r�b�o�h�y�d�r�a�t�e� �d�i�e�t� 

�m�a�i�n�t�a�i�n�e�d� �a�n�a�e�r�c�a�b�i�c� �e�x�e�r�c�i�s�e� �p�e�r�f�o�r�m�a�n�c�e� �b�e�t�t�e�r� �t�h�a�n� �a� 

�l�o�w�e�r� �c�a�r�b�o�h�y�d�r�a�t�e� �d�i�e�t�.� 

�I�n� �a�n�o�t�h�e�r� �s�t�u�d�y� �u�s�i�n�g� �a� �h�i�g�h� �c�a�r�b�o�h�y�d�r�a�t�e� �l�o�w� �e�n�e�r�a�y� 

�d�i�e�t�,� �t�h�e� �i�n�g�e�s�t�e�d� �c�a�r�b�o�h�y�d�r�a�t�e� �h�e�l�p�e�d� �s�p�r�i�n�t� �p�e�r�f�o�r�m�a�n�c�e� 

�b�y� �d�e�c�r�e�a�s�i�n�g� �t�h�e� �d�e�p�e�n�d�e�n�c�y� �o�n� �m�u�s�c�l�e� �q�g�l�y�c�a�g�e�n�.� �S�i�n�c�e� �t�h�e� 

�-�Y�a�p�i�d� �w�e�i�g�h�t� �l�o�s�s� �d�e�p�l�e�t�e�s� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �l�e�v�e�l�s�,� �t�h�e� 

�c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �h�e�l�p�s� �t�o�a� �m�a�i�n�t�a�i�n� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� 

�a�n�d� �t�h�e�r�e�f�o�r�e� �a�i�d� �p�e�r�f�a�r�m�a�n�c�e� �b�y� �p�r�e�v�i�d�i�n�g� �e�n�e�r�a�y� �i�n� �t�h�e
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�s�p�r�i�n�t� �p�h�a�s�e� �C�H�o�r�s�w�i�l�l� �e�t� �a�l�.�,� �9�9�0�)�.� �A� �h�i�g�h� �c�a�r�b�o�h�y�d�r�a�t�e� 

�i�}�
 �d�i�e�t� �i�s� �a�l�s�a� �b�e�n�e�f�i�c�i�a�l� �i�n� �b�u�f�f�e�r�i�n�g� �a�g�a�i�n�s�t� �k�e�t�m�s�i�s� �a�n�d� 

�a�c�i�d�i�c� �b�l�o�o�d� �l�e�v�e�l�s�,� �w�h�i�c�h� �c�a�n� �c�a�u�s�e� �p�r�e�m�a�t�u�r�e� �f�a�t�i�q�u�e� 

�(�G�r�e�e�n�h�a�l�f� �e�t� �a�l�.�,� �i�9�8�6�;� �H�o�r�s�w�i�l�l� �e�t� �a�l�.�,� �i�9�9�0�)�.� �T�h�e� 

�r�e�s�e�a�r�c�h�e�r�s� �a�l�s�a� �m�a�t�e� �t�h�a�t� �t�h�e� �h�i�g�h� �c�a�r�b�o�h�y�d�r�a�t�e� �d�i�e�t� �c�a�n� 

�h�e�l�p� �t�a� �p�r�e�v�e�n�t� �f�a�t�i�q�u�e� �b�y� �r�e�d�u�c�i�n�g� �t�h�e� �c�h�a�n�c�e�s� �o�f� �b�l�o�o�d� 

�V�o�l�u�m�e� �l�a�s�s� �t�h�a�t� �s�a�m�e�t�i�m�e�s� �o�c�c�u�r� �w�i�t�h� �l�o�w� �c�a�r�b�o�h�y�d�r�a�t�e� 

�d�i�e�t�s�,� 

�A� �S�e�r�i�e�s� �o�f� �s�t�u�d�i�e�s� �c�a�n�d�u�c�t�e�d� �b�y� �G�r�e�e�n�h�a�f�f� �e�t� �a�l�.� 

�C�1�9�8�7� �-�1�9�8�9�9�)�,� �e�x�a�m�i�n�e�s� �t�h�e� �e�f�f�e�c�t�s� �o�f� �p�r�e�-�e�x�e�r�c�i�s�e� �d�i�e�t� �a�n�d� 

�e�x�e�r�c�i�s�e� �v�a�r�i�a�t�i�o�n�s� �o�n� �b�l�e�o�d� �a�c�i�d�/�b�a�s�e� �s�t�a�t�u�s� �o�n� �h�i�g�h� 

�i�n�t�e�n�s�i�t�y� �@�x�e�r�c�i�s�e�.� �A�c�c�a�r�d�i�n�g� �t�o�a� �G�r�e�e�n�h�a�f�f� �e�t� �a�l�.� �(�C�1�9�9�0�)�,� 

�d�i�e�t�s� �t�h�a�t� �a�r�e� �v�e�r�y� �l�e�w� �i�n� �c�a�l�o�r�i�e�s�,� �a�n�d�/�a�r� �l�a�w� �i�n� 

�c�a�r�b�o�h�y�d�r�a�t�e� �w�i�l�l� �c�a�u�s�e� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �k�e�t�a�n�m�e�s� �a�n�d� �a�c�i�d�i�c� 

�b�l�o�o�d�.� �E�v�e�n� �i�f� �t�h�e�r�e� �i�s� �@�n�o�u�g�h� �c�a�l�o�r�i�e�s� �i�n� �t�h�e� �d�i�e�t�,� �j�u�s�t� 

�a� �l�o�w� �c�a�r�b�e�h�y�d�r�a�t�e� �i�n�t�a�k�e� �i�s� �@�e�n�a�u�g�h� �t�a� �a�l�l�e�w� �t�h�i�s� �t�o�a� �o�c�c�u�r�.� 

�B�u�t�,� �i�f� �t�h�e�r�e� �i�s� �a� �l�o�w� �c�a�n�s�u�m�p�t�i�o�n� �o�f� �c�a�r�b�o�h�y�d�r�a�t�e� �a�n�d� 

�c�a�l�e�r�i�e�s�,� �t�h�e� �p�r�e�c�e�s�s� �w�i�l�l� �a�c�c�e�l�e�r�a�t�e�.� �T�h�e� �t�h�e�e�r�y� �i�s� �t�h�a�t� 

�f�a�t�i�g�u�e� �w�i�l�l� �b�e� �a�c�c�e�l�e�r�a�t�e�d� �i�n� �t�h�i�s� �s�i�t�u�a�t�i�o�n� �b�e�c�a�u�s�e� 

�h�y�d�r�a�g�e�n� �i�c�a�n� �g�e�n�e�r�a�t�e�d� �d�u�r�i�n�g� �t�h�e� �a�n�a�e�r�o�b�i�c� �w�o�r�k� �a�r�e� �n�e�t� 

�a�d�e�q�u�a�t�e�l�y� �b�u�f�f�e�r�e�d�.� �T�h�u�s�,� �p�H� �o�f� �t�h�e� �b�l�e�e�d� �w�i�l�l� �d�r�a�p� �a�n�d� 

�C�A�a�A�U�S�e� �a�m� �i�n�h�i�b�i�t�i�a�n� �a�f� �g�l�y�c�o�l�y�s�i�s�.� �T�h�i�s� �c�o�u�l�d� �r�e�d�u�c�e� �t�h�e� 

�r�a�t�e� �a�f� �A�T�P� �r�e�s�y�n�t�h�e�s�i�s� �a�n�d� �p�r�o�m�o�t�e� �m�u�s�c�l�e� �f�a�t�i�q�u�e�.� 

�H�o�a�r�e�w�i�l�l� �e�t� �a�l�.� �¢ ¬�1�3�9�0�0�,� �s�h�o�w�e�d� �t�h�e� �s�a�m�e� �r�e�s�u�l�t�s� �i�n� �t�h�a�t� 

�a�n� �e�n�e�r�g�y� �r�e�s�t�r�i�c�t�e�d� �d�i�e�t� �d�e�c�r�e�a�s�e�d� �t�h�e� �s�u�b�j�e�c�t ��s� �a�b�i�l�i�t�y� 

�i�o� �b�u�f�f�e�r� �m�e�t�a�b�o�l�i�c� �a�c�i�d�s�,� �t�h�u�s� �l�e�a�d�i�n�g� �t�a� �l�e�s�s� �t�a�t�a�l� �w�a�r�k
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�d�a�n�e� �i�n�o� �a�n� �a�n�a�e�r�o�b�i�c� �e�x�e�r�c�i�s�e� �p�e�r�f�o�r�m�a�n�c�e� �t�e�s�t� �i�n� �s�u�b�j�e�c�t�s� 

�c�o�n�s�u�m�i�n�g� �a� �l�o�w�-�c�a�r�b�o�h�y�d�r�a�t�e� �a�s� �c�o�m�p�a�r�e�d� �t�a� �a� �h�i�g�h�-� 

�c�a�r�b�o�h�y�d�r�a�t�e� �d�i�e�t�.� 

�C�o�n�t�r�a�r�y� �t�o� �w�h�a�t� �w�a�s� �p�r�e�s�e�n�t�e�d� �a�b�o�v�e�,� �s�a�m�e� �r�e�s�e�a�r�c�h� 

�c�i�t�e�s� �l�i�t�t�l�e� �o�r� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e� �i�n� �f�a�t�i�q�u�e� �r�a�t�e� �w�i�t�h� 

�h�i�g�h� �c�a�r�b�o�h�y�d�r�a�t�e� �a�n�d� �l�e�w� �c�a�r�b�o�h�y�d�r�a�t�e� �l�o�w� �c�a�l�o�r�i�e� �d�i�e�t�s�.� 

�A�l�t�h�a�u�g�h� �t�h�i�e� �m�i�g�h�t� �s�e�e�m� �c�a�n�t�r�a�r�y� �t�a� �w�h�a�t� �w�a�s� �p�r�e�s�e�n�t�e�d� 

�a�b�o�v�e�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �a�m�o�n�g� �t�h�e� �d�a�t�a� �i�s� �m�a�s�t� �l�i�k�e�l�y� �d�u�e� �t�e� 

�d�e�g�r�e�e�s� �a�f� �c�a�l�e�r�i�e� �a�n�d� �c�a�r�b�o�a�h�y�d�r�a�t�e� �r�e�s�t�r�i�c�t�i�o�n�.� �I�n� �4� 

�s�t�u�d�y� �w�s�i�n�g� �o�b�e�s�e� �w�o�m�e�n�,� �a�n�a�e�r�o�b�i�c� �t�i�m�e� �t�a� �f�a�t�i�q�u�e� �d�i�d� �n�o�t� 

�c�h�a�n�g�e� �w�i�t�h� �e�i�t�h�e�r� �a� �h�i�g�h� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �a�r� �a� �l�o�w� 

�c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�c�a�n� �w�h�e�n� �p�e�r�f�o�r�m�i�n�g� �i�s�o�k�i�n�e�t�i�c� 

�d�y�n�a�m�e�t�e�r�,� �t�e�s�t�i�n�g� �e�n�d�u�r�a�n�c�e� �t�i�m�e� �i�n� �r�e�p�e�t�i�t�i�o�n�s� �t�a� �f�a�t�i�q�u�e� 

�(�D�a�v�i�s� �@�t� �a�l�.�,� �1�9�9�0�9�.� �T�h�e� �a�u�t�h�o�r� �c�i�t�e�s� �t�h�e� �p�o�s�s�i�b�l�e� �c�a�u�s�e� 

�o�f� �t�h�i�e� �d�i�f�f�e�r�e�n�c�e� �a�s� �d�u�e� �t�a� �t�h�e� �l�o�w� �c�a�r�b�o�h�y�d�r�a�t�e� �g�r�o�u�p� 

�r�e�c�e�i�v�i�n�g� �2�O�%� �m�o�r�e� �c�a�l�o�r�i�e�s� �t�h�a�n� �t�h�e� �h�i�g�h� �c�a�r�b�o�h�y�d�r�a�t�e� 

�g�r�o�u�p�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �l�o�w� �c�a�r�b�o�h�y�d�r�a�t�e� �g�r�o�u�p� �r�e�c�e�i�v�e�d� �a�n� 

�a�d�d�e�d� �b�e�n�e�f�i�t� �a�f� �e�x�t�r�a� �c�a�l�o�r�i�e�s� �t�o� �f�u�e�l� �t�h�e�i�r� �a�n�a�e�r�a�b�i�c� 

�e�x�e�r�c�i�s�e�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e�r�e� �w�a�s� �n�a� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� 

�q�r�a�u�p�s� �b�e�c�a�u�s�e� �t�h�e� �b�o�n�u�s� �i�n� �p�e�r�f�o�r�m�a�n�c�e� �t�h�a�t� �t�h�e� 

�c�a�r�b�o�h�y�d�r�a�t�e� �g�r�o�u�p� �w�o�u�l�d� �o�f� �r�e�c�e�i�v�e�d� �w�a�s� �a�f�f�s�e�t� �b�y� �t�h�e� 

�e�x�t�r�a� �c�a�l�o�r�i�e�s� �t�h�a�t� �t�h�e� �l�o�w� �c�a�r�b�o�h�y�d�r�a�t�e� �q�r�o�u�p� �r�e�c�e�i�v�e�d�.� 

�A�n�o�t�h�e�r� �g�t�u�d�y� �c�a�n�d�u�c�t�e�d� �a�m�a�n�g� �a�b�e�s�e� �w�o�m�e�n� �f�o�u�n�d� �a� 

�t�r�e�n�d� �t�o�w�a�r�d�s� �l�o�w�e�r�e�d� �s�t�r�e�n�g�t�h� �w�i�t�h� �a� �l�o�w� �c�a�r�b�o�h�y�d�r�a�t�e� 

�d�i�e�t�,� �b�u�t� �i�t� �w�a�s� �m�o�t� �s�i�g�n�i�f�i�c�a�n�t� �(�p�t�.�0�5�)� �¢�(�S�e�a�t�t� �a�t� �a�l�.�,� �a
� 

�L�o�p�s�)�.� �T�h�e� �r�e�s�e�a�r�c�h�e�r�s� �s�t�a�t�e�d� �t�h�a�t� �i�n� �o�r�d�e�r� �t�a� �s�e�e



�4�1� 

�s�i�g�n�i�f�i�c�a�n�c�e�,� �t�h�e�r�e� �w�o�u�l�d� �n�e�e�d� �t�a� �b�e� �a� �g�r�e�a�t�e�r� �d�i�s�p�a�r�i�t�y� 

�b�e�t�w�e�e�n� �t�h�e� �h�i�g�h� �f�a�t�/�l�o�w� �c�a�r�b�o�h�y�d�r�a�t�e� �¢�4�0�%�/�4�0�%�)� �a�n�d� �l�o�w� 

�f�a�t�/�h�i�g�h� �c�a�r�b�o�h�y�d�r�a�t�e� �(�2�0�4�/�6�0�4�)� �g�r�o�u�p�s�.� �T�h�i�s� �i�s� �b�e�c�a�u�s�e� �a� 

�h�i�g�h� �f�a�t� �d�i�e�t� �a�f�f�e�c�t�s� �p�e�r�f�o�r�m�a�n�c�e� �b�y� �i�n�d�u�c�i�n�g� �a� �l�a�w�e�r� �p�H�,� 

�w�h�i�c�h� �c�a�n� �c�a�u�s�e� �p�r�e�m�a�t�u�r�e� �f�a�t�i�q�u�e�,� �a�n�d� �t�h�e� �c�u�r�r�e�n�t� �s�t�u�d�y� 

�d�i�d� �m�a�t� �h�a�v�e� �e�n�o�u�g�h� �d�i�s�p�a�r�i�t�y� �b�e�t�w�e�e�n� �t�h�e� �t�w�a� �g�r�o�u�p�s� �f�o�r� 

�t�h�i�s� �t�e�a� �a�e�c�u�r�.� �T�h�e� �r�e�s�e�a�r�c�h�e�r�s� �a�l�s�a� �n�a�t�e� �t�h�a�t� �a� �g�r�e�a�t�e�r� 

�d�e�q�r�e�e� �o�f� �c�a�l�o�r�i�e� �r�e�s�t�r�i�c�t�i�o�n� �c�o�u�l�d� �s�h�a�w� �a� �d�i�f�f�e�r�e�n�c�e� 

�b�e�t�w�e�e�n� �t�h�e� �t�w�a� �d�i�e�t�i�n�g� �g�r�o�u�p�s� �¢�S�c�a�t�t� �e�t� �a�l�.�,� �1�9�9�2�)�.� �T�h�i�s� 

�e�t�u�d�y� �s�h�o�w�s� �t�h�a�t� �a�n�a�e�r�o�b�i�c� �p�e�r�f�o�r�m�a�n�c�e� �c�o�u�l�d� �h�a�v�e� �a�n� �e�f�f�e�c�t� 

�a�n� �a�n�a�e�r�c�b�i�c� �p�e�r�f�o�r�m�a�n�c�e� �(�s�t�r�e�n�g�t�h�)� �i�f� �t�h�e�r�e� �w�a�s� �e�n�c�u�g�h� 

�d�i�s�p�a�r�i�t�y� �b�e�t�w�e�e�n� �t�h�e� �t�w�a� �g�r�o�u�p�s� �i�n� �t�e�r�m�s� �o�f� �c�a�r�b�o�h�y�d�r�a�t�e� 

�a�n�d� �c�a�l�o�r�i�e� �i�n�g�e�s�t�i�o�n�.� 

�I�n� �a� �s�t�u�d�y� �c�a�n�d�u�c�t�e�d� �w�i�t�h� �b�o�d�y�b�u�i�l�d�e�r�s� �u�n�d�e�r�g�q�e�i�n�g� �a� 

�h�y�p�o�e�n�e�r�g�y� �d�i�e�t�,� �q�u�a�d�r�i�c�e�p� �i�s�o�m�e�t�r�i�c� �e�n�d�u�r�a�n�c�e� �i�n� �a� �l�a�w� 

�c�a�r�b�o�h�y�d�r�a�t�e� �l�o�w� �e�n�e�r�q�y� �d�i�e�t� �w�a�s� �m�e�a�s�u�r�e�d� �(�W�a�l�b�e�r�g� �e�t� �a�l�.�,� 

�1�9�8�9�)�.� �T�h�i�s� �s�t�u�d�y� �a�s�s�i�g�n�e�d� �b�e�d�y�b�u�i�l�d�e�r�s� �t�e� �g�r�o�u�p�s� �o�f� 

�c�a�n�t�r�a�l�,� �m�o�d�e�r�a�t�e� �p�r�a�t�e�i�n�/�h�i�g�h� �c�a�r�b�o�h�y�d�r�a�t�e� �l�a�w� �c�a�l�o�r�i�e� 

�d�i�e�t�s�,� �a�n�d� �h�i�g�h� �p�r�o�a�t�e�i�n�/�m�e�a�d�e�r�a�t�e� �c�a�r�b�o�h�y�d�r�a�t�e� �l�o�w� �c�a�l�e�a�r�i�e� 

�d�i�e�t�s�.� �A�l�t�h�a�u�g�h� �e�n�d�u�r�a�n�c�e� �o�f� �t�h�e� �s�m�a�l�l�e�r� �m�u�s�c�l�e� �g�q�r�a�u�p� 

�(�b�i�c�e�p�s�)� �w�a�s� �n�a�t� �a�f�f�e�c�t�e�d�,� �t�h�e�r�e� �w�a�s� �a� �d�e�c�r�e�a�s�e� �a�f� 

�u�a�d�r�i�c�e�p� �e�n�d�u�r�a�n�c�e� �i�n� �t�h�e� �h�i�g�h� �p�r�o�t�e�i�n� �g�r�o�u�p�.� �T�h�i�s� �w�a�s� 

�s�u�q�q�e�s�t�e�d� �t�o� �b�e� �d�u�e� �t�a� �a� �d�e�c�r�e�a�s�e� �i�n� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �a�v�e�r� 

�t�i�m�e� �f�r�o�m� �i�n�t�e�n�s�e� �a�n�a�e�r�o�b�i�c� �e�x�e�r�c�i�s�e� �w�i�t�h� �i�n�a�d�e�q�u�a�t�e� 

�a�m�a�u�n�t�s� �o�f� �e�n�e�r�g�y� �a�n�d� �c�a�r�b�o�h�y�d�r�a�t�e� �g�i�v�e�n� �(�W�a�l�b�e�r�g� �e�t� �a�l�.� 

�1�9�8�)�.



 ��f�e� �f�a� 

�I�V�.� �D�i�e�t�a�r�y� �P�r�a�c�t�i�c�e�s� �o�f� �B�o�d�y�b�u�i�l�d�e�r�s� �i�n� �P�r�e�p�a�r�a�t�i�o�n� 

�f�o�r� �C�o�m�p�e�t�i�t�i�a�n� 

�T�r�a�i�n�i�n�g� �f�o�r� �a� �b�o�d�y�b�u�i�l�d�i�n�g� �c�o�m�p�e�t�i�t�i�o�n� �r�e�q�u�i�r�e�s� �a� 

�v�e�r�y� �r�i�q�o�r�a�u�s� �a�n�d� �s�t�r�u�c�t�u�r�e�d� �l�i�f�e�s�t�y�l�e�.� �I�t� �d�i�c�t�a�t�e�s� �t�h�e� 

�a�t�h�l�e�t�e ��s� �e�n�t�i�r�e� �d�a�i�l�y� �c�h�o�i�c�e�s�,� �f�r�a�m� �a�c�t�i�v�i�t�i�e�s� �t�a� �d�i�e�t�.� 

�T�y�p�i�c�a�l�l�y�,� �t�h�e� �t�r�a�i�n�i�n�g� �b�o�d�y�b�u�i�l�d�e�r�s� �h�a�s� �a� �v�e�r�y� �a�s�t�r�u�c�t�u�r�e�d� 

�d�i�e�t�i�n�g� �p�r�o�g�r�a�m� �t�h�a�t� �h�e� �o�r� �s�h�e� �f�o�l�l�o�w�s� �t�h�a�t� �u�s�u�a�l�l�y� 

�i�n�c�l�u�d�e�s� �s�a�m�e� �t�y�p�e� �o�f� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n�.� 

�D�i�e�t�a�r�y� �I�n�t�a�k�e� �o�f� �T�r�a�i�n�i�n�g� �B�o�d�y�b�u�i�l�d�e�r�s� 

�I�n� �p�r�e�p�a�r�a�t�i�a�n� �f�o�r� �c�o�m�p�e�t�i�t�i�o�n�,� �t�h�e�r�e� �a�r�e� �t�w�o� �d�i�s�t�i�n�c�t� 

�p�h�a�s�e�s� �t�h�a�t� �t�h�e� �b�e�d�y�b�u�i�l�d�e�r�s� �f�a�l�l�o�w�.� �T�h�e� �f�i�r�s�t� �i�s� �a� 

�"�b�u�l�k�i�n�g�"� �p�h�a�s�e� �f�o�r� �m�u�s�c�u�l�a�r� �s�i�z�e� �d�e�v�e�l�o�p�m�e�n�t� �t�h�a�t� �o�c�c�u�r�s� 

�e�a�r�l�y� �i�n� �c�a�m�p�e�t�i�t�i�o�n� �p�r�e�p�a�r�a�t�i�o�n�.� �T�h�e� �l�a�t�e�r� �i�s� �t�h�e� 

 ��c�u�t�t�i�n�g �� �p�h�a�s�e� �t�h�a�t� �o�c�c�u�r�s� �j�u�s�t� �p�r�i�c�r� �t�o� �c�o�m�p�e�t�i�t�i�o�n� �t�e� 

�r�e�d�u�c�e� �s�u�b�c�u�t�a�n�e�c�u�s� �f�a�t� �C�H�i�c�k�s�a�n�m� �e�t� �a�l�e�,� �I�D�9�0�)�.� 

�D�u�r�i�n�g� �t�h�e� �"�c�u�t�t�i�n�g�"� �p�h�a�s�e� �o�f� �c�o�n�t�e�s�t� �p�r�e�p�a�r�a�t�i�c�a�n�,� �t�h�e� 

�a�t�h�l�e�t�e ��s� �g�o�a�l� �i�g� �t�o� �c�e�n�s�u�m�e� �a� �l�o�w� �c�a�l�o�r�i�e�,� �l�e�w� �f�a�t�,� �h�i�g�h� 

�c�o�m�p�l�e�x� �c�a�r�b�o�h�y�d�r�a�t�e� �a�n�d� �h�i�g�h� �p�r�o�t�e�i�n� �d�i�e�t�.� �M�a�n�y� �t�i�m�e�s� 

�t�h�i�s� �d�i�e�t� �e�n�c�a�r�p�o�r�a�t�e�s� �s�a�m�e� �t�y�p�e� �o�f� �s�u�p�p�l�e�m�e�n�t�a�t�i�a�n�.� �I�n� �a� 

�s�t�u�d�y� �c�a�m�d�u�c�t�e�d� �b�y� �F�l�e�i�n�e�r� �e�@�t� �a�l�.� �¢�C�i�v�g�d�d�,� �d�i�e�t�s� �a�f� 

�b�e�d�y�b�u�i�l�d�e�r�s� �i�n� �t�h�i�s� �p�h�a�s�e� �w�e�r�e� �a�n�a�l�y�z�e�d� �t�h�r�o�u�g�h� �f�a�a�d� 

�r�e�c�o�r�d�s� �a�n�d� �d�e�t�e�r�m�i�n�e�d� �t�a� �b�e� �v�e�r�y� �r�e�p�e�t�i�t�i�v�e� �a�n�d� 

�M�e�a� �p�e�e� �h�e�s� �P�e�r�c�e�n�t� �c�a�l�e�a�r�i�e�s� �f�r�a�m� �p�r�o�t�e�i�n�,� �f�a�t�,� �a�n�d� 

�c�a�r�b�o�h�y�d�r�a�t�e� �w�e�r�e� �4�0�%�,� �1�1�4�,� �a�n�d� �4�9�%� �r�e�s�p�e�c�t�i�v�e�l�y�,� �a�n�d� �t�h�e�y� 

�c�o�n�s�u�m�e�d� �3�3� �k�c�a�l�/�k�q� �a�f� �b�o�d�y� �w�e�i�g�h�t� �(�K�l�e�i�n�e�r� �e�t� �a�l�.�,� �i�9�9�4�)�.� 

�R�e�s�u�l�t�s� �f�r�a�m� �d�i�e�t�a�r�y� �a�n�a�l�y�s�i�s� �f�r�o�m� �S�a�n�d�e�a�v�a�l� �e�t� �a�l�.� �C�i�s�g�l�o�,



�e�e� 

�a�n�d� �N�e�w�t�e�n� �e�t� �a�l�.� �C�1�9�9�5�)�,� �s�t�a�t�e� �s�i�m�i�l�a�r� �f�i�n�d�i�n�g�s� �t�h�a�t� �t�h�e� 

�d�i�e�t�s� �w�e�r�e� �v�e�r�y� �l�a�w� �a�i�n� �f�a�t�,� �h�i�g�h� �i�n� �p�r�o�t�e�i�n�,� �a�n�d� �v�e�r�y� 

�r�e�s�t�r�i�c�t�i�v�e�.� 

�F�o�o�d� �s�e�l�e�c�t�i�o�n� �p�a�t�t�e�r�n�s� �i�n� �t�h�e�s�e� �a�t�h�l�e�t�e�s� �t�e�n�d� �t�a� �h�e� 

�h�i�g�h� �i�n� �l�e�a�n� �m�e�a�t�s� �(�c�h�i�c�k�e�n�,� �t�u�n�a�)� �a�n�d� �e�g�g� �w�h�i�t�e�s�,� �s�t�a�r�c�h�y� 

�q�r�a�i�n�s� �a�n�d� �v�e�g�e�t�a�b�l�e�s� �r�i�c�e�,� �o�a�t�m�e�a�l�,� �r�i�c�e� �c�a�k�e�s�,� 

�p�o�t�a�t�o�e�s�)�.� �T�h�e�y� �c�a�n�s�u�m�e� �l�i�t�t�l�e� �f�i�b�r�o�u�s� �v�e�g�e�t�a�b�l�e�s� �a�n�d� 

�f�r�u�i�t�,� �a� �v�e�r�y� �l�o�w� �a�m�a�u�n�t� �o�f� �f�a�t�,� �a�n�d� �t�e�n�d� �t�o� �s�h�y� �a�w�a�y� �f�r�a�m� 

�d�a�i�r�y� �p�r�e�d�u�c�t�s� �(�k�l�e�i�n�e�r� �e�t� �a�l�.�,� �1�9�9�4�;� �S�a�n�d�o�v�a�l� �e�t� �a�l�.�,� 

�l�s�y�i�o�.� �T�h�e� �r�a�t�i�o�n�a�l�e� �b�e�h�i�n�d� �t�h�e� �a�v�o�i�d�a�n�c�e� �o�f� �d�a�i�r�y� 

�p�r�a�d�u�c�t�s� �i�s� �t�h�a�t� �t�h�e�y� �a�r�e� �t�o�n� �h�i�g�h� �i�n� �f�a�t� �a�n�d� �s�a�d�i�u�m� 

�(�K�l�e�i�n�e�r� �e�t� �a�l�.�,� �i�9�9�4�)�.� �T�h�e� �f�a�t� �i�s� �a�v�o�i�d�e�d� �t�a� �p�r�e�v�e�n�t� 

�u�n�w�a�n�t�e�d� �w�e�i�g�h�t� �g�a�i�n� �a�n�d� �t�h�e� �s�a�d�i�u�m� �i�f� �a�v�o�i�d�e�d� �b�e�c�a�u�s�e� �t�h�e�y� 

�f�e�a�r� �i�t� �w�i�l�l� �m�a�k�e� �t�h�e�m� �h�e�l�d� �w�a�t�e�r�,� �t�h�u�s� �k�e�e�p�i�n�g� �t�h�e�m� �f�r�o�m� 

�t�h�e�i�r� �"�r�i�p�p�e�d�"� �a�p�p�e�a�r�a�n�c�e�.� �B�u�t� �a�s� �F�l�e�i�n�e�r� �e�a�t� �a�l�.� �c�i�g�g�e�d�,� 

�p�o�i�n�t�s� �o�u�t�,� �s�k�i�m� �m�i�l�k� �i�s� �f�a�t� �f�r�e�e� �a�n�d� �l�o�w�e�r� �i�n� �s�e�a�d�i�u�m� �¢�1�e�s� 

�m�q�/�c�u�p�d�,� �c�a�n�t�a�i�n�i�n�g� �3�0�2� �m�q� �o�f� �c�a�l�c�i�u�m� �t�h�a�n� �t�h�e�i�r� �c�a�m�m�a�n�l�y� 

�c�a�n�s�u�m�e�d� �e�q�q� �w�h�i�t�e�s� �a�f� �t�h�r�e�e� �l�a�r�g�e� �G�a�q�q�s� �c�a�n�t�a�i�n�i�n�g� �3�O�2� �m�a�g� 

�o�f� �s�a�d�i�u�m� �a�n�d� �1�2� �m�q� �o�f� �c�a�l�c�i�u�m�.� 

�S�o�a� �f�r�a�m� �t�h�e� �e�x�a�m�p�l�e� �g�i�v�e�n� �a�b�a�v�e�,� �t�h�e�  ��t�y�p�i�c�a�l �� 

�b�a�d�y�b�u�i�l�d�i�n�g� �d�i�e�t� �i�s� �d�e�f�i�c�i�e�n�t� �i�n� �s�a�m�e� �n�u�t�r�i�e�n�t�s�.� �T�h�i�s� �c�a�n� 

