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ABSTRACT 

This experimental project determined the effect of glycerol hyperhydration in 4 trained 

male triathletes on endurance performance and cardiovascular and thennoregulatory 

responses. For this purpose, the subjects received, using a randomized, double-blind and 

crossover protocol, either a glycerol (1.2 g glycerol/kg/bodyweight (BW) with 18 

ml/kg/BW of aspartame-tlavored juice plus 8 ml/kg/BW of distilled water) or a placebo 

solution (aspartame-flavored juice and water only) over an 80 min period, 40 min before 

exercise, then performed 2 h of cycling at 65% of maximal oxygen consumption (V02 

max), which was immediately followed by an endurance performance test to exhaustion. 

Ali trials were conducted at 25 °C, 38-42% relative humidity (RH). During exercise, 

subjects consumed a 6% sports drink (SD) solution at a rate of 166 ml every 20 min, up 

to min l 00. Compared to the placebo, glycerol hyperhydration increased fluid retention 

by 275 ± 649 ml before exercise. Additionally, glycerol hyperhydration decreased urine 

production by 289 ± 174 ml during exercise. Thus, compared to the placebo (1.6% of 

BW), glycerol hyperhydration (O. 7% of BW) attenuated dehydration during exercise. 

Sweat volume, heart rate (HR) and perceived exertion were apparently not affected 

during exercise by the hydrotional advantage provided by glycerol hyperhydration. 

However, with glycerol hyperhydration, rectal temperature CRn was 0.2 ± 0.17 °C lower 

at the end of exercise. Thus, these preliminary results suggest that glycerol 

hyperhydration could attenuate dehydration better than water hyperhydration during a 

cycling exercise at 65% V02 max in a thennoneutral climate, which could improve core 

temperature, but not HR. With respect to the endurance performance test, the comparison 

of the mean of each group reveals that glycerol hyperhydration did not increase time to 

exhaustion. Individually, however, 2 subjects showed increased times to exhaustion with 

glycerol hyperhydration. Interestingly, when the results of one subject are eliminated -

because of concems over validity -, glycerol hyperhydration would have improved times 

to exhaustion by an average of 87 sec in the 3 rernaining subjects. 
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CHAPTERI 

INTRODUCTION 

It bas been demonstrated that, compared to no or scarce intakes of fluid, maintaining 

euhydration or minimizing dehydration during prolonged moderate-intensity exercise 

improves thermoregulation (Barr, Costill & Fink, 1991; McConnel, Burge, Skinner & 

Hargreaves, 1997; Montain & Coyle, 1992) and better maintains cardiac function (Barr et 

al., 1991; McConnel et al., 1997; Montain & Coyle, 1992) and this, in a warm (> 30 °C) 

and thermoneutral (21 °C) environment. Of practical importance is that it has been 

shown, in a warm climate, that dehydration as low as 1.8% of BW impaired performance 

during a high-intensity (- 85% V02 max) cycling time trial (Below, Mora-Rodriguez, 

Gonzalez-Alonso & Coyle, 1995) and decreased cycling time to exhaustion at 90% V02 

peak (Walsh, Noakes, Hawley & Dennis, 1994). 

To promote adequate hydration during exercise, the American College of Sports 

Medicine (ACSM) recommends that athletes "consume fluids at a rate sufficient to 

replace ail the water lost through sweating, or consume the maximal amount that can be 

tolerated (ACSM, 1996)." Sweat rates in 25-32 °C environments are routinely greater 

than 1 L/h (Daries, Noakes & Dennis, 2000; Montain & Coyle, 1992; Noakes, 1993; 

Walsh et al., 1994). When athletes attempt to compensate for such sweat rates they often 

time report increased symptoms of gastric discomfort (Brouns, Saris & Reher, 1987; 

Daries et al., 2000), which can be deleterious to exercise capacity (Daries et al., 2000; 

Robinson et al., 1995). Therefore, data from field investigations demonstrate that 

endurance athletes drink conservatively during exercise. In fact, Noakes (1993) reported 

that actual rates of intake of fluid of endurance athletes during exercise vary considerably 

but are seldom more than 500 ml/h. Consequently, because sweat rates are higher than 

fluid consumption, athletes develop dehydration during prolonged exercise. 

As a result of their recommendation to replace sweat losses as closely as possible during 

exercise, the ACSM (1996) advocates that athletes begin any exercises in an euhydrated 

condition. But, because endurance athletes do not fully replace their losses of sweat 
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during exercise, it raises a question as to whether pre-exercise hyperhydration, which, 

compared to pre-exercise euhydration, would prevent or delay the development of 

hypohydration, be more appropriate in this situation? 

When athletes dranlc enough fluid during exercise to compensate for their sweat tosses, it 

has been shown that pre-exercise hyperhydration with water offered no cardiovascular or 

thennoregulatory advantage over pre-exercise euhydration (Latzka et al., 1997). 

However, water hyperhydration has been reported to reduce, compared to pre-exercise 

euhydration, RT (Grucz.a, Szczypaczewska & Kozlowski, 1987; Nadel, Fortney & 

Wenger, 1980; Nielsen, Hansen, Jorgensen & Nielsen, 1971) and HR (Nadel et al., 1980; 

Nielsen et al., 1971) during a subsequent bout of exercise in which no fluid was provided. 

Likewise, Moroff et Bass (1965) have demonstrated that, compared to pre-exercise 

euhydration with rehydration (1200 ml) during a 90 min walk in the heat, water 

hyperhydration with rehydration increased sweating rate, and decreased RT and HR. At 

the end of this exercise period, hyperhydrated athletes had a slight increase in their BW 

whereas euhydrated athletes had lost 1.2% of their BW. Therefore, water hyperhydration 

seems advantageous when athletes allow themselves to become dehydrated during 

exercise. 

The efficacy of water hyperhydration in increasing total body water (TBW) and plasma 

volume is limited because the kidneys are extremely efficient at rapidly getting rid of any 

fluid ingested in excess. One way to delay urine excretion and, hence, prolong the state of 

hyperhydration, is to add glycerol to the ingested fluid. Indeed, compared to water 

hyperhydration, hyperhydrating with glycerol has been demonstrated to enhance TBW by 

an additional 250-666 ml (Freund et al., 1995; Hitchins et al., 1999; Lyons, Riedesel, 

Meuli & Chick, 1990; Montner et al., 1996, 1999; Riedesel, Allen, Peake & Al-Qattan, 

1987; Seifert, Luetkemeier, Schrage & Coles, 1995; Wendtland, Nethery, D'Acquisito & 

Thomas, 1997) after 2-2 Yz h when 21-26 ml/kg/BW of fluid with 0.9-1.5 g 

glycerol/kg/BW have been ingested together. Such a strategy, during exercise, has been 

demonstrated, compared to water hyperhydration, to reduce HR (Montner et al., 1996, 

1999) and RT (Lyons et al., 1990; Seifert et al., 1995), increase sweat rate (Lyons et al., 
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1990) and improve exercise capacity (Hitchins et al., 1999; Montner et al., 1996; Seifert 

et al., 1997). Others, however, have found that glycerol hyperhydration has no effect on 

HR (Hitchins et al., 1999; Lamb, Lighfoot & Myhal, 1997; Lyons et al., 1990; Seifert et 

al., 1995; Wendtland et al., 1997), RT (Hitchins et al., 1999; Lamb et al., 1997; Montner 

et al., 1996; Wendtland et al., 1997), sweat rate (Hitchins et al., 1999; Lamb et al., 1997; 

Montner et al., 1996; Seifert et al., 1997; Wendtland et al., 1997) and exercise capacity 

(Lamb et al., 1997). 

To our knowledge, no study bas examined the effect of glycerol hyperhydration during a 

2 h bike ride at 65% V02 max in a thermoneutral environment, which is immediately 

followed by an endurance performance test. Thus, the goals of this study were twofold. 

First, to determine whether commencing an exercise while hyperhydrated with glycerol, 

as opposed to hyperhydrated with water, would increase TBW at the onset of exercise 

and improve thermoregulatory (sweat rate and RT) and cardiovascular (HR) functions 

during the 2 h cycling period. Second, to determine whether glycerol hyperhydration 

would enhance endurance performance. It was hypothesized that glycerol hyperhydration 

would enhance water retenti on and exercise capacity, but not therrnoregulatory and 

cardiovascular functions. 