�l�e�a�d� �t�a� �p�r�o�b�l�e�m�s� �f�o�r� �t�h�e� �a�t�h�l�e�t�e� �i�n� �t�e�r�m�s� �o�f� �h�i�s� �o�r� �h�e�r� 

�h�e�a�l�t�h� �s�t�a�t�u�s�.� �N�e�a�t� �a�e�n�l�y� �1�8� �t�h�e� �a�t�h�l�e�t�e� �d�e�p�l�e�t�i�n�g� �t�h�e�i�r� 

�b�a�d�y� �o�f� �m�e�e�d�e�d� �m�u�t�r�i�e�n�t�s� �t�h�r�o�u�g�h� �a� �l�i�m�i�t�i�n�g� �f�o�o�d� �s�e�l�e�c�t�i�o�n� 

�p�a�t�t�e�r�n�,� �t�h�e� �l�o�w� �e�n�e�r�g�y� �i�n�t�a�k�e� �c�o�u�l�d� �p�o�s�s�i�b�l�y� �a�f�f�e�c�t� �t�h�e�i�r� 

�a�b�i�l�i�t�y� �t�a� �a�d�e�q�u�a�t�e�l�y� �p�e�r�f�o�r�m� �t�h�e� �w�o�r�k�o�u�t�.� �B�e�c�a�u�s�e� �o�f



�c�h�e�f� 

�t�h�i�s�,� �m�a�n�y� �b�o�d�y�b�u�i�l�d�e�r�s� �t�u�r�n� �t�a� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �t�a� �f�i�l�l� �t�h�e� 

�a�p�s�.� 

�I�n� �a� �s�t�u�d�y� �a�n�a�l�y�z�i�n�g� �d�i�e�t�a�r�y� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �p�r�a�c�t�i�c�e�s� 

�o�f� �a�t�h�l�e�t�e�s�,� �b�o�d�y�b�u�i�l�d�e�r�s� �c�a�n�s�u�m�e� �s�u�p�p�l�e�m�e�n�t�a�t�i�a�n� �b�e�c�a�u�s�e� 

�t�h�e�y� �f�e�l�t� �t�h�a�t� �t�h�e� �e�x�t�r�a� �m�u�t�r�i�e�n�t� �r�e�q�u�i�r�e�m�e�n�t� �a�f� �t�h�e�i�r� 

�t�r�a�i�n�i�n�g� �c�o�u�l�d� �e�n�m�l�y� �b�e� �m�e�t� �b�y� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �a�n�d� �t�h�a�t� �t�h�e� 

�s�u�p�p�l�e�m�e�n�t�s� �c�o�u�l�d� �i�m�p�r�a�v�e� �p�e�r�f�o�r�m�a�n�c�e� �C�B�u�r�k�e� �a�n�d� �R�e�a�d�,� 

�L�9�9�G�)�.� 

�T�y�p�i�c�a�l� �s�u�p�p�l�e�m�e�n�t�s� �t�h�a�t� �t�h�e�s�e� �a�t�h�l�e�t�e�s� �i�n�g�e�s�t� �a�r�e� 

�a�m�i�n� �a�c�i�d� �a�r� �p�r�e�a�t�e�i�n� �m�i�x�t�u�r�e�s�,� �c�a�r�b�o�h�y�d�r�a�t�e� �s�u�p�p�l�e�m�e�n�t�s�,� 

�a�n�d� �v�i�t�a�m�i�n� �o�r� �m�i�n�e�r�a�l� �s�u�p�p�l�e�m�e�n�t�s� �(�G�r�u�n�e�w�a�l�d� �a�n�d� �B�a�i�l�e�y�,� 

�1�9�9�3�9�.� �A�c�c�a�r�d�i�n�g� �t�a� �t�h�e�s�e� �r�e�s�e�a�r�c�h�e�r�s�,� �t�h�e� �p�r�o�t�e�i�n� 

�m�i�x�t�u�r�e�s� �w�e�r�e� �i�n�g�e�s�t�e�d� �f�a�r� �p�r�a�p�a�s�e�d� �m�u�s�c�l�e� �g�a�i�n�s� �d�u�r�i�n�g� �t�h�e� 

�"�b�u�l�k�i�n�g�"� �p�h�a�s�e� �a�f� �t�r�a�i�n�i�n�g�.� �V�i�t�a�m�i�n� �a�n�d� �m�i�n�e�r�a�l� 

�s�u�p�p�l�e�m�e�n�t�s� �w�e�r�e� �i�n�g�e�s�t�e�d� �t�a� �m�e�e�t� �R�D�A�,� �a�n�d� �c�a�r�b�o�h�y�d�r�a�t�e�s� 

�W�e�r�e� �u�s�e�d� �t�a� �h�e�l�o� �a�c�h�i�e�v�e� �e�n�e�r�g�y� �g�a�i�n�s� �d�u�r�i�n�g� �t�h�e� �w�e�a�r�k�e�u�t� 

�W�h�i�l�e� �c�a�n�s�u�m�i�n�g� �a� �l�o�w� �a�m�o�u�n�t� �o�f� �e�n�e�r�a�y� �(�G�r�u�n�e�w�a�l�d� �a�n�d� 

�B�a�i�l�e�y�,� �L�9�3�3�)�.� 

�V�.� �S�u�m�m�a�r�y� 

�T�h�r�o�u�g�h� �t�h�e� �v�a�s�t� �a�m�e�u�n�t� �o�f� �s�t�u�d�i�e�s� �c�i�t�e�d� �i�n� �t�h�i�s� 

�c�h�a�p�t�e�r�,� �t�h�e�r�e� �i�s� �c�l�e�a�r�l�y� �a� �l�i�n�k� �b�e�t�w�e�e�n� �c�a�r�b�o�h�y�d�r�a�t�e� 

�i�n�g�e�s�t�i�a�n� �a�n�d� �e�n�h�a�n�c�e�m�e�n�t� �a�f� �p�e�r�f�o�r�m�a�n�c�e�.� �I�t� �a�p�p�e�a�r�s� �t�h�a�t� 

�t�h�e� �e�x�a�c�t� �m�e�c�h�a�n�i�s�m� �o�f� �f�a�t�i�q�u�e� �c�a�n�m�a�t� �b�e� �a�n�s�w�e�r�e�d� �a�s� �b�e�i�n�g� 

�a�b�s�a�l�u�t�e�l�y� �d�u�e� �t�o� �L�i�m�i�t�a�t�i�o�n�s� �i�n� �g�q�l�y�c�e�g�e�n� �l�e�v�e�l�s� �a�r� �b�l�e�n�d� 

�G�Q�l�u�c�e�s�e�.� �A�d�d�i�t�i�o�n�a�l� �f�a�c�t�o�r�s� �s�u�c�h� �a�s� �t�h�e� �t�y�p�e� �o�f� �a�c�t�i�v�i�t�y� 

�e�n�g�a�g�i�n�g� �i�n�,� �p�r�e�v�i�o�u�s� �g�l�y�c�a�g�e�n� �s�t�e�e�r�a�g�e� �l�e�v�e�l�s�,� �a�m�o�u�n�t� �a�n�d



�A�S�;� 

�t�i�m�i�n�g� �o�f� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n�,� �a�m�o�u�n�t� �a�f� �c�a�l�o�r�i�e�s� 

�c�a�n�s�u�m�p�t�i�a�n�,� �a�n�d� �t�h�e� �t�y�p�e� �o�f� �m�u�s�c�l�e� �f�i�b�e�r�s� �a�f�f�e�c�t�e�d� �d�u�r�i�n�g� 

�e�x�e�r�c�i�s�e� �s�h�a�u�l�d� �b�e� �c�o�n�s�i�d�e�r�e�d� �w�h�e�n� �d�e�t�e�r�m�i�n�i�n�g� �w�h�e�t�h�e�r� 

�c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �w�i�l�l� �a�f�f�e�c�t� �p�e�r�f�o�r�m�a�n�c�e�.� 

�T�h�e� �r�e�s�u�l�t�s� �f�o�u�n�d� �f�r�a�m� �s�t�u�d�i�e�s� �c�a�n�d�u�c�t�e�d� �i�n� �a�n�a�e�r�a�b�i�c� 

�e�x�e�r�c�i�s�e� �a�r�e� �o�f� �p�a�r�t�i�c�u�l�a�r� �i�n�t�e�r�e�s�t� �t�e� �t�h�i�s� �s�t�u�d�y�.� �R�e�g�u�l�t�s� 

�f�r�a�m� �a�n�e� �e�t�u�d�y� �s�t�a�t�e�d� �t�h�a�t� �m�u�l�t�i�p�l�e� �b�e�n�t� �w�e�i�g�h�t� �t�r�a�i�n�i�n�g� 

�e�n�d�u�r�a�n�c�e� �h�a�d� �g�a�m�e� �c�o�r�r�e�l�a�t�i�o�n� �a�f�f�e�c�t�e�d� �a�f� �c�a�r�b�o�h�y�d�r�a�t�e� 

�i�n�g�e�s�t�i�c�a�n�.� �T�h�i�s� �m�a�y� �b�e� �d�u�e� �t�o� �t�h�e� �i�n�g�e�s�t�e�d� �c�a�r�b�o�h�y�d�r�a�t�e� 

�r�e�d�u�c�i�n�g� �t�h�e� �d�e�p�e�n�d�e�n�c�y� �a�o�n� �m�u�e�c�l�e� �g�l�y�c�o�g�e�n�,� �t�h�e�r�e�f�o�r�e�,� 

�i�n�c�r�e�a�s�i�n�g� �t�h�e� �t�i�m�e� �t�a� �f�a�t�i�q�u�e�.� �I�t� �w�a�e� �f�o�u�n�d� �t�h�a�t� �d�i�e�t�i�n�g� 

�a�l�e�n�e� �c�a�n� �r�e�d�u�c�e� �G�x�e�r�c�i�s�e� �p�e�r�f�o�r�m�a�n�c�e� �b�y� �r�e�d�u�c�i�n�g� �a�m�o�u�n�t�s� 

�o�f� �P�F�E� �a�n�d� �a�c�e�t�y�l� �c�o�A�,� �r�e�d�u�c�i�n�g� �m�u�s�c�l�e� �m�a�s�s�,� �a�n�d� �g�e�n�e�r�a�l�l�y� 

�r�e�d�u�c�i�n�g� �t�h�e� �o�v�e�r�a�l�l� �w�o�r�k�i�n�g� �m�e�c�h�a�n�i�s�m� �o�f� �t�h�e� �b�a�d�y ��s� 

�m�e�t�a�b�a�l�i�s�m�.� 

�I�t� �i�s� �t�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �s�t�u�d�y� �t�o� �e�x�a�m�i�n�e� �t�h�e� 

�p�a�u�s�s�i�b�l�e� �e�f�f�e�c�t�s� �a�f� �a�c�u�t�e� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�a�n� �o�n� 

�m�u�l�t�i�p�l�e� �b�o�u�t� �w�e�i�g�h�t� �t�r�a�i�n�i�n�g� �w�h�i�l�e� �s�u�b�j�e�c�t�s� �a�r�e� �i�n� 

�n�e�g�a�t�i�v�e� �e�n�e�r�g�y� �b�a�l�a�n�c�e�.



�C�h�a�p�t�e�r� �I�T�T� 

�J�O�U�R�N�A�L� �M�A�N�U�S�C�R�I�P�T



�4�7� 

�T�h�e� �E�f�f�e�c�t� �o�f� �a� �C�a�r�b�o�h�y�d�r�a�t�e� �S�u�p�p�l�e�m�e�n�t� �o�n� �M�u�l�t�i�p�l�e� 
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�M�a�l�e� �R�e�s�i�s�t�a�n�c�e� �T�r�a�i�n�e�r�s



�T�h�e�r�e� �a�r�e� �t�w�o� �d�i�s�t�i�n�c�t� �t�y�p�e�s� �a�f� �t�r�a�i�n�i�n�g� �t�h�a�t� �t�h�e� 

�b�e�d�y�b�u�i�l�d�e�r� �p�e�r�f�o�r�m�s�,� �d�e�p�e�n�d�i�n�g� �u�p�o�n� �h�o�w� �c�l�a�s�e� �t�h�e� �t�r�a�i�n�i�n�g� 

�m�e�c�u�r�s� �t�o� �c�a�m�p�e�t�i�t�i�c�a�n�.� �S�e�v�e�r�a�l� �m�a�n�t�h�s� �o�r� �y�e�a�r�s� �b�e�f�a�r�e� �a� 

�c�a�m�p�e�t�i�t�i�a�n�,� �a� �b�e�d�y�b�u�i�l�d�e�r ��s� �r�e�q�i�m�e� �c�a�n�s�i�s�t�s� �o�f� �a� �"�m�a�s�s� 

�b�u�i�l�d�i�n�g�"� �p�h�a�s�e�,� �w�h�e�r�e� �t�h�e� �d�e�s�i�r�e�d� �e�n�d� �r�e�s�u�l�t� �i�s� �m�u�s�c�l�e� 

�s�i�z�e�,� �a�n�d� �c�l�o�s�e�r� �t�o� �c�a�m�p�e�t�i�t�i�c�o�n�,� �a�  ��c�u�t�t�i�n�g� �p�h�a�s�e�"�,� �w�h�e�r�e� �a� 

�m�i�s�c�u�l�a�r�l�y� �d�e�f�i�n�e�d�,� �"�c�u�t�"� �p�h�y�s�i�q�u�e� �i�s� �o�b�t�a�i�n�e�d� �f�r�a�m� �l�a�w� 

�c�a�l�o�r�i�e� �d�i�e�t�i�n�g� �a�n�d� �h�i�g�h� �i�n�t�e�n�s�i�t�y� �t�r�a�i�n�i�n�g� �¢�2�i�3�.�,� 

�A� �l�o�a�t�o�o�f� �b�a�d�y�b�u�i�l�d�e�r�s� �h�a�v�e� �a�c�h�i�e�v�e�d� �t�h�i�s� �g�o�a�l� �o�f� 

�m�u�s�c�l�e� �d�e�f�i�n�i�t�i�o�n� �t�h�r�o�u�g�h� �t�h�e� �u�s�e� �o�f� �a�n�a�b�o�l�i�c� �s�t�e�r�c�a�i�d�s� �o�r� 

�t�h�r�o�u�g�h� �d�i�e�t�a�r�y� �a�n�d� �@�x�e�r�c�i�s�e� �m�a�n�i�p�u�l�a�t�i�o�n�s�.� �M�a�n�y� �s�t�u�d�i�e�s� 

�h�a�v�e� �s�h�a�w�n� �t�h�e� �d�e�t�r�i�m�e�n�t�a�l� �e�f�f�e�c�t�s� �o�f� �s�t�e�r�o�i�d�s� �a�n�d� �t�h�e�i�r� 

�n�e�g�a�t�i�v�e� �i�m�p�a�c�t� �a�n� �t�h�e� �h�e�d�y�,� �b�a�t�h� �s�h�a�r�t� �a�n�d� �l�a�n�g� �t�e�r�m� �¢�1�i�d�)�.� 

�B�e�c�a�u�s�e� �a�f� �t�h�e�s�e� �e�f�f�e�c�t�s�,� �m�a�n�y� �s�u�p�p�l�e�m�e�n�t� �m�a�n�u�f�a�c�t�u�r�e�r�s� 

�r�e�c�a�m�m�e�n�d� �@�e�r�a�q�e�n�i�c� �a�i�d�s� �s�u�c�h� �a�s� �c�a�r�b�o�h�y�d�r�a�t�e� �s�u�p�p�l�e�m�e�n�t�s� �t�e�a� 

�h�e�l�p� �t�h�e� �a�t�h�l�e�t�e� �p�e�r�f�o�r�m� �a� �r�i�g�e�r�a�u�s� �w�o�r�k�o�u�t� �w�h�i�l�e� �i�n�g�e�s�t�i�n�g� 

�@�&� �l�o�w� �e�n�e�r�g�y� �d�i�e�t�.� �S�a�m�e� �s�t�u�d�i�e�s� �s�u�q�g�e�s�t� �t�h�a�t� �a� �h�i�g�h� 

�c�a�r�b�o�h�y�d�r�a�t�e� �d�i�e�t� �i�s� �b�e�n�e�f�i�c�i�a�l� �t�o� �t�h�e� �a�t�h�l�e�t�e� �w�h�e�n� 

�u�n�d�e�r�g�z�u�i�n�g� �p�h�y�s�i�c�a�l� �a�c�t�i�v�i�t�y� �i�n� �t�r�a�i�n�i�n�g� �f�o�r� �c�o�m�p�e�t�i�t�i�a�n� 

�C�1�6�)�.� �I�t� �a�l�l�e�w�s� �t�h�e� �a�t�h�l�e�t�e� �t�e�a� �p�e�r�f�a�r�m� �t�h�e�i�r� �i�n�t�e�n�s�e� 

�t�r�a�i�n�i�n�g� �r�e�g�i�m�e� �w�h�i�l�e� �d�i�e�t�i�n�g�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �a�r�e� 

�p�r�o�b�a�b�l�y� �w�h�a�t� �h�e�l�p�e�d� �t�a�o� �s�h�a�p�e� �t�h�e� �"�t�y�p�i�c�a�l�"� �b�o�e�d�y�b�u�i�l�d�i�n�g� 

�d�i�e�t�:� �m�o�d�e�r�a�t�e� �c�a�r�b�o�h�y�d�r�a�t�e�,� �l�a�w� �f�a�t�,� �m�o�d�e�r�a�t�e� �t�o� �h�i�g�h� �i�n� 

�p�r�a�t�e�i�n�m� �c�i�g�)�.� �T�h�i�s� �m�i�x� �o�f� �m�a�c�r�o�n�u�t�r�i�e�n�t�s� �i�n� �a� �r�e�d�u�c�e�d� 

�e�n�e�r�g�y� �d�i�e�t� �m�a�y� �d�e�c�r�e�a�s�e� �o�v�e�r�a�l�l� �b�o�d�y� �f�a�t� �a�n�d� �p�r�e�a�v�i�d�e� 

�a�n�c�u�g�h� �e�n�e�r�q�y� �f�a�r� �t�h�e� �t�r�a�i�n�i�n�g� �w�o�r�k�o�u�t�s�.



�I�O� 

�C�a�r�b�o�h�y�d�r�a�t�e�s� �a�r�e� �a�n� �i�m�p�o�r�t�a�n�t� �m�a�c�r�o�n�u�t�r�i�e�n�t� �i�n� 

�p�r�a�v�i�d�i�n�g� �e�n�e�r�g�y� �t�e� �t�h�e� �b�o�d�y�.� �T�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� 

�c�a�r�b�o�h�y�d�r�a�t�e� �c�a�n� �d�e�t�e�r�m�i�n�e� �t�h�e� �r�a�t�e� �o�f� �m�u�s�c�l�e� �f�a�t�i�q�u�e� �(�3�)�.� 

�T�h�i�s� �a�v�a�i�l�a�b�i�l�i�t�y� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �e�x�e�r�c�i�s�e� �i�n�t�e�n�s�i�t�y�,� 

�p�h�y�s�i�c�a�l� �c�o�a�n�d�i�t�i�o�n�i�n�g�,� �e�x�e�r�c�i�s�e� �m�o�d�e�,� �e�n�v�i�r�a�n�m�e�n�t�a�l� 

�t�e�m�p�e�r�a�t�u�r�e�,� �a�n�d� �p�r�e�-�e�x�e�r�c�i�s�e� �d�i�e�t� �(�3�9�.� �T�h�e�r�e�f�e�a�r�e�,� 

�m�a�i�n�t�e�n�a�n�c�e� �a�f� �m�u�s�c�l�e� �q�g�l�y�c�e�q�e�n� �i�s� �d�i�f�f�i�c�u�l�t� �w�i�t�h� �r�e�p�e�a�t�e�d� 

�a�c�t�i�v�i�t�y� �a�n�d� �i�n�v�e�l�v�e�s� �m�a�n�y� �d�i�f�f�e�r�e�n�t� �f�a�c�t�o�r�s�.� 

�A�s� �m�e�n�t�i�o�n�e�d� �a�b�o�v�e�,� �t�h�e�r�e� �a�r�e� �a� �m�u�l�t�i�t�u�d�e� �o�f� �f�a�c�t�a�r�s� 

�t�h�a�t� �c�a�n� �a�f�f�e�c�t� �t�h�e� �s�t�o�r�a�g�e� �o�f� �m�u�s�c�l�e� �g�q�l�y�c�a�g�e�n�.� �P�r�e�-� 

�e�x�e�r�c�i�s�e� �d�i�e�t�,� �e�s�p�e�c�i�a�l�l�y� �t�h�e�s�e� �l�o�w� �i�n� �e�n�e�r�d�y� �c�a�n� �h�a�v�e� �a�n� 

�a�d�d�e�d� �d�r�a�i�n� �o�n� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �r�e�l�a�t�i�v�e� �t�o�a� �d�i�e�t�s� �i�n� �w�h�i�c�h� 

�t�h�e�r�e� �i�s� �a� �m�o�r�m�a�l� �e�n�e�r�g�y� �b�a�l�a�n�c�e� �(�2�2�)�.� �I�t� �i�s� �n�a�t�e�d� �b�y� 

�P�h�i�n�n�e�y� �e�t� �a�l�.�¢�2�e�)�,� �t�h�a�t� �w�h�e�n� �s�c�h�e�s�e� �s�u�b�j�e�c�t�s� �a�r�e� �p�u�t� �a�n�a� 

�v�e�r�y� �l�o�w� �e�n�e�r�g�y� �d�i�e�t� �e�f� �B�a�O�0�-�7�5�0� �k�c�a�l�/�d�a�y� �f�a�r� �t�w�a� �w�e�e�k�s�,� 

�t�h�e�r�e� �w�a�s� �a� �d�é�c�r�e�a�s�e� �i�m� �p�r�e�-�e�x�e�r�c�i�s�e� �m�u�s�c�l�e� �q�l�y�c�a�g�e�n� �a�f� �.�6�6� 

�Q�@�/�1�0�0� �g�q� �¢�+� �,�9�0�5�)� �o�f� �w�e�t� �w�e�i�g�h�t� �a�n�d� �f�e�l�l� �f�u�r�t�h�e�r� �a�f�t�e�r� 

�a�e�r�a�b�i�c� �e�n�d�u�r�a�n�c�e� �e�x�e�r�c�i�s�e�.� �I�n� �s�o�m�e� �s�t�u�d�i�e�s�,� �w�e�i�g�h�t� 

�t�r�a�i�n�i�n�g� �e�x�e�r�c�i�s�e�s� �t�y�p�i�c�a�l�l�y� �p�e�r�f�o�r�m�e�d� �f�a�r� �m�u�s�c�l�e� 

�d�e�f�i�n�i�t�i�o�n� �h�a�s� �b�e�e�n� �s�h�a�w�n� �t�o� �d�e�p�l�e�t�e� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �(�2�5�)�.� 

�S�i�n�c�e� �m�u�s�c�l�e� �g�l�y�c�a�g�e�n� �i�f� �u�t�i�l�i�z�e�d� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �a�d�d�i�n�g� 

�e�x�e�r�c�i�s�e� �t�a� �a� �r�e�d�u�c�e�d� �e�n�e�r�g�y� �d�i�e�t� �d�e�c�r�e�a�s�e�s� �m�u�s�c�l�e� 

�g�l�y�c�a�q�g�e�n�.� 

�C�a�r�b�o�h�y�d�r�a�t�e� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �h�a�s� �b�e�e�n� �d�e�m�a�n�s�t�r�a�t�e�d� �t�e�a� 

�d�e�l�a�y� �f�a�t�i�q�u�e� �i�n� �a�e�r�o�b�i�c� �a�c�t�i�v�i�t�y� �¢�3�,� �l�i�,� �1�9�,� �2�O�,� �2�6�,� �2�8�)�,� 

�b�u�t� �r�e�c�e�n�t�l�y�,� �s�a�m�e� �r�e�s�e�a�r�c�h� �s�h�o�w�s� �t�h�a�t� �c�a�r�b�o�h�y�d�r�a�t�e� �c�a�n



�a�l�e�c� �h�e�l�p� �i�n� �a�n�a�e�r�o�b�i�c� �p�e�r�f�o�r�m�a�n�c�e� �s�u�c�h� �a�s� �m�u�l�t�i�p�l�e� �b�o�u�t� 

�w�e�i�g�h�t� �t�r�a�i�n�i�n�g� �(�1�4�)�.� �M�u�l�t�i�p�l�e� �b�o�u�t� �w�e�i�g�h�t� �t�r�a�i�n�i�n�g� �i�s� �a� 

�h�i�g�h� �i�n�t�e�n�s�i�t�y� �i�n�t�e�r�m�i�t�t�e�n�t� �@�x�e�r�c�i�s�e� �t�h�a�t� �i�s� �u�s�u�a�l�l�y� 

�p�e�r�f�o�r�m�e�d� �b�y� �t�h�e� �t�r�a�i�n�i�n�g� �b�o�d�y�b�u�i�l�d�e�r�s� �t�a� �a�c�h�i�e�v�e� �m�u�s�c�l�e� 

�S�i�z�e� �a�n�d� �d�e�f�i�n�i�t�i�o�n�.� �A�S� �m�o�t�e�d� �a�b�a�v�e�,� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� 

�c�a�r�b�o�h�y�d�r�a�t�e� �a�r� �g�l�y�c�o�g�e�n� �c�a�n� �a�f�f�e�c�t� �p�e�r�f�o�r�m�a�n�c�e� �C�1�7�)�.� �I�n� �&� 

�s�t�u�d�y� �e�@�x�a�m�i�n�i�n�g� �m�u�l�t�i�p�l�e�-�b�o�u�t� �h�i�g�h� �i�n�t�e�n�s�i�t�y� �t�r�a�i�n�i�n�g�,� �t�h�e� 

�a�u�t�h�o�r�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �i�n�g�e�s�t�i�o�n� �o�f� �e�x�c�g�e�n�c�u�s� �c�a�r�b�o�h�y�d�r�a�t�e� 

�e�n�h�a�n�c�e�d� �p�e�r�f�o�r�m�a�n�c�e� �b�y� �e�@�l�e�v�a�t�i�n�g� �b�l�e�n�d� �g�l�u�c�e�s�e� �l�e�v�e�l�s� �t�a� 

�S�p�a�r�e� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �¢�l�4�)�.� 

�T�h�e� �s�t�u�d�y� �c�a�n�d�u�c�t�e�d� �b�y� �L�a�m�b�e�r�t ��s� �g�r�o�u�p� �¢�1�2�)� �s�h�o�w�e�d� �a�n� 

�i�n�c�r�e�a�s�e� �i�n� �p�e�r�f�o�r�m�a�n�c�e� �w�i�t�h� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �w�h�e�n� 

�s�u�b�j�e�c�t�s� �u�s�e�d� �a� �m�u�l�t�i�p�l�e� �b�o�u�t� �r�e�s�i�s�t�i�v�e� �t�e�s�t�.� �A�n�a�t�h�e�r� 

�s�t�u�d�y� �u�s�i�n�g� �a� �a�n�e� �b�o�u�t� �S�O� �m�a�x�i�m�a�l� �c�o�n�t�r�a�c�t�i�o�n� �e�x�e�r�c�i�s�e� 

�p�e�r�f�a�r�m�a�n�c�e� �s�h�o�w�e�d� �m�a� �b�e�n�e�f�i�t� �f�r�o�m� �a� �h�i�g�h� �c�a�r�b�o�h�y�d�r�a�t�e� �d�i�e�t� 

�C�l�e�)�.� �T�h�e� �e�x�p�l�a�i�n�a�t�i�a�n� �f�o�r� �d�i�f�f�e�r�e�n�c�e� �i�n� �r�e�s�u�l�t�s� �b�e�t�w�e�e�n� 

�t�h�e�s�e� �t�w�a� �s�t�u�d�i�e�s� �m�a�y� �r�e�l�a�t�e� �t�a� �t�h�e� �d�u�r�a�t�i�o�n� �o�f� �t�h�e� 

�r�e�s�i�s�t�a�n�c�e� �e�x�e�r�c�i�s�e�.� �T�h�e� �l�a�n�g�e�r� �t�h�e� �e�x�e�r�c�i�s�e� �i�s� �p�e�r�f�o�r�m�e�d�,� 

�C�i�.�@�.� �m�u�l�t�i�p�l�e� �b�o�u�t�s�)�,� �t�h�e� �m�o�r�e� �r�e�l�i�a�n�c�e� �t�h�e�r�e� �i�s� �o�n� �m�u�s�c�l�e� 

�g�l�y�c�a�g�e�n�.� �T�h�e�r�e�f�o�r�e�,� �c�a�r�b�e�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�a�n� �m�a�y� �s�h�a�w� �a� 

�g�r�e�a�t�e�r� �e�f�f�e�c�t� �a�n� �d�e�l�a�y�i�n�g� �f�a�t�i�q�u�e� �i�n� �p�r�o�l�o�n�g�e�d� �r�e�s�i�s�t�a�n�c�e� 

�t�r�a�i�n�i�n�g� �b�e�u�t�s� �c�a�m�p�a�r�e�d� �t�e� �s�h�a�r�t� �b�o�u�t�s� �w�h�e�r�e� �p�h�o�s�p�h�a�g�e�n� 

�s�y�s�t�e�m� �i�s� �t�h�e� �m�a�i�n� �p�r�e�v�i�d�e�r� �o�f� �A�T�P�.� 

�A�S� �a� �r�e�s�u�l�t� �o�f� �t�h�e�s�e� �f�i�n�d�i�n�g�s�,� �c�u�r� �s�t�u�d�y� �p�l�a�n�n�e�d� �t�a� 

�s�e�e� �i�f� �c�a�r�b�o�h�y�d�r�a�t�e� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �w�o�u�l�d� �h�e�l�p� �b�o�d�y�b�u�i�l�d�e�r�s� 

�i�m� �@�x�e�r�c�i�s�e� �p�e�r�f�o�r�m�a�n�c�e� �w�h�e�n� �t�h�e�y� �a�r�e� �i�n�g�e�s�t�i�n�g� �a� �l�o�w



�c�a�l�o�r�i�e� �d�i�e�t� �w�i�t�h� �a�n� �i�n�t�e�n�s�e� �w�o�e�r�k�e�a�u�t�,� �i�n� �p�r�e�p�a�r�a�r�t�i�a�n� �f�o�r� �a� 

�b�o�d�y�b�u�i�l�d�i�n�g� �c�a�m�p�e�t�i�t�i�o�n�.� �T�h�i�s� �w�a�s� �c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �m�a�l�e�s� 

�i�n�g�e�s�t�i�n�g� �a� �¢�t�-�d�a�y� �l�e�w� �e�n�e�r�g�y� �d�i�e�t�,� �w�i�t�h� �c�a�r�b�o�h�y�d�r�a�t�e� 

�i�n�g�e�s�t�i�o�n� �1�5� �m�i�n�u�t�e�s� �p�r�i�o�r� �t�a� �p�e�r�f�o�r�m�i�n�g� �a� �m�u�l�t�i�p�l�e� �b�e�a�u�t�,� 

�i�n
� �f�l�a�t� �b�e�n�c�h� �p�r�e�s�s� �t�e�s�t�.� 

�M�e�t�h�o�d�s� 

�S�u�b�j�e�c�t�s� 

�T�w�e�n�t�y�-�t�w�o� �v�o�l�u�n�t�e�e�r� �m�a�l�e� �s�u�b�j�e�c�t�s� �b�e�t�w�e�e�n� �t�h�e� �a�g�e�s� �o�f� 

�1�9� �a�n�d� �3�3� �w�e�r�e� �r�e�c�r�u�i�t�e�d� �f�r�a�m� �l�o�a�c�a�l� �g�y�m�s�.� �A�l�l� �s�u�b�j�e�c�t�s� 

�d�e�n�i�e�d� �p�r�e�v�i�c�u�s� �s�t�e�r�a�i�d� �u�s�e�,� �a�n�d� �h�a�d� �b�e�e�n� �r�e�s�i�s�t�a�n�c�e� 

�t�r�a�i�n�i�n�g� �f�o�r� �a� �m�i�n�i�m�u�m� �o�f� �o�n�e� �y�e�a�r�,� �G�-�4� �t�i�m�e�s�/�w�e�e�k�,� �f�a�r� �t�h�e� 

�p�u�r�p�o�s�e� �o�f� �m�u�s�c�l�e� �d�e�v�e�l�c�p�m�e�n�t�.� �T�h�e� �s�u�b�j�e�c�t�s� �a�v�e�r�a�g�e�d� 

�1�2�.�3�4� �¢�4�+�1�.�0�9�)� �b�e�a�d�y� �f�a�t� �w�i�t�h� �a� �m�e�a�n� �b�e�d�y� �w�e�i�g�h�t� �a�f� �8�1�.�8� 

�C�t�5�.�2�4�)� �k�q�.� 

�T�h�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �s�c�r�e�e�n�e�d� �b�e�f�o�r�e� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �b�e�g�a�n� 

�f�o�r� �a�n�y� �m�e�t�a�b�a�l�i�c�,� �c�a�r�d�i�a�c� �o�r� �o�r�t�h�e�p�e�d�i�c� �d�i�s�e�r�d�e�r�s� �t�h�a�t� 

�w�o�u�l�d� �h�i�n�d�e�r� �t�h�e�i�r� �p�e�r�f�o�r�m�a�n�c�e�/�h�e�a�l�t�h� �d�u�r�i�n�g� �t�h�e� �s�t�u�d�y�.� 

�T�h�e� �s�t�u�d�y� �w�a�s� �a�p�p�r�o�v�e�d� �b�y� �t�h�e� �V�i�r�g�i�n�i�a� �T�e�c�h� �I�n�s�t�i�t�u�t�i�c�a�n�a�l� 

�R�e�v�i�e�w� �B�o�a�r�d� �f�o�r� �R�e�s�e�a�r�c�h� �a�n� �H�u�m�a�n� �S�u�b�j�e�c�t�s�,� �a�n�d� �a�l�l� 

�s�u�b�j�e�c�t�s� �s�i�q�n�e�d� �a�n� �i�n�f�o�r�m�e�d� �c�a�n�s�e�n�t� �a�f�t�e�r� �t�h�e�y� �w�e�r�e� 

�i�n�f�a�r�m�e�d� �o�f� �t�h�e� �r�i�s�k�s� �o�f� �p�a�r�t�i�c�i�p�a�t�i�o�n�.� 

�T�h�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �r�a�n�d�a�m�l�y� �d�i�v�i�d�e�d� �i�n�t�e� �t�w�e� 

�e�x�p�e�r�i�m�e�n�t�a�l� �g�r�o�u�p�s� �a�f� �c�a�r�b�o�h�y�d�r�a�t�e� �(�C�A�R�B�)�,� �m�=�7�,� �o�r� �p�r�o�t�e�i�n� 

 ¬�P�R�O�T�)�,� �n�=�7�.� �T�h�e� �c�a�n�t�r�a�l� �s�u�b�j�e�c�t�s� �C�C�O�N�T�?� �m�=�8�,� �w�e�r�e� �c�h�o�a�g�e�n� 

�f�r�a�m� �s�u�b�j�e�c�t�s� �t�h�a�t� �d�i�d� �m�a�t� �w�a�n�t� �t�o� �b�e� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� 

�g�r�e�a�n�u�p�s� �a�f� �l�o�w� �c�a�l�o�r�i�e� �d�i�e�t�i�n�g�.� �T�w�a� �m�f� �t�h�e� �s�u�b�j�e�c�t�s�,� �a�n�e� �i�m
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� 

�P�R�O�T� �a�n�d� �o�n�e� �i�n� �C�A�R�E� �w�e�r�e� �d�r�o�p�p�e�d� �f�r�a�m� �t�h�e� �s�t�u�d�y� �d�u�e� �t�e� 

�s�e�l�f�-�r�e�p�o�r�t�e�d� �l�a�c�k� �o�f� �c�a�m�p�l�i�a�n�c�e� �t�o� �t�h�e� �l�o�w� �e�n�e�r�g�y� �d�i�e�t�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�o�a� �t�h�o�s�e� �t�w�a� �s�u�b�j�e�c�t�s�,� �f�o�u�r� �a�d�d�i�t�i�a�n�a�l� �s�u�b�j�e�c�t�s� 

�w�e�r�e� �d�r�o�p�p�e�d� �f�r�o�m� �a�n�a�l�y�s�i�s� �b�e�c�a�u�s�e� �t�h�e�y� �d�i�d� �n�a�t� �c�o�m�p�l�e�t�e� 

�t�h�e� �f�u�l�l� �6�9� �r�e�p�e�t�i�t�i�o�n�s� �i�n� �t�h�e� �f�i�r�s�t� �&� �s�e�t�s�.� �T�h�a�t� �m�a�k�e�s� 

�t�h�e� �f�i�n�a�l� �s�u�b�j�e�c�t� �t�o�t�a�l� �f�o�r� �e�a�c�h� �g�q�r�o�u�p� �t�e� �b�e� �C�O�N�T�=� �3�S�,� �P�R�O�T�=� 

�&�,� �a�n�d� �C�A�R�B�=� �7�.� 

�E�x�p�e�r�i�m�e�n�t�a�l� �P�r�o�c�e�d�u�r�e�s� 

�C�A�R�B� �a�n�d� �P�R�O�T� �w�e�r�e� �a�s�s�i�g�n�e�d� �t�a� �&� �S�p�e�c�i�f�i�c� �d�i�e�t� �a�n�d� 

�G�@�x�e�r�c�l�e�e� �p�r�e�s�c�r�i�p�t�i�o�n� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�t�u�d�y�.� �C�O�N�T� �w�a�s� �a�s�k�e�d� 

�t�o� �r�e�c�a�r�d� �t�h�e�i�r� �s�e�l�f�-�s�e�l�e�c�t�e�d� �d�i�e�t� �a�n�d� �w�a�r�k�e�a�u�t� �d�u�r�i�n�g� �t�h�e� 

�t�i�m�e� �t�h�e� �o�t�h�e�r� �g�r�o�u�p�s� �w�o�u�l�d� �a�d�h�e�r�e� �t�a� �a�s�s�i�g�n�e�d� �d�i�e�t�s� �a�n�d� 

�w�a�r�k�o�a�u�t�s�.� �T�h�e� �s�t�u�d�y� �l�a�s�t�e�d� �a� �t�o�t�a�l� �o�f� �e�l�e�v�e�n� �d�a�y�s� �(�F�i�g�u�r�e� 

�1�)�.� �I�t� �b�e�g�a�n� �w�i�t�h� �a� �p�r�e�-�m�a�i�n�t�e�n�a�n�c�e� �p�h�a�s�e� �C�P�R�E�-�M�A�I�N�T�)� �w�i�t�h� 

�t�h�r�e�e� �d�a�y�s� �o�f� �p�r�e�l�i�m�i�n�a�r�y� �i�n�f�o�r�m�a�t�i�o�n�,� �t�e�s�t�i�n�g� �o�f� �1� 

�r�e�p�e�t�i�t�i�o�n� �m�a�x�i�m�u�m�s� �C�i� �R�M�)� �¢�T�a�b�l�e� �1�3�,� �b�e�a�d�y� �f�a�t� �a�n�a�l�y�s�i�s�,� 

�a�n�d� �a�n�e� �p�r�a�c�t�i�c�e� �s�e�s�s�i�o�n� �o�f� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �t�e�s�t�.� �T�h�e� 

�p�r�a�c�t�i�c�e� �t�r�i�a�l� �o�f� �t�h�e� �f�l�a�t� �b�e�n�c�h� �p�r�e�s�s� �t�e�s�t� �w�a�s� �i�n�c�l�u�d�e�d� �t�e�a� 

�r�e�d�u�c�e� �a� �l�e�a�r�n�i�n�g� �e�f�f�e�c�t� �a�n� �s�u�b�s�e�q�u�e�n�t� �p�e�r�f�o�r�m�a�n�c�e� �t�e�s�t�s�.� 

�F�o�l�l�o�w�i�n�g� �t�h�e� �p�r�e�-�m�a�i�n�t� �p�h�a�s�e�,� �t�h�e�r�e� �w�a�s� �a� �t�h�r�e�e�-�d�a�y� 

�m�a�i�n�t�e�n�a�n�c�e� �p�e�r�i�a�d� �(�M�A�I�N�T�)� �a�n�d� �b�a�s�e�l�i�n�e� �b�e�n�c�h� �t�e�s�t�,� �w�h�e�r�e� 

�d�i�e�t� �a�n�d� �e�x�e�r�c�i�s�e� �w�e�r�e� �c�a�n�t�r�a�l�l�e�d� �t�e� �e�n�s�u�r�e� �s�t�a�b�l�l�i�z�a�t�i�a�n� 

�a�n�d� �c�a�m�g�r�u�e�n�c�y� �i�n� �b�o�d�y� �w�e�i�g�h�t� �a�n�d� �m�u�s�c�l�e� �q�l�y�c�c�g�e�n� �l�e�v�e�l�s� 

�a�m�a�n�g� �s�u�b�j�e�c�t�s�.� �A�f�t�e�r� �t�h�e� �M�A�I�N�T� �p�h�a�s�e� �a�n�d� �b�a�s�e�l�i�n�e� �t�e�s�t�,� 

�t�h�e�r�e� �w�a�s� �a� �p�r�e�-�t�e�s�t� �f�l�a�t� �b�e�n�c�h� �t�e�s�t� �g�i�v�e�n� �t�a� �t�h�e� �s�u�b�j�e�c�t�s� 

�t�o� �d�e�t�e�r�m�i�n�g� �p�e�r�f�o�r�m�a�n�c�e� �b�e�f�a�r�e� �t�h�e� �d�i�e�t�i�n�g� �p�h�a�s�e�.� �A� �f�o�u�r



�d�a�y� �E�X�P�E�R� �p�h�a�s�e�,� �t�h�e�n� �f�o�l�l�o�w�e�d� �M�A�I�N�T�.� �T�h�e� �s�u�b�j�e�c�t�s� �w�e�r�e� 

�p�r�e�v�i�d�e�d� �w�i�t�h� �a� �l�o�w� �e�n�e�r�g�y� �d�i�e�t� �a�n�d� �c�a�n�t�i�n�u�e�d� �w�i�t�h� �t�h�e� �s�a�m�e� 

�r�i�q�a�r�a�u�s� �w�o�r�k�e�u�t� �r�o�u�t�i�n�e�s� �a�g� �p�e�r�f�o�r�m�e�d� �d�u�r�i�n�g� �t�h�e� �M�A�I�N�T� 

�p�h�a�s�e�.� �T�h�e� �l�a�s�t� �d�a�y� �o�f� �t�h�e� �s�t�u�d�y� �(�d�a�y� �J�i�}�,� �c�o�n�s�i�s�t�e�d� �«�a�f� 

�t�h�e� �P�a�s�t�-�t�e�s�t�,� �c�a�n�d�u�c�t�e�d� �b�y� �a�l�l� �s�u�b�j�e�c�t�s�.� 

�O�n�e� �r�e�p�e�t�i�t�i�o�n� �m�a�x�i�m�u�m�s� �w�a�s� �p�r�e�d�i�c�t�e�d� �f�r�a�m� �3� �R�M� �f�a�r� 

�e�x�e�r�c�i�s�e�s� �t�h�a�t� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �t�a�c� �d�a�n�g�e�r�a�u�e� �t�e�a� �p�e�r�f�a�r�m� �1� 

�R�M�?� �s�.� �T�h�e�s�e� �@�x�e�r�c�i�s�e�s� �w�e�r�e� �s�q�u�a�t�s�,� �s�h�r�u�g�s�,� �a�n�d� �s�t�a�n�d�i�n�g� 

�c�a�l�f� �r�a�i�s�e�s�.� �T�h�e� �w�o�r�k�o�u�t� �w�a�s� �p�r�e�s�c�r�i�b�e�d� �b�a�s�e�d� �a�n� �t�h�e� �i� 

�R�M ��a� �a�n�c� �c�a�o�m�s�i�s�t�e�d� �o�f� �a� �3�S� �d�a�y� �r�o�t�a�t�i�o�n� �¢�T�a�b�l�e� �i�}�.� �T�h�e� 

�f�o�u�r�t�h� �d�a�y� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �a� �r�e�s�t� �d�a�y� �w�h�e�r�e� �a�n�l�y� �t�h�e� �f�l�a�t� 

�b�e�n�c�h� �p�e�r�f�e�r�m�a�n�c�e� �t�e�s�t� �w�a�s� �t�h�e� �e�x�e�r�c�i�s�e� �a�l�l�a�w�e�d�.� �T�h�e� 

�e�x�e�r�c�i�s�e�s� �f�o�r� �t�h�e� �d�a�i�l�y� �w�o�r�k�o�u�t� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�t� �6�5�-�7�0�%� �1� 

�R�M�,� �f�a�r� �t�h�r�e�e� �t�a� �f�o�u�r� �s�e�t�s�,� �i�n� �a� �p�y�r�a�m�i�d� �f�a�s�h�i�o�n� �o�f� �@�-�1�5� 

�r�e�p�e�t�i�t�i�a�n�s�.� �B�i�k�i�n�g� �w�a�s� �p�e�r�f�o�r�m�e�d� �f�a�r� �3�O� �m�i�n�u�t�e�s�/�d�a�y� �a�n� 

�a�&� �s�t�a�t�i�o�n�a�r�y� �b�i�c�y�c�l�e�,� �a�t� �a� �t�a�r�g�e�t� �r�a�t�e� �o�f� �G�S�-�7�5� �p�e�r�c�e�n�t� �a�f� 

�M�a�x�i�m�a�l� �h�e�a�r�t� �r�a�t�e� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �a�g�e� �p�r�e�d�i�c�t�e�d� �m�a�x�i�m�u�m�.� 

�T�h�e� �c�y�c�l�i�n�g� �w�a�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �p�r�e�s�c�r�i�b�e�d� �w�o�r�k�o�u�t� �t�a� �m�o�r�e� 

�c�l�a�s�e�l�y� �d�e�p�i�c�t� �t�h�e� �t�r�u�e� �b�o�d�y�b�u�i�l�d�e�r�s� �r�a�u�t�i�n�e� �i�n� �"�c�u�t�t�i�n�g� 

�u�p�"� �f�a�r� �a� �c�a�m�p�e�t�i�t�i�o�n� �¢�i�s�)�.� �T�h�e�s�e� �e�x�e�r�c�i�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� 

�b�y� �t�h�e� �s�u�b�j�e�c�t�s� �a�o�n� �t�h�e�i�r� �o�w�n�,� �a�l�t�h�e�a�n�g�h� �t�h�e� �e�x�a�m�i�n�e�r�s� 

�p�e�r�i�o�d�i�c�a�l�l�y� �c�h�e�c�k�e�d� �i�n� �o�a�n� �t�h�e� �s�u�b�j�e�c�t�s�.� �T�h�e� �g�a�m�e� �w�o�r�k�e�a�u�t� 

�t�h�a�t� �w�a�s� �u�s�e�d� �f�o�r� �t�h�e� �M�A�I�N�T� �p�h�a�s�e� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �w�a�s� 

�r�e�p�e�a�t�e�d� �i�n� �t�h�e� �E�X�P�E�R� �p�h�a�s�e�.� 

�A�l�l� �t�h�r�e�e� �g�r�o�u�p�s� �p�e�r�f�o�r�m�e�d� �t�h�e� �f�l�a�t� �B�e�n�c�h� �t�e�s�t� �b�e�t�w�e�e�n� 

�t�h�e� �h�o�u�r�s� �o�f� �7� �a�n�d� �1�0� �4�.�M�.�,� �a�f�t�e�r� �a� �l�f� �h�o�u�r� �f�a�s�t�.� �T�h�e
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�s�u�b�j�e�c�t�s� �w�e�r�e� �a�l�w�a�y�s� �t�e�s�t�e�d� �w�i�t�h�i�n� �t�h�e� �s�a�m�e� �h�o�u�r� �o�f� �t�h�e� 

�d�a�y�.� �T�h�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �a�s�k�e�d� �n�a�t� �t�o� �d�a� �a�n�y� �@�x�e�r�c�i�s�e� �1�8� 

�h�o�u�r�s� �b�e�f�o�r�e� �t�e�s�t�i�n�g�.� �F�i�f�t�e�e�n� �m�i�n�u�t�e�s� �p�r�i�c�r� �t�a� �t�e�s�t� 

�p�e�r�f�o�r�m�a�n�c�e�,� �t�h�e� �P�R�O�T� �a�n�d� �C�A�R�E� �g�r�o�u�p�s� �w�e�r�e� �g�i�v�e�n� �l�i�q�u�i�d� 

�s�u�p�p�l�e�m�e�n�t�s�.� �T�h�e� �s�u�p�p�l�e�m�e�n�t�s� �c�a�n�m�t�a�i�n�e�d� �S�S� �k�c�e�a�l�/�v�k�q� �a�f� �b�a�d�y� 

�w�e�i�g�h�t�.� �T�h�e� �P�R�O�T� �s�u�p�p�l�e�m�e�n�t� �(�C�h�a�l�l�e�n�g�e ��s� �I�n�s�t�a�n�t� �S�z� �t�u
� 

�I�s�o�l�a�t�e�d� �S�e�y� �P�r�o�t�e�i�n�)� �c�a�n�t�a�i�n�e�d� �1�.�2�5� �g� �o�f� �p�r�a�t�e�i�n�/�k�g� �o�f� 

�b�o�d�y� �w�e�i�g�h�t�,� �a�n�d� �m�o� �c�a�r�b�o�h�y�d�r�a�t�e� �w�h�i�l�e� �t�h�e� �C�A�R�B� �s�u�p�p�l�e�m�e�n�t� 

�(�S�p�o�r�t� �G�S�G�h�a�t ��s� �s�u�g�a�r�,� �d�e�x�t�r�o�s�e�,� �a�n�d� �f�r�u�c�t�o�s�e� �m�i�x�t�u�r�e�)�,� 

�c�o�m�b�t�a�i�n�e�d� �1�.�2�5� �q�g� �a�f� �c�a�r�b�o�h�y�d�r�a�t�e�/�k�g� �o�f� �b�e�a�d�y� �w�e�i�g�h�t� �a�n�d� �n�e�o� 

�p�r�o�t�e�i�n�.� �T�h�u�s� �t�h�e� �s�u�p�p�l�e�m�e�n�t� �w�a�s� �e�i�t�h�e�r� �L�o�O�0�x�%� �p�r�a�t�e�i�n� �o�r� 

�1�0�0�%� �c�a�r�b�o�h�y�d�r�a�t�e�,� �T�h�e� �p�r�o�t�e�i�n� �s�u�p�p�l�e�m�e�n�t� �w�a�s� �p�r�e�p�a�r�e�d� �b�y� 

�m�i�x�i�n�g� �t�h�e� �p�r�e�t�e�i�n� �p�o�w�d�e�r� �i�n� �a� �b�l�e�n�d�e�r� �w�i�t�h� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3� 

�c�u�p�s� �o�f� �w�a�t�e�r� �a�n�d� �.�5� �c�u�p� �a�f� �i�c�e�.� �T�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� 

�s�u�p�p�l�e�m�e�n�t� �w�a�s� �p�r�e�p�a�r�e�d� �b�y� �m�i�x�i�n�g� �3� �c�u�p�s� �o�f� �w�a�t�e�r� �w�i�t�h� �.�S� 

�m�F� �i�c�e�.� �T�h�e� �s�t�u�d�y� �w�a�s� �m�o�t� �d�o�a�n�b�l�e� �b�l�i�n�d� �s�t�u�d�y� �s�i�n�c�e� �t�h�e� 

�a�i�f�f�e�r�e�n�c�e�s� �a�m�a�n�g� �t�h�e� �t�w�e� �s�u�p�p�l�e�m�e�n�t�s� �i�n� �t�e�r�m�s� �o�f� �t�a�s�t�e�,� 

�e�m�@�l�i�l�o� �a�n�d� �a�p�p�e�a�r�a�n�c�e� �c�o�u�l�d� �m�o�a�t� �b�e� �e�l�i�m�i�n�a�t�e�d�.� �H�a�w�e�v�e�r�,� 

�s�u�b�j�e�c�t�s� �w�e�r�e� �m�a�t� �t�o�l�d� �w�h�a�t� �w�a�s� �i�n� �t�h�e� �s�u�p�p�l�e�m�e�n�t�.� 

�T�h�e� �f�l�a�t� �b�e�n�c�h� �p�r�e�s�s� �t�e�s�t� �(�T�a�b�l�e� �3�)� �w�a�s� �a� �m�u�l�t�i�p�l�e� 

�b�o�u�t� �t�e�s�t� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �f�r�e�e� �w�e�i�g�h�t�s�.� �I�t� �w�a�s� �a� �7� �s�e�t� 

�t�e�s�t�,� �a�t� �G�O�x�%�Z� �1� �R�M�,� �w�i�t�h� �d�e�c�r�e�a�s�i�n�g� �r�e�p�e�t�i�t�i�o�n�s� �a�n�d� �2�.�5� 

�m�i�n�u�t�e�s� �a�f� �r�e�s�t� �i�n� �b�e�t�w�e�e�n� �@�a�c�h� �s�e�t�.� �I�n� �t�h�e� �l�a�s�t� �s�e�t�,� �t�h�e� 

�s�u�b�j�e�c�t� �w�a�s� �a�s�k�e�d� �t�a� �p�e�r�f�a�r�m� �t�h�e� �m�a�x�i�m�a�l� �n�u�m�b�e�r� �o�f� 

�r�e�p�e�t�i�t�i�o�n�s� �u�n�t�i�l� �f�a�t�i�q�u�e�.� �F�u�l�l� �r�e�p�e�t�i�t�i�o�n�s� �w�e�r�e� �v�e�r�i�f�i�e�d� 

�b�y� �a�n� �i�n�f�r�a�r�e�d� �b�e�a�m� �s�e�t� �a�t� �t�h�e� �s�u�b�j�e�c�t�'�s� �f�u�l�l� �a�r�m� �e�x�t�e�n�s�i�a�n



�i�
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�l�e�n�g�t�h�.� �T�h�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �m�o�e�t� �g�i�v�e�n� �a�n�y� �v�e�r�b�a�l� 

�e�n�c�o�u�r�a�g�e�m�e�n�t� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �t�e�s�t� �i�n� �a�r�d�e�r� �t�a� �e�n�s�u�r�e� 

�c�a�n�g�r�u�e�n�c�y� �a�m�a�n�g� �s�u�b�j�e�c�t�s�.� 

�I�m�m�e�d�i�a�t�e�l�y� �f�o�l�l�o�w�i�n�g� �t�h�i�s� �p�e�r�f�o�r�m�a�n�c�e� �t�e�s�t�,� �t�h�e� 

�s�u�b�j�e�c�t�s� �b�e�g�a�n� �t�h�e� �r�e�d�u�c�e�d� �e�n�e�r�g�y� �d�i�e�t� �w�h�i�c�h� �c�a�n�m�t�i�n�u�e�d� �f�a�r� 

�9�6� �h�o�u�r�s�.� �T�h�e� �s�u�b�j�e�c�t�s� �i�n� �P�R�O�T� �a�n�d� �C�A�R�E� �w�e�r�e� �g�i�v�e�n� �t�h�e� 

�s�a�m�e� �r�e�d�u�c�e�d� �@�n�e�r�a�y� �d�i�e�t� �¢�2�1� �k�c�a�l�/�k�q� �a�f� �b�o�d�y� �w�e�i�g�h�t�)�.� �T�h�i�s� 

�c�a�n�s�i�a�e�t�e�d� �o�f� �S�5�4� �c�a�r�b�o�h�y�d�r�a�t�e�,� �1�5�4� �f�a�t�e�,� �a�n�d� �S�O�X� �p�r�o�t�e�i�n�.� 

�T�h�e� �d�i�e�t� �w�a�s� �i�d�e�n�t�i�c�a�l� �f�o�r� �a�l�l� �+� �d�a�y�s� �a�n�d� �c�o�n�s�i�s�t�e�d� �o�f� 

�m�a�t�m�e�a�l�,� �r�i�c�e�,� �t�u�n�a� �f�i�s�h�,� �s�p�a�c�d�h�e�t�t�i�,� �t�o�m�a�t�o�e� �S�a�u�c�e�,� �p�e�a�n�u�t� 

�b�u�t�t�e�r�,� �a�n�d� �r�i�c�e� �c�a�k�e�s� �(�T�a�b�l�e� �4�)�.� �T�h�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �n�a�t� 

�&�a�l�l�a�w�e�d� �t�o�a� �a�d�d� �t�e� �o�r� �d�e�l�e�t�e� �a�n�y�t�h�i�n�g� �t�h�a�t� �c�o�n�t�a�i�n�e�d� �e�n�e�r�a�y� 

�f�r�o�m� �t�h�i�s� �d�i�e�t�.� �T�h�e�y� �w�e�r�e� �p�e�r�m�i�t�t�e�d� �t�e� �d�r�i�n�k� �a�s� �m�u�c�h� 

�w�a�t�e�r�,� �d�i�e�t� �d�r�i�n�k�s�,� �a�n�d� �c�a�f�f�e�e�/�t�e�a� �a�s� �t�h�e�y� �w�a�n�t�e�d�.� �I�n� 

�m�r�d�e�r� �t�e�a� �h�a�v�e� �s�a�m�e� �f�o�r�m� �o�f� �c�a�m�p�l�i�a�n�c�e� �t�a� �t�h�e� �d�i�e�t�,� �t�h�e� 

�s�u�b�j�e�c�t�s� �w�e�r�e� �t�a� �c�h�e�c�k� �o�f�f� �a� �s�h�e�e�t� �o�f� �a�l�l� �t�h�e� �f�o�o�d�s� �t�h�e�y� 

�a�t�e� �f�o�r� �t�h�e� �d�a�y�.� �I�n� �a�d�d�i�t�i�o�n� �t�e� �t�h�i�s� �d�i�e�t�,� �t�h�e� �s�u�b�j�e�c�t�s� 

�c�o�n�t�i�n�u�e�d� �t�h�e� �s�a�m�e� �w�o�r�k�o�u�t� �p�r�a�q�r�a�m� �t�h�a�t� �t�h�e�y� �p�e�r�f�a�r�m�e�d� �i�n� 

�t�h�e� �M�A�I�N�T� �p�h�a�s�e�.� 

�O�n� �d�a�y� �e�l�e�v�e�n� �o�f� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�,� �a�l�l� �s�u�b�j�e�c�t�s� 

�p�e�r�f�a�r�m�e�d� �a� �p�a�s�t�-�t�e�s�t� �f�l�a�t� �b�e�n�c�h� �p�r�e�s�s� �t�e�s�t�.� �T�h�e� �s�a�m�e� 

�s�t�i�p�u�l�a�t�i�o�n�s� �a�p�p�l�i�e�d� �t�e� �t�h�i�s� �t�e�s�t� �a�s� �w�e�r�e� �p�u�t� �f�o�r�t�h� �i�n� �t�h�e� 

�p�r�e�-�t�e�s�t�,� �b�a�s�e�l�i�n�e� �a�n�d� �p�r�a�c�t�i�c�e� �s�e�s�s�i�c�n�s�.� �A�l�l� �a�f� �t�h�e� 

�p�e�r�f�o�r�m�a�n�c�e� �t�e�s�t�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �i�n� �t�h�e� �m�a�r�n�i�n�g� �¢�b�e�t�w�e�e�n� �7�-� 

�i�O� �A�M�)�,� �a�n�d� �@�a�c�h� �s�u�b�j�e�c�t� �w�a�s� �t�e�s�t�e�d� �w�i�t�h�i�n� �6�0� �m�i�n�u�t�e�s� �o�f� 

�t�h�e� �t�i�m�e� �o�f� �t�h�e�i�r� �p�r�e�v�i�c�u�s� �t�e�s�t�.� �P�R�O�T� �a�n�d� �C�A�R�E� �a�q�r�a�u�p�s� �w�e�r�e



�a�7� 

�g�i�v�e�n� �t�h�e� �s�a�m�e� �s�u�p�p�l�e�m�e�n�t� �a�s� �t�h�e�y� �r�e�c�i�e�v�e�d� �d�u�r�i�n�g� �t�h�e� �p�r�e�-� 

�t�e�s�t� �1�2� �m�i�n�u�t�e�s� �b�e�f�o�r�e� �t�h�e� �t�e�s�t�.� 

�T�h�e� �d�a�t�a� �e�x�p�r�e�s�s�e�d� �i�n� �t�h�e� �t�e�x�t� �a�n�d� �t�a�b�l�e�s� �i�s� �i�n� �m�e�a�n� 

�C�S� �>
� �E�M�)�,� �u�n�l�e�s�s� �s�p�e�c�i�f�i�e�d� �o�t�h�e�r�w�i�s�e�.� �A�l�l� �i�n�d�e�p�e�n�d�e�n�t� 

�M�e�A�S�U�T�E�S� �w�e�r�e� �a�n�a�l�y�z�e�d� �t�o�a� �d�e�t�e�r�m�i�n�e� �a�i�f� �t�h�e� �s�u�b�j�e�c�t�s� �w�e�r�e� 

�s�i�m�i�l�a�r� �i�n� �t�h�e�i�r� �d�i�e�t�s� �a�n�d� �w�o�r�k�o�u�t� �L�i�f�t�i�n�g� �v�o�l�u�m�e�s�.� �T�h�i�s� 

�w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �u�s�i�n�g� �a� �r�e�p�e�a�t�e�d� �m�e�a�g�c�u�r�e� �S�-�w�a�y� �A�n�a�l�y�s�i�s� 

�m�f� �V�a�r�i�a�n�c�e� �C�A�N�O�V�A�)�,� �a�r� �a�@� �O�n�e� �w�a�y� �A�N�O�V�A�,� �w�i�t�h� �t�h�e� �a�l�p�h�a� 

�l�e�v�e�l� �=� �.�,�9�5�.� �T�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �f�o�r� �r�e�p�e�t�i�t�i�o�n�s� �i�n� 

�s�e�a�t� �s�e�v�e�n�,� �a�n�d� �s�e�t� �s�e�v�e�n� �v�o�l�u�m�e�,� �w�e�r�e� �a�n�a�l�y�z�e�d� �u�s�i�n�g� 

�r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s� �S�-�w�a�y� �A�N�O�V�A�,� �w�i�t�h� �a�l�p�h�a� �l�e�v�e�l�s� �a�t� �G�.�O�8�.� 

�T�h�e� �o�r�i�g�i�n�a�l� �d�a�t�a� �s�e�t� �i�n�c�l�u�d�e�d� �a� �s�u�b�j�e�c�t� �p�o�o�l� �o�f� �2�2� 

�s�u�b�j�e�c�t�s�.� �F�o�u�r� �a�f� �t�h�e�s�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �d�r�o�p�p�e�d� �f�r�o�m� 