LITERATURE REVIEW 

Effects of Dehydration on Exercise Capacity 

Barr et al. in 1991 investigated in 8 subjects the effects of water, saline or no fluid 

consumption during prolonged cycling conducted at 55% V02 max for 6 h in a heat 

chamber maintained at 30 °C. In the water and saline trials (25 millimoles [mrnol]/L), 

enough fluid was ingested to maintain urine, respiratory and sweat losses, whereas in the 

no fluid trial no fluid was consumed. In the non-fluid trial, HR, RT, plasma sodium, 

plasma aldosterone and ratings of perceived exertion were ail significantly higher than in 

the saline and water trials. Plasma volume was lower in the non-fluid trial compared to 

the saline and water trials. On average, participants in the non-fluid trial terminated the 

exercise trials 1.5 h sooner than they did during the saline and water trials. 
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Mudambo, Leese et Rennie in 1997 examined whether ingesting water atone, or dextrose 

with electrolytes, or fructose with corn solids at a rate of 400 ml every 20 min would 

reduce the perceived exertion associated with 16 km (or 3 h) of walking and running in 

the heat compared with the one perceived during exercise with no fluid intake. When 

compared to water ingestion during exercise, it was demonstrated in the no fluid 

ingestion trial that body mass, urine volume and plasma volume ail decreased, whereas 

perceived exertion, plasma sodium concentration, and plasma osmolality concentration 

increased. It was also mentioned that one-third of male soldiers could not complete the 3 

h walk/run exercise task in the heat when they did not receive fluids, whereas ail soldiers 

easily completed the physical work when fluids were provided. 

McConnell et al. in 1997 studied 7 trained men who exercised for 2 h at 69% V02 peak 

while receiving in a first trial no fluid, in the second trial enough fluid to maintain sweat 

lasses, whereas in a third trial 50% of the volume received during the second trial was 

ingested. Immediately after the rides of 2 h, subjects rode to exhaustion at about 90% 

V02 peak. After the 2 h rides, weight loss, HR, and core temperature were highest when 

the men received no fluid, lowest when they matched sweat tosses, and interrnediate with 

50% fluid replacement. Times to exhaustion were 171 ± 75, 248 ± 107 and 328 ± 93 sec 

for no fluid, intermediate fluid and complete fluid replacement, respectively. Probably 

because of the low number of subjects, which reduced the statistical power, only the two 

extremes differed significantly. 

Walsh et al. in 1994 studied 6 trained cyclists who had to complete two 60 min exercise 

trials in the heat at 70% V02 peak followed with a time trial to exhaustion at 90% V02 

peak. In one trial no fluid was ingested white in the other trial subjects ingested a total of 

1 Lof saline solution during the first 50 min of exercise: 400 ml immediately before the 

start of the exercise period and subsequently 120 ml every 10 min. During the 60 min 

rides at 70% V02 peak, subjects lost an average of 1.8% of BW when they received no 

fluid, but only 0.2% of BW when fluid was provided. When dehydration was minimized 

by fluid consumption, subjects cycled for 9.8 ± 3.9 min. Conversely, with dehydration of 

only 1.8% of BW, subjects were only able to perform 6.8 ± 3 min of exercise, which was 
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significantly lower than the fluid trial. Despite the significant improvement provided by 

fluid consumption on riding times to exhaustion at 90% V02 peak compared to the 

ingestion of no fluid, there were no measurable differences between trials for HR, RT and 

plasma volume. However, the perceived exertion was higher during the no fluid trial. 

In summary, the evidence provided by the above briefly summarized studies strongly 

indicate that the proper ingestion of fluid - as close as hourly sweat lasses - during 

endurance exercise enhances endurance and bouts of intense exercise that follow 

endurance exercise. 

Physiological Effects of Dehydration 

The physiological effects of dehydration have, most of the time, been studied by 

comparing the physiological responses of athletes when they ingest no fluid with when 

they only replace in part sweat losses or when they completely replace sweat losses. In 

the following paragraphs will be briefly reviewed the effects of exercise-induced 

dehydration on physiological parameters such as plasma volume, serum osmolality and 

serum sodium concentrations, sweat rate, rectal, tympanic and esophageal temperatures, 

HR and stroke volume, perceived exertion, gastric emptying and fuel utilization. 

Plasma Volume 

As progressive dehydration takes place during exercise, plasma volume gets 

progressively reduced in direct proportion to the amount and type of fluid ingested during 

exercise (Noakes, 1993). The inability to maintain plasma volume diminishes venous 

retum and, therefore, stroke volume (Epstein & Armstrong, 1999). As a result of this 

decrease in venous retum and stroke volume, cardiac output will be reduced. 

Consequently, to compensate for the decrease in stroke volume, HR at a given work 

output will increase in order to maintain cardiac output, which may negatively affect 

endurance performance (Epstein & Armstrong, 1999). But, most important of all, if 

dehydration persists and blood volume continues to decrease, the viscosity of the blood 

will augment - thus increasing the work of the heart - and skin blood flow will be 
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reduced, which may impair the ability of the body to dissipate heat (Epstein & 

Armstrong, 1999). Hence, athletes will be at increased risk for heat injury, and without 

any doubt, endurance will be affected (ACSM, 1996). 

Serum Osmolality and Serum Sodium Concentrations 

Serum osmolality steadily rises when no fluid is ingested during exercise and this rise is 

attenuated when fluid is ingested and is least when the quantity of fluid ingested during 

exercise matches sweat losses (Noakes, 1993). Changes in serum sodium concentrations 

parallel changes in serum osmolality as the serum sodium concentration is the major 

determinant of the serum osmolality (Noakes, 1993). Noakes (1993) suggests that the rise 

in serum osmolality and serum sodium concentration correlates with the rise in 

esophageal temperature and may be the stimulus for the reduced sweating rate that 

develops at high levels of dehydration. Accordingly, it suggests that the goal of fluid 

ingestion during exercise rnight be to prevent changes (increases) in serum osmolality 

and serum sodium concentrations. 

Sweat Rate 

Sorne studies have demonstrated that sweat rates fait with an increase in levels of 

dehydration (Noakes, 1993), whereas others have failed to reproduce these results (Barr 

et al., 1991; Montain & Coyle, 1992; Noakes, 1993). As a result, it appears that the 

individual responses to dehydration regarding sweat rates are highly variable. 

Rectal, Tympanic and Esophageal T emperatures 

The rise in rectal, tympanic and esophageal temperatures is attenuated by fluid ingestion 

during exercise. This rise seems reduced in direct proportion to the amount of fluid 

ingested during exercise and is least when the rate of fluid ingestion approximates sweat 

losses (Barr et al., 1991; McConnel et al., 1997; Montain & Coyle, 1992; Noakes, 1993). 

Many studies indicate that levels of dehydration of up to 5% usually increase RT by less 

than l °C (Noakes, 1993). 
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Heart Rate and Stroke Volume 

Heart rate increases and stroke volume decreases in proportion to the accumulated deficit 

of fluid during an exercise bout (McConnel et al., 1997; Montain & Coyle, 1992; Noakes, 

1993). As a result, athletes are encouraged to try to maintain euhydration during exercise 

in order to maintain HR and stroke volume, which in return will help to preserve cardiac 

output, blood pressure, muscle blood flow and cutaneous blood flow. 

Perceived Exertion 

Perceived exertion at a given exercise intensity increases in proportion to the percentage 

of dehydration (fluid deficit) (Barr et al., 1991; Montain & Coyle, 1992; Mudambo et al., 

1997; Noakes, 1993; Walsh et al., 1994) 

Gastrie Emptying 

Neufer, Young et Sawka in 1989 investigated the effects of acute heat stress, heat 

acclimatization and hypohydration on the gastric emptying rates of water during trcadmill 

exercise conducted in neutral, warm and hot environments at 50% V02 max. The 

following observations were made by the authors: a) exercise in a hot environrnent 

impairs gastric emptying rates as compared to exercising in a neutral climate; b) exercise 

in a warm environrnent does not significantly reduce gastric emptying rates either before 

or after heat acclimatization and; c) exercise in a warm environrnent when hypohydrated 

reduces gastric emptying rates and stomach secretion. 