�a�n�a�l�y�s�i�s� �b�e�c�a�u�s�e� �t�h�e�y� �d�i�d� �m�o�a�t� �c�a�m�p�l�e�t�e� �t�h�e� �f�u�l�l� �&� �s�e�a�t� �t�e�s�t� 

�a�f� �G�D� �r�e�p�e�t�i�t�i�o�n�s� �(�T�a�b�l�e� �3�)�.� �T�h�r�e�e� �o�f� �t�h�e�s�e� �s�u�b�j�e�c�t�s� �w�e�r�e� 

�f�r�a�m� �t�h�e� �C�O�N�T� �g�q�r�e�u�p� �a�n�d� �a�n�e� �w�a�s� �f�r�o�m� �t�h�e� �P�R�O�T� �g�r�o�u�p�.� �T�h�e� 

�r�e�a�s�o�n�i�n�g� �b�e�h�i�n�d� �@�x�c�l�u�d�i�n�g� �t�h�e�s�e� �s�u�b�j�e�c�t�s� �w�a�s� �t�h�a�t� �o�n�e� 

�c�o�u�l�d� �n�a�t� �c�a�m�p�a�r�e� �s�u�b�j�e�c�t�s� �w�h�e� �c�a�m�p�l�e�t�e�d� �t�h�e� �f�u�l�l� �G�y� 

�r�e�p�e�t�i�t�i�o�n�s� �w�i�t�h� �t�h�o�s�e� �w�h�o� �d�i�d� �m�o�t� �w�h�e�n� �a�n�a�l�y�i�n�g� �r�e�p�e�t�i�t�a�n�s� 

�p�e�r�f�o�r�m�e�d� �i�n� �g�e�t� �s�e�v�e�n�.� 

�R�e�s�u�l�t�s� 

�A�n�a�l�y�s�i�s� �o�f� �d�i�e�t�a�r�y� �i�n�t�a�k�e� �d�u�r�i�n�g� �t�h�e� �M�A�I�N�T� �p�h�a�s�e� 

�i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e�r�e� �w�a�s� �m�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� 

�t�h�e� �C�O�N�T�,� �C�A�R�E�,� �a�n�d� �P�R�O�T� �g�r�o�u�p�s� �i�n� �e�n�e�r�g�y� �a�n�d� �f�a�t�,� �b�u�t� �t�h�a�t� 

�t�h�e�r�e� �w�a�e� �s�i�a�q�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �a�m�o�u�n�g� �g�r�o�u�p�s� �i�n� 

�c�a�r�b�o�h�y�d�r�a�t�e� �a�n�d� �p�r�o�t�e�i�n� �i�n�g�e�s�t�i�o�n� �(�T�a�b�l�e� �S�d�.� �A�&�A� �D�u�n�c�a�n ��s



�}� �o�n� 
�H�O� 

�M�u�l�t�i�p�l�e� �R�a�n�g�e� �P�o�s�t�-�H�o�c� �A�n�a�l�y�s�i�s� �s�h�e�a�w�s� �t�h�a�t� �t�h�e� �C�O�N�T� �g�r�o�u�p� 

�w�a�s� �d�i�f�f�e�r�e�n�t� �f�r�a�m� �t�h�e� �C�A�R�E� �a�n�d� �P�R�O�T� �g�r�e�u�p� �i�n� �t�h�e�s�e� 

�m�a�c�r�a�n�u�t�r�i�e�n�t�s�.� �T�h�i�s� �i�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�o� �b�e� �d�u�e� �t�a� �C�O�N�T� 

�c�a�n�s�u�m�i�n�g� �t�h�e�i�r� �a�w�n� �d�i�e�t�,� �w�i�t�h� �m�o�a� �b�o�u�n�d�a�r�i�e�s� �a�n� �w�h�a�t� �t�h�e�y� 

�c�o�u�l�d� �e�a�t�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�e� �a�n�a�l�y�z�i�n�g� �d�i�e�t� �f�o�r� �c�h�a�n�g�e�s� �a�m�o�n�g� 

�q�r�a�u�p�s�,� �t�h�e� �v�o�l�u�m�e� �o�f� �t�h�e� �w�o�r�k�o�u�t� �p�e�r�f�o�r�m�e�d� �(�k�q� �l�i�f�t�e�d� �x� 

�t�a�t�a�l� �r�e�p�e�t�i�t�i�o�n�s�)� �f�o�r� �t�h�e� �p�r�e�s�c�r�i�b�e�d� �w�o�r�k�o�u�t� �p�e�r�f�o�r�m�e�d� 

�d�u�r�i�n�g� �r�e�s�i�s�t�a�n�c�e� �a�m�a�n�g� �M�A�I�N�T� �a�n�d� �E�X�P�E�R� �w�a�s� �a�n�a�l�y�z�e�d� �f�a�r� 

�d�i�f�f�e�r�e�n�c�e�s� �a�m�o�n�g� �a�q�r�o�u�p�s� �i�n� �d�i�f�f�e�r�e�n�t� �p�h�a�s�e�s� �a�f� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t� �(�T�a�b�l�e� �©�)�.� �N�e�a� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �( ¬�S�1�7�5�9� �i�n� 

�M�A�I�N�T� �a�n�d� �2�7�8�6�1� �i�n� �E�X�P�E�R�)� �w�e�r�e� �f�o�u�n�d� �a�m�a�n�g� �t�h�e�s�e� �p�h�a�s�e�s� �f�o�r� 

�t�h�e� �t�w�o� �d�i�f�f�e�r�e�n�t� �p�h�a�s�e�s� �a�f� �t�h�e� �p�r�e�s�c�r�i�b�e�d� �w�o�r�k�o�u�t�.� 

�B�e�d�y� �w�e�i�g�h�t� �c�h�a�n�g�e�s� �d�u�r�i�n�g� �t�h�e� �E�X�P�E�R� �a�r� �l�o�w� �e�n�e�r�a�y� 

�i�n�t�a�k�e� �p�h�a�s�e� �s�h�o�w�e�d� �t�h�a�t� �t�h�e�r�e� �w�a�s� �m�i�a� �s�i�q�n�i�f�i�c�a�n�t� 

�d�i�f�f�e�r�e�n�c�e� �i�n� �w�e�i�g�h�t� �l�o�s�s� �a�m�o�n�g� �t�h�e� �t�h�r�e�e� �g�r�e�a�u�p�s� �f�r�o�m� �t�h�e� 

�b�a�s�e�l�i�n�e� �t�e�s�t� �t�a� �p�o�s�t� �t�e�s�t� �(�T�a�b�l�e� �7�)�.� �T�h�e� �C�O�N�T� �g�q�r�a�u�p� 

�g�a�i�n�e�d� �a�n� �a�v�e�r�a�g�e� �a�f� �G�.�4� �k�a�,� �t�h�e� �P�R�O�T� �l�a�s�t� �2�.�2� �k�a�,� �a�n�d� �t�h�e� 

�C�A�R�E� �g�r�o�u�p� �l�o�s�t� �4�.�2� �k�q� �f�r�e�m� �b�a�s�e�l�i�n�e� �t�a� �t�h�e� �p�a�s�t�-�t�e�s�t� 

�p�e�r�i�o�d�.� 

�T�h�e� �r�e�l�i�a�b�i�l�i�t�y� �d�a�t�a� �f�a�r� �t�h�e� �f�l�a�t� �b�e�n�c�h� �p�r�e�s�s� 

�p�e�r�f�e�a�r�m�a�n�c�e� �a�f� �t�h�e� �p�r�a�c�t�i�c�e� �a�n�d� �b�a�s�e�l�i�n�e� �t�e�s�t�s� �a�r�e� �d�e�p�i�c�t�e�d� 

�a�i�m� �T�a�b�l�e� �&�.� �P�e�a�r�s�a�n ��s� �P�r�o�d�u�c�t� �M�a�m�e�n�t� �C�o�r�r�e�l�a�t�i�o�n� �s�h�o�w�s� �e�l� 

�c�a�o�r�r�e�l�a�t�i�a�n� �c�o�e�f�f�i�c�i�e�n�t� �O�F� �R�=� �O�,�O�0�9�6�.� �A�n�y� �d�i�s�c�r�e�p�a�n�c�y� �c�a�n� 

�b�e� �d�u�e� �t�o� �l�e�a�r�n�i�n�g� �t�h�e� �p�r�o�a�t�e�c�a�l�,� �w�h�i�c�h� �i�s� �c�a�m�m�o�a�n� �w�h�e�n� 

�u�N�n�d�e�r�g�u�i�n�g� �a� �p�e�r�f�a�r�m�a�n�c�e� �t�e�s�t�.� �A� �c�l�a�s�e�r� �l�a�c�k� �a�t� �t�h�e� �d�a�t�a



�s�h�a�w�s� �t�h�a�t� �t�h�e� �c�a�r�r�e�l�a�t�i�a�o�m� �s�h�a�w�s� �s�i�g�n�i�f�i�c�a�n�c�e� �a�t� �p�=�.�0�1� 

�b�e�t�w�e�e�n� �v�o�l�u�m�e�s� �a�f� �S�4�1�7�?� �a�t� �p�r�a�c�t�i�c�e� �a�n�d� �S�5�9�5� �a�t� �b�a�s�e�l�i�n�e�.� 

�T�h�e� �d�a�t�a� �f�o�r� �m�u�s�c�l�e� �p�e�r�f�o�r�m�a�n�c�e� �t�e�s�t� �a�t� �b�a�s�e�l�i�n�e�,� 

�p�r�e�-�t�e�s�t�,� �a�n�d� �p�o�s�t�-�t�e�s�t� �i�s� �g�i�v�e�n� �i�n� �T�a�b�l�e�s� �[� �a�n�d� �1�0�.� �T�h�e�r�e� 

�W�a�s� �M�i�c� �S�i�g�n�i�f�i�c�a�n�t� �m�a�i�n� �e�f�f�e�c�t� �a�f� �t�i�m�e� �a�r� �g�q�r�e�a�u�p� �m�o�r� �a�n� 

�i�n�t�e�r�a�c�t�i�o�n� �o�f� �g�r�o�u�p�s� �o�v�e�r� �t�i�m�e� �w�h�e�n� �p�e�r�f�o�r�m�a�n�c�e� �d�a�t�a� �f�r�a�m� 

�t�h�e� �l�a�s�t� �s�e�t� �w�e�r�e� �e�x�a�m�i�n�e�d�.� �F�i�g�u�r�e� �=� �s�h�a�w�e� �t�h�a�t� �t�h�e� 

�a�v�e�r�a�q�e� �w�e�i�a�h�t� �l�i�f�t�e�d� �b�y� �t�h�e� �C�O�N�T� �g�q�r�a�u�p� �d�e�c�r�e�a�s�e�d� �m�a�n�-�~� 

�e�l�i�q�n�i�f�i�c�a�n�t�l�y� �f�r�a�m� �i�l�i�s�p� �t�e�a� �1�O�9�0� �w�h�i�l�e� �t�h�e� �a�v�e�r�a�g�e� �w�e�i�g�h�t� 

�l�i�f�t�e�d� �b�y� �t�h�e� �C�A�R�E� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �1�9�0�6�4� �t�o�a� �L�1�1�7�.� �T�h�e� �s�a�m�e� 

�t�r�e�n�d�s� �e�x�i�s�t� �f�o�r� �t�h�e� �n�u�m�b�e�r� �o�f� �r�e�p�e�b�i�t�i�a�n�s� �i�n� �s�e�t� �s�e�v�e�n�.� 

�I�n� �a�n�a�l�y�s�i�s� �o�f� �d�a�t�a� �w�h�i�l�e� �i�n� �m�e�g�a�t�i�v�e� �e�n�e�r�g�y� �b�a�l�a�n�c�e�,� 

�p�r�a�-�t�e�s�t� �t�a� �p�a�s�t�-�t�e�s�t� �d�a�t�a� �s�h�o�w�e�d� �n�a� �S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� 

�a�m�o�n�g� �g�r�a�u�p� �a�n�d� �p�e�r� �f�o�r�m�a�n�c�e� �F�i�q�u�r�e� �=� �a�n�d� �T�a�b�l�e� �@� �s�i�t�e� �d�a�t�a� 

�s�h�a�w�i�n�g� �&� �S�l�i�g�h�t� �i�n�c�r�e�a�s�e� �i�n� �C�O�N�T� �a�n�d� �C�A�R�E� �g�r�o�u�p�.� �A�q�a�i�n�,� 

�i�n� �a�n�a�l�y�s�i�s� �o�f� �r�e�p�e�t�i�t�i�o�n�s� �i�n� �t�h�e� �l�a�s�t� �s�e�t�,� �t�h�e�r�e� �w�a�s� �s�t�i�l�l� 

�n�a� �S�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e� �i�n� �p�e�r�f�o�r�m�a�n�c�e� �C�O�N�T� �a�n�d� �C�A�R�E� �g�r�o�u�p� 

�i�n�c�r�e�a�s�e�s� �f�r�a�m� �1�4�.�6� �t�a� �1�5� �r�e�p�e�t�i�t�i�o�n�s� �a�n�d� �1�5� �t�a� �i�c� 

�r�e�p�e�t�i�t�i�o�n�s�,� �w�h�i�l�e� �p�r�e�t�e�i�n� �c�h�a�n�g�e�d� �f�r�o�m� �1�3�.�3�5� �t�e� �1�8� 

�r�e�p�e�t�i�t�i�o�n�s� �¢�F�i�q�u�r�e� �3� �a�n�d� �T�a�b�l�e� �1�0�)�.� 

�T�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �r�e�s�p�o�n�s�e� �b�y� �g�r�o�u�p� �t�e�n�d�e�d� �t�a� �b�e� 

�s�i�a�q�n�i�f�i�c�a�n�t� �a�s� �s�h�o�w�n� �b�y� �a�p� �v�a�l�u�e� �o�f� �0�.�0�6�7� �f�o�r� �v�e�l�u�m�e� �a�n�d� 

�m�u�m�b�e�r� �o�f� �r�e�p�e�t�i�t�i�o�n�s� �i�n� �t�h�e� �l�a�s�t� �s�e�t�.� �T�h�u�s�,� �C�A�R�E� �t�e�n�d�e�d� 

�t�a�o� �a�i�m�p�r�e�a�v�e� �p�e�r�f�o�r�m�a�n�c�e� �w�i�t�h� �@�a�c�h� �t�r�i�a�l� �w�h�i�l�e� �P�R�O�T� �t�e�n�m�d�e�d� �t�a� 

�d�e�c�l�i�n�e�.� �S�a� �i�n� �s�u�m�m�a�r�y�,� �i�n� �a� �m�u�l�t�i�p�l�e� �G�a�u�n�t� �f�l�a�t� �b�e�n�c�h� 

�p�r�e�s�s� �p�e�r�f�o�r�m�a�n�c�e� �t�e�s�t� �t�h�e�r�e� �w�a�s� �m�o� �s�i�q�n�i�f�i�c�a�n�t� �e�f�f�e�c�t� �a�n



�p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �P�R�O�T� �«�e�r� �C�A�R�E� �s�u�p�p�l�e�m�e�n�t� �i�n� �e�n�e�r� �a�y� 

�b�a�l�a�n�c�e� �o�r� �i�n� �a� �n�e�g�a�t�i�v�e� �e�n�e�r�g�y� �c�o�n�d�i�t�i�o�n�.� �H�o�w�e�v�e�r�,� �t�h�e�r�e� 

�w�a�s� �a� �t�r�e�n�d� �f�o�r� �a�n� �i�m�p�r�o�v�e�d� �p�e�r�f�a�r�m�a�n�c�e� �b�y� �C�A�R�E� �r�e�l�a�t�i�v�e� �t�e�a� 

�D�i�s�c�u�s�s�i�a�n� 

�T�h�e� �g�o�a�l� �o�f� �a� �c�o�m�p�e�t�i�t�i�v�e� �b�e�d�y�b�u�i�l�d�e�r� �t�r�a�i�n�i�n�g� �f�a�r� 

�c�o�m�p�e�t�i�t�i�o�n� �i�s� �t�o� �i�n�c�r�e�a�s�e� �m�u�s�c�u�l�a�r�i�t�y� �w�h�i�l�e� �r�e�d�u�c�i�n�g� �b�e�a�d�y� 

�f�a�t� �¢�S�i�o�d�.� �M�a�n�y� �b�o�d�y�b�u�i�l�d�e�r�s� �a�c�h�i�e�v�e� �t�h�i�s� �q�o�a�l� �b�y� �u�t�i�l�i�z�i�n�g� 

�a� �l�o�w� �e�n�e�r�g�y� �d�i�e�t� �i�n� �c�o�m�b�i�n�a�t�i�a�n� �w�i�t�h� �a� �h�i�g�h� �i�n�t�e�n�s�i�t�y� 

�t�r�a�i�n�i�n�g� �r�e�q�i�m�e�.� �S�i�n�c�e� �m�u�s�c�l�e� �g�q�l�y�c�e�q�e�n� �m�a�y� �b�e� �r�e�d�u�c�e�d� 

�d�u�r�i�n�g� �a� �l�o�w� �e�n�e�r�g�y� �d�i�e�t� �(�2�2�)�,� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �r�e�p�e�a�t�e�d� 

�y�v�e�s�i�s�t�i�v�e� �w�e�i�g�h�t� �t�r�a�i�n�i�n�g� �m�a�y� �f�u�r�t�h�e�r� �r�e�d�u�c�e� �m�u�s�c�l�e� 

�G�l�y�c�o�g�e�n�,� �d�i�e�t�a�r�y� �c�a�r�b�o�h�y�d�r�a�t�e� �m�a�y� �b�e� �o�f� �c�r�i�t�i�c�a�l� 

�i�m�p�o�r�t�a�n�c�e� �f�a�r� �t�h�e�s�e� �a�t�h�l�e�t�e�s�.� �F�r�o�m� �t�h�e� �d�a�t�a� �p�r�e�s�e�n�t�e�d� �i�n� 

�t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y�,� �a�c�u�t�e� �i�n�g�e�s�t�i�o�n� �o�f� �1�.�2�5� �g�/�k�g� �a�f� 

�c�a�r�b�o�h�y�d�r�a�t�e� �o�r� �p�r�o�t�e�i�n� �q�i�v�e�n� �1�5� �m�i�n�u�t�e�s� �p�r�i�a�r� �t�e�a� �a� 

�m�u�l�t�i�p�l�e� �b�o�u�t� �r�e�s�i�s�t�i�v�e� �t�r�a�i�n�i�n�g� �t�e�s�t�,� �s�h�a�w�e�d� �m�a� 

�s�l�a�n�i�f�i�c�a�n�t� �e�f�f�e�c�t� �a�n� �p�e�r�f�o�r�m�a�n�c�e� �i�n� �m�u�l�t�i�p�l�e� �b�o�u�t� 

�Y�e�s�i�s�t�i�v�e� �t�r�a�i�n�i�n�g� �w�h�e�n� �a�t� �m�a�i�n�t�e�n�a�n�c�e� �o�r� �a� �l�o�w� �e�n�e�r�g�y� 

�i�n�t�a�k�e�.� �T�h�e�r�e� �w�a�s� �a� �t�r�e�n�d� �f�o�r� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �p�e�r�f�o�r�m�a�n�c�e� 

�d�u�r�i�n�g� �t�h�e� �l�a�s�t� �s�e�t� �f�o�r� �C�A�R�E� �o�v�e�r� �t�h�e� �t�h�r�e�e� �t�r�i�a�l�s�.� 

�T�h�e� �v�a�r�i�o�u�s� �e�n�e�r�g�y� �s�a�u�r�c�e�s� �t�h�a�t� �t�h�e� �b�o�d�y� �u�t�i�l�i�z�e�s� 

�d�u�r�i�n�g� �a�c�t�i�v�i�t�y� �d�e�p�e�n�d�s� �o�n� �t�h�e� �t�y�p�e� �o�f� �a�c�t�i�v�i�t�y�,� �i�n�t�e�n�s�i�t�y�,� 

�a�n�d� �d�u�r�a�t�i�o�n� �(�3�)�.� �I�n� �a�e�r�o�b�i�c� �a�c�t�i�v�i�t�i�e�s�,� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� 

�d�e�p�l�e�t�i�a�n� �i�s� �r�e�l�a�t�e�d� �t�o� �f�a�t�i�q�u�e� �¢�2�,� �3�,� �2�6�,� �2�6�2�.� �M�u�s�c�l�e� 

�q�l�y�c�e�g�e�n� �i�s� �t�h�e� �m�a�i�n� �s�o�u�r�c�e� �o�f� �e�n�e�r�g�y� �f�a�r� �h�i�g�h�-�i�n�t�e�n�s�i�t�y



�n�m� �a�a
�n� 

�e�x�e�r�c�i�s�e� �o�f� �s�h�a�r�t� �d�u�r�a�t�i�o�n� �¢�i�,� �i�1�7�3�)�.� �I�n� �m�u�l�t�i�p�l�e� �b�o�u�t� 

�w�e�i�g�h�t� �t�r�a�i�n�i�n�g�,� �m�u�s�c�l�e� �g�l�y�c�a�g�e�n� �i�s� �t�h�e� �p�r�i�m�a�r�y� �s�o�a�u�r�c�e� �a�f� 

�e�n�e�r�g�y� �i�+�,� �1�3�)�.� �I�n� �a�@� �s�t�u�d�y� �c�a�m�d�u�c�t�e�d� �b�y� �T�e�s�c�h� �@�t� �a�l�.� 

�C�2�5�)�,� �a� �m�u�s�c�l�e� �b�i�o�p�s�y� �f�r�o�m� �t�h�e� �v�a�s�t�u�s� �l�a�t�e�r�a�l�i�s� �t�a�k�e�n� 

�i�m�m�@�é�d�i�a�t�e�l�y� �a�f�t�e�r� �a�n� �@�n�t�i�a�r�e� �r�e�s�i�s�t�i�v�e� �@�x�e�r�c�i�s�e� �s�e�s�s�i�o�n� 

�r�e�v�e�a�l�e�d� �a� �r�@�é�d�u�c�t�i�o�n� �i�n� �m�u�s�c�l�e� �g�l�y�c�a�g�e�n� �o�f� �2�6�2� �f�r�a�m� �i�n�i�t�i�a�l� 

�V�a�l�u�e� �(�2�5�9�.� �S�i�m�i�l�a�r�l�y�,� �M�a�c�D�o�u�g�a�l� �e�t� �a�l�.� �c�i�S�i�o�,� �f�o�u�n�d� �a� �2�5�%� 
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 �:� �r�e�d�u�c�t�i�o�n� �i�n� �m�u�s�c�l�e� �g�l�y�c�a�g�e�n� �a�f�t�e�r� �t�h�r�e�e� �(�3� 

�c�u�r�l�s� �t�a� �f�a�i�l�u�r�e�.� �T�h�e�r�e�f�o�r�e�,� �w�i�t�h� �m�u�l�t�i�p�l�e� �b�o�u�t� �r�e�s�i�s�t�i�v�e� 

�e�x�e�r�c�i�s�e�,� �f�a�t�i�q�u�e� �r�a�t�e�s� �m�a�y� �b�e� �l�i�n�k�e�d� �t�a� �a� �r�e�d�u�c�t�i�a�n� �a�f� 

�m�u�s�c�l�e� �g�q�l�y�c�a�q�g�e�n� �s�t�o�r�e�s�.� 

�T�h�i�s� �s�t�u�d�y� �u�s�e�d� �a� �r�e�s�i�s�t�i�v�e� �w�e�i�g�h�t� �t�r�a�i�n�i�n�g� �r�e�g�i�m�e� �o�f� 

�a� �t�y�p�i�c�a�l� �b�o�d�y�b�u�i�l�d�e�r� �i�n� �p�r�e�p�a�r�a�t�i�o�n� �f�a�r� �c�o�m�p�e�t�i�t�i�o�n�.� �T�n� 

�t�h�i�s� �t�y�p�e� �o�f� �t�r�a�i�n�i�n�g� �r�e�q�i�m�e�:� �h�i�g�h�e�r� �i�n�t�e�n�s�i�t�y� �a�n�d� �l�o�n�g� 

�d�u�r�a�t�i�o�n�,� �t�h�e�r�e� �i�s� �a� �l�a�r�q�e�@� �d�e�p�e�n�d�e�n�c�y� �a�n� �m�u�s�c�l�e� �q�l�y�c�a�g�e�n� 

�C�S�)�.� �S�a�m�e� �r�e�s�e�a�r�c�h� �s�t�a�t�e�s� �t�h�e� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �a�v�a�i�l�a�b�i�l�i�t�y� 

�m�a�y� �l�i�m�i�t� �p�e�r�f�o�r�m�a�n�c�e� �f�o�r� �t�h�i�s� �t�y�p�e� �o�f� �e�x�e�r�c�i�s�e� �C�i�d�.� 

�T�h�e�r�e�f�a�r�e�,� �f�o�r� �t�h�i�s� �t�y�p�e� �o�f� �e�x�e�r�c�i�s�e�,� �c�a�r�b�o�h�y�d�r�a�t�e� 

�i�n�g�e�s�t�i�o�n� �m�a�y� �b�e� �v�a�l�u�a�b�l�e� �t�e� �m�e�e�t� �t�h�e� �e�n�e�r�g�y� �d�e�m�a�n�d�s� �a�f� 

�e�x�e�r�c�i�s�e� �(�1�G�)�,� �@�s�p�e�c�i�a�l�l�y� �i�f� �t�h�e� �i�n�i�t�i�a�l� �m�u�s�c�l�e� �g�q�l�y�c�a�g�e�n� 

�s�t�a�r�e�s� �a�r�e� �d�e�p�l�e�t�e�d�.� 

�I�n� �c�u�r� �s�t�u�d�y�,� �t�h�e� �s�u�b�j�e�c�t�s� �p�e�r�f�o�r�m�e�d� �s�e�v�e�n� �g�e�t�s�,� �&�-�1�9� 

�r�e�p�e�t�i�t�i�o�n�s� �a�t� �G�O�L� �a�f� �1� �R�M� �o�f� �f�r�e�e� �w�e�i�g�h�t� �f�l�a�t� �b�e�n�c�h� 

�p�r�e�s�s�e�s�,� �N�e�i�t�h�e�r� �c�a�r�b�o�h�y�d�r�a�t�e� �m�o�r� �p�r�e�t�e�i�n� �i�n�g�e�s�t�i�o�n� 

�e�i�q�n�i�f�i�c�a�n�t�l�y� �a�f�f�e�c�t�e�d� �p�e�r�f�o�r�m�a�n�c�e� �d�u�r�i�n�g� �t�h�e� �t�e�s�t� �w�h�e�t�h�e�r� 

�p�e�r�f�o�r�m�a�n�c�e� �w�a�s� �d�e�f�i�n�e�d� �a�s� �t�a�t�a�l� �w�e�i�g�h�t� �l�i�f�t�e�d�,� �a�r� �m�u�m�n�b�e�r



�o�f� �r�e�p�e�t�i�t�i�a�n�s� �d�u�r�i�n�g� �t�h�e� �l�a�s�t� �s�e�t�.� �H�o�w�e�v�e�r�,� �C�A�R�E� �t�e�n�d�e�d� 

�t�a� �i�n�c�r�e�a�s�e� �b�e�t�h� �a�f� �t�h�e�s�e� �d�e�p�e�n�d�e�n�t� �m�e�a�s�u�r�e�s� �d�u�r�i�n�g� �t�h�e� 

�P�e�s�t�-�T�e�s�t� �a�s� �c�a�m�p�a�r�e�d� �t�a� �t�h�e� �P�r�e�-�T�e�s�t�,� �w�h�i�l�e� �P�R�O�T� �t�e�n�d�e�d� �t�e�a� 

�h�a�v�e� �l�o�w�e�r� �v�a�l�u�e�s� �f�o�r� �t�h�e�s�e� �m�e�a�s�u�r�e�m�e�n�t�s� �d�u�r�i�n�g� �t�h�e� �F�P�a�s�t�-� 

�t�e�s�t�.� �I�t� �w�o�u�l�d� �b�e� �i�n�t�e�r�e�s�t�i�n�g� �t�a� �s�e�e� �i�f� �t�h�i�s� �d�i�f�f�e�r�e�n�c�e� 

�b�e�t�w�e�e�n� �g�r�o�u�p�s� �w�o�u�l�d� �b�e� �f�u�r�t�h�e�r� �w�i�d�e�n�e�d� �s�u�c�h� �t�h�a�t� �i�t� 

�a�t�t�a�i�n�e�d� �s�i�g�n�i�f�i�c�a�n�c�e� �i�f� �t�h�e� �s�u�b�j�e�c�t�s� �c�a�n�t�i�n�n�e�d� �t�h�e� 

�p�e�r�f�a�r�m�a�n�c�e� �t�e�s�t� �f�o�r� �m�o�r�e� �t�h�a�n� �7� �s�e�t�s�.� �D�a�t�a� �f�r�o�m� �L�a�m�b�e�r�t� 

�e�t� �a�l�.�C�i�d�s�,� �f�o�u�n�d� �t�h�a�t� �i�n� �a� �p�r�o�l�o�n�g�e�d� �r�e�s�i�s�t�a�n�c�e� �t�r�a�i�n�i�n�g� 

�S�s�e�a�g�s�h�L�a�n� �o�f� �1�5� �g�e�t�s�,� �7�r�1�l�O� �r�e�p�e�t�i�t�i�o�n�s�,� �g�l�u�c�a�s�e� �p�o�l�y�m�e�r� 

�i�n�g�e�s�t�i�o�n� �a�l�l�o�w�e�d� �t�h�e� �s�u�b�j�e�c�t�s� �t�a� �p�e�r�f�o�r�m� �m�o�r�e� �w�o�r�k� �b�e�f�o�r�e� 

�r�a�t�i�q�u�e�.� �T�h�e�y� �f�o�u�n�d� �t�h�a�t� �t�h�e� �g�l�u�c�e�s�e� �p�o�l�y�m�e�r� �g�r�a�u�p� 

�p�e�r�f�a�r�m�e�d� �i�4�d�d� �+� �1�6� �r�e�p�e�t�i�t�i�o�n�s� �v�e�r�s�u�s� �1�2�9�_�+� �1�2� �r�e�p�e�t�i�t�i�o�n�s� 

�f�o�r� �t�h�e� �p�l�a�c�e�b�o� �g�r�o�u�p� �¢�i�¢�4�o�.� �W�i�t�h� �t�h�i�s� �i�n�c�r�e�a�s�e� �i�n� �l�i�f�t�i�n�g� 

�v�a�l�u�m�e�,� �t�h�e�r�e� �i�s� �a� �g�r�e�a�t�e�r� �r�e�l�i�a�n�c�e� �a�o�n� �t�h�e� �g�l�y�c�o�l�y�t�i�c� 

�e�n�e�r�g�y� �s�e�y�e�t�e�m� �w�h�i�c�h� �s�t�r�e�s�s�e�s� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �m�a�r�e� �a�n�d� 

�t�h�e�r�e�f�o�r�e�,� �t�h�e� �g�q�l�y�c�o�q�e�n� �r�e�s�e�r�v�e�s� �a�r�e� �m�o�r�e� �d�e�p�l�e�t�e�d� �t�h�a�n� �i�f� 

�t�h�e� �L�i�f�t�i�n�g� �v�o�l�u�m�e� �w�a�s� �l�e�s�s�.� �S�a� �t�h�e� �i�m�p�a�c�t� �o�f� �t�h�e� 

�c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �w�o�u�l�d� �b�e� �m�o�r�e� �p�r�o�n�o�u�n�c�e�d� �b�e�c�a�u�s�e� �t�h�e� 

�c�a�r�b�o�h�y�d�r�a�t�e� �w�o�u�l�d� �b�e� �u�t�i�l�i�z�e�d� �t�o�a� �a� �g�r�e�a�t�e�r� �d�e�g�r�e�e� �t�e�a� 

�r�e�d�u�c�e� �t�h�e� �e�f�f�e�c�t�s� �a�f� �f�a�t�i�q�u�e�.� 

�A�s� �s�h�a�w�n� �a�b�o�v�e�,� �m�u�s�c�l�e� �g�l�y�c�a�g�e�n� �c�a�n� �b�e� �r�e�d�u�c�e�d� �b�y� 

�a�c�t�i�v�i�t�y�.� �A� �l�e�w� �e�n�e�r�g�y� �d�i�e�t� �c�a�m� �a�l�s�a� �d�e�p�l�e�t�e� �m�u�s�c�l�e� 

�g�l�y�c�a�g�e�n� �(�8�,� �1�8�,� �2�4�)�.� �W�h�e�n� �a� �l�e�w� �e�n�e�r�g�y� �d�i�e�t� �a�n�d� �a� �l�o�w� 

�c�a�r�b�o�h�y�d�r�a�t�e� �d�i�e�t� �a�r�e� �c�o�m�b�i�n�e�d� �w�i�t�h� �e�x�e�r�c�i�s�e�,� �b�a�d�y� 

�g�l�y�c�o�g�e�n� �s�t�a�r�e�s� �m�a�y� �b�e� �d�e�p�l�e�t�e�d� �r�a�p�i�d�l�y�.� �T�h�e
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�"�t�y�p�i�c�a�l�"� �b�a�d�y�b�u�i�l�d�e�r ��s� �d�i�a�t� �d�u�r�i�n�g� �t�h�e� �c�u�t�t�i�n�g� �p�h�a�s�e� �i�s� 

�l�o�w� �c�a�l�o�r�i�e�,� �l�o�w� �f�a�t�,� �a�n�d� �o�n�l�y� �m�o�d�e�r�a�t�e� �i�n� �c�a�r�b�o�h�y�d�r�a�t�e� �a�n�d� 

�p�r�o�t�e�i�n� �¢�1�l�S�,� �#�1�,� �#�2�)�.� �T�h�i�s� �t�y�p�e� �o�f� �d�i�e�t�i�n�g� �r�e�g�i�m�e� �m�a�y� 

�a�f�f�e�c�t� �@�x�e�r�c�i�s�e� �p�e�r�f�o�r�m�a�n�c�e� �d�u�e� �t�o� �t�h�e� �l�o�w�e�r� �e�n�e�r�a�y� 

�i�n�g�e�s�t�i�o�n� �a�n�d� �d�e�p�l�e�t�i�o�n� �a�f� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �s�t�a�r�e�s� �C�2�5�)�.� �t�n� 

�a� �s�t�u�d�y� �c�a�m�d�u�c�t�e�d� �b�y� �W�a�l�b�e�r�q� �e�t� �a�l�.� �C�2�7�)�,� �a� �S�O�X� 

�c�a�r�b�o�h�y�d�r�a�t�e� �h�y�p�o�c�e�n�e�r�g�y� �d�i�e�t� �g�i�v�e�n� �t�o�a� �b�o�d�y�b�u�i�l�d�e�r�s� �c�a�u�s�e�d� �a� 

�d�e�c�r�e�a�s�e� �i�n� �q�u�a�d�r�i�c�e�p� �e�n�d�u�r�a�n�c�e� �w�h�i�l�e� �t�h�e� �b�o�d�y�b�u�i�l�d�e�r�s� 

�c�a�n�s�u�m�i�n�g� �a� �7�O�A� �c�a�r�b�o�h�y�d�r�a�t�e� �d�i�e�t� �a�f� �t�h�e� �s�a�m�e� �e�n�e�r�a�y� 

�c�o�m�t�e�n�t� �d�i�d� �m�o�t� �h�a�v�e� �a� �r�e�d�u�c�t�i�o�n� �i�n� �p�e�r�f�o�r�m�a�n�c�e�.� �T�h�i�s� �m�a�y� 
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 �h�a�v�e� �b�e�e�n� �a�t�t�r�i�b�u�t�a�b�l�e� �t�a� �a� �d�e�c�r�e�a�s�e� �i�n� �m�u�s�c�l�e� �g�q�l�y�c�o�d�e� 

�a�l�t�h�o�u�g�h� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �w�a�s� �m�a�t� �m�e�a�s�u�r�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� 

�V�e�l�u�m�e� �o�f� �r�e�s�i�s�t�a�n�c�e� �b�r�a�i�n�i�n�g� �m�a�y� �b�e� �a�n� �i�m�p�o�r�t�a�n�t� 

�f�a�c�t�e�a�r� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �v�a�l�u�e� �o�f� �d�i�e�t�a�r�y� �c�a�r�b�o�h�y�d�r�a�t�e�.� 

�I�n� �a� �t�y�p�i�c�a�l� �b�e�d�y�b�u�i�l�d�e�r�e ��s� �"�c�u�t�t�i�n�g�"� �t�r�a�i�n�i�n�g� �w�o�r�k�e�u�t� 

�C�h�i�g�h� �v�o�l�u�m�e�,� �l�o�w� �i�n�t�e�n�s�i�t�y�)�,� �c�a�r�b�o�h�y�d�r�a�t�e� �m�i�g�h�t� �b�e� 

�f�t� �b�e�n�e�f�i�c�i�a�l� �t�a� �p�e�r�f�o�r�m�a�n�c�e�.� �I�n� �a� �b�o�d�y�b�u�i�l�d�e�r ��s� �"�m�a�s�s�"� �p�r�a�s�e� 

�m�f� �t�r�a�i�n�i�n�g� �C�l�o�w� �v�o�l�u�m�e�,� �h�i�g�h� �i�n�t�e�n�s�i�t�y�)�,� �c�a�r�b�o�h�y�d�r�a�t�e� 

�g�e�s�t�i�o�n� �m�i�g�h�t� �m�a�t� �h�a�v�e� �a�n� �e�f�f�e�c�t� �o�n� �p�e�r�f�o�r�m�a�n�c�e� �t�i�m�e�.� �I�r� 

�S�i�t�u�a�t�i�o�n�s� �w�h�e�r�e� �t�h�e� �n�u�m�b�e�r� �o�f� �r�e�p�e�t�i�t�i�o�n�s� �i�n�c�r�e�a�s�e� �p�e�r� �s�e�t� 

�a�n�d� �t�h�e� �r�e�s�t� �t�i�m�e� �b�e�t�w�e�e�n� �t�h�e�s�e� �s�e�t�s� �d�e�c�r�e�a�s�e�s�,� �m�o�r�e� �e�n�e�r�a�y� 

�1�6� �s�u�p�p�l�i�e�d� �v�i�a� �g�l�y�c�a�l�y�s�i�s�,� �t�h�e�r�e�b�y� �i�n�c�r�e�a�s�i�n�g� �t�h�e� 

�d�e�p�e�n�d�e�n�c�e� �a�n� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �a�n�d� �b�l�e�n�d� �g�l�u�c�e�a�s�e� �C�S�)�.� 

�T�h�e� �b�e�a�t� �t�i�m�i�n�g� �f�a�r� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �p�r�i�g�r� �t�e� 

�@�B�x�e�r�c�i�s�e� �i�s� �u�n�d�e�t�e�r�m�i�n�e�d�.� �I�n� �o�u�r� �e�t�u�d�y�,� �a� �g�l�u�c�o�s�e� �p�o�l�y�m�e�r� 

�s�o�l�u�t�i�o�n� �o�f� �1�.�2�5� �a�/�k�q�g� �a�f� �b�o�d�y� �w�e�i�g�h�t� �w�a�s� �g�i�v�e�n� �1�5� �m�i�n�u�t�e�s



�G�4�}� 

�p�r�i�a�r� �t�a�o� �p�e�r�f�o�r�m�i�n�g� �t�h�e� �7� �s�e�t� �f�l�a�t� �b�e�n�c�h� �p�r�e�s�s� �t�e�s�t�.� �I�n� 

�L�a�m�b�e�r�t� �e�t� �a�l�.� �C�1�4�9�,� �a�A� �S�i�m�i�l�a�r� �a�m�o�u�n�t� �o�f� �g�q�l�u�c�e�s�e� �p�a�l�y�m�e�r� �C�l� 

�a�/�k�q� �b�e�d�y� �w�e�i�g�h�t�)� �w�a�s� �g�i�v�e�n� �i�m�m�e�d�i�a�t�e�l�y� �b�e�f�o�r�e� �e�x�e�r�c�i�s�e�,� 

�a�n�d� �a� �s�o�l�u�t�i�o�n� �o�f� �O�.�1�7� �a�g�/�k�g� �w�a�s� �g�i�v�e�n� �a�f�t�e�r� �t�h�e� �f�i�f�t�h�,� 

�L�O�t�h�,� �a�n�d� �i�S�t�h� �s�e�t�s� �o�f� �t�h�i�s� �t�e�s�t�.� �G�u�r� �s�t�u�d�y� �f�o�u�n�d� �m�a� 

�B�i�q�g�n�i�f�i�c�a�n�t� �b�e�n�e�f�i�t� �w�i�t�h� �A� �S�i�n�g�l�e� �i�n�g�e�s�t�i�a�n� �a�f� �c�a�r�b�o�h�y�d�r�a�t�e� 

�s�h�a�r�t�l�y� �b�e�f�o�r�e� �t�h�e� �r�e�s�i�s�t�a�n�c�e� �@�x�e�r�c�i�s�e� �b�o�u�t�,� �t�h�e�r�e�f�o�r�e�,� �a�i�t� 

�i�B� �m�o�e�t� �k�n�o�w�n� �w�h�e�t�h�e�r� �c�a�n�s�u�m�p�t�i�a�n� �o�f� �c�a�r�b�o�h�y�d�r�a�t�e� �b�e�t�w�e�e�n� 

�s�e�t�s� �c�a�u�l�d� �h�a�v�e� �e�n�h�a�n�c�e�d� �p�e�r�f�o�r�m�a�n�c�e� �f�u�r�t�h�e�r�.� �A�g�a�i�n�,� �m�o�r�e� 

�r�e�s�e�a�r�c�h� �o�n� �t�h�i�s� �a�r�e�a� �c�a�m� �h�e�l�p� �t�e� �c�l�a�r�i�f�y� �t�h�i�s� �i�s�s�u�e�.� 

�I�n� �L�a�m�b�e�r�t� �e�t� �a�l�.� �f�l�o�,� �t�h�e�y� �f�o�u�n�d� �a� �c�h�a�n�g�e� �i�n� 

�p�e�r�f�o�r�m�a�n�c�e� �w�i�t�h� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�e�d� �g�r�o�u�p� �a�f�t�e�r� �1�5� 

�s�e�t�s� �a�f� �l�e�q� �e�x�t�e�n�s�i�o�n�s�.� �A�l�s�o�,� �t�h�e�y� �g�a�v�e� �e�x�a�g�e�n�c�u�s� 

�c�a�r�b�o�h�y�d�r�a�t�e� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �t�e�s�t�.� �P�a�r�h�a�p�s� �i�f� �o�u�r� �t�e�s�t� �w�e�r�e� 

�e�x�t�e�n�d�e�d� �t�o� �i�n�c�l�u�d�e� �m�o�r�e� �s�e�t�s� �¢�7�7�)�3� �a�n�d� �c�a�r�b�o�h�y�d�r�a�t�e� �w�a�s� 

�G�Q�i�v�e�n� �t�h�r�a�u�g�h�e�a�u�t� �t�h�e� �t�e�s�t�,� �t�h�e�n� �a� �W
�i� �i�q�n�i�f�c�a�n�t� �i�n�c�r�e�a�s�e� �i�n� 

�p�e�r�f�a�r�m�a�n�c�e� �c�a�u�l�d� �b�e� �s�e�e�n�.� �O�u�r� �s�t�u�d�y� �u�s�e�d� �j�u�s�t� �7� �s�e�t�s� �f�o�r� 

�t�h�e� �p�e�r�f�a�r�m�a�n�c�e� �t�e�s�t� �a�n�d� �m�a�t� �m�o�r�e� �b�e�c�a�u�s�e� �p�r�e�v�i�o�u�s� �s�t�u�d�i�e�s� 

�C�1�6�)� �s�h�e�w� �t�h�a�t� �b�o�d�y�b�u�i�l�d�e�r�s� �t�r�a�i�n�i�n�g� �f�o�r� �c�a�m�p�e�t�i�t�i�a�n� 

�t�y�p�i�c�a�l�l�y� �u�t�i�l�i�z�e� �3� �s�e�t�s� �a�n� �o�n�e� �m�u�s�c�l�e� �g�r�o�u�p�.� �T�h�e�r�e�f�o�r�e�,� 

�t�h�e� �7� �s�e�t� �t�e�s�t� �f�o�r� �o�n�e� �b�e�d�y� �p�a�r�t� �u�s�e�d� �i�n� �c�u�r� �s�t�u�d�y� �i�s� �m�o�r�e� 

�a�p�p�l�i�c�a�b�l�e� �t�a� �b�e�d�y�b�u�i�l�d�e�r�s� �t�h�a�n� �a� �1�5� �s�e�t� �t�e�s�t�.� 

�T�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �p�o�t�e�n�t�i�a�l� �e�x�p�l�a�n�a�t�i�o�n�s� �f�o�r� �t�h�e� �l�a�c�k� 

�a�f� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� �s�u�p�p�l�e�m�e�n�t� �o�n� 

�p�e�r�f�o�r�m�a�n�c�e�.� �T�h�e� �t�y�p�e� �o�f� �f�u�e�l� �e�n�e�r�g�y� �s�y�s�t�e�m� �t�h�a�t� �i�s� 

�e�n�g�a�g�e�d� �d�e�p�e�n�d�s� �g�r�e�a�t�l�y� �a�o�n� �t�h�e� �t�y�p�e� �a�f� �r�e�s�i�s�t�a�n�c�e� �t�r�a�i�n�i�n�g



�p�e�r�f�o�r�m�a�n�c�e�.� �A� �p�o�w�e�r� �L�i�f�t�i�n�g� �t�y�p�e� �o�f� �@�x�e�r�c�i�s�e� �w�h�i�c�h� 

�r�e�q�u�i�r�e�s� �m�a�r�e� �s�t�r�e�n�g�t�h� �a�v�e�r� �a� �s�h�a�r�t� �a�m�o�u�n�t� �o�f� �t�i�m�e� �r�e�l�i�e� �i� 

�m�a�r�e� �a�m� �h�y�d�r�a�l�y�s�i�s� �a�f� �P�C� �(�S�5�3�.� �A�c�c�o�r�d�i�n�g� �t�a� �D�u�d�l�e�y� �¢�3�)�,� �a�s� 

�t�h�e� �m�u�m�b�e�r� �o�f� �r�e�p�e�t�i�t�i�o�n�s� �i�n�c�r�e�a�s�e� �(�p�e�r� �s�e�t�)� �a�n�d� �r�e�s�t� �t�i�m�e� 

�b�e�t�w�e�e�n� �s�e�t�s� �d�e�c�r�e�a�s�e�s�,� �m�a�r�e� �e�n�e�r�g�y� �1�5� �s�u�p�p�l�i�e�d� �v�i�a� 

�g�l�y�c�o�l�y�s�i�s�.� �I�n� �c�u�r� �s�t�u�d�y�,� �p�e�r�h�a�p�s� �t�h�e� �l�e�n�g�t�h� �e�f� �t�r�a�i�n�i�n�g� 

�(�7� �s�e�t�s�)� �w�a�s� �m�o�t� �l�o�n�g� �e�n�e�u�g�h� �t�o� �e�n�g�a�g�e� �t�h�i�s� �g�l�y�c�a�l�y�t�i�c� 

�e�y�s�t�e�m�,� �t�h�e�r�e�f�o�r�e�,� �s�h�a�w� �s�i�q�n�i�f�i�c�a�n�t� �r�e�s�u�l�t�s�.� �I�f� �t�h�e�r�e� �w�a�s� 

�a� �d�r�a�s�t�i�c� �i�n�c�r�e�a�s�e� �i�n� �r�e�p�e�t�i�t�i�o�n�s� �h�o�w�e�v�e�r�,� �t�h�a�t� �t�y�p�e� �o�f� 

�t�r�a�i�n�i�n�g� �w�o�u�l�d� �m�o�a�t� �b�e� �a�n� �k�e�e�p�i�n�g� �w�i�t�h� �t�h�e� �"�t�y�p�i�c�a�l�"� 

�b�e�d�y�b�u�i�l�d�i�n�g� �w�o�r�k�o�u�t� �C�1�6�.� �I�n� �o�p�p�o�e�s�i�t�i�a�n�m� �t�e� �t�h�i�s�,� �t�h�e� �?� 
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�i�O� 

�R�e�f�e�r�e�n�c�e�s� 

�C�h�e�e�t�h�a�m�.� �M�.� �E�.�,� �B�o�o�b�i�s�,� �L�.� �S�.�,� �B�r�o�o�k�s�,� �S�.�,� �a�n�d� 
�W�i�l�l�i�a�m�s�,� �C�.� �(�1�9�6�6�9�.� �H�u�m�a�n� �m�u�s�c�l�e� �m�e�t�a�b�o�l�i�s�m� �d�u�r�i�n�g� 
�s�p�r�i�n�t� �r�u�n�n�i�n�g�.� �J�o�u�r�n�a�l� �o�f� �A�p�p�l�i�e�d� �P�h�y�s�i�c�l�a�g�q�y�,� �S�4�-�6�0�.� 

�C�o�l�e�,� �E�.�F�.�,� �C�o�g�g�a�n�,� �A�.� �R�.�,� �H�e�m�m�e�r�t�,� �M�.� �K�.�,� �a�n�d� �I�v�y�,� �J�.� 
�C�1�9�9�3�)�.� �T�h�e� �e�f�f�e�c�t� �o�f� �c�a�r�b�o�h�y�d�r�a�t�e� �c�a�m�p�o�s�i�t�i�o�n� �a�n� 
�f�l�u�i�d� �b�a�l�a�n�c�e�,� �g�a�s�t�r�i�c� �e�m�p�t�y�i�n�g�,� �a�n�d� �e�x�e�r�c�i�s�e� 
�p�e�r�f�o�r�m�a�n�c�e�.� �I�n�t�e�r�n�a�t�i�o�n�a�l� �J�o�u�r�n�a�l� �o�f� �S�p�o�r�t�s� 
�N�u�t�r�i�t�i�a�n�,� �3�,� �d�o�s�-�4�1�7�.� 

�C�o�s�t�i�l�i�,� �O�D�.� �(�1�9�6�8�)�.� �C�a�r�b�o�h�y�d�r�a�t�e�s� �f�a�r� �e�x�e�r�c�i�s�e�:� 
�d�i�e�t�a�r�y� �d�e�m�a�n�d�s� �f�o�r� �a�p�t�i�m�a�l� �p�e�r�f�a�r�m�a�n�c�e�.� 
�I�n�t�e�r�n�a�t�i�o�n�a�l� �J�o�u�r�n�a�l� �o�f� �S�p�o�r�t�s� �M�e�d�i�c�i�n�e�,� �3�,� �1�-�1�8�.� 

�D�a�v�i�s�,� �F�P�.� �G�.�,� �a�n�d� �P�h�i�n�n�e�y�,� �S�.� �D�.� �C�1�3�9�0�)�.� 
�D�i�f�f�e�r�e�n�t�i�a�l� �e�f�f�e�c�t�s� �o�f� �t�w�a� �v�e�r�y� �l�e�w� �c�a�l�o�r�i�e� �d�i�e�t�s� �a�n� 
�a�e�r�c�a�b�i�c� �a�n�d� �a�n�a�e�r�e�b�i�c� �p�e�r�f�o�r�m�a�n�c�e�.� �I�n�t�e�r�n�a�t�i�o�n�a�l� 
�J�o�u�r�n�a�l� �m�f� �O�b�e�s�i�t�y�,� �3�6�,� �1�0�9�-�1�1�4�.� 

� � 

�D�u�d�l�e�y�,� �G�.� �A�.� �C�1�9�8�8�)�.� �M�e�t�a�b�o�l�i�c� �c�o�n�s�e�q�u�e�n�c�e� �a�t� 
�r�e�s�i�s�t�i�v�e�-�t�y�p�e� �e�x�e�r�c�i�s�e�.� �M�e�d�i�c�i�n�e� �a�n�d� �S�c�i�e�n�c�e� �i�n� 
�S�p�o�r�t�s� �a�n�d� �E�x�e�r�c�i�s�e�.� �2�0�,� �S�I�S�8�-�S�i�6�1�.� 

�G�a�i�t�a�n�o�a�s�,� �G�.� �C�.�,� �W�i�l�l�i�a�m�s�,� �C�.�,� �B�o�o�b�i�s�,� �H�.�,� �a�n�d� �B�r�a�c�k�s�,� 
�S�.� �C�1�9�9�3�)�.� �H�u�m�a�n� �m�u�s�c�l�e� �m�e�t�a�b�o�l�i�s�m� �d�u�r�i�n�g� 
�i�n�t�e�r�m�i�t�t�e�n�t� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e�.� �J�o�u�r�n�a�l� �o�f� �A�p�p�l�i�e�d� 

�P�h�y�s�i�o�l�o�g�y�,� �7�1�2�-�7�1�5�.� 

�G�r�e�e�n�h�a�f�f�,� �P�.�,� �G�l�e�e�s�a�n�,� �M�.�,� �&� �M�a�u�q�h�a�n�,� �R�.� �(�1�9�8�8�)�.� 
�T�h�e� �e�f�f�e�c�t�s� �o�f� �d�i�e�t� �a�o�n� �m�u�s�c�l�e� �p�H� �a�n�d� �m�e�t�a�b�o�l�i�s�m� �d�u�r�i�n�g� 
�h�i�g�h� �i�n�t�e�n�s�i�t�y� �e�x�e�r�c�i�s�e� �i�n� �m�a�n�.� �E�u�r�o�p�e�a�n� �J�o�u�r�n�a�l� �o�f� 
�A�p�p�l�i�e�d� �P�h�y�s�i�m�l�e�a�q�y�,� �S�3�7�,� �S�3�S�i�-�S�5�%�9�.� 

�H�a�r�a�d�r�e�a�v�e�s�,� �M�.�,� �C�o�s�t�i�l�l�,� �D�.�,� �C�o�g�q�a�n�,� �A�.�,� �F�i�n�k�,� �W�.�,� �a�n�d� 
�N�i�s�h�i�b�a�t�a�,� �I�.� �C�1�9�1�8�4�)�.� �T�h�e� �e�f�f�e�c�t�s� �a�f� �c�a�r�b�o�h�y�d�r�a�t�e� 
�f�e�e�d�i�n�g�s� �a�n� �m�u�s�c�l�e� �g�l�y�c�a�g�e�n� �u�t�i�l�i�z�a�t�i�o�n� �a�n�d� �e�x�e�r�c�i�s�e� 
�p�e�r�f�o�r�m�a�n�c�e�.� �M�e�d�i�c�i�n�e� �a�n�d� �S�c�i�e�n�c�e� �i�n� �S�p�a�r�t�s� �a�n�d� 
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�l�i�f�t�e�r�s�.� �I�n�t�e�r�n�a�t�i�o�n�a�l� �J�o�u�r�n�a�l� �o�f� �S�p�e�r�t�s� �M�e�c�i�c�i�m�n�e�,� 
�J�,� �S�G�1�-�2�o�e�6�.� 

�Y�a�s�p�e�l�k�i�s�,� �a�n�d� �I�v�y� �(�C�i� �3�9�1�0�.� �E�f�f�e�c�t� �a�f� �c�a�r�b�o�h�y�d�r�a�t�e� 
�s�u�p�p�l�e�m�e�n�t�a�t�i�a�n� �a�n�d� �w�a�t�e�r� �a�o�n� �@�x�e�r�c�i�s�e� �m�e�t�a�b�o�l�i�s�m� �i�n� 
�t�h�e� �h�e�a�t�.� �J�o�u�r�n�a�l� �o�f� �A�p�p�l�i�e�d� �P�h�y�s�i�c�o�l�e�g�y�,� �7�1�,� �G�&�8�O�-�~�-� 
�7� �.
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� �C�a�r�b�o�h�y�d�r�a�t�e� �B�u�U�p�p�l�e�a�m�e�n�t�k�a�t�a�o�n� �I� �e�a�e� 

�d�e�m�a�n�g�t�r�a�t�e�d� �t�o� �d�e�l�a�y� �f�a�t�i�q�u�e� �i�n� �a�e�r�e�b�i�e�c� �a�c�t�i�v�i�t�y� �(�C�e�a�y�l�e� �e�t� 

�a�l�.�,� �l�o�o�,� �C�o�s�t�i�l�l�,� �i�l�g�e�g�,� �I�v�y� �e�t� �a�l�.�,� �I�9�e�G�,� �M�i�u�r�c�i�o�c�h� �@�t� �a�l�.�,� 

�L�9�9�3�,� �N�e�u�f�f�e�r� �e�t� �a�l�.�,� �t�l�U�S ��,� �g�e�i�n�t�z�a�s� �e�t� �a�l�.�,� �i� �i�D�>�s�s�,� �a�n�d� 

�Y�a�s�p�e�l�k�i�g� �a�n�d� �I�v�y�,� �l�o�o�1�l�o�,� �b�u�t� �r�e�c�e�n�t�l�y�,� �s�a�m�e� �r�e�s�e�a�r�c�h� �s�h�o�w�s� 

�t�h�a�t� �c�a�r�h�o�h�y�d�r�a�t�e� �m�i�g�h�t� �a�l�e�c� �h�e�l�p� �i�n� �a�n�a�e�r�e�b�i�c� �p�e�r�f�o�r�m�a�n�c�e� 

�S�u�c�h� �a�s� �m�u�l�t�a�p�l�e� �b�o�u�t� �r�e�s�i�s�t�i�v�e� �w�e�i�g�h�t� �t�r�a�i�n�i�n�g� �t�l�a�m�b�e�r�t� �@�t� 

�a�l�a�,� �o�r�o�.� �b�e�c�l�y�b�u�d�i�i�d�e�r ��s� �r�e�g�i�m�e� �c�e�a�n�s�i�s�t�s� �a�f� �a� �"�m�a�s�s� �>
� 

�b�u�i�l�d�i�n�g �� �p�h�a�s�e�,� �w�h�e�r�e� �t�h�e� �d�e�s�i�r�e�d� �e�n�d� �r�e�s�u�l�t� �i�s� �m�u�s�c�l�e� 

�S�i�z�e�,� �a�n�d� �a� �"�c�u�t�t�i�n�g� �p�h�a�s�e�"�,� �w�h�e�r�e� �a� �m�u�s�c�u�l�a�r�l�y� �d�e�f�i�n�e�d� 

�"�e�u�r�e� �o�p�h�y�e�i�q�u�e� �2�8� �a�b�t�a�i�n�e�d� �f�r�o�m� �l�o�w� �c�a�l�o�r�i�e� �d�i�e�t�i�n�g� �a�n�d� 

�h�i�g�h� �i�n�t�e�n�s�i�t�y� �t�r�a�i�n�i�n�g� �(�N�e�w�b�o�a�n� �@�t� �a�l�.�,� �l�u�g�s�.� 

�®� �l�o�t� �o�o�f� �b�e�d�y�b�u�i�l�d�e�r�g�s� �h�a�v�e� �a�c�h�i�@�v�e�d� �t�h�i�s� �g�q�m�a�l� �o�f� 

�M�u�s�c�l�e� �d�e�f�i�n�i�t�i�o�n� �t�h�r�o�u�g�h� �t�h�e� �u�s�e� �a�f� �a�n�a�b�o�l�i�c� �s�t�e�r�o�i�d�s� �a�r� 

�t�h�r�a�u�c�h� �d�i�e�t�a�r�y� �a�n�d� �e�x�e�r�c�i�s�e� �m�a�n�i�p�u�l�a�t�i�c�a�n�s�.� �M�a�n�y� �s�t�u�d�i�e�s� 

�h�a�v�e� �s�h�o�w�n� �t�h�e� �d�e�t�r�i�m�e�n�t�a�l� �e�f�f�e�c�t�s� �a�f� �s�t�e�r�o�i�d�s� �a�n�d� �t�h�e�i�r� 

�n�e�q�a�t�i�v�e� �i�m�p�a�c�t� �a�n� �t�h�e� �b�e�a�d�y�,� �b�a�t�h� �s�h�a�r�t� �a�n�d� �l�a�n�g� �t�e�r�m� 

�(�K�l�e�i�n�e�r� �e�t� �a�l�.�,� �i�1�3�4�)�.� �B�e�c�a�u�s�e� �a�f� �t�h�e�s�e� �e�f�f�e�c�t�s�,� �m�a�n�y� 

�g�i�u�p�p�l�e�m�e�n�t� �m�a�n�u�f�a�c�t�u�r�e�r�s� �r�e�c�a�m�m�e�n�c�d� �e�r�a�g�e�n�i�c� �a�i�d�s� �s�u�c�h� �a�s� 

�c�a�r�b�o�h�y�d�r�a�t�e� �s�u�p�p�l�e�m�e�n�t�s� �t�o�a� �h�e�@�é�l�p� �t�h�e� �a�t�h�l�e�t�e� �p�e�r�f�a�r�m� �a� 

�r�i�g�e�r�c�a�u�s� �w�o�r�k�e�a�w�t� �w�h�i�l�e� �L�t�o�g�e�s�t�i�n�g� �a� �l�o�w� �@�e�n�e�r�a�y� �d�i�e�t�.� �S�c�a�n



�s�t�u�d�i�e�s� �s�u�q�g�e�s�t� �t�h�a�t� �a� �d�i�e�t� �m�e�a�s�t�l�y� �i�n� �c�a�r�b�o�h�y�d�r�a�t�e�s� �i�s� 

�b�e�n�e�f�i�c�i�a�l� �t�o� �t�h�e� �a�t�h�l�e�t�e� �w�h�e�n� �u�n�d�e�r�g�o�i�n�g� �p�h�y�s�i�c�a�l� �a�c�t�i�v�i�t�y� 

�i�n� �t�r�a�i�n�i�n�g� �f�o�r� �c�a�m�p�e�t�i�t�i�o�n� �(�M�a�n�c�r�e� �e�t� �a�l�.�,� �i�3�9�5�)�.� �I�t� 

�a�@�l�i�o�w�s� �t�h�e� �a�t�h�l�e�t�e� �t�a� �p�e�r�f�o�r�m� �t�h�e�i�r� �i�n�t�e�n�s�e� �t�r�a�i�n�i�n�g� �r�e�q�i�m�e� 

�w�h�i�l�e� �d�i�e�t�i�n�d�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �a�r�e� �p�r�e�b�a�b�l�y� �w�h�a�t� �h�e�l�p�e�d� �t�a� 

�s�h�a�p�e� �t�h�e� �"�t�y�p�i�c�a�l�"� �b�e�a�d�y�b�u�i�l�d�i�n�g� �d�i�e�t�s� �h�i�g�h� �c�a�r�b�o�e�h�y�d�r�a�t�e�,� 

�l�o�w� �f�a�t�,� �a�m�d� �m�o�d�e�r�a�t�e� �t�a� �h�i�g�h� �a�i�n� �p�r�e�t�e�i�n�,� �t�e�a� �r�e�d�u�c�e� �t�h�e� 