Fuel Utilization 

Hargreaves, Dillo, Angus et F ebbraio in 1996 compared glycogen utilization during 120 

min of cycling exercise conducted at 65% V02 max when subjects were either hydrated 

sufficiently to maintain BW or dehydrated as a result of receiving no fluid during the 

exercise period. Compared to the maintenance of euhydration, when no fluid was 

provided HR and RT increased, and an increased reliance on carbohydrate (CHO) 

oxidation was suggested by an increase in muscle glycogen utilization (380 vs 318 
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mmol/kg muscle dry weight), significantly higher lactate levels at 30 and 120 min of 

exercise, and fmally a small, but nonetheless significant increase in respiratory exchange 

ratio at 60 and 120 min. 

Mudambo et al. in 1997 who studied male soldiers during exercise bouts consisting of 

walking and running for 16 km ( or 3 h) with no fluid as well as with fluid found a 

significant decrease in blood glucose when subjects consumed no fluid. The final value 

for those who ingested no fluid during exercise was about 2.5 mmol/L, whereas when 

water was provided the final value was close to 4 mmol/L. A lower blood glucose level 

between exercise tasks of the same duration and length would be consistent with an 

increase utilization of CHO during exercise. 

Current evidence provided by the short review made above on the physiological effects of 

dehydration indicate that adequate fluid ingestion during exercise attenuates the fall in 

plasma volume, stroke volume, cardiac output, cutaneous blood flow, and helps maintain 

HR. serum osmolality and serum sodium concentrations, rectal, tympanic and esophageal 

temperatures, gastric emptying, proper fuel utilization and perception of effort. 

ACSM Position Stand on Exercise and Fluid Replacement 

As a result of the above investigations that demonstrated the many benefits associated 

with sound water ingestion during exercise, endurance athletes, since the past 25 years, 

have been highly sensitized and educated about the indisputable importance of 

maintaining proper hydration before, during exercise and even after exercise. In that 

respect, and very recently, that is in 1996, the ACSM has written a position stand on 

exercise and fluid replacement, which strongly emphasizes the importance of proper 

hydration. Based on the available evidence known in 1996, this organization made the 

following general recommendations concerning proper hydration strategies before and 

during exercise for athletes as well as race organizers. Only the recomrnendations 

relevant to this particular study are reported. 
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1. T o promote adequate hydration be fore exercise as well as providing enough time to 

excrete excessive fluid, athletes should ingest 500 ml of fluid approximately 2 h 

before exercise; 

2. During exercise, athletes are encouraged to consume as much fluid as they can 

tolerate, or ingest fluid at rates that matches their hourly sweat tosses. 

Rates of Fluid Ingestion of Endurance Athletes During Exercise 

Though many efforts have been undertaken by many goveming authorities to promote 

intelligent fluid consumption during exercise, still today, most endurance athletes drink 

insufficient volumes of fluid to offset sweat losses (Adolph, 194 7; Noakes, 1993). In fact, 

the rates of fluid intake of endurance athletes during exercise may vary considerably but 

are seldom more than 500 mlJlt, and in ideal conditions 800 ml/h (Noakes, 1993). On the 

other hand, sweat rates in 25-32 °C environments are routinely greater than 1 L/h (Daries, 

Noakes & Dennis, 2000; Montain & Coyle, 1992; Noakes, 1993; Walsh et al., 1994). The 

primary reason for this reduced fluid intake during exercise is thought to originate from 

the fact that athletes often experience sensations of stomach fullness or abdominal 

discomforts when they try to ingest too much fluid (Brouns et al., 1987; Noakes, 1993). 

When Noakes (1993) closely examined 30 studies pertaining to running, triathlon and 

cycling races of different distances, he noted the remarkable constancy of the 2-3 kg of 

BW loss experienced by athletes who practice these prolonged exercises. "It is as if total 

weight Ioss during exercise is a regulated variable", he says. This weight loss represents a 

fluid deficit of - 2 to 3 L and corresponds for a 70 kg athlete to a percentage of 

dehydration equaling 3 to 4% of BW. As demonstrated before, a deficit of BW of only 

1.8%, which corresponds for a 70 kg athlete to a loss of 1.3 L of fluid, is detrimental to 

physical performance. 

Improving Body Water Status Before Exercise 

To avoid, attenuate or delay the detrimental effects of dehydration during endurance 

exercise, athletes appear to benefit from water hyperhydration before exercise (ACSM, 

1996). In fact, compared to pre-exercise euhydration, it has been shown that pre-exercise 
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hyperhydration with water decreased core temperature (Grucza et al., 1987; Moroff & 

Bass, 1965; Nadel et al., 1980; Nielsen et al., 1971) and HR (Moroff & Bass, 1965; Nadel 

et al., 1980; Nielsen et al., 1971 ), and increased sweat rate (Moroff & Bass, 1965) during 

a subsequent bout of exercise. However, the ingestion of plain water before exercise bas 

the disadvantage to increase urine production by as much as four times that measured 

without pre-exercise fluid intake (ACSM, 1996; Moroff & Bass, 1965). Thus, many 

studies have been conducted in an effort to determine the best possible hyperhydration 

strategies that would help increase, and maintain the increase in, TB W. The main 

methods have included desmopressin intake (lnder, Swanney, Donald, Prickett & 

Hellemans, 1998), saline ingestion (Riedesel et al., 1987), SD ingestion (Hitchins et al., 

1999; Lamb et al., 1997) and water, SD, saline or juice + glycerol ingestion (Freund et 

al., 1995; Hitchins et al., 1999; Lamb et al., 1997; Lyons et al., 1990; Montner et al., 

1996, 1999; Riedesel et al., 1987; Seifert et al., 1995; Wendtland et al., 1997 ). Of ail 

these methods, it appears that the most practical and efficient way to increase, and 

maintain the increase in, TBW is through the ingestion of glycerol with water or SD or 

juice or saline (Galloway, 1999; Robergs & Griffin, 1998). In fact, numerous studies have 

shown that combining glycerol with aforementioned solutions in specific quantities 

adjusted to BW reduced urine excretion and enhanced fluid retention by as muchas 250 

to 666 ml in a period of 2-2 Yz h, compared to water, saline, juice or SD ingestion alone. 

As a result of the ability of glycerol hyperhydration to increase TBW by a significant 

arnount before exercise, dehydration would be delayed, if compared to hyperhydration 

with water alone, which could improve both physiological functions and exercise 

capacity (Robergs & Griffm, 1998). Glycerol hyperhydration, compared to water 

hyperhydration, bas been shown to increase plasma osmolality (Freund et al., 1995; 

Hitchins et al., 1999; Latzka et al., 1997, 1998; Lyons et al., 1990; Montner et al., 1996, 

1999; Seifert et al., 1995; Wendtland et al., 1997), plasma volume (Murray, Eddy, Paul, 

Seifert & Halaby, 1991), stroke volume (Montner et al., 1999) and sweat rate (Lyons et 

al., 1990), decrease HR (Montner et al., 1996, 1999) and RT (Lyons et al., 1990; Seifert 

et al., 1995), prolong cycling time to exhaustion (Montner et al., 1996), and enhance 

performance during a cycling time trial (Hitchins et al., 1999; Seifert et al., 1995). 
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Glycerol 

Glycerol is a 3-carbon alcohol metabolite that is produced in the human body (Robergs & 

Griffm, 1998). It is colorless, viscous and very sweet. lt bas an osmotic action (Freund et 

al., 1995; Goulet, 1998; Murray et al., 1991; Riedesel et al., 1987; Wagner, 1999), is 

normally well tolerated, efficiently absorbed by the gastrointestinal tract and medically 

safe at a specified quantity. Compared to water hyperhydration, glycerol hyperhydration 

increases fluid retention because glycerol is reabsorbed in the distal tubule of the 

nephron, and the ingested fluid follows by osmosis (Robergs & Griffin, 1998). It is 

noteworthy mentioning that glycerol only plays a minor role as an energy source during 

exercise, and as a result, can't be accounted for the increase of performance seen in some 

studies (Gleeson, Maughan & Greenhaff, 1986; Miller et al., 1983; Montner et al., 1996; 

Murray et al., 199 l ). The utilization of glycerol is approved by the IOC and USOC 

(Robergs & Griffm, 1998). Individuals with health disease are strongly encouraged to 

consult with their family physician before consuming glycerol (Robergs & Griffin, 1998). 

Glycerol Studies: Literature Review 

The majority of research that bas been conducted conceming the effectiveness of glycerol 

hydration has focussed on the effect of this substance as a means to induce 

hyperhydration before exercise. For a complete review- along with the major findings -

of studies that investigated the effectiveness of glycerol hyperhydration, readers are 

referred to table l. 



12 

Table 1 

Swnmary of glycerol hyperhydration studies. 