�a�v�e�r�a�l�l� �b�e�a�d�y� �f�a�t� �a�n�d� �t�a� �h�a�v�e� �e�n�o�u�g�h� �e�n�e�r�g�y� �t�a� �s�u�r�v�i�v�e� �t�h�e� 

�t�r�a�i�n�i�n�g� �w�o�r�k�o�u�t�s� �(�¢�S�a�n�d�e�v�a�l� �a�n�d� �H�e�y�w�a�r�d�,� �1�3�9�1�)�.� 

�C�a�r�b�o�h�y�d�r�a�t�e�s� �a�r�@� �a�n� �i�m�p�o�r�t�a�n�t� �m�a�c�r�o�n�u�t�r�i�e�n�t� �i�n� 

�p�r�o�v�i�d�i�n�g� �e�n�e�r�a�y� �t�e� �t�h�e� �b�e�a�d�y�.� �T�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �m�a�t� 

�c�a�r�b�o�h�y�d�r�a�t�e� �c�a�n� �d�e�t�e�r�m�i�n�e� �t�h�e� �r�a�t�e� �o�f� �m�u�s�c�l�e� �f�a�t�i�q�u�e� 

�(�C�a�s�t�i�l�l�,� �1�3�9�3�8�)�,� �T�h�i�s� �a�v�a�i�l�a�b�i�l�i�t�y� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�y� 

�e�x�e�r�c�i�s�e� �i�n�t�e�n�s�i�t�y�,� �p�h�y�s�i�c�a�l� �c�a�n�d�i�t�i�e�n�i�n�g�,� �e�x�e�r�c�i�s�e� �m�a�d�e�,� 

�e�n�v�i�r�a�n�m�e�n�t�a�l� �t�e�m�p�e�r�a�t�u�r�e�,� �a�m�d� �p�r�e�-�e�x�e�r�c�i�s�e� �d�i�e�t�.� 

�T�h�e�r�e�f�o�r�e�,� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �m�u�s�c�l�e� �g�l�y�c�a�g�e�n� �i�s� �d�i�f�f�i�c�u�l�t� �w�i�t�h� 

�r�e�p�e�a�t�e�d� �a�c�t�i�v�i�t�y� �a�n�d� �i�n�v�e�l�v�e�s� �m�a�n�y� �d�i�f�f�e�r�e�n�t� �f�a�c�t�a�r�s�.� 

�T�h�e� �t�y�p�e� �o�f� �a�c�t�i�v�i�t�y� �e�n�g�a�g�e�d� �u�p�a�n� �h�a�s� �a� �l�a�r�g�e� �b�e�a�r�i�n�g� 

�e�n� �t�h�e� �s�p�e�c�i�f�i�c� �m�e�t�a�b�o�l�i�c� �p�a�t�h�w�a�y� �t�h�a�t� �m�i�g�h�t� �a�c�c�u�r� �t�e� 

�p�r�a�v�i�d�e� �e�n�e�r�a�y�.� �I�n� �o�u�r� �s�t�u�d�y�,� �m�a�s�t� �o�f� �t�h�e� �e�n�e�r�a�y� �w�a�s� 

�p�r�o�b�a�b�l�y� �p�r�e�v�i�d�e�d� �b�y� �g�l�y�c�o�l�y�s�i�s�,� �o�r� �b�r�e�a�k�i�n�g� �d�e�w�n� �o�f� �s�t�o�r�e�d� 

�G�l�u�c�a�s�e� �i�n� �t�h�e� �m�u�s�c�l�e� �f�o�r� �e�n�e�r�g�y�.� �T�h�a�s� �i�n�v�o�l�v�e�d� �p�r�o�c�e�s�s� 

�i�n�v�e�l�v�e�s� �a� �s�e�r�i�e�s� �o�f� �c�o�m�p�l�e�x� �c�h�e�m�i�c�a�l� �r�e�a�c�t�i�o�n�s� �t�h�a�t� �y�i�e�l�d�s� 

�l�a�c�t�a�t�e� �o�a�r� �p�y�r�u�v�a�t�e�,� �d�e�p�e�n�d�i�n�g� �o�n� �w�h�e�t�h�e�r� �t�h�e� �s�y�s�t�e�m� �i�s



�B�G� 

�a�n�a�e�r�o�b�i�c� �o�r� �a�e�r�o�b�i�c�.� �E�v�e�n�t�u�a�l�l�y� �A�T�P� �w�i�l�l� �b�e� �f�a�r�m�e�d�,� �w�h�i�c�h� 

�p�r�a�v�i�d�e�s� �t�h�e� �e�n�e�r�g�y� �f�a�r� �m�u�s�c�l�e� �c�a�n�t�r�a�c�t�i�o�n�.� �I�n� �h�e�a�v�y� 

�e�x�e�r�c�i�s�e� �w�h�e�r�e� �l�a�c�t�a�t�e� �p�r�e�d�u�c�t�i�c�o�n� �i�s� �f�a�v�o�r�e�d�,� �t�h�e�r�e� �i�s� �a� 

�b�u�i�l�d� �u�p� �a�f� �l�a�c�t�a�t�e� �i�n� �t�h�e� �m�u�s�c�i�e�,� �l�e�a�d�i�n�g� �t�a� �f�a�t�i�q�u�e�.� 

�W�h�a�t� �t�h�i�s� �l�a�c�t�a�t�e� �d�e�e�s� �i�s� �a�l�t�e�r�s� �t�h�e� �p�H� �i�n� �t�h�e� �a�r�e�a�,� �m�a�k�i�n�g� 

�i�t� �m�o�r�e� �a�c�i�d�i�c� �w�h�i�c�h� �e�@�v�e�n�t�u�a�l�l�y� �a�l�t�e�r�s� �t�h�e� �c�@�e�l�l�u�l�a�r� 

�c�a�n�t�r�a�c�t�i�l�e� �a�m�d� �m�e�t�a�b�o�l�i�c� �a�c�t�i�v�i�t�y�,� �t�h�e�r�e�f�o�r�e� �l�e�a�d�i�n�g� �t�e� 

�f�a�t�i�q�u�e�.� 

�M�u�l�t�i�p�l�e� �b�o�u�t� �w�e�i�g�h�t� �t�r�a�i�n�i�n�g� �i�f� �a� �h�i�g�h� �i�n�t�e�n�s�i�t�y� 

�i�n�t�e�r�m�i�t�t�e�n�t� �e�x�e�r�c�i�s�e� �t�h�a�t� �i�s� �u�s�u�a�l�l�y� �p�e�r�f�o�r�m�e�d� �b�y� �t�h�e� 

�t�r�a�i�n�i�n�g� �b�a�d�y�b�u�i�l�d�e�r�s� �t�e� �a�c�h�i�e�v�e� �m�u�s�c�l�e� �s�i�z�e� �a�n�d� 

�d�e�f�i�n�i�t�i�o�n�.� �A�g�s� �m�o�a�t�e�c� �a�b�o�v�e�,� �a�v�a�i�l�a�b�i�l�i�t�y� �o�a�f� �c�a�r�b�o�h�y�d�r�a�t�e� 

�a�r� �g�l�y�c�o�g�e�n� �c�a�n� �a�f�f�e�c�t� �p�e�r�f�a�r�m�a�n�c�e� �(�M�c�C�a�r�t�n�e�y� �e�t� �a�l�.�,� 

�1�9�8�6�)�.� �I�n� �a� �s�t�u�d�y� �e�x�a�m�i�n�i�n�g� �m�u�l�t�i�p�l�e�-�b�o�e�u�t� �h�a�g�h� �i�n�t�e�n�s�i�t�y� 

�t�r�a�i�n�i�n�g�,� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �m�a�y� �b�e�c�a�m�e� �a� �l�i�m�i�t�i�n�g� �s�o�u�r�c�e� �o�f� 

�e�n�e�r�a�y� �S�i�n�c�e� �i�n�g�e�s�t�i�o�n� �o�f� �e�x�a�g�e�n�c�u�s� �c�a�r�b�o�h�y�d�r�a�t�e� �e�n�h�a�n�c�e�d� 

�p�e�r�f�o�r�m�a�n�c�e�.� �T�h�e�y� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �m�e�c�h�a�n�i�s�m� �f�o�r� �t�h�i�s� 

�i�m�p�r�a�v�e�m�e�n�t� �a�i�n�v�e�l�v�e�d� �e�l�e�v�a�t�i�o�n� �o�f� �b�l�e�e�d� �q�l�u�c�a�s�e� �l�e�v�e�l�s� 

�w�h�i�c�h� �m�a�y� �s�p�a�r�e� �m�u�s�c�l�e� �g�l�y�c�e�q�e�n� �C�L�a�m�b�e�r�t� �@�e�t� �a�l�.�,� �i�D�g�L�)�.� 

�T�w�e�n�t�y�-�t�w�o� �m�a�l�e� �b�o�d�y�b�u�i�l�d�e�r�s� �w�e�r�e� �r�a�n�d�o�m�l�y� �d�i�v�i�d�e�d� 

�i�n�t�e� �q�r�e�u�p�s� �a�f� �c�a�m�t�r�a�l� �C�C�O�N�T�)�,� �c�a�r�b�o�h�y�d�r�a�t�e� �s�u�p�p�l�e�m�e�n�t�e�d� 

�q�r�a�u�p� �C�C�A�R�B�)�,� �a�n�d� �t�h�e� �p�r�o�t�e�i�n� �s�u�p�p�l�e�m�e�n�t�e�d� �q�r�a�u�p� �C�P�R�O�T�?�.� 

�J�u�s�t� �t�h�e� �C�A�R�E� �a�n�d� �P�R�O�T� �g�r�o�u�p�s� �w�e�r�e� �a�s�s�i�g�n�e�d� �t�o� �t�h�e� �d�i�e�t� �a�n�d� 

�@�B�x�v�e�r�c�i�s�e� �p�r�e�s�c�r�i�p�t�i�o�n� �i�n� �t�h�e� �s�t�u�d�y�.� �T�h�e� �C�O�N�T� �q�r�o�a�o�u�p� �w�a�s
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�a�s�k�e�c�d� �t�e�a� �r�e�c�o�r�d� �t�h�e�i�r� �d�i�e�t� �a�n�d� �w�o�r�k�o�u�t� �d�u�r�i�n�g� �t�h�e� �t�i�m�e� �t�h�e� 

�e�t�h�e�r� �q�r�o�a�u�p�s� �w�o�u�l�d� �a�d�h�e�r�e� �t�o� �s�p�e�c�i�f�i�c� �d�i�e�t�s� �a�n�d� �w�e�r�k�o�u�t�s�.� 

�T�h�e� �d�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�t�u�d�y� �w�a�s� �f�o�r� �1�1� �d�a�y�s�,� �a�n�d� �i�t� �w�a�s� 

�b�r�e�k�e�n� �u�p� �a�n�t�e� �a� �&� �d�a�y� �m�a�i�n�t�e�n�a�n�c�e� �p�e�r�i�o�d� �(�M�A�I�N�T�)�,� �w�h�e�r�e� 

�d�i�e�t� �a�n�d� �e�x�e�r�c�i�s�e� �w�a�s� �c�a�n�t�r�o�e�l�l�e�d� �t�o� �e�n�s�u�r�e� �s�t�a�b�i�l�i�z�a�t�i�c�a�n� 

�a�n�d� �c�a�n�g�r�u�e�n�c�y� �a�m�a�n�g� �s�u�b�j�e�c�t�s�,� �a�n�d� �a� �f�o�u�r� �d�a�y� �e�x�p�e�r�i�m�e�n�t�a�l� 

�p�h�a�s�e� �C�E�X�P�E�R�)�,� �w�h�e�r�e� �t�h�e� �s�u�b�j�e�c�t�s� �e�n�d�u�r�e�d� �a� �l�o�w� �e�n�e�r�g�y� �d�i�e�t� 

�a�n�d� �t�h�e� �s�a�m�e� �p�r�e�s�c�r�i�b�e�d� �r�i�g�a�r�c�a�u�s� �w�o�r�k�o�u�t� �a�s� �p�e�r�f�o�r�m�e�d� �i�n� 

�t�h�e� �M�A�I�N�T� �p�h�a�s�e�.� 

�T�h�e� �f�o�u�r� �d�a�y� �E�X�P�E�R� �p�e�r�i�o�d� �b�e�g�a�n� �i�m�m�e�d�i�a�t�e�l�y� �a�f�t�e�r� �t�h�e� 

�M�A�I�N�T� �p�h�a�s�e� �a�n�d� �b�e�g�a�n� �w�i�t�h� �a� �p�r�e�-�t�e�s�t� �o�n� �t�h�e� �f�l�a�t� �b�e�n�c�h�.� 

�F�i�f�t�e�e�n� �m�i�n�u�t�e�s� �p�r�i�o�r� �t�o� �t�e�s�t� �p�e�r�f�o�r�m�a�n�c�e�,� �t�h�e� �P�R�O�T� �a�n�d� 

�C�A�R�E� �g�r�o�u�p�s� �w�e�r�e� �g�i�v�e�n� �l�i�q�u�i�d� �s�u�p�p�l�e�m�e�n�t�s�.� �T�h�e� �s�u�p�p�l�e�m�e�n�t�s� 

�w�e�r�e� �@�i�t�h�e�r� �a� �h�i�g�h� �p�r�a�t�e�i�n� �a�o�r� �a� �h�i�g�h� �c�a�r�b�o�h�y�d�r�a�t�e� �d�r�i�n�k�.� 

�T�h�e� �f�l�a�t� �b�e�n�c�h� �p�r�e�s�s� �t�e�s�t� �w�a�s� �a� �m�u�l�t�i�p�l�e� �b�o�u�t� �t�e�s�t� 

�p�e�r�f�a�r�m�e�d� �w�i�t�h� �f�r�e�e� �w�e�i�g�h�t�s�.� �I�t� �w�a�s� �a� �7� �g�e�t� �t�e�s�t�,� �a�t� �6�0�%� �1� 

�R�M�,� �w�i�t�h� �d�e�c�r�e�a�s�i�n�g� �r�e�p�e�t�i�t�i�o�n�s� �a�n�d� �2�.�5� �m�i�n�u�t�e�s� �o�f� �r�e�s�t� �i�n� 

�b�e�t�w�e�e�n� �@�a�c�h� �s�e�t�.� �I�n� �t�h�e� �l�a�s�t� �s�e�t� �t�h�e� �s�u�b�j�e�c�t� �w�a�s� �t�e� 

�p�e�r�f�a�r�m� �a�s� �m�a�n�y� �f�u�l�l� �r�e�p�e�t�i�t�i�o�n�s� �a�s� �h�e� �c�o�u�l�d�.� �T�h�i�s� �s�a�m�e� 

�p�r�o�t�e�c�a�l� �w�a�s� �u�s�e�d� �f�e�r� �a�l�l� �o�o�f� �t�h�e� �f�l�a�t� �b�e�n�c�h� �p�r�e�s�s� �t�e�s�t�s�:� 

�p�r�a�c�t�i�c�e�,� �b�a�s�e�l�i�n�e�,� �p�r�e�-�t�e�s�t� �a�n�d� �p�a�s�t� �-�t�e�a�t�,� �p�e�r�f�o�r�m�e�d� 

�i�m�m�e�d�i�a�t�e�l�y� �a�f�t�e�r� �t�h�e� �4� �d�a�y� �E�X�P�E�R� �p�h�a�s�e�.� 

�R�e�s�u�l�t�s� �a�f� �a� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s� �2� �w�a�y� �A�n�a�l�y�s�i�s� �o�a�f� 

�V�a�r�i�a�n�c�e� �C�A�N�O�V�A� �s�h�a�w�e�d� �n�o� �s�i�q�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n
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�v�a�e�p�e�t�i�t�i�a�n�s� �a�n� �s�e�t� �7�,� �a�m�d� �v�o�l�u�m�e� �o�f� �e�x�e�r�c�i�s�e� �C�k�i�l�o�g�r�a�m�s� 

�l�i�f�t�e�d� �X� �t�o�t�a�l� �r�e�p�e�t�i�t�i�o�n�s� �s�e�t� �7�)� �o�f� �t�h�e� �m�u�l�t�i�p�l�e� �b�o�u�t� �f�l�a�t� 

�R�e�n�c�h� �p�r�e�s�s� �t�e�s�t� �a�n�d� �g�r�o�u�p�s� �(�C�p�=�.�0�5�)�.� �B�u�t�,� �a�i�m� �e�x�a�m�i�n�i�n�g� 

�j�u�s�t� �t�h�e� �a�v�e�r�a�g�e�s�,� �t�h�e�r�e� �i�s� �a�i� �t�r�e�n�d� �f�o�r� �a�n� �i�n�c�r�e�a�s�e� �i�n� 

�p�e�r�f�o�r�m�a�n�c�e� �f�r�o�m� �b�a�s�e�l�i�n�e� �t�o�m� �p�r�e�-�t�e�s�t� �a�n�d� �f�u�r�t�h�e�r� �a�t� �p�o�s�t�-� 

�t�e�s�t� �i�n� �C�A�R�E� �w�h�i�l�e� �t�h�e� �o�p�p�o�s�i�t�e� �t�r�e�n�d� �e�x�i�s�t�e�d� �f�a�r� �P�R�O�T�.� 

�A�l�t�h�o�u�g�h� �t�h�e�s�e� �c�h�a�n�g�e�s� �w�e�r�e� �m�o�t� �s�i�g�n�i�f�i�c�a�n�t�,� �i�t� �s�u�g�g�e�s�t�s� 

�t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �t�h�a�t� �a�n�o�t�h�e�r� �e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n� �c�e�a�u�l�d� 

�d�e�t�e�r�m�i�n�e� �t�h�a�t� �w�h�e�n� �t�h�e� �a�t�h�l�e�t�e� �i�s� �a�m� �a� �l�a�w� �e�n�e�r�a�y� �d�i�e�t�,� �a� 

�c�a�r�b�o�h�y�d�r�a�t�e� �s�u�p�p�l�e�m�e�n�t� �c�o�u�l�d� �h�e�l�p� �m�u�l�t�i�p�l�e� �b�e�u�t� �t�r�a�i�n�i�n�g� 

�p�e�r�f�a�r�m�a�n�c�e�.� �F�u�r�t�h�e�r� �r�e�s�e�a�r�c�h� �1�s� �n�e�e�d�e�d� �t�e�n� �e�x�a�m�i�n�e� 

�s�u�p�p�l�e�m�e�n�t ��s� �e�f�f�e�c�t�s� �o�a�n� �a� �l�o�a�n�g�e�r� �b�e�n�t� �t�e�s�t� �(�¢�>� �7� �s�e�t�s�)�.� 

�A�d�a�i�n�,� �t�h�e� �r�e�a�s�o�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �u�t�i�l�i�z�e�d� �a� �7� �s�e�@�e�t� �t�e�s�t� 

�b�e�c�a�u�s�e� �m�o�s�t� �b�o�d�y�d�u�i�l�d�e�r�s� �t�r�a�i�n�i�n�g� �f�o�r� �c�o�m�p�e�t�i�t�i�o�n� �p�e�r�f�o�r�m� 

�a�r�o�u�n�d� �&� �s�e�t�e�/�b�o�a�d�y� �p�a�r�t� �(�M�a�n�o�r�e� �e�t� �a�l�.�,� �w�o�o�)�.� 

�T�h�e� �v�a�r�i�c�u�s� �e�n�e�r�g�y� �s�a�u�r�c�e�s� �t�h�a�t� �t�h�e� �b�a�d�y� �u�t�i�l�i�z�e�s� 

�d�u�r�i�n�g� �a�c�t�i�v�i�t�y� �d�e�p�e�n�d�s� �a�n� �t�h�e� �t�y�p�e� �a�f� �a�c�t�i�v�i�t�y�,� �i�n�t�e�n�s�i�t�y�,� 

�a�n�d� �d�u�r�a�t�i�o�n� �(�C�o�s�t�i�l�l�,� �i�9�8�0�)�.� �I�n� �g�e�n�é�r�a�l�,� �a�e�r�o�b�i�c� �a�c�t�i�v�i�t�y� 

�r�e�l�i�e�s� �m�a�r�e� �a�n� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �f�o�r� �f�u�e�l� �a�n�d� �a�n�a�e�r�a�b�i�c� 

�e�p�r�i�n�t� �a�c�t�i�v�i�t�i�e�s� �r�e�l�y� �o�n� �p�h�o�a�p�h�a�c�r�e�a�t�i�n�i�n�e�.� �L�a�n�g�e�r� 

�d�u�r�a�t�i�o�n� �a�n�a�e�r�o�b�i�c� �a�c�t�i�v�i�t�i�e�s�,� �s�u�c�h� �a�s� �t�h�e� �m�u�l�t�i�p�l�e� �b�e�u�t� 

�r�e�s�i�s�t�i�v�e� �e�x�e�r�c�i�s�e�s�,� �r�e�l�y� �m�o�r�e� �h�e�a�v�i�l�y� �a�n� �m�u�s�c�l�e� �g�q�l�y�c�a�g�e�n� 

�f�o�r� �f�u�e�l� �u�t�i�l�i�z�a�t�i�o�n�.� �I�n� �e�u�r� �s�t�u�d�y�,� �t�h�e� �s�u�b�j�e�c�t�s� �t�r�a�i�n�e�d� �6� 

�d�a�y�s�/�w�e�e�k�,� �S�-�1�5� �r�e�p�e�t�i�t�i�o�n�s�,� �f�o�r� �2�-�3� �s�e�t�s�.� �I�n� �t�h�i�s� �t�y�p�e� �o�f
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�t�r�a�i�n�i�n�g� �r�e�q�i�m�e�;� �h�i�g�h� �i�n�t�e�n�s�i�t�y� �a�n�d� �l�e�w� �d�u�r�a�t�i�a�n�,� �t�h�e�r�e� �i�s� 

�a� �l�a�r�q�e� �d�e�p�e�n�d�e�n�c�y� �a�n� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n�,� �y�e�t� �s�a�m�e� �r�e�s�e�a�r�c�h� 

�s�t�a�t�e�s� �t�h�e� �s�u�b�s�t�r�a�t�e� �a�v�a�i�l�a�b�i�l�i�t�y� �m�a�y� �l�i�m�i�t� �p�e�r�f�a�r�m�a�n�c�e� 

�C�L�a�m�b�e�r�t� �@�t� �a�l�.�,� �i�3�3�1�.� �T�h�e�r�e�f�o�r�e�,� �i�n� �c�u�r� �s�t�u�d�y� �a�s� �w�e�l�l� �a�s� 

�S�i�m�i�l�a�r� �r�e�s�e�a�r�c�h�,� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �i�s� �a� �p�o�s�s�i�b�l�e� 

�f�a�c�t�o�r� �i�n� �m�e�e�t�i�n�g� �t�h�e� �e�n�e�r�g�y� �d�e�m�a�n�d�s� �o�n� �e�x�e�r�c�i�s�e�.� 

�W�i�t�h� �a�n�a�e�r�o�b�i�c� �a�c�t�i�v�i�t�y�,� �e�x�a�g�q�e�n�c�u�s� �c�a�r�b�a�h�y�d�r�a�t�e� 

�i�n�g�e�s�t�i�o�n� �h�e�l�p�s� �t�o�a� �s�p�a�r�e� �m�u�s�c�l�e� �g�q�l�y�c�o�g�e�n� �a�n�d� �t�h�e�r�e�f�o�r�e� 

�i�n�c�r�e�a�s�e� �p�e�r�f�o�r�m�a�n�c�e� �t�i�m�e� �m�o�n�l�y� �i�n� �l�e�n�g�e�r� �d�u�r�a�t�i�o�n� �a�n�a�e�r�a�b�i�c� 

�a�c�t�i�v�i�t�i�e�s�.� �I�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y�,� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�a�n� 

�s�t�a�r�t�e�d� �t�o� �3� �b�c�d� �S�c�a�m�e� �C�n�e�a�n�-�s�i�q�n�i�f�i�c�a�n�t�)� �i�n�c�r�e�a�s�e� �i�n� 

�r�e�p�e�t�i�t�i�o�n�s� �t�o� �f�a�t�i�q�u�e� �a�t� �t�h�e� �e�n�d� �o�f� �a� �7� �s�e�t� �m�u�l�t�i�p�l�e� �b�e�u�t� 

�f�l�a�t� �b�e�n�c�h� �p�r�e�s�s� �t�e�s�t�.� �A�l�t�h�a�u�g�h� �m�u�s�c�l�e� �g�q�l�y�c�a�q�e�n� �s�a�m�p�l�e�s� 

�w�e�r�e� �n�o�t� �t�a�k�e�n�,� �i�t� �i�f� �t�h�o�u�g�h�t� �t�h�a�t� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�c�n� 

�m�a�y� �e�n�h�a�n�c�e� �p�e�r�f�o�r�m�a�n�c�e� �C�a�t� �t�h�e� �Y�t�h� �s�e�t�)�,� �b�y� �l�i�m�i�t�i�n�g� �t�h�e� 

�m�u�s�c�l�e� �g�q�l�y�c�o�e�q�e�n� �d�e�p�l�e�t�i�o�n� �t�h�r�o�u�g�h� �e�l�e�v�a�t�e�d� �s�e�r�u�m� �b�l�e�e�d� 

�l�e�v�e�l�s�.� �T�h�i�s� �h�y�p�o�t�h�e�s�i�s� �w�a�g� �f�u�r�t�h�e�r� �s�e�e�n� �b�y� �d�a�t�a� �g�a�t�h�e�r�e�d� 

�b�y� �L�a�m�b�e�r�t� �e�t� �a�l�.�,� �(�1�9�9�1�)�,� �a�n�d� �a� �s�t�u�d�y� �c�a�n�d�u�c�t�e�d� �b�y� �B�a�l�l� 

�S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� �C�u�n�p�u�b�l�i�s�h�e�c�d�)�,� �w�h�i�c�h� �b�e�t�h� �a�t�a�t�e� �a� 

�r�e�d�u�c�t�i�o�n� �a�i�n� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �i�n� �t�h�e� �l�a�t�e�r� �s�t�a�g�e�s� �¢�7�G� �s�e�t�s�)� 

�o�f� �m�u�l�t�i�p�l�e� �b�o�u�t� �w�e�i�g�h�t� �t�r�a�i�n�i�n�g� �e�x�e�r�c�i�s�e�.� �T�h�i�s� �m�i�a�q�h�t� 

�e�x�p�l�a�i�n� �w�h�y� �t�h�e�r�e� �w�a�s� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �f�o�u�n�d� �i�n� 

�t�h�e� �d�a�t�a� �f�r�a�m� �c�u�r� �s�t�u�d�y�.� �I�m� �L�a�m�b�e�r�t� �e�t� �a�l�.� �c�C�i�v�o�l�d�,� �t�h�e�y� 

�u�t�i�l�i�z�e�d� �a� �1�5� �s�e�t� �t�e�s�t�,� �a�s� �o�p�p�o�s�e�d� �t�o� �a�u�r� �7� �g�e�t� �t�e�s�t�.� �T�h�e



�3�0� 

�1�5� �s�e�t� �t�e�s�t� �m�i�g�h�t� �a�l�l�o�w� �f�o�r� �m�o�r�e� �g�l�y�c�o�g�e�n� �d�e�p�l�e�t�i�o�n� �t�h�a�n� 

�t�h�e� �7� �s�e�t� �t�e�a�t�,� �t�h�e�r�e�b�y� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �d�e�m�a�n�d� �m�r� 

�c�a�r�b�o�h�y�d�r�a�t�e� �a�s� �a� �f�u�e�l�.� 

�S�a� �t�h�e� �i�s�s�u�e� �a�i�n� �w�h�e�t�h�e�r� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �i�s� 

�h�e�l�p�f�u�l� �t�o� �r�e�s�i�s�t�a�n�c�e� �p�e�r�f�o�r�m�a�n�c�e� �m�i�g�h�t� �f�a�l�l� �t�e� �t�h�e� �v�o�l�u�m�e� 

�o�f� �t�r�a�i�m�n�m�i�n�a�.� �I�m� �a�&� �t�y�p�i�c�a�l� �b�e�d�y�b�u�i�i�d�e�r ��s�  ��c�u�t�t�i�n�g �� �t�r�a�i�n�i�n�g� 

�W�i�r� �k�e�t� �(�h�i�g�h� �r�e�p�e�t�i�t�i�c�a�n�s� �a�n�d� �s�e�t�s�,� �a�n�d� �l�o�w�e�r� �w�e�i�g�h�t� 

�l�e�a�d�s�)�,� �c�a�r�b�o�h�y�d�r�a�t�e� �m�i�g�h�t� �b�e� �b�e�n�e�f�i�c�i�a�l� �i�n� �p�e�r�f�e�a�r�m�i�n�g� �t�h�i�s� 

�t�y�p�e� �o�f� �w�o�r�k�o�u�t�,� �B�u�t� �w�h�e�n� �t�h�e� �t�r�a�i�n�i�n�g� �b�e�c�o�m�e�s� �h�i�g�h�e�r� �i�n� 

�w�e�i�q�h�t� �a�n�d� �l�e�w�e�r� �i�n� �s�e�t�s� �a�n�d� �r�e�p�e�t�i�t�i�o�n�s�,� �c�a�r�h�e�a�h�y�d�r�a�t�e� 

�i�n�g�e�s�t�i�c�a�n� �m�i�g�h�t� �n�a�t� �h�a�v�e� �a�n� �e�f�f�e�c�t� �o�a�n� �p�e�r�f�o�r�m�a�n�c�e� �t�i�m�e�.� 

�T�y�p�i�c�a�l�l�y�,� �t�h�e� �b�o�d�y�b�u�i�l�d�e�r� �t�r�a�i�n�i�n�g� �f�o�r� �a�o� �c�a�o�m�p�e�t�i�t�i�a�n� 

�p�e�r�f�o�r�m�s� �&� �s�e�t�s� �p�e�r� �m�u�s�c�l�e� �g�r�o�u�p� �(�¢�M�a�n�o�r�e� �e�t� �a�l�.�,� �1�9�5�5�)�.� 

�T�h�e�r�e�b�y� �e�x�p�l�a�i�n�i�n�g� �t�h�e� �7� �s�e�t� �t�e�s�t� �u�s�e�d� �a�n� �o�m�u�r� �s�t�u�d�y�.� 

�H�o�w�e�v�e�r�,� �s�i�n�c�e� �a� �f�u�l�l� �w�o�r�k�o�u�t� �d�e�e�s� �m�u�l�t�i�p�l�e� �s�e�t�s� �a�f� �v�a�r�i�c�u�s� 

�l�i�f�t�s�,� �a� �b�o�d�y�b�u�i�i�d�e�r ��s� �w�o�r�k�o�u�t� �m�e�e�t�s� �t�h�e� �a�b�o�v�e� �c�r�i�t�e�r�i�a� �f�o�r� 

�c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �h�a�v�i�n�g� �a�n� �e�f�f�e�c�t� �a�n� �p�e�r�f�o�r�m�a�n�c�e�.� 

�T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �m�u�s�c�l�e� �q�l�y�c�a�q�g�e�n� �S�p�a�r�i�n�g� �i�f� �i�m�p�o�r�t�a�n�t� 

�i�n� �m�u�l�t�i�p�l�e� �b�o�u�t� �r�e�s�i�s�t�i�v�e� �t�r�a�i�n�i�n�g�,� �b�u�t� �t�h�e�r�e� �i�s� �a�n�a�t�h�e�r� 