Reference Subjects Treatments Environment Exercise 

# Glycerol/Placebo 
Glycerol usage at rest only 

Riedesel et 22 Glycerol: either 0.5, 1 or 1.5 g 21°c None 

al., 1987 
glyceroVkg/B W with 21.4 
ml/kg/BWof0.1% NaCI. 

Experiment 
(1) Placebo: 21.4 ml/kg/BW of 0.1% 

NaCl. 
Major Findings (compared ta placebo) 

• Water retention: increased by - 40% for the 1 and 1.5 g glyceroVkg/BW trials at 4 h . 

• No significant difference in hemoglobin or hematocrit values . 

Riedesel et 10 Glycerol: l g glyceroVkg/BW with 21°c None 

al .. 1987 
25.7 mVkg/BWof0.1% NaCl. 

Experiment Placebo: 25.7 ml/kg/BW of 0.1% 
(2) NaCl. 

Major Findings (compared ta placebo) 

• Water retention: 430 ml more fluid retained at 2 and 3 h . 

• No significant difference in hematocrit values . 

Freund et al., 11 Glycerol: l.5 g glycerol/LffBW 22.5 °C with None 
1995 with 5 ml/LffBW of juice plus 32 41%RH 

ml/LffBW of water. 

Placebo: 37 ml/LffBW of water. 
Major Findings (compared to placebo) 

• Water retention: increased by- 250 and 500 ml after 2 and 3 h, respectively . 

• Plasma volume: no significant difference . 

• No significant difference in protein concentration, hemoglobin or hematocrit values . 

Koenigsberg, 7 Glycerol: l. 49 h period: 3.12 g Unknown None 
Martin, Hlava glyceroVkg/B W with 13.54 
& Riedesel1 ml/kg/BW of orange juice plus 

1995 34.43 ml/kg/BW of water 
2. 32 h period: 8.5 g 



glycerol/kg/BW with 25.9 
ml/kg/8 W of water. 

Placebo: l. 16.66 ml/kg/BW of 
orange juice plus 34.43 ml/kg/BW 
of water 
2. 8.5 ml/kg/BW of SD with 25.9 
ml/kg/BW of water. 

Major Findings (compared to placebo) 

• Water retention: increased by- 700 ml in both experiments. 

• No significant difference in hemoglobin or hematocrit values. 

Glycerol usage before exercise 

Montner et 

al., 1996 

l. 11 

2. 7 

Glycerol: l. l.2 g glycerol/kg/BW 
in 20% solution with 26 ml/kg/BW 
of water 
2. 1.2 g glycerol/kg/BW in 20% 
solution with 26 ml/kg/BW of 
water with the addition of 3 
ml/kg/BW of a 5% CHO solution 
every 20 min during exercise. 

Placebo: l. 26 ml/kg/BW of water 
2. 26 ml/kg/BW of water with the 
addition of 3 ml/kg/BW of a 5% 
CHO solution every 20 min during 
exerc1se. 

Major Findings (compared to placebo) 

-25 °C-27% 
RH 
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Cycle at 60% of 
maximum 
workload until 
exhaustion 

• Water retention: increased in experiment 1 by about 666 ml. But no difference in experiment 2. 

• Heart rate: significantly reduced in both experiments. 

• Sweat rate: no significant difference in both experiments. 

• Rectal temperature: no significant difference in both experiments. 

• Perceived exertion: no significant difference in both experiments. 

• Time to exhaustion: significantly increased by 21 and 24% in experiments land 2, respectively. 

• No significant difference in hemoglobin or hematocrit values. 

Seifert et al., 

1995 

10 Glycerol: 1.5 g glycerol/kg/B W 
with 3.3 ml/kg/BW of orange juice 
plus 21 ml/kg/BW of water. 

Unknown 3 x 30 min cycling 
intervals at 74% 
V02 max + 600 
pedal revolutions 



Placebo: 4.8 ml/kg/BW of orange 
juice plus 21 ml/kg/BW of water. 

Major Findings (compared ta placebo) 

• Water retention: increased by- 700 ml. 

• Heart rate: no significant difference. 

• Sweat rate: no signiticant difference. 

• Rectal temperature: significantly decreased by - 0.3 °C. 

• Increased performance. 

• Plasma volume: no significant difference. 

Latzka et al .• 

1998 

8 Glycerol: 1.2 g glycerol/kg/lean 
body mass (LBM) in 3.9 
ml/kg/LBM of juice plus 25.2 
ml/kg/LBM of water. 

Placebo: 3.9 ml/kg/LBM of juice 
plus 25.2 ml/kg/LBM of water. 

Major Findings (compared ta placebo) 

• Water retention: similar. 

35 °C-26% 
RH 
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1 time trial 

T readmill run at 
55% V02 max to 
exhaustion 

• No significant difference in performance, physiologie or thennoregulatory responses. 

Latzka et al.. 8 Glycerol: 1.2 g glycerol/kg/LBM 3 5 °C - 45% 120 min treadmill 
in 3.9 ml/kg/LBM of juice plus RH run at 45% V02 
25.2 ml/kg/LBM of water. max 

Placebo: 3.9 ml/kg/LBM of juice 
plus 25.2 ml/kg/LBM of water. 

Major Findings (compared ta placebo) 

• Water retention: similar. 

• No significant difference in physiologie or therrnoregulatory responses. 

Wendtland et 8 Glycerol 0.8 g glycerol/kg/BW 24 °C -47% 

al.. 1997 
with 6 ml/kg/BW of orange juice RH 
plus 18 ml/kg/BW of water. 

Placebo: 6.8 ml/kg/BW of orange 
juice plus 18 ml/kg/B W of water. 

9 x 10 min cycling 
exercise at 65% 
V02 max; 8 x 2 
min at 80% V02 
max 



Major Findings (compared to placebo) 

• Water retention: increased by- 26%. 

• Heart rate: no significant difference. 

• Sweat rate: no significant difference. 

• Tympanic and chest temperatures: no significant difference. 

Hitchins et 

al., 1999 

8 Glycerol: 1 g glycerol/kg/BW with 
22 ml/kg/BW of diluted SD. 

Placebo: 22 ml/kg/BW of diluted 
SD. 

Major Findings (compared to placebo) 

• Water retention: increased by - 600 ml after 2 ~ h. 

• Heart rate: no significant difference. 

• Sweat rate: no significant difference. 

• Rectal temperature: no significant difference. 

• Perceived exertion: no significant difference. 

• Endurance performance: significantly increased by 5%. 

• Plasma volume: no significant difference. 

Lamb et al., 13 Glycerol: l.2 g glycerol/kg/BW 
with 20 ml/kg/BW ofSD. 

SD: 20 ml/kg/BW of SD. 
Major Findings (compared to placebo) 

• Urine volwne: no significant difference. 

• Heart rate: no significant difference. 

• Sweat rate: no significant difference. 

• Rectal temperature: no significant difference. 

• Perceived exertion: no significant difference. 

• Endurance performance: no significant difference. 

• Plasma volume: no significant difference. 
Glycerol usage before and during exercise 

Lyons et al., 6 Glycerol: 1 g glycerol/kg/BW with 
3.3 ml/kg/BW of orange juice plus 

32 °C-60% 
RH 

Unknown 

42 °C-25% 
RH 
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30 min of cycling 
exercise at fixed 
intensity + 30 min 
at individual 
maximal capacity 

Cycling to 
exhaustion at 75% 
V02 max 

90 min treadmill 
run at 60% V02 



21.4 ml/kg/BW of water and 0.1 g 
glycerol/kg/BW plus 50 ml of 
water each hour after 2 h. 

Placebo: 3.3 ml/kg/BW of orange 
juice plus 21.4 ml/kg/BW of water 
and 0.1 g glycerol/kg/BW plus 50 
ml of water each hour after 2 h. 

Major Findings (compared to placebo) 

• Urine volume: decreased by 54% after 4.5 h. 

• Heart rate: no significant difference. 

• Sweat rate: increased significantly. 

• Rectal temperature: decreased significantly. 

• No significant difference in hemoglobin or hematocrit values. 

Montner et 

al.. 1999 

6 Glycerol: 1.2 g glycerol/kg/BW 
with 26 ml/kg/BW of water before 
exercise plus 5 ml/kg/BW of 1.5% 
glycerol in 5% glucose solution 
every 20 min during exercise. 

Placebo: 1.2 g water/kg/BW with 
26 ml/kg/BW of water before 
exercise plus 5 ml/kg/BW of a 5% 
glucose solution every 20 min 
during exercise. 

Major Findings (compared to placebo) 

• Water retention: increased by 600 ml. 

• Urine flow rates and free-water clearance: decreased. 

• Heart rate: significantly decreased during exercise. 

• Stroke volume: significantly increased during exercise. 

• Better maintenance of BW during exercise. 

23.5 -24.5 °C 
and 25-27% 

RH 

16 

max 

Exercise was 
performed on a 
semi-recumbent 
cycle ergometer, 
at an exerc1se 
intensity of 44% 
V02max 
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Glycerol Loading 

Athletes should not consume more than 1-1.5 g glycerol/kg/BW (Robergs & Griffin, 

1998). No advantage at doses over 1.5 g/kg/BW is found, as the extra glycerol will be 

excreted in the urine (Riedesel et al., 1987). Going over this threshold or ingesting a 

solution too quickly has the potential of causing vomiting, nausea, headaches, dizziness, 

abdominal bloating and light-headedness (Latzka et al., 1997, 1998; Murray et al., 1991). 

Most studies which examined the effects of glycerol hyperhydration before exercise have 

used a dose of glycerol and total volume of fluid ingested situated between 0.9 to 1.5 

g/kg/BW and 20-26 ml/kg/BW, respectively (Freund et al., 1995; Hitchins et al., 1999; 

Latzka et al., 1997, 1998; Lyons et al., 1990; Montner et al., 1996, 1999; Seifert et al., 

1995; Wendtland et al., 1997). Diminishing the dose below l g glycerol/kg/B W may not 

be advantageous since it has been shown to significantly increase urine output, when 

compared to doses of l and 1.5 g glycerol/kg/BW (Riedesel et al., 1987). Two types of 

protocols are currently being used. The first consists in ingesting the total volume of fluid 

and glycerol within 30-40 min and then wait for only undertaking the exercise period 30 

min (Latzka et al., 1997, 1998) or 2 h later (Hitchins et al., 1999; Lyons et al., 1990). The 

second asks to ingest a) at min O l g glycerol/kg/BW in a 20% solution and at min 60 0.2 

g glycerol/kg/BW in a 4% solution and then; b) 5 ml/kg/BW of water at min 30, 90 and 

120 (Montner et al., 1999) or 5 ml/kg/BW at min 30, 45 and 90 (Montner et al., 1996). In 

the case of Montner et al. ( 1999) the exercise begins at min 120, whereas than in the case 

of Montner et al. (l 996) the exercise begins 60 min after the last drink bas been taken. 

Therefore, one may ask which protocol should be utilized? There is no clear answer, as 

both seem equally effective at reducing the production of urine. Thus, those who easily 

tolerate high loads of fluid in the stomach might utilize the shorter protocol of ingestion 

(i.e., 30-40 min), whereas those who are easily disturbed by large fluid volumes might be 

encouraged to use the longer protocols. 

Commercial A vailabilitv of Glvcerol 

Three companies currently sell glycerol: TwinLab - Glycerol Fuel, InterNutria Sports -

Pro Hydrater, and Advanced Kinetics - Glycerate. Ali these products are essentially 
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composed of 99.5% pure glycerol. And they are available in most American running 

stores, cycle shops and health stores. 

PROBLEM STA TEMENT 

This study compared the effect of glycerol hyperhydration with placebo hyperhydration 

on fluid retention capacity during a protocol of ingestion lasting 110 min. Tuen it 

determined the effects of these treatments during 2 h of cycling at 65% V02 max on a) 

urine volume production; b) RT; c) sweat rate; d) HR; e) perceived exertion; f) perceived 

thirst and; g) abdominal discomfort. Another goal of this study was to determine the 

effect of glycerol hyperhydration on endurance performance, which was measured 

immediately after the cycling period with the aid of an incremental test to exhaustion. 

HYPOTHESES OF RESEARCH 

Hypothesis 1 

Fluid retention at the end of the period of hyperhydration with glycerol will be higher 

than that of the hyperhydration period with the placebo. 

Hypothesis 2 

Urine volume at the end of the period ofhyperhydration with glycerol will be lower than 

that of the hyperhydration period with the placebo. 

Hypothesis 3 

Urine volume production during exercise will not be different between the placebo and 

glycerol trials. 

Hypothesis 4 

Core temperature during exercise, as assessed with the RT, will not be different between 

the placebo and glycerol trials. 

Hypotbesis S 

Heart rate during exercise will not be different between the placebo and glycerol trials. 

Hypotbesis 6 

Sweat rate during exercise will not be different between the placebo and glycerol trials. 
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Hypothesis 7 

Perceived exertion during exercise will not be different between the placebo and glycerol 

trials. 

Hypothesis 8 

Perceived thirst will not be different between the placebo and glycerol trials. 

Hypothesis 9 

Rating of abdominal discomfort will be higher in the glycerol trial than in the placebo 

trial. 

Hypothesis 10 

Tune to attain complete exhaustion - as assessed with the incremental endurance 

performance test-will be higher in the glycerol trial than in the placebo trial. 

IMPORTANCE OF THE STUDY 

The iinportance of an adequate fluid ingestion during prolonged exercise is widely 

recognized: it substantially prolongs the tirne-period during which the endurance capacity 

is maximized. Ideally, endurance athletes should replace their hourly sweat losses, which 

are routinely greater than l L in 25-32 °C environments, with an equivalent ingestion of 

fluid. However, this is rarely achievable because of individual subjective complaints of 

gastrointestinal distress associated with a high level of fluid intake. As a result, fluid 

ingestion during exercise is seldom more than 500 mJ/h, which may precipitate the effects 

of dehydration, hence reducing endurance capacity, physiological functions and 

increasing the risk for heat injury. Hyperhydrating with water before exercise will retard 

the onset of hypohydration during exercise. However, the ingestion of plain water only 

before exercise is far from ideal: the body rapidly excretes this type of fluid through 

urine, which reduces the effectiveness of this procedure. On the other band, 

hyperhydration with glycerol ( 1-1.5 g glycerol/kg/B W with 26 ml/kg/B W of fluid) has 

been demonstrated to increase fluid retention by an additional 250-666 ml after 2-2 Yi h, 

compared to hyperhydration with water alone. Thus, by its ability to delay or prevent 

hypohydration, this strategy might thus better maintain endurance capacity and 

physiological functions during prolonged exercise, by the way decreasing the incidence 

for heat injury. 
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METHODS 

Subjects 
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Four male subjects participated in this experimental project. Ali were healthy, non

smoker trained triathletes who had dedicated, over the past 16 weeks, an average of 15.9 

± 2 h (standard deviation [SD]) per week to their training. Their age, weight, height, body 

surface area, V02 max, peak power output (PPO) and maximal HR were 26.5 ± 4 years, 

67.55 ± 4.50 kg, 169.85 ± 5.1 cm, 1.78 ± 0.1 m2
, 4069 ± 0.33 ml/min, 347.5 ± 45 watts 

and 183 ± 11 b/min, respectively. The subjects possessed an average of 3 ± 3.4 years of 

competition experience and two ofthem participated in World Championships in the year 

2000 (i.e., Military World Championship triathlon, Italy, and World Championship 

duathlon, France) with finishing times within 10% of the race winner. Ali experimental 

trials took place from rnid-March to mid-April 2001. Hence, subjects were in the heart of 

their base training (high volume, low intensity regimens). Only one of these subjects had 

previously induced hyperhydration with the aid of glycerol. Prior to undertaking this 

study, ail subjects were required to fill a health questionnaire (Appendix a). Subjects 

participating in this study did it on a voluntary basis and all were fully informed -

verbally and in writing - of the procedures and risks associated with this study 

(Appendix b). Each subject was infonned that he could quit the study at any time, and for 

whatever reasons. Subjects signed an informed written consent (Appendix c) and the 

study was approved by the local Research and Ethic Committee of the Faculté 

d'éducation physique et sportive of the Université de Sherbrooke. This study's deadline 

with respect to the completion of the experimental trials was set at the mid-April 2001. 