�f�a�c�t�o�r� �w�h�i�c�h� �m�i�g�h�t� �c�a�n�t�r�i�b�u�t�e� �t�o� �f�a�t�i�q�u�e�.� �W�h�e�n� �s�u�b�j�e�c�t�s� 

�u�n�d�e�r�g�a� �a�i� �l�a�w� �c�a�l�o�r�i�e� �d�i�e�t�,� �e�s�p�e�c�i�a�l�l�y� �i�f� �t�h�e� �d�i�e�t� �i�s� �l�o�w� 

�i�m� �c�a�r�b�o�h�y�d�r�a�t�e�s�,� �t�h�e� �b�o�d�y� �m�a�y� �p�r�o�d�u�c�e� �k�e�t�o�n�e�s�,� �w�h�i�c�h� �c�a�u�s�e� 

�t�h�e� �b�l�o�a�c�a�d� �t�e� �b�e� �v�e�r�y� �a�c�i�d�i�c�.� �T�h�i�s� �a�c�i�d�i�t�y� �i�n� �t�h�e� �b�l�e�o�d� �c�a�n� 

�i�n�h�a�b�i�t� �g�l�y�c�e�l�y�s�i�s� �a�n�d� �r�e�d�u�c�e� �t�h�e� �r�a�t�e� �o�f� �A�T�P� �f�o�r�m�a�t�i�c�a�n�,



�t�h�e�r�e�b�y� �p�r�o�m�o�t�e�r� �e�a�r�l�i�e�r� �m�u�g�c�l�e� �f�a�t�i�q�u�e� �(�G�r�e�e�n�h�a�f�f� �e�t� �a�l�.�,� 

�1�9�3�7�-�1�9�9�4�)�.� 

�G�u�e�s�t�i�a�n�s� �m�i�g�h�t� �a�r�i�s�e� �t�o� �w�h�e�t�h�e�r� �w�e�i�g�h�t� �l�o�s�s� �a�l�a�n�e� 

�s�e�e�m�e�d� �t�a� �a�f�f�e�c�t� �p�e�r�f�o�r�m�a�n�c�e�.� �A�l�t�h�o�u�g�h� �o�u�r� �s�t�u�d�y� �s�h�a�w�e�d� �m�a� 

�S�i�g�n�i�f�i�c�a�n�t� �w�e�i�g�h�t� �l�o�s�s� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �q�r�o�u�p�s�,� �i�t� �i�s� 

�d�i�f�f�i�c�u�l�t� �t�o� �s�t�a�t�e� �w�h�e�t�h�e�r� �w�e�i�g�h�t� �l�o�s�s� �a�f�f�e�c�t�s� �o�a�v�e�r�a�i�l� 

�p�h�y�s�i�c�a�l� �p�e�r�f�o�r�m�a�n�c�e�.� �A�g� �s�t�a�t�e�d� �a�b�o�v�e�,� �i�t� �a�p�p�e�a�r�s� �t�h�a�t� �t�h�e� 

�c�h�a�n�g�e�s� �t�h�a�t� �c�a�n� �c�a�m�e� �f�r�a�m� �l�o�w� �e�n�e�r�g�y� �d�i�e�t�i�n�g� �a�f�f�e�c�t� 

�m�u�l�t�i�p�l�e� �b�o�u�t� �r�e�s�i�s�t�a�n�c�e� �p�e�r�f�o�r�m�a�n�c�e� �(�d�e�p�l�e�t�e�d� �q�l�y�c�a�g�e�n�,� 

�l�o�w�e�r� �@�e�n�e�r�a�q�y� �i�n�t�a�k�e�,� �@�e�t�c�.�.�3�,� �m�o�t� �t�h�e� �w�e�i�g�h�t� �l�o�s�s� �i�t�s�e�l�f�.� 

�T�i�m�i�n�g� �o�f� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �a�r�e�a�t�l�y� �a�f�f�e�c�t�s� �i�t ��s� 

�u�s�e�f�u�l�n�e�s�s� �a�i�m� �d�e�l�a�y�i�n�g� �f�a�t�i�q�u�e�.� �O�u�r� �s�t�u�d�y� �g�a�v�e� �t�h�e� 

�s�u�b�j�e�c�t�s� �1�.�2�5� �q� �o�f� �g�l�u�c�o�s�e� �p�o�l�y�m�e�r� �1�5� �m�i�n�u�t�e�s� �p�r�i�c�r� �t�e� �?� �f�u
� 

�s�e�t� �f�l�a�t� �b�e�n�c�h� �p�r�e�s�s� �t�e�s�t�.� �I�n� �a� �s�t�u�d�y� �c�o�m�d�u�c�t�e�d� �b�y� �L�a�m�b�e�r�t� 

�e�t� �a�l�a�,� �C�l�o�g�l�o�,� �1� �g�q� �o�f� �Q�l�u�c�a�s�e� �p�o�l�y�m�e�r� �w�a�s� �g�i�v�e�n� 

�i�m�m�e�d�i�a�t�e�l�y� �b�e�f�o�r�e� �a�n�d� �.�1�7� �g�q� �o�f� �s�o�l�u�t�i�o�n� �w�a�s� �g�i�v�e�n� �e�v�e�r�y� 

�f�i�f�t�h� �s�e�t� �t�h�e�r�e�a�f�t�e�r� �o�f� �1�5� �s�e�t� �l�e�q� �e�x�t�e�n�s�i�o�n� �e�x�e�r�c�i�s�e�.� �S�c� 

�i�t� �a�p�p�e�a�r�s� �f�r�o�m� �t�h�e� �r�e�s�e�a�r�c�h� �a�b�o�v�e�,� �t�h�a�t� �g�l�u�c�o�s�e� �p�o�l�y�m�e�r� 

�s�h�a�u�l�d� �b�e� �g�i�v�e�n� �e�v�e�r�y� �S�t�h� �t�o�a� �7�t�h� �s�e�t� �a�f� �r�e�s�i�s�t�a�n�c�e� 

�p�e�r�f�o�r�m�a�n�c�e� �t�o� �s�h�o�w� �s�a�m�e� �c�h�a�n�g�e� �i�n� �p�e�r�f�o�r�m�a�n�c�e�.� 

�R�e�s�e�a�r�c�h� �I�m�p�l�i�c�a�t�i�o�n�s� 

�T�h�e� �g�o�a�l� �o�f� �a� �c�o�m�p�e�t�i�t�i�v�e� �b�o�d�y�b�u�i�l�d�e�r� �t�r�a�i�n�i�n�g� �f�o�r� 

�c�a�m�p�e�t�i�t�i�a�o�n� �i�s� �t�a� �g�e�t� �a�s� �m�u�s�c�u�l�a�r�l�y� �d�e�f�i�n�e�d� �a�s� �p�o�s�s�i�b�l�e�.� 

�T�h�e� �w�a�y� �i�n� �w�h�i�c�h� �t�h�i�s� �g�o�a�l� �i�s� �a�c�h�i�e�v�e�d� �i�s� �b�y� �u�t�i�l�i�z�i�n�g� �a



�#�2� 

�l�e�w� �e�n�e�r�g�y� �d�i�e�t� �i�n� �c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �a� �h�i�g�h� �i�n�t�e�n�s�i�t�y� 

�t�r�a�i�n�i�n�g� �r�e�q�i�m�e�.� �I�n� �o�r�d�e�r� �f�o�r� �t�h�e�s�e� �a�t�h�l�e�t�e�s� �t�a� �p�e�r�f�o�r�m� 

�t�h�e� �d�e�s�i�r�e�d� �t�r�a�i�n�i�n�g� �v�o�l�u�m�e� �w�h�i�l�e� �i�n�g�e�s�t�i�n�g� �a� �l�o�w� �a�m�e�a�u�n�t� �o�f� 

�e�n�e�r�a�y�,� �c�a�r�b�o�h�y�d�r�a�t�e� �w�a�s� �s�h�o�w�n� �i�n� �o�n�e� �s�t�u�d�y� �t�a� �a�i�d� �i�n� 

�a�f�f�s�e�t�t�i�n�g� �t�i�m�e� �t�o� �f�a�t�i�q�u�e� �d�u�r�i�n�g� �m�u�l�t�i�p�l�e� �b�o�u�t� �r�e�s�i�s�t�i�v�e� 

�t�r�a�i�n�i�n�g� �¢�L�a�m�b�e�r�t� �e�t� �a�l�.�,� �T�o�p�a�s�.� �F�r�a�m� �t�h�e� �d�a�t�a� �p�r�e�s�e�n�t�e�d� 

�i�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y�,� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n� �a�f� �1�.�2�5� �g�/�k�g� 

�e�f� �b�o�d�y� �w�e�i�g�h�t� �g�i�v�e�n� �1�5� �m�i�n�u�t�e�s� �p�r�i�o�r� �t�a� �a� �m�u�l�t�i�p�l�e� �b�a�n�t� 

�r�e�s�i�s�t�i�v�e� �t�r�a�i�n�i�n�g� �t�e�s�t�,� �a�p�p�e�a�r�e�d� �t�a� �h�a�v�e� �n�a� �s�i�g�n�i�f�i�c�a�n�t� 

�e�f�f�e�c�t� �o�n� �f�a�t�i�q�u�e� �i�n� �s�u�b�j�e�c�t�s� �w�h�o�a� �a�r�e� �c�a�n�s�u�m�i�n�g� �a� �l�o�w� 

�e�n�e�r�g�y� �d�i�e�t�,� �y�e�t� �t�h�e�r�e� �w�a�s� �a� �t�r�e�n�d� �f�a�r� �t�h�e� �C�A�R�E� �g�r�o�u�p� �t�e� 

�i�n�c�r�e�a�s�e� �i�n� �p�e�r�f�o�r�m�a�n�c�e� �c�o�m�p�a�r�e�d� �t�o� �p�r�e�-�t�e�s�t� �t�h�a�n� �t�h�e� �o�t�h�e�r� 

�a�q�r�a�u�p�s� �a�f�t�e�r� �t�h�e� �l�a�w� �e�n�e�r�g�y� �p�h�a�s�e�.� 

�S�a� �f�r�a�m� �a� �p�r�a�c�t�i�c�a�l� �s�t�a�n�d�p�e�i�n�t�,� �c�a�r�b�o�h�y�d�r�a�t�e� 

�c�a�n�s�u�m�p�t�i�a�n� �m�a�y� �h�a�v�e� �b�e�n�e�f�i�t� �f�o�r� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �h�i�g�h�e�r� 

�S�e�t� �M�u�l�t�i�p�l�e� �b�e�a�t� �Y�e�s�i�g�s�t�i�v�e� �t�r�a�i�n�i�n�g� �w�h�e�n� �t�h�e�r�e� �i�s� 

�d�e�p�l�e�t�i�o�n� �o�f� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n�.� �N�a�r�m�a�l�l�y�,� �i�t� �i�s� �l�i�k�e�l�y� �t�h�a�t� 

�c�a�r�b�o�h�y�d�r�a�t�e� �b�e�v�e�r�a�g�e� �i�n�g�e�s�t�i�o�n� �c�a�n�s�u�m�e�d� �b�e�f�o�r�e� �a� �p�o�w�e�r� �a�r� 

�s�t�r�e�n�g�t�h� �t�y�p�e� �o�f� �w�e�i�g�h�t� �t�r�a�i�n�i�n�g� �p�r�e�g�q�r�a�m�,� �w�i�l�l� �n�a�t� �h�a�v�e� �t�h�e� 

�S�a�m�e� �b�e�n�e�f�i�c�i�a�l� �e�f�f�e�c�t�s� �a�s� �p�e�r�f�o�r�m�i�n�g� �a�r� �e�n�d�u�r�a�n�c�e� 

�Y�e�E�S�i�s�t�a�n�c�e� �p�r�a�g�r�a�m� �(�C�2�7� �s�e�t�e�)�.� 

�R�e�c�a�m�m�e�n�d�a�t�i�o�a�n�s� �f�o�r� �F�u�t�u�r�e� �R�e�s�e�a�r�c�h� 

�A�f�t�e�r� �c�a�m�p�i�l�i�n�g� �t�h�e� �d�a�t�a� �f�r�e�m� �t�h�i�s� �s�t�u�d�y�,� �t�h�e� 

�r�e�s�e�a�r�c�h�e�r�s� �n�o�t�i�c�e�d� �s�a�m�e� �p�o�s�s�i�b�l�e� �a�r�e�a�s� �f�a�r� �e�x�p�a�n�s�i�o�n� �a�n�d



�f�u�r�t�h�e�r� �r�e�s�e�a�r�c�h�.� �I�t� �w�a�s� �a�s�s�u�m�e�d� �t�h�a�t� �m�u�s�c�l�e� �g�q�l�y�c�a�q�d�e�n� 

�l�e�v�e�l�s� �w�o�u�l�d� �b�e� �r�e�d�u�c�e�d� �a�f�t�e�r� �a� �l�o�w� �e�n�e�r�g�y� �d�i�e�t�.� �I�f� �m�u�s�c�l�e� 

�b�i�e�p�s�i�e�s� �w�e�r�e� �t�a�k�e�n�,� �i�t� �w�o�u�l�d� �b�e� �p�o�s�s�i�b�l�e� �t�o�a� �d�e�t�e�r�m�i�n�e� 

�g�l�y�c�a�g�e�r�i� �d�e�p�l�e�t�i�c�a�n� �p�a�t�t�e�r�n�s� �a�n�c�l� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� 

�c�a�r�b�o�h�y�d�r�a�t�e� �c�a�n�s�u�m�p�t�i�o�n� �a�f�f�e�c�t�s� �t�h�e� �d�e�p�l�e�t�i�o�n� �a�f� �t�h�i�s� 

�f�i�e�l�d�.� 

�Q�n�e� �o�f� �t�h�e� �m�a�j�o�r� �d�r�a�w�b�a�c�k�s� �t�o�a� �t�h�i�s� �s�t�u�d�y� �w�a�s� �t�h�a�t� �t�h�e� 

�s�u�p�p�l�e�m�e�n�t�s� �w�e�r�e� �t�o�o� �d�i�f�f�e�r�e�n�t� �i�n� �t�a�s�t�e�,� �a�p�p�e�a�r�a�n�c�e� �a�n�d� 

�s�m�@�l�i�l�o�t�o� �m�a�k�e� �a�t� �a�i� �d�o�u�b�l�e� �b�l�i�n�d� �s�t�u�d�y�.� �T�h�e� �p�r�a�t�e�i�n� 

�s�u�p�p�l�e�m�e�n�t� �a�l�g�a� �c�a�u�s�e�d� �a� �l�e�t� �o�f� �c�a�m�m�e�n�t�s� �f�r�a�m� �t�h�e� �s�u�b�j�e�c�t�s�.� 

�A�l�l� �s�e�v�e�n� �o�f� �t�h�e� �s�u�b�j�e�c�t�s� �i�n� �t�h�e� �P�R�O�T� �g�r�o�u�p� �c�o�m�p�l�a�i�n�e�d� 

�a�b�o�u�t� �t�h�e� �t�a�s�t�e� �a�n�d� �o�d�e�r� �o�f� �t�h�e� �s�u�p�p�l�e�m�e�n�t�.� �T�w�o� �s�u�b�j�e�c�t�s� 

�s�t�a�t�e�d� �t�h�a�t� �t�h�e�y� �f�e�l�t� �n�a�u�s�e�o�u�s� �a�n�d� �o�n�e� �s�u�b�j�e�c�t� �a�c�t�u�a�l�l�y� 

�v�a�m�i�t�e�d�.� �T�h�e�r�e�f�e�r�e�,� �t�h�e� �d�a�t�a� �f�r�a�m� �t�h�i�s� �s�u�b�j�e�c�t� �w�a�s� �n�a�t� 

�a�n�a�l�y�z�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �T�f� �t�h�i�s� �s�u�p�p�l�e�m�e�n�t� �c�o�u�l�d� �b�e� �m�a�d�e� 

�t�o�a� �t�a�s�t�e� �a�n�d� �s�m�e�l�l� �b�e�t�t�e�r�,� �a�n�d� �l�a�c�k� �m�o�r�e� �l�i�k�e� �t�h�e� 

�s�u�p�p�l�e�m�e�n�t� �g�i�v�e�n� �t�a� �t�h�e� �C�A�R�B� �g�r�o�u�p�,� �s�a�m�e� �o�f� �t�h�e�s�e� �p�r�o�b�l�e�m�s� 

�c�a�n� �b�e� �a�v�o�i�d�e�d�.� 

�A�l�t�h�o�u�g�h� �t�r�e�n�d�s� �w�e�r�e� �s�e�e�n� �i�n� �i�n�c�r�e�a�s�e�d� �p�e�r�f�o�r�m�a�n�c�e� 

�w�i�t�h� �c�a�r�b�o�h�y�d�r�a�t�e� �i�n�g�e�s�t�i�o�n�,� �t�h�e� �d�i�e�t� �a�n�d� �t�e�s�t� �a�q�i�v�e�n� �i�n� 

�t�h�i�s� �s�t�u�d�y� �g�a�v�e� �n�o� �s�i�q�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� �a�t� �t�h�e� �l�a�s�t� �s�e�t� �o�f� 

�t�h�e� �t�e�s�t�.� �I�f� �t�h�e� �t�e�s�t� �w�e�r�e� �l�o�n�g�e�r� �i�n� �d�u�r�a�t�i�o�n�,� �¢�>�7� �s�e�t�s�,� 

�i�t� �w�o�u�l�d� �b�e� �i�n�t�e�r�e�s�t�i�n�g� �t�e�a� �n�o�t�e� �a�n�y� �c�h�a�n�g�e� �i�n� �p�e�r�f�o�r�m�a�n�c�e� 

�t�h�a�t� �m�i�g�h�t� �o�c�c�u�r�.� �L�a�m�b�e�r�t� �e�t� �a�l�.�,� �C�l�a�9�1�9�,� �u�s�e�d� �a� �1�5� �s�e�t



�t�e�s�t�,� �b�u�t� �t�h�e�y� �d�i�d� �n�e�t� �p�u�t� �t�h�e� �s�u�b�j�e�c�t�s� �t�h�r�o�u�g�h� �a�i� �l�a�w� 

�e�n�e�r�g�y� �d�i�e�t� �p�e�r�i�c�d�.� �S�a� �p�o�s�s�i�b�l�y� �s�a�m�e� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� 

�c�o�u�l�d� �b�e� �s�e�e�n� �i�f� �t�h�e� �t�e�s�t� �w�e�r�e� �l�o�n�g�e�r� �i�n� �t�h�e� �l�o�w� �c�a�l�o�r�i�e� 

�p�h�a�s�e� �C�l�o�a�n�g�e�r� �t�h�a�n� �4�+� �d�a�y�s�?�,� �a�n�d� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �t�e�s�t� 

�i�n�c�l�u�d�e�d� �m�o�r�e� �s�e�t�s� �a�n�d� �b�e�a�d�y� �p�a�r�t�s�.� �A� �t�e�s�t� �t�h�a�t� �i�n�c�l�u�d�e�d� �a� 

�s�e�v�e�r�a�l� �m�u�s�c�l�e� �g�r�o�u�p�s� �p�e�r�f�o�r�m�e�d� �3� �t�o� �Y� �s�e�t�e� �p�e�r� �a�q�r�o�u�p�,� 

�w�o�u�l�d� �b�e� �m�a�r�e� �a�i�n� �k�e�e�p�i�n�g� �w�i�t�h� �a� �t�y�p�i�c�a�l� �b�e�d�y�b�u�i�l�d�e�r�s�' ��s� 

�t�r�a�i�n�i�n�g� �r�e�u�t�i�n�e� �a�n�d� �w�o�u�l�d� �b�e� �l�a�n�d�e�r� �i�n� �d�u�r�a�t�i�c�n�.� �A�r�i�a�t� �h�e�r� 

�i�n�t�e�r�e�s�t�i�n�g� �a�r�e�a� �f�o�r� �f�u�r�t�h�e�r� �r�e�s�e�a�r�c�h� �w�o�u�l�d� �b�e� �t�o� �d�m�a� �a� 

�S�i�m�i�l�a�r� �t�e�s�t� �a�n� �v�a�r�i�e�s� �m�u�s�c�l�e� �g�r�a�u�p�s�.�,� �T�h�e� �b�e�n�c�h� �p�r�e�s�s� 

�u�t�i�l�i�z�e�s� �f�a�i�r�l�y� �s�m�a�l�l�e�r� �m�u�s�c�l�e�s� �t�h�a�n� �a�m� �e�x�e�r�c�i�s�e� �s�u�c�h� �a� 

�s�q�u�a�t�s�,� �w�h�i�c�h� �u�t�i�l�i�z�e�s� �s�e�v�e�r�a�l� �l�a�r�g�e� �m�u�s�c�l�e� �g�q�r�a�u�p�s�.� �S�i�n�c�e� 

�s�m�a�l�l�e�r� �m�u�s�c�l�e�s� �t�e�n�d� �t�o� �f�a�t�i�g�u�e� �q�u�i�c�k�e�r� �b�e�c�a�u�s�e� �t�h�e�y� 

�c�a�n�t�a�i�n� �l�e�s�s� �m�u�s�c�l�e� �g�l�y�c�a�g�e�n� �t�h�a�n� �l�a�r�g�e�r� �m�u�s�c�l�e�s�,� �i�t� �w�o�u�l�d� 

�b�e� �a�n�t�e�r�e�s�t�i�n�g� �t�o�m� �s�@�e� �h�a�w� �t�h�e� �l�a�r�g�e�r� �m�u�s�c�l�e�s� �f�a�t�i�g�u�e� �i�n� 

�r�e�l�a�t�i�o�n� �t�a� �s�u�p�p�l�e�m�e�n�t� �i�n�g�e�s�t�i�c�a�n�.� 

�I�n� �a�d�d�i�t�i�c�n� �t�e� �a�l�t�e�r�a�t�i�o�n�s� �i�n� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �t�e�s�t�,� 

�m�a�k�i�n�g� �c�h�a�n�g�e�s� �i�n� �t�h�e� �d�i�e�t� �m�i�g�h�t� �r�e�s�u�l�t� �i�n� �s�a�m�e� �d�i�f�f�e�r�e�n�t� 

�e�f�f�e�c�t�s�.� �T�h�i�s� �s�t�u�d�y� �w�a�s�n� �r�e�l�a�t�i�v�e�l�y� �s�h�a�r�t� �a�i�n� �t�i�m�e� �c�i�l� 

�d�a�y�s�)�,� �w�i�t�h� �a� �l�o�w� �e�n�e�r�g�y� �d�i�e�t� �o�f� �o�n�l�y� �f�o�u�r� �d�a�y�s�.� �T�h�e� �E�X�P�E�R� 

�P�h�a�s�e� �s�h�e�w�e�c�d� �m�o� �s�i�q�n�i�f�i�c�a�n�t� �c�h�a�n�g�e� �i�n� �b�o�d�y� �w�e�i�g�h�t�,� �s�a�,� �a�i�t� 

�w�a�t�t�l�e�)� �b�e� �a�n�t�e�r�e�s�t�i�n�g� �t�e� �s�e�e� �i�f� �a� �l�e�n�g�e�r� �l�o�w� �e�n�e�r�g�y� �p�h�a�s�e� 

�w�o�l�l�l�d� �e�f�f�e�c�t� �p�e�r�f�o�r�m�a�n�c�e�.� �A� �l�o�n�g�e�r� �d�i�e�t� �t�i�m�e� �w�o�u�l�d� �t�h�e�n� �b�e� 

�m�a�r�e� �v�@�a�l�i�s�t�i�c� �t�o� �w�h�a�t� �a�i� �b�e�d�y�b�u�i�l�d�e�r� �d�o�e�s� �a�i�n� �a�c�t�u�a�l



�p�r�e�p�a�r�a�t�i�o�n� �f�o�r� �c�a�m�p�e�t�i�t�i�c�a�n�.� 

�A�n�e�r�t� �h�e�r� �i�s�s�u�e� �t�h�a�t� �a�r�o�s�e� �w�i�t�h� �t�h�i�s� �s�t�u�d�y� �w�a�s� 

�c�a�n�c�e�r�n�i�n�g� �s�u�b�j�e�c�t� �s�e�l�e�c�t�i�c�a�n�.� �A�L�t�h�o�u�g�h� �a�l�l� �2�2� �s�u�b�j�e�c�t�s� �m�e�t� 

�t�h�e� �c�r�i�t�e�r�i�a� �f�o�r� �b�e�i�n�g� �i�n� �t�h�e� �s�t�u�d�y�,� �s�a�m�e� �a�f� �t�h�e� �a�t�h�l�e�t�e�s� 

�p�e�r�f�o�r�m�e�d� �m�a�r�e� �o�f� �a� �p�o�w�e�r�l�i�f�t�i�n�g� �r�o�u�t�i�n�e�,� �h�i�g�h�e�r� �w�e�i�g�h�t� �a�n�d� 

�l�a�w�e�r� �r�e�p�e�t�i�t�i�a�n�s�.� �W�h�e�r� �i�t� �c�a�m�e� �t�i�m�e� �f�a�r� �t�h�e�m� �t�o�a� �p�e�r�f�a�r�m� 

�t�h�e� �7� �s�e�t� �f�l�a�t� �b�e�n�c�h� �t�e�s�t�,� �t�h�e�s�e� �a�t�h�l�e�t�e�s� �w�e�r�e� �u�n�a�b�l�e� �t�a� 

�c�a�m�p�l�e�t�e� �t�h�e� �e�n�t�i�r�e� �6�9� �r�e�p�e�t�i�t�i�o�n�s� �d�u�r�i�n�g� �t�h�e� �G� �s�e�t�s�.� 
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� 

�A�f�t�e�r� �S�e�v�e�r�a�l� �t�r�i�a�l�s� �¢� �t�h�e� �f�l�a�t� �b�e�n�c�h� �t�e�s�t� �t�h�e�y� �d�i�d� 

�i�m�p�r�a�v�e� �p�e�r�f�o�r�m�a�n�c�e�,� �y�e�t� �t�h�e�y� �s�t�i�l�l� �d�i�d� �n�a�t� �c�a�m�p�l�e�t�e� �t�h�e� 

�f�u�l�l� �t�e�s�t�.� �T�f� �t�h�e� �a�t�h�l�e�t�e�s� �r�o�u�t�i�n�e�l�y� �p�e�r� �f�o�r�m�e�d� 

�w�e�i�g�h�t�l�i�f�t�i�n�g� �r�o�u�t�i�n�e�s� �t�h�a�t� �w�e�r�e� �h�i�g�h�e�r� �i�n� �r�e�p�e�t�i�t�i�o�n�s� �a�n�d� 

�l�a�w�e�r� �i�n�o� �w�e�i�g�h�t�,� �t�h�e�y� �c�o�u�l�d� �p�e�r�f�o�r�m� �t�h�e� �d�e�s�i�g�n�a�t�e�d� �f�l�a�t� 

�b�e�n�c�h� �t�e�s�t�.� �T�h�e�r�e�f�o�r�e�,� �a�i�t� �w�o�u�l�d� �b�e� �b�e�n�e�f�i�c�i�a�l� �t�e�a� �e�a�t�h�e�r� 

�c�h�a�s�e� �s�u�b�j�e�c�t�s� �w�h�o�a� �h�a�d� �p�r�e�v�i�o�u�s�l�y� �p�e�r�f�o�r�m�e�d� �w�e�i�g�h�t�l�i�f�t�i�n�g� 

�r�e�u�t�i�n�e�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �t�e�s�t�,� �a�r� �t�e� �t�r�a�i�n� �t�h�e� 

�s�u�b�j�e�c�t�s� �t�a� �l�i�f�t� �a� �l�o�w�e�r� �w�e�i�g�h�t�,� �h�i�g�h�e�r� �r�e�p�e�t�i�t�i�o�n� �w�e�r�k�e�u�t� 

�f�o�r� �i�-�2� �w�e�e�k�s� �p�r�i�c�e� �t�o� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �t�e�s�t�.� 

�I�n� �c�e�a�n�c�e�c�l�u�s�i�o�n�,� �t�h�e�r�e� �a�r�e� �s�t�i�l�l� �m�a�n�y� �u�n�a�n�s�w�e�r�e�d� 

�q�u�e�s�t�i�o�n�s� �c�a�n�c�e�r�n�i�n�g� �d�i�e�t�a�r�y� �s�u�p�p�l�e�m�e�n�t�s� �i�n� �b�o�d�y�b�u�i�l�d�i�n�g�.� 

�T�h�e�r�e� �i�s� �a�c� �m�u�c�h� �u�n�f�o�u�n�d�e�d� �i�n�f�o�r�m�a�t�i�o�n� �a�n�d� �r�u�m�o�r�s� �a�b�o�u�t� �h�o�w� 

�c�a�r�b�o�h�y�d�r�a�t�e�s� �a�f�f�e�c�t� �p�h�y�s�i�c�a�l� �p�e�r�f�o�r�m�a�n�c�e� �t�h�a�t� �t�h�e� �m�o�r�e� 

�r�e�s�e�a�r�c�h� �a�n�d� �a�n�f�e�r�m�a�t�i�o�n� �t�h�a�t� �c�a�n� �b�e� �g�a�t�h�e�r�e�d�,� �t�h�e� �m�a�r�e� 

�t�h�e�s�e� �a�t�h�l�e�t�e�s� �c�a�n� �b�e� �c�e�a�r�r�e�c�t�l�y� �i�n�f�o�r�m�e�d�.