Our initial goal prior to undertaking this project was to study the effect of glycerol 

hyperhydration in six highly trained athletes. Therefore, 8 such athletes - all living in 

the proximity of our laboratory - were personally contacted at the end of September 

2000. Six agreed to participate, without any monetary compensation, to this project, and 

for 4 of them, only in the condition that the project would be conducted in their off

season, that is, for 3 of them, between the mid-October and the end of December 2000, 
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and for the other until the mid-February 2001. Unfortunately, when came the time to 

begin the study, at the mid-October, unexpected administrative and equipment problems, 

ail of which were outside of our control, forced us to postpone the beginning of the 

study until the first week of March. Therefore, this delay meant that we had to search 

again for 4 athletes: we took from November 2000 to mid-March 2001 to do it. In order 

to make our quest for athletes successful, we personally contacted athletes that we knew, 

made publicity in local gyms and in the University's journal and contacted many clubs 

and asked them to inform their athletes that researchers in Exercise Sciences from the 

local University were searching for athletes to participate in a study. Despite ail our 

efforts, out of the approximately 20 potential candidates with whom we spoke, 14 met 

our selection criteria and, of them, only 2 agreed to participate in the study, the others 

justifying their decision not to participate either because of a lack of time or because no 

financial compensation was offered. We nevertheless decided to go ahead with the study 

knowing that our results would probably further increase our knowledge about glycerol 

hyperhydration. 

Preliminary T esting 

On their first visit to the laboratory, ail subjects were personally explained the 

restrictions, and the importance to comply with them, imposed on training, fluid 

consumption, diet and sleeping hours before both trials. To ensure compliance, subjects 

were given a memorandum, which meticulously detailed, starting 6 days prior to the first 

trial, any imposed restrictions (Appendix d). Prior to this first meeting, subjects were sent 

the health questionnaire as well as a questionnaire on their training habits (Appendix e), 

which they were asked to fill as best as they could prior to bringing it for the first 

meeting. The health questionnaire was reviewed by the researcher, and, if certain answers 

would have raised doubts as to the capacity of the subject to perform the upcoming tests, 

the latter would have been asked to be thoroughly evaluated by a physician. However, no 

subject needed such evaluation. After the revision of the health questionnaire, subjects 

were explained, and familiarized with, the perceived exertion, perceived thirst and 

abdominal discomfort scales. Tuen, these measures, in the following order, were taken: a) 

age; b) baseline BW; c) height; d) body surface area; e) the optimal subjects' bike 
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position (seat and handlebar heights); f) V02 max; g) PPO; h) maximal HR and; i) the 

load eliciting - 65% V02 max. After the end of the V02 max test, a familiarization phase 

of 45 min was performed. Prior to leaving the laboratory, each subject was given a white 

bagel, which had to be eaten 90 min prior to the first trial. 

Perceived Exertion Scale 

Measured with the Borg scale (Appendix f). Instructions to each subject were given 

according to the book Perceived Exertion (Noble et al., 1996). 

Perceived Thirst Scale 

Measured with an arbitrary scale that we developed (Appendix g). 

Abdominal Discomfort Scale 

Measured with an arbitrary scale that we developed (Appendix h). 

Baseline Bodyweight 

Subjects were weighed on a mechanical scale (Detecto, USA), which had a determined 

reliability of ± 90 g (0.09 kg). Subjects were weighed post void and nude. They were 

asked to place each foot on precise points on the platform, to look forward, to maintain 

both harms alongside their body and to keep their knees slightly bent. Subjects were 

asked to follow this procedure before each time they would be weighed in the future. At 

each occasion, subjects were weighed three times, and the average of these values in kg 

was kept. 

Height 

Standing height was read in centimeters, with no shoes and with the arms alongside the 

body with both feet reunited. The head and the back were in contact with the wall. 

Subjects were looking forward and took and maintained an inspiration before the 

measure. A tape was placed on the wall, behind the subjects. 
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Body Surface Area 

The body surface area (m2
) was determined using the following formula (Kenney, 1998): 

(0.202 (height) 0·
725 

• (weight) 0·
425] 

Maximal Oxygen Consumption 

At least one week, but no more than two weeks, before the first trial, subjects underwent 

a measurement of their individual V02 max on a computer controlled, speed independent, 

cycle ergometer (Ergotine ergometrics er900, Europe) modified with a road handlebar 

and the athletes' seats and cleat pedals. After a 5 min warm-up period at l 00 watts, 

subjects rested on the bike for 2 min. Tuen, the test began at a load of l 00 watts for the 

first 2 min after which the latter was subsequently increased by 30 watts every min. Such 

a protocol was employed to ensure a test duration of 8-12 min. The test ended either 

when subjects claimed complete exhaustion or at the exact moment their pedal frequency 

went under 60 revolutions per min (RPM). Subjects were asked to maintain a pedal 

frequency of 60-75 RPM throughout the test and were not allowed to stand on the pedals. 

During the test, subjects breathed through a facial mask (Hans Rudolph, USA) which was 

connected to an Oxycon (Jaeger, Europe) ergospirometry testing station. The testing 

station was automatically calibrated - according to the manufacturer's recommendations 

- at least 20 min after the unit had been switched on. V02 max was considered as the 

highest V02 value obtained during the test. Attainment of V02 max was validated when 

subjects met at least 2 of the following 3 criteria: l) a plateau in V02 with increasing 

exercise intensity; 2) a respiratory exchange ratio equal to, or greater than, l. l and; 3) 

attainment of at least 90% of the age-predicted maximal heart rate (220-age). Maximal 

HR was determined by continuous digital readings using a Polar Vantage NV (Polar 

Electro, USA) heart rate monitor. Peak power output was defined as the last load that was 

maintained longer than 30 sec. Subjects were allowed 5 min to cool-down after the test. 
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Familiarization Trial 

Immediately after having performed the V02 max test, subjects underwent a 

familiarization trial consisting in 45 min of cycling at - 65% of V02 max. The goal of 

this familiarization trial was to precisely determine and confinn the training load to be 

employed in the trials (the one which elicited 65% of V02 max) and to familiarize the 

subjects with the equipment and procedures employed in this study. Following the cool

down period allowed after the V02 max test, subjects disembarked the bike, toweled 

themselves dry and then introduced a rectal probe (YSI, USA) 15 cm passed their anal 

sphincter. Then, they mounted the bike and were immediately instrumented with the 

facial mask, which was connected to the testing station. They began to pedal at a load 

corresponding to 55% of their pre-detennined PPO until the stabilization of V02• Tuen 

the load was adjusted until the corresponding V02 was at, or close to (within l 00 ml), 

65% of V02 max. During the determination of this parameter, which took 10-15 min, 

subjects were asked to maintain a pedal frequency of 80 RPM. Tuen the facial mask was 

removed and for the remaining of the exercise period subjects consumed 166 ml of fluid 

at 20 and 40 min and were asked to rate their perceived exertion, perceived thirst and 

abdominal discomfort at 18 and 38 min. During the famiiiarization trial a fan was turned 

on to minimize thennal stress. 

Experimental Procedures 

Table 2 exposes, in chronological order, the procedures that were followed from the 

arrivai at the laboratory to the end of the recovery period, after the endurance 

performance test. At weekly intervals, after the completion of the familiarization trial, 

subjects returned to the laboratory at the same time of the day. Over the study period, 

subjects continued their usual training, but refrained from any physical activities the day 

prior to both trials. For the last 48 h prior to the first trial, subjects kept a diet log. 

Subjects then replicated that diet log prior to the second trial. Likewise, subjects 

monitored their intake of fluid the day prior, and morning of, the first trial and ingested 

the same types and quantities of fluid the day prior, and morning of, the second trial. The 

day before, as well as the morning of each trial, subjects refrained from consuming 

diuretic substances such as alcohol, tea, coffee, chocolate and cranberry juice. Subjects 
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detennined the hour at which they went to bed prior to the first trial and went to bed at 

the same exact hour prior to the second trial. Whether subjects complied with these 

demands was verified with a questionnaire (Appendix i). 

Table 2 

Followed procedures from the arrivai at the laboratory to the end of the 

recovery period, after the endurance performance test. 

ACTIONS 
Temperature and RH were measured 
Athletes voided their bladder (no sample of urine was taken) 
Athletes' BW was measured (nude) 

Beginning of the hyperbydration period Time 
(min) 

Either glycerol or placebo: 0,40,80 
0.4 g glycerol/kg/BW with 6 ml/kg/BW of aspartame-flavored 
juice (glycerol) or 6 ml/kg/BW of aspartame-flavored juice 
only (placebo) 
Symptoms measurement (Appendixj) 0, 18, 38, 
Collection of urine (18, 38, 58, 78 and 110 min only) 58, 78, 
Measurement ofBW (110 min only) 110 
4 ml/kg/BW of distilled water 20,60 
The rectal probe was installed 112 
Subjects dressed themselves 
The fan was opened 
The subjects sat quietly on the bike for 4 min 116 
A facial mask was installed for the computation of V02 

The HR monitor was installed 
Abdominal discomfort 118 
Perceived thirst 
Perceived exertion 
Rectal temperature 
Heart rate 
Temperature and RH were measured 

Beginning of the 2 h cycling period at 65% V02 max 120/0 
The facial mask was removed 10 
Abdominal discomfort 18, 38, 58, 
Perceived thirst 78, 98, 
Perceived exertion 118 
Rectal temperature 
Heart rate 
Gatorade ingestion ( 166 ml at 25 °C) 20, 40, 60, 

80, 100 
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Athletes were toweled dry 120 
Collection of urine 
Measurement of BW (nude) 
Subjects rested on the bike for l min 126 
Heart rate 
Rectal temperature 

Beginning of the endurance performance test 127 
Rectal temperature and HR were measured every 3 min until exhaustion 

Recovery period 
Temperature and RH were measured 
Subjects performed a cool-down period of 3-10 min 
Subjects were stripped of any experimental equipment 

1 Subjects were given a white bagel (after experimental trial l only) 

On the day of each trial, subjects reported to the laboratory 90 min after having drunk and 

eaten 500 ml of water and a white bagel (200 calories), respectively. Consumption of the 

bagel and the ingestion of water were respectively designed to ensure sufficient energy 

level prior to the exercise periods and equal hydration prior the hyperhydration periods. 

Soon after their arrivai at the laboratory, subjects voided their bladder and were then 

weighed in the nude. Afterward, to determine any possible side effects associated with 

the ingestion of the glycerol and placebo solutions, subjects rated on a scale of 1-5 

different symptoms. Subjects then began to hyperhydrate. The hyperhydration solutions 

were given using a randomized, double-blind and crossover experimental design. As 

shown in table 3, subjects received over a period of 80 min either 18 ml/kg/BW of 

aspartame-flavored juice (Crystal Light, USA) plus 8 ml/kg/BW of distilled water 

(placebo treatment) or 18 ml/kg/BW of aspartame-flavored juice in which 1.2 g glycerol 

(TwinLab, USA)/kg/BW was added plus 8 ml/kg/BW of distilled water (glycerol 

treatrnent). Each solution was prepared 24-48 h before each trial by an externat 

researcher. The amount of glycerol incorporated into the 3 drinks was determined with 

the aid of a graduated syringe based on the fact that one tablespoon ( 15 ml) is the 

equivalent of 19 g of glycerol. The quantity of fluid in both trials was detennined with the 

aid of a graduated cylinder. 
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Table 3 

Hyperhydration protocol. 

Min 0: 0.4 g glycerol/kg/BW with 6 ml/kg/BW of aspartame-flavored juice (glycerol) 

or; 6 ml/kg/BW of aspartame-flavoredjuice (placebo) 

Min 20: 4 ml/kg/BW of distilled water 

Min 40: 0.4 g glycerol/kg/BW with 6 ml/kg/BW of aspartame-flavored juice (glycerol) 

or; 6 ml/kg/BW of aspartame-flavored juice (placebo) 

Min 60: 4 ml/kg/BW of distilled water 

Min 80: 0.4 g glycerol/kg/BW with 6 ml/kg/BW of aspartame-flavored juice (glycerol) 

or; 6 ml/kg/BW of aspartame-flavored juice (placebo) 

At 0, 40 and 80 min subjects received either the placebo or glycerol solutions, and then 

ingested at 20 and 60 min the rernaining fluid, which was distilled water. Both the 

placebo and glycerol solutions were served at 4 °C and had the same color, taste and 

texture. The water was served at room temperature, that is at 25 °C. Immediately after 

having ingested the glycerol or placebo solutions, subjects rinsed their mouth with 50-100 

ml of tap warm water (3 7 °C), which was then spat into a sink. The goal of this procedure 

was to rernove any residual taste of glycerol. Subjects were unable to differentiate 

whether it was the glycerol or placebo solution they received. 

To determine changes in TBW over time during the hyperhydration periods, subjects, 

immediately after the rating of side effects, urinated in a graduated urinal at 18, 38, 58, 78 

and 110 min. Changes in TBW were cornputed by subtracting the accumulated volume of 

urine produced from the accumulated volume of fluid ingested. Bodyweight was 

determined at the end of the hyperhydration periods in the nude and post void. 

Immediately after the measure of BW was taken, subjects inserted a rectal probe 15 cm 

beyond their anal sphincter with the aid of a water soluble lubricant (HR Lubricating 

Jelly, USA). They then dressed with cycling shorts, put on their cycling shoes, rnounted 

the bike and got quickly instrurnented with the facial rnask and an electrode (Polar 

Electre, USA) on which an electrolyte gel (Signa Gel, Parker Laboratories, USA) was 

applied to facilitate signal conductivity. The rectal probe was connected to a switch box 
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(YSI Tele-Thennometer, [model 46 TUC]) and the facial mask linked to the testing 

station. The switch box was adjusted to the red line before each experimental trial in 

order to ensure the reliability of the measures. Subjects then rested quietly for 2 min on 

the bike after which time a measure of abdominal discomfort, perceived thirst, perceived 

exertion, RT, HR, temperature and RH was taken. The temperature of the laboratory was 

measured using a conventional mercury bulb thennometer. Relative humidity was 

determined from data obtained from dry-bulb and wet-bulb temperatures using a 

psychometric chart. 

Subjects began to exercise, exactly 120 min after the beginning of the hyperhydration 

periods, at an intensity eliciting 66.5 ± 2.69% of V02 max. During the first l O min of the 

exercise periods, V02 was continuously recorded and averaged at 60-sec intervals by the 

Intelli Support software provided with the Oxycon testing station. Throughout the 

exercise periods subjects maintained a pedal frequency no lower and higher than 80 and 

90 RPM, respectively. Subjects were allowed to stand on the pedals for 1-2 min intervals 

immediately after each collection of measures. During this tirne, the correct placement of 

the rectal probe was verified. A fan located 2 meters in front of the subjects circulated air 

at a low velocity. Measures of perceived exertion, perceived thirst and abdominal 

discomfort were taken at 18, 36, 58, 78, 98 and 118 min followed by HR and RT, 1 min 

later. Every 20 min, until min 100, subjects ingested 166 ml of SD (Gatorade, USA) 

concentrated at 6%, which was given at 25 °C to minimize any cooling effect. Subjects 

were free to stop at any time during exercise to pass urine, except when the next 

collection of measures was within the next 10 min. Urine was kept for the detennination 

of sweat volumes and totai volume of urine produced during exercise. 

Immediately after the steady state cycling periods, subjects were quickly disconnected 

from the switch box, dismounted the bike, urinated, removed their cycling shorts and 

shoes, toweled dry, and were weighed nude. However, the electrode and probe were not 

removed. This procedure was designed to determine total sweat volumes, which were 

computed with the following formula: (BW before exercise - (BW after exercise (bladder 

emptied] - 145 g [the weight of the probe and electrode together]) + total volume of fluid 
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consumed during exercise [830 ml]) - any urine tosses during exercise. No correction 

was made for insensible water loss (water lost by the respiration) and the loss of mass 

associated with the respiratory exchange of 02 and C02. Subjects then redressed 

themselves, mounted the bike, and got connected to the switch box after which they 

rested for one min. During this time, a measure of HR and RT was taken. The elapsed 

time between the end of the exercise periods and the onset of the endurance performance 

tests was in ail cases 7 min. Subjects began the endurance performance tests at the load 

previously employed during the 120 min steady state cycling periods plus 25 watts. The 

load was subsequently increased by 25 watts every 3 min until subjects claimed complete 

exhaustion or at the exact moment their pedaling frequency went under 60 RPM. Subjects 

were not allowed to stand on the pedals at any time and were told to maintain a pedal 

frequency of 60-90 RPM. They were encouraged to a similar extent in both experirnental 

trials and were made aware of the elapsed time. A measure of HR and RT was taken at 

the end of each completed plateau. At the exact moment subjects stopped the tests, the 

time was taken and HR and RT were measured. Subjects' PPO were computed using the 

following formula: last load completed for the entire 3 min + ((total time [in sec] in the 

last load which was not entirely completed/180 sec) x 25 watts). Subjects then took a 

period of 3-10 min for cooling down after which they were stripped of any experimental 

equipment. 