�A�p�p�e�n�d�i�x� �&� 

�M�i�z� �T�H�O�D�O�L� �O�G�Y



�S�e�l�e�c�t�i�o�n� �o�f� �S�u�b�j�e�c�t�s� 

�T�h�e� �S�u�b�j�e�c�t�s� �s�e�l�e�c�t�e�d� �f�o�r� �t�h�i�s� �s�t�u�d�y� �w�e�r�e� �v�o�l�u�n�t�e�e�r� 

�m�a�l�e�s� �a�g�e�s� �1�9� �t�o� �3�S�,� �g�a�t�h�e�r�e�d� �f�r�a�m� �a�r�e�a� �g�y�m�e� �i�n� �B�l�a�c�k�s�b�u�r�g�,� 

�V�i�r�g�i�n�i�a�.� �T�h�e�y� �h�a�d� �a�l�l� �b�e�e�n� �l�i�f�t�i�n�g� �f�o�r� �a� �m�i�n�i�m�u�m� �m�a�f� �o�n�e� 

�y�e�a�r�,� �i�o�l� �t�i�m�e�s�/�w�e�e�k�,� �f�o�r� �6�0� �m�i�n�u�t�e�s� �a� �S�e�g�s�i�o�n�,� �T�o�r� �t�h�e� 

�p�u�r�p�o�s�e� �o�f� �m�u�s�c�l�e� �d�e�v�e�l�o�p�m�e�n�t�.� �T�h�e�i�r� �a�v�e�r�a�g�e� �p�e�r�c�e�n�t�a�g�e� �o�a�f� 

�b�o�d�y� �f�a�t� �w�a�s� �L�e�.�G�4� �¢�+�1�.�0�5�9�)�,� �a� �m�e�a�n� �b�o�d�y� �w�e�i�g�h�t� �a�f� �8�4�.�3� 

�f�+�,�2�)� �k�a�.� �A�l�l� �s�u�b�j�e�c�t�s� �d�e�n�i�e�d� �p�r�e�v�i�o�u�s� �u�s�e� �o�f� �s�t�e�r�o�i�d�s�  �� 

�d�u�r�i�n�g� �t�h�e�i�r� �h�i�s�t�o�r�y� �o�f� �w�e�r�g�h�t�i�i�f�t�i�n�g�.� 

�T�h�e� �@�u�b�j�e�c�t�s� �w�e�r�e� �s�c�r�e�e�n�e�d� �b�e�f�o�r�e� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �b�e�g�a�n� 

�f�o�r� �a�n�y� �m�e�t�a�b�o�l�i�c�,� �c�a�r�d�i�a�c� �o�r� �m�r�t�h�o�p�e�d�i�c� �d�i�s�a�r�d�e�r�s� �t�h�a�t� 

�w�a�l�t�l�d� �h�i�n�d�e�r� �t�h�e�i�r� �p�e�r�f�o�r�m�a�n�c�e�/�h�e�a�l�t�h� �d�u�r�i�n�g� �t�h�e� �s�t�u�d�y�.� 

�E�v�e�n� �t�h�o�u�g�h� �t�h�e� �s�t�u�d�y� �w�a�s� �a�p�p�r�o�v�e�d� �b�y� �V�i�r�g�i�n�i�a� �T�e�c�h� 

�T�n�e�t�i�t�u�t�i�c�o�n�a�l� �B�o�a�r�d� �f�o�r� �R�e�s�e�a�r�c�h� �o�m� �H�u�m�a�n� �S�u�b�j�e�c�t�s�,� �t�h�e� 

�s�u�b�j�e�c�t�s� �w�e�r�e� �i�n�f�o�r�m�e�d� �o�f� �r�i�s�k�s� �a�n�d� �a�s�k�e�d� �t�a� �s�i�g�n� �a�n� 

�i�n�f�o�r�m�e�d� �c�a�n�s�e�n�t� �a�f�t�e�r� �t�h�e�y� �w�e�r�e� �i�n�f�o�r�m�e�d� �a�f� �t�h�e� �r�i�s�k�s� �o�f� 

�p�a�r�t�i�c�i�p�a�t�i�c�n�.� 

�a� �|� �a�m�p�l�i�n�g� 

�T�h�e� �s�u�b�j�e�c�t�s� �i�n� �t�h�e� �t�w�o� �e�x�p�e�r�i�m�e�n�t�a�l� �a�q�r�a�u�p�s�,� �P�R�O�T� 

�m�n�=�7�)�,� �a�n�d� �C�A�R�E� �(�n�=�7�)�,� �w�e�r�e� �r�a�n�d�o�m�l�y� �a�s�s�i�q�n�e�d� �t�a� �t�h�e�s�e� 

�q�r�a�u�p�s�.� �T�h�e� �r�e�m�a�i�n�i�n�g� �@�i�g�h�t� �S�u�b�j�e�c�t�s� �w�e�r�e� �p�u�t� �i�n�t�e� �t�h�e� 

�c�a�m�t�r�a�l� �g�r�o�u�p� �(�C�O�N�T�)�.� �T�w�o� �a�f� �t�h�e� �s�u�b� �j�e�c�t�e� �C�l� �i�n� �P�R�O�T� �a�n�d� 

�l�o�a�n� �C�A�R�E�)� �w�e�r�e� �d�r�o�p�p�e�d� �f�r�o�m� �t�h�e� �s�t�u�c�l�y� �d�u�e� �t�a� �t�a�c�k� �o�f� �s�e�l�?� 

 ��p�e�p�o�r�t�e�d� �c�a�m�p�l�i�a�n�c�e� �t�a� �t�h�e� �l�o�w� �e�n�e�r�g�y� �d�i�e�t�.� 

�G�e�n�e�r�a�l� �M�e�t�h�o�d�o�l�o�g�y� 

�T�h�e� �s�t�u�d�y� �b�e�q�a�n� �w�i�t�h� �a� �g�e�n�e�r�a�l� �m�e�e�t�i�n�g� �t�a� �@�x�p�l�a�i�n� �t�h�e



�8� 

�s�t�u�d�y� �a�n�d� �t�a� �d�e�t�e�r�m�i�n�e� �t�h�e� �s�u�b�j�e�c�t�'�s� �t�a�o�m�p�a�t�i�b�i�l�i�t�y� �f�o�r� �t�h�e� 

�s�t�u�d�y�.� �T�h�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �t�o�l�d� �t�h�a�t� �t�h�e� �s�t�u�d�y� �l�a�s�t�e�d� �f�a�r� 

�@�l�e�v�e�n� �d�a�y�s� �a�n�d� �t�h�a�t� �t�h�e�y� �w�o�u�l�d� �n�e�e�d� �t�o� �b�e� �a�c�h�e�d�u�l�e�d� �f�a�r� 

�@�i�g�h�t� �v�i�s�i�t�s�.� �T�h�e� �f�i�r�s�t� �d�a�y� �b�e�g�a�n� �w�i�t�h� �d�e�t�e�r�m�i�n�i�n�g� �o�n�e� 

�1� �r�e�p�e�t�i�t�i�o�n� �m�a�x�i�m�u�m�s� �f�o�r� �a�l�l� �t�h�e� �e�x�e�r�c�i�s�e�s� �t�h�a�t� �w�e�r�e� �t�a� �b�e� 

�c�a�n�e� �a�n� �t�h�e� �p�r�e�s�c�r�i�b�e�d� �w�o�r�k�o�u�t�.� �D�a�y�s� �t�w�o� �a�n�d� �t�h�r�e�e� �w�e�r�e� 

�p�r�a�c�t�i�c�e� �d�a�y�s� �a�n� �t�h�e� �f�l�a�t� �b�e�n�c�h�,� �w�h�i�l�e� �d�a�y�s� �f�o�u�r� �t�h�r�o�u�g�h� 

�s�i�x� �(�M�A�I�N�T�?� �w�e�r�e� �w�h�e�n� �t�h�e� �s�u�b�j�e�c�t�s� �s�t�a�r�t�e�d� �t�h�e� �p�r�e�s�c�r�i�b�e�d� 

�W�o�r�k�-�m�u�t�s� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �d�i�e�t�e�.� �O�n� �c�a�y� �s�e�v�e�n�,� �t�h�e� 

�H�
s� �s�u�b� �j�e�c�t�s� �c�a�m�e� �i�n� �f�o�r� �a� �f�l�a�t� �b�e�n�c�h� �p�r�e�-�t�e�s�t� �a�n�d� �b�e�g�a�n� �t�h�e�i�r� 

�f�i�r�e�t� �d�a�y� �o�f� �l�e�w� �c�a�l�o�r�i�e� �d�i�e�t�i�n�g�.� �O�n� �d�a�y�s� �@�i�g�h�t� �t�h�r�e�a�u�g�h� 

�t�e�n� �C�E�X�P�E�R�)�,� �t�h�e� �s�u�b�j�e�c�t�s� �s�h�o�w�e�d� �u�p� �f�o�r� �d�a�i�l�y� �f�a�c�e�d� �p�i�c�k� �w�p�.� 

�T�h�e�n� �o�m� �t�h�e� �l�a�s�t� �d�a�y� �a�f� �t�h�e� �s�t�u�d�y�,� �t�h�e� �s�u�b�j�e�c�t�s� �p�e�r�f�o�r�m�e�d� 

�t�h�e�i�r� �p�o�s�t�-�t�e�s�t� �f�l�a�t� �b�e�n�c�h� �p�r�e�s�s� �t�e�s�t�.� �A� �m�a�r�e� �d�e�t�a�i�l�e�d� 

�e�x�p�l�a�n�a�t�i�a�n� �w�i�l�l� �f�o�l�l�e�w� �a�n� �w�h�a�t� �a�c�t�i�v�i�t�y� �e�a�c�h� �d�a�y� 

�c�a�n�t�a�i�n�e�d�.� 

�T�h�e� �C�O�N�T� �g�r�o�u�p� �d�e�e�s� �m�a�t� �f�o�l�l�e�w� �t�h�i�s� �g�c�h�e�d�u�l�e�.� �D�u�r�i�n�g� 

�t�h�e� �M�A�I�N�T� �a�n�d� �E�X�P�E�R� �p�h�a�s�e�s�,� �t�h�e� �C�O�N�T� �g�r�o�u�p� �r�e�c�o�r�d�s� �t�h�e�i�r� 

�o�w�e� �d�i�e�t� �a�n�d� �w�o�r�k�o�u�t�,� �a�n�d� �j�u�s�t� �p�e�r�f�o�r�m�s� �t�h�e� �f�l�a�t� �b�e�n�c�h� 

�t�e�a�t�s� �a�n� �t�h�e� �d�e�s�i�q�n�a�t�e�d� �d�a�y�s�.



�S�e�l�e�c�t�i�o�n� �o�f� �C�r�i�t�e�r�i�a�n� �S�e�o�r�e�s� 

�T�h�e� �d�e�p�e�n�d�e�n�t� �m�e�a�s�u�r�e� �i�n�v�e�s�t�i�q�a�t�e�d� �i�m� �t�h�i�s� �s�t�u�d�y� �w�a�s� 

�t�h�e� �t�e�t�a�l� �m�u�m�b�e�r� �o�f� �r�e�p�e�t�i�t�i�o�n�s� �p�e�r�f�o�r�m�e�d� �a�t� �t�h�e� �l�a�s�t� �s�e�t� 

�a�f� �t�h�e� �t�e�s�t�,� �a�n�d� �t�a�t�a�l� �v�o�l�u�m�e� �C�k�h�i�l�o�g�r�a�m�s� �l�i�f�t�e�d�*�t�o�t�a�l� 

�r�e�p�e�t�i�t�i�o�n�s� �i�n� �s�e�t� �s�e�v�e�n�?� �p�e�r�f�o�r�m�e�d� �a�n� �t�h�e� �f�l�a�t� �b�e�n�c�h� 
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 �m�u�l�t�i�p�l�e� �b�o�u�t� �b�e�n�c�h� �p�r�e�s�s� �t�e�s� 

�E�v�o�e�r�i�m�e�n�t�a�l� �P�r�o�c�e�d�u�r�e�s� 

�P�R�E�-�M�A�I�N�T�E�N�A�N�C�E� �P�H�A�S�E� 

�D�a�y� �i�-� �G�n�e� �R�e�p�e�t�i�t�i�o�n� �M�a�x�i�m�u�m�s� 

�n�e� �t�h�e� �f�i�r�s�t� �d�a�y� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�,� �t�h�e� �s�u�b�j�e�c�t�s� 

�a�r�r�i�v�e�d� �a�t� �t�h�e� �f�r�e�e� �w�e�i�g�h�t� �r�o�a�m� �o�f� �t�h�e� �U�n�i�v�e�r�s�i�t�y� �G�y�m� �a�n�d� 

�W�i�r�e� �p�a�l�r�e�d� �w�i�t�h� �a�n� �e�x�a�m�i�n�e�r� �t�o�a� �d�e�t�e�r�m�i�n�e� �t�h�e�i�r� �o�n�e� 

�r�e�p�e�t�i�t�i�o�n� �m�a�x�i�m�u�m�s� �¢�1�]� �R�M�?� �o�n� �a�l�l� �t�h�e� �l�i�f�t�s� �t�o� �h�e� �p�e�r�f�o�r�m�e�d� 

�d�u�r�i�n�g� �t�h�e� �p�r�e�s�c�r�i�b�e�d� �w�a�r�k�a�u�t�.� �T�h�e�s�e� �e�x�e�r�c�i�s�e�s� �i�n�c�l�u�d�e�d� �1� 

�R�M� �J�i�f�t�s� �o�n�s� �s�u�p�i�n�e� �b�e�n�c�h� �p�r�e�s�s� 
�i�n�c�l�i�n�e� �b�e�n�c�h� �p�r�e�s�s� 
�t�r�i�c�e�p� �c�a�b�l�e� �p�u�s�h�d�e�w�n�s� 
�t�r�i�c�e�p� �d�u�m�b�b�e�l�l� �k�i�c�k�b�a�c�k�s� �C�r�i�g�n�h�n�t� �a�n�d� �l�e�f�t�)� 
�S�u�p�i�n�e� �t�r�i�c�e�p� �e�x�t�e�n�s�i�a�n� 
�l�a�t� �p�u�l�l�d�a�w�n�s� 
�b�e�n�t� �o�v�e�r� �t�-�b�a�r� �r�o�w�s� 
�l�e�g� �c�u�r�l� 
�l�e�q� �p�r�e�s�s� 
�l�e�g� �e�x�t�e�n�s�i�o�n� 
�m�i�l�i�t�a�r�y� �s�h�e�u�l�d�e�r� �p�r�e�s�s� 
�d�u�m�b�b�e�l�l� �s�i�d�e� �l�a�t�e�r�a�l� �d�e�l�t�o�i�d� �r�a�i�s�e� 
�d�u�m�b�b�e�l�l� �f�r�a�n�t� �l�a�t�e�r�a�l� �d�e�l�t�o�i�d� �r�a�i�s�e� 
�d�u�m�b�b�e�l�l� �r�e�a�r� �l�a�t�e�r�a�l� �d�e�l�t�o�i�d� �r�a�i�s�e� 
�p�r�e�a�c�h�e�r� �c�u�r�l� 
�c�o�m�c�e�n�t�r�a�t�e�d� �d�u�m�b�b�e�l�l� �c�u�r�l� �¢�r�i�g�h�t� �a�n�d� �l�e�f�t�:� 

�F�i�v�e� �r�e�p�e�t�i�t�i�o�n� �m�a�x�i�m�u�m�s� �w�e�r�e� �p�e�r�f�a�r�m�e�d� �o�n� �e�x�e�r�c�i�s�e�s� �t�h�a�t� 

�W�e�r�e� �c�a�m�e�i�d�e�r�e�d� �u�n�s�a�f�e� �t�a� �d�a� �T�T� �R�M �� �a�s� �m�n�,� �T�h�e�s�e� �i�n�c�l�u�d�e�d� 

�n�a�r� �s�h�r�u�q�s�,� �a�n�d� �s�t�a�n�d�i�n�g� �c�a�l�f� �r�a�i�s�e�s�.� �e�q�u�a�t�e�,� �e�t�r�a�L�r�a�g�h�t� 

�l�o�r� �&� �R�M� �w�e�r�e� �t�h�e�n� �c�a�l�c�u�l�a�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �P�e�r�c�e�n�t�a�g�e�s� �a�f



�L�o�o� 

�t�h�e� �@�x�E�Y�C�c�L�S�e� �p�r�e�s�c�r�i�p�t�i�o�n�,� �S�e�e� �A�p�p�e�n�d�i�x� �B�,� �p�a�q�e� �L�i�.� 

�D�a�y� �2�-� �P�r�a�c�t�i�c�e� �O�n�e� 

�C�i�n� �d�a�y� �=�,� �t�h�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �f�a�r� �h�e�i�g�h�t�,� 

�w�e�i�g�h�t�,� �p�e�r�c�e�n�t�a�g�e� �o�f� �b�a�d�y� �f�a�t�,� �a�n�d� �p�e�r�f�o�r�m�e�d� �t�h�e� 

�m�u�l�t�i�p�l�e� �b�o�u�t� �f�l�a�t� �b�e�n�c�h� �t�e�s�t�,� �T�h�e� �t�e�s�t� �w�a�s� �p�e�r�f�o�r�m�e�d� �a�n� 

�f�r�e�e� �w�e�r�g�h�t� �b�e�n�c�h� �a�t� �B�O�X� �o�f� �t�h�e�i�r� �1� �R�M� �a�n�d� �c�a�n�p�i�s�t�e�d� �o�f�:� 

�S�E�T� �i�l�-� �1�8� �R�e�p�e�t�i�t�i�c�a�n�e� 
�f�a�c� �M�i�n�h�a�s� �r�e�s�t�)� 
�S�E�T� �2�-� �1�5� �H�e�p�e�t�i�t�i�a�n�s� 
�f�e�e�d� �M�i�n�u�t�e�s� �r�e�s�t�)� 
�S�E�T� �G�-� �L�e� �R�e�p�e�t�i�t�i�o�n�s� 
�C�2�.�0� �m�i�n�u�t�e�s� �r�e�s�t�s� 
�S�E�T� �4�¢�-� �1�0� �R�e�p�e�t�i�t�i�o�n�s� 
�(�2�.�0� �M�i�n�u�t�e�s� �r�e�s�t�s� 
�S�E�T� �S�-� �8� �R�e�p�e�t�i� �t�i�o�n�s� 
�(�2�.�5� �m�i�n�u�t�e�s� �r�e�s�t�)� 
�S�E�T� �&�-� �&� �R�e�p�e�t�i� �t�i�o�n�s� 
�2�.�5� �M�i�n�u�t�e�s� �r�e�s�t�)� 
�S�E�T� �7�-� �a�s� �t�a�n�y�  ��p�e�p�e�t�i�t�i�a�n�s� �a�s� �t�h�e� �s�u�b�j�e�c�t�s� �c�a�m� �p�e�r�t�f�a�r�m� �t�e�a� 

�f�u�l�l� �e�x�t�e�n�s�i�o�n� 
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�F�u�l�l� �r�e�p�e�t�i�t�i�o�n�s� �w�e�r�e� �v�e�r�i�f�i�e�d� �b�y� �a�n� �i�n�f�r�a�r�e�d� �b�e�a�m� �s�e�t� �a�t� 

�t�h�e� �s�u�b� �j�e�c�t ��s� �f�u�l�l� �a�r�m� �e�x�t�e�n�s�i�o�n� �l�e�n�g�t�h�.� �T�h�e� �p�r�a�c�t�i�c�e� 

�S�e�S�S�i�L�a�n� �w�a�s� �p�e�r�f�o�r�m�e�d� �t�a� �o�f�f�s�e�t� �a�n�y� �e�f�f�e�c�t� �t�h�a�t� �m�i�g�h�t� 

�m�c�c�u�r� �f�r�a�m� �t�h�e� �s�u�b�j�e�c�t�s� �l�e�a�r�n�i�n�g� �t�h�e� �t�e�s�t� �p�r�o�t�m�c�a�l�.� 

�D�a�y� �3�-� �B�a�s�e�l�i�n�e� 

�A�t� �t�h�e� �a�n�s�e�t� �o�f� �t�h�i�g� �v�i�s�i�t�,� �t�h�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �t�a�u�g�h�t� 

�p�e�a�r�t�i�a�n�s� �a�n�d� �e�x�c�h�a�n�g�e�s� �a�n�d� �h�a�w� �t�e� �r�e�c�a�r�d� �t�h�e�s�e� �d�u�r�i�n�g� �t�h�e� 

�f�o�l�l�e�w�i�n�g� �t�h�r�e�e� �d�a�y�s� �i�n� �t�h�e� �m�a�i�n�t�e�n�a�n�c�e� �d�i�e�t� �p�h�a�s�e� �o�f� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�,� �b�a�s�e�d� �a�n� �t�h�e� �A�m�e�r�i�c�a�n� �D�i�a�b�e�t�e�s� �A�s�s�o�c�i�a�t�i�o�n� 

�D�i�a�b�e�t�i�c� �E�x�c�h�a�n�g�e� �D�i�e�t�.� �T�h�e�y� �w�e�r�e� �a�l�l�e�n� �g�i�v�e�n� �r�e�c�o�r�d� �s�h�e�e�t�s� 

�t�o� �r�e�c�a�r�d� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �a�n� �a�s� �w�e�l�l� �a�s� �m�e�m�e�c�n�g�q�r�a�p�h�e�d� 

�S�h�e�e�t�s� �e�x�p�l�a�i�n�i�n�g� �w�h�a�t� �@�a�c�h� �e�x�c�h�a�n�g�e� �g�r�o�u�p� �w�a�s� �t�i�.�e�@�.� �b�r�e�a�d�,



�m�i�l�k�,� �v�e�g�e�t�a�b�l�e�,� �m�e�a�t�,� �f�r�u�i�t�,� �a�n�d� �f�a�t�i�d� �a�n�d� �t�h�e� �a�m�c�u�n�t� 

�a�f�t� �f�o�o�d� �t�h�a�t� �c�a�m�p�r�i�s�e�s� �o�n�e� �e�x�c�h�a�n�g�e�,� �s�e�e� �A�p�p�e�n�d�i�x� �b�,� �b�p�.� 

�L�i�s�.� �T�h�e�n�,� �t�h�e� �s�u�b� �j�e�c�t�s� �p�e�r�f�o�r�m�e�d� �t�h�e�i�r� �s�e�c�a�n�d� �f�l�a�t� �b�e�n�c�h� 

�t�e�s�t� �a�s�,� �k�n�o�w�n� �a�s� �t�h�e� �b�a�s�e�l�i�n�e� �t�e�s�t�,� �a�s� �d�e�s�c�r�i�b�e�d� �e�a�r�l�i�e�r� 

�i�m� �t�h�e� �b�e�x�t�.� 

�M�A�I�N�T� �P�H�A�S�E� 
�D�a�y�s� �1�-�3� �-� �M�a�i�n�t�e�n�a�n�c�e� �D�i�e�t� 

�B�D�u�r�a�n�g� �t�h�e�s�e� �t�h�r�e�e� �d�a�y�s� �t�h�e� �e�u�b�j�e�c�t�s� �d�i�d� �n�e�t� �s�e�e� �t�h�e� 

�i�v�a�m�i�n�m�e�r�s� �l�s�u�t� �t�h�e� �C�A�R�E� �a�n�d� �P�R�O�T� �g�r�o�u�p�s� �f�o�l�l�e�w�e�d� �&� �d�i�a�b�e�t�i�c� 

�e�x�c�h�a�n�g�e� �c�i�e�t� �b�a�s�e�d� �o�n� �S�S� �k�c�a�l�/�k�q� �o�f� �b�o�d�y� �w�e�i�g�h�t� �(�C�S�h�x� 

�c�a�r�b�o�h�y�d�r�a�t�e�,� �G�O�A� �f�a�t�,� �L�S�A� �p�r�o�t�e�i�n�d�,� �a�s� �w�e�l�l� �a�s� �a�d�h�e�r�i�n�g� �t�e� 

�t�h�e� �t�h�r�e�e� �d�a�y�s� �o�f� �t�h�e�i�r� �p�r�e�s�c�r�i�b�e�d� �w�o�r�k�o�u�t�.� �A� �s�a�m�p�l�e� 

�@�x�c�h�a�n�g�e� �d�i�e�t� �b�a�s�e�d� �a�n� �7�O� �k�q� �a�f� �b�o�d�y� �w�e�i�g�h�t� �w�a�s� 

�B�R�E�A�D� �1�0� 
�M�E�A�T� �-� �<�4� 
�V�E�G�E�T�A�B�L�E�S�-� �&� 
�F�R�U�I�T�-� �7� 
�M�I�L�K�E�-� �3� 
�P�A�T� �-�7� 

�D�u�r�i�n�g� �t�h�e�s�e� �d�a�y�s� �m�a� �a�l�c�o�h�o�l� �o�r� �t�o�b�a�c�c�o� �c�o�n�s�u�m�p�t�i�o�n� �w�a�s� 

�a�l�l�o�w�e�d�.� �T�h�e�y� �s�u�b�j�e�c�t�s� �w�e�r�e� �a�l�e�a� �a�s�k�e�d� �t�o�a� �r�e�c�a�r�d� �t�h�e�i�r� 

�d�a�i�l�y� �e�x�c�h�a�n�g�e� �i�n�t�a�k�e� �a�n� �t�h�e� �f�o�r�m�s� �p�r�o�v�i�d�e�d�.� 

�T�h�e� �w�o�r�k�o�u�t� �p�r�e�s�c�r�i�b�e�d� �t�a� �t�h�e� �s�u�b�j�e�c�t�s� �f�o�l�l�o�w�s� �a� �t�h�r�e�e� 

�d�a�y� �r�o�t�a�t�i�o�n� �o�f�:� 

�D�a�y� �i�-� �l�e�g�s�,� �c�a�l�v�e�s�,� �b�i�c�e�p�s�,� �a�b�d�e�m�i�n�a�l�s�,� �c�y�c�l�i�n�g� 
�D�a�y� �¢�-� �b�a�c�k�,� �c�h�e�s�t�,� �a�b�d�a�m�i�n�a�l�s�,� �a�n�d� �c�y�c�l�i�n�g� 
�D�a�y� �G�-� �h�a�u�l�d�e�r�s�,� �t�r�i�c�e�p�s�,� �a�h�b�d�e�m�i�n�a�l�s�,� �a�n�d� �c�y�c�l�i�n�g� 
�D�a�y� �¢�-� �r�e�s�t�,� �j�u�s�t� �p�e�r�f�o�r�m� �b�e�n�c�h� �p�r�e�s�s�e� �t�e�s�t� 

�E�x�e�r�c�i�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�t� �G�S�-�7�O�%� �|� �R�M�,� �f�o�r� �t�h�r�e�e� �t�a� �f�o�u�r� 

�s�e�t�s� �a�t� �8�-�1�5� �r�e�p�e�t�i�t�i�o�n�s�.� �B�i�k�i�n�g� �w�a�s� �p�e�r�f�o�r�m�e�d� �f�o�r� �0� 

�m�i�n�u�t�e�s� �o�n� �a� �s�t�a�t�i�o�n�a�r�y� �b�i�c�y�c�l�e� �a�t� �a� �t�a�r�g�e�t� �h�e�a�r�t� �r�a�t�e



�L�o�g� 

�b�a�s�e�d� �a�o�n� �a�g�e� �p�r�e�d�i�c�t�e�d� �m�a�x�i�m�u�m�.� �T�h�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �a�s�k�e�d� �t�e� 

�v�e�r�i�f�y� �t�h�e�i�r� �w�o�r�k�o�e�u�t�e� �b�y� �r�e�c�o�r�d�i�n�g� �e�a�c�h� �r�e�p�e�t�i�t�i�a�n� 

�-�  �� �e�a�r� �h�a�m� �g�e�r� �f�o�r�m�c�a�m�g�d� �o�m� �@�a�c�h� �@�x�e�r�c�i�s�e�,� �6�2�6�2� �A�p�p�e�n�d�i�x� �B�H�,� �p�.�i�k�o�-�i�e�e�.� �i�l�
i� 

�T�h�e� �c�a�m�t�r�o�l� �g�r�o�u�p� �(�C�O�N�T�?�)� �w�e�r�e� �a�s�k�e�d� �t�a� �r�e�c�o�r�d� �t�h�e�i�r� 

�@�x�e�r�c�i�e�e� �a�n�d� �d�i�e�t�a�r�y� �i�n�t�a�k�e� �d�u�r�i�n�g� �t�h�e�s�e� �t�h�r�e�e� �d�a�y�s� �a�n�g� �t�i�m� 

�r�e�p�o�r�t� �o�a�n� �d�a�y� �*� �f�o�r� �p�r�e�-�t�e�s�t�i�n�g�,� �a�f�t�e�r� �a� �l�e� �h�o�u�r� �f�a�s�t� �a�n�d� 

�m�a�t�o� �o�w�e�r�k�i�n�g� �m�u�t� �f�o�r� �I�f� �h�o�u�r�s� �b�e�f�o�r�e� �t�h�e�i�r� �a�p�p�a�i�n�t�m�e�n�t� �t�i�m�e�.� 

�E�X�P�E�R� �P�H�A�S�E� 
�D�a�y� �1�-� �P�r�e�-�T�e�s�t�s� 

�A�l�l� �s�u�b�j�e�c�t�s� �b�e�g�a�n� �t�h�e� �t�e�s�t� �w�i�t�h� �f�a�s�t�i�n�g� �f�o�r� �1�2� �h�o�u�r�s� 

�a�n�d� �m�a�t�o� �p�e�r�f�o�r�m�i�n�g� �a�n�y� �a�c�t�i�v�i�t�y� �f�o�r� �1�@� �h�e�u�r�e�s� �o�e�f�o�r�e� �t�h�e� 

�f�l�a�t� �b�e�n�c�h� �t�e�s�t�.� �A�g�a�i�n�,� �m�o� �t�e�b�a�c�c�o� �o�r� �a�l�c�o�h�o�l� �c�o�m�s�u�m�p�t�i�a�n� 

�w�a�s� �A�l�l�o�w�e�d� �d�u�r�i�n�g� �t�h�i�s� �g�e�r�i�o�d�.� �W�h�e�n� �t�h�e� �s�u�b�j�e�c�t�s� �a�r�r�i�v�e�d� 

�t�o� �t�h�e� �e�x�a�m�i�n�e�r�s� �t�h�e�y� �r�e�t�u�r�n�e�d� �t�h�e�i�r� �c�o�m�p�l�e�t�e�d� �f�a�r�m� �f�r�a�m� 

�t�h�e� �t�h�r�e�e� �d�a�y� �m�a�i�n�t�e�n�a�n�c�e� �d�a�y�s� �C�C�O�N�T� �g�r�o�u�p� �i�n�c�l�u�d�e�d�)�.� �T�h�e�y� 

�w�e�r�e� �t�h�e�n� �w�e�i�g�h�e�d� �t�a� �d�e�t�e�r�m�i�n�e� �i�f� �t�h�e�y� �w�e�r�e� �w�e�i�g�h�t� �s�t�a�b�l�e� 

�a�n�d� �g�a�v�e�n� �t�h�e�i�r� �s�u�p�p�l�e�m�e�n�t�a�l� �d�r�i�n�k� �(�P�R�O�T� �a�n�d� �C�A�R�E� �g�r�o�u�p�s� 

�e�n�l�y�?� �L�S� �m�i�n�u�t�e�s� �p�r�i�c�r� �t�o�a� �p�e�r�f�o�r�m�i�n�g� �t�h�e� �m�u�l�t�i�p�l�e� �b�o�u�t� �f�l�a�t� 

�b�e�m�c�h� �p�r�e�s�s� �t�e�a�t�.� �i�h
�e�

 

�H�
E� 

�T�h�e� �P�R�O�T� �g�r�e�u�p� �r�e�c�e�i�v�e�d� �a� �h�i�g�h� �p�r�a�t�e�i�n� �s�h�a�k�e� �w�i�t�h� 

�W�a�t�e�r� �b�l�e�n�d�e�d� �w�i�t�h� �i�l�c�e� �c�u�b�e�s� �i�m� �a� �b�l�e�n�d�e�r�.� �T�h�e� �a�m�o�u�n�t� 

�g�i�v�e�n� �w�a�s� �b�a�s�e�d� �o�o�n� �k�g� �o�f� �b�o�d�y� �w�e�i�g�h�t� �a�n�d� �t�h�e� �b�r�e�a�k�d�o�w�n� �w�a�g�s� 

�v�w� �R�e�a�l�/�v�k�g� 
�1�.�2� �Q�Q� �p�r�a�t�e�i�n�/�k�a� 

�O� �g� �c�a�r�b�o�h�y�d�r�a�t�e� 
�O� �g� �f�a�t� 

�T�h�e� �C�A�R�E� �g�r�o�u�p� �r�e�c�e�i�v�e�d� �a� �s�i�m�i�l�a�r� �d�r�i�n�k� �w�i�t�h� �w�a�t�e�r�,� 

�a�l�t�h�o�u�g�h� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �a�m�o�n�g� �t�h�e� �t�w�o� �s�u�p�m�l�e�m�e�n�t�s� �i�n� �t�e�r�m�s



�L�o�s� 

�a�f� �t�a�s�t�e�,� �a�m�e�l�l� �a�n�d� �a�p�p�e�a�r�a�n�c�e�s� �m�a�d�e� �i�t� �i�m�p�o�s�s�i�b�l�e� �t�o� �h�a�v�e� 

�a� �d�e�u�b�l�e� �b�l�a�n�d� �s�t�u�d�y�.� �T�h�e� �a�m�a�u�n�t� �g�i�v�e�n� �w�a�s� �a�l�a�e� �b�a�s�e�d� �o�n� 
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