Because of the small sample size, which made the generalization of the results to the 

population hazardous, no parametric statistics were therefore performed. The results are 

presented as mean (4 subjects) ± SD. When judged informative, interesting and 

appropriate, certain individual results will be reported and discussed. 



CHAPTERIII 

RESULTS 

Hyperhydration Period 

JO 

Subjects reported to the laboratory, and therefore began each hyperhydration periods, in a 

similar state of hydration as evidenced by similar baseline BW (placebo: 67.9 ± 4.58; 

glycerol: 68. l ± 4.83 kg). During the hyperhydration period, subjects ingested an average 

of 1755 ± 116.7 ml of either the glycerol or placebo solution. Table 4 reports the changes 

in TB W and urine production over time. 

Table 4 

Changes in total body water and urine production over time in the placebo and glvcerol 

trials. 

Parameters 

Changes in total body 

water (ml) 

Placebo 

Glycerol 

Urine volume (ml) 

Placebo 

Glycerol 

0 

405.8 ± 

26.8 

405.8 ± 

26.8 

Measurement time (min) 

20 

324± 

126.5 

364± 

63.6 

81.8 ± 

102.3 

41.8 ± 

6l.4 

40 60 80 110 

495.5 ± 680.8 ± 652.3 ± 573 ± 

341.4 220.9 

531.5 ± 

125.5 

279.5 

782 ± 

219.2 

307.9 

831.3 ± 848.3 ± 

326.3 454.7 

98 ± 220.5 ± 298 ± 485 ± 

120.2 80.3 78. 7 58. 7 

102± 

60 

155.3 ± 220.3 ± 388.8 ± 

84.6 112.4 110.8 

As expected, both treatments produced a state of hyperhydration prier to the onset of the 

exercise periods. In both the placebo and glycerol trials TBW increased to a similar 

extent until 40 min. Total body water peaked at 60 min in the placebo trials after which 
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time it slowly decreased to reach a final value at 110 min of 573 ± 341.4 ml (32.6 ± 

19.4% of the total volume of fluid ingested), compared to a peak of 848.3 ± 454.7 ml 

(48.3 ± 26% of the total volume of fluid ingested) in the glycerol trials. Thus, compared 

to the placebo, the addition of glycerol to the aspartame-flavoredjuice increased TBW by 

an additional 275 ± 649 ml. Urine production peaked in both trials at 110 min with 41 ± 

10 (placebo) and 43 ± 12.2% (glycerol) of the total volume of urine produced. 

Interestingly, the addition of the values of urine volume produced at 60 and 80 min 

indicates that approximately another 44 ± 11 (placebo) and 41 ± 21.5% (glycerol) of the 

total volume of urine produced was excreted at these time points. At no time points the 

difference in urine excretion between the placebo and glycerol trials exceeded l 00 ml. 

Individual results of total fluid retention and total volume of urine produced are presented 

in table 5. Three subjects showed a net positive fluid retention (average: 537 ± 470 ml) as 

a result of the addition of glycerol, whereas in one subject it was completely the opposite 

with 511 ml more fluid retention in the placebo trial. 

Table 5 

Individual results of total fluid retention and total volume of urine 

produced in the placebo and glvcerol trials. 

Parameters Subjects Treatments 
Placebo Glycerol 

Total volume of urine M.L.C. 1422 389 
produced (ml) P.H. 1440 958 

s.c. 1072 975 
E.S. 799 1310 

Total Ouid retention (ml) M.L.C. 453 1486 
P.H. 160 642 
s.c. 733 830 
E.S. 946 435 

The protocol of hyperhydration was specifically designed as such to minimize any 

potential side effects that could have either resulted from the large volume of fluid to be 

ingested and/or the addition of glycerol. Thus, as expected, with the exception of one 

subject who reported on one occasion at 40 min a light feeling of bloating and dizziness 
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(glycerol trial), and another who reported at 80 and 110 min in the placebo trial a light 

and moderate feeling of bloating, respectively, at no time points in both trials subjects 

reported abdominal bloating, abdominal cramps, dizziness, headaches or nausea. 

Exercise Period 

Subjects exercised at a work rate of 180 ± 21.6 watts which elicited a V02 of 2707 ± 

221.4 ml/min, corresponding to an average of 66.5 ± 2.69% V02 max. The exercise 

intensity differed slightly between individuals but there were no within subjects 

diff erence in both trials. Throughout the study period care was taken to keep the 

temperature and RH at constant levels. Therefore, no difference existed between the 

placebo and glycerol trials with respect to laboratory temperature (25 °C) and RH (38-42 

%). In both trials subjects ingested a total of 830 ml of Gatorade. Heart rate and RT 

measured during rest, immediately prior to undertaking the exercise, and during exercise 

every 20 min, are shown in figure l. As expected, HR increased very slowly but steadily 

over the exercise periods. From 20 to 120 min, HR increased equally by 7% in both trials 

to reach final values of 148.5 ± 19.2 (placebo) and 148.3 ± 20 b/min (glycerol). The 

highest difference observed between trials was at the advantage of the placebo (i.e., a 

lower HR) with a value of 4 b/min at 40 min. The mean HR difference across ail tune 

points was 1.5 ± 1.53 b/min, at the advantage of the placebo. Subjects began the exercise 

periods with a low RT (placebo: 36.40 ± 0.1 l; glycerol: 36.48 ± 0.15 °C), explaining why 

each of them were slightly shivering over the last 20 min prior to undertaking the 

exercise. 

As with HR, RT rose steadily over time irrespective of the received treatments. However, 

the rate of increase was different among trials, with final values of 38.06 ± 0.19 and 

37.86 ± 0.36 °C in the placebo and glycerol trials, respectively. From 20 to 60 min the 

difference in RT between trials remained within 0.1 °C (range: 0.0 l-0.09 °C) and then 

averaged, at the advantage of glycerol (i.e., lower RT), 0.2 ± 0.05 °C over the remaining 

time points with the highest value recorded at 100 min (0.24 °C). Individual results of 

final HR and RT are shown in table 6. 
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Figure 1 

Heart rate (top} and rectal temperature <bottom) values at 

20-min intervals during exercise in the placebo (circle} and 

glycerol (square) trials. 
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Perceived exertion and perceived thirst values are presented in table 7. As anticipated, 

perceived exertion increased continuously in both trials. At the exception of min 40, at ail 

time points perceived exertion values were lowest in the glycerol trials by an average of 

0.95 ± 0.41 unit (range: 0.50-1.50 units) with the greatest difference (1.5 units) observed 

at 120 min. Similarly, again with the only exception of min 40, at ail time points 

perceived thirst values were lowest in the glycerol trials by an average of 0.45 ± 0.21 unit 

(range: 0.25-0.75 unit). At no time points, in both trials, subjects reported abdominal 

discomfort. 



Table 6 

Individual results of final heart rate and rectal temperature at the 

completion of the exercise period in the placebo and glycerol 

trials. 

Parameten Subjects Treatments 
Placebo Glycerol 

Heart rate (b/min) M.L.C. 125 123 
P.H. 168 168 
s.c. 142 142 
E.S. 160 160 

Rectal temperature (°C) M.L.C. 37.85 37.43 
P.H. 38.1 37.9 
s.c. 38 37.8 
E.S. 38.3 38.3 
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Total urine productions during exercise were 584 ± 129.3 and 295 ± 50.50 ml for the 

placebo and glycerol trials, respectively. Total sweat volumes in the placebo and glycerol 

trials were, respectively, 1865 ± 189 (15.53 ± 1.58 ml/min) and 1837 ± 319 ml (15.32 ± 

2.66 ml/min). Individual results of total urine production and sweat volume during the 

exercise periods are demonstrated in table 8. 

Accordingly, taking into account the difference in total sweat volumes and urine outputs, 

the ingestion of glycerol allowed the subjects to tenninate the exercise periods with an 

average of 600 ml more fluid, compared to the placebo. Thus, one of the major effects of 

the addition of glycerol was to reduce the loss of BW during exercise from 1.09 ± 0.27 in 

the placebo trials to 0.50 ± 0.46 kg in the glycerol trials. Hence, with water 

hyperhydration, subjects were dehydrated by 1.6 ± 0.37% of BW at the end of the 

exercise periods whereas, with glycerol hyperhydration, subjects were dehydrated by 

only 0.72 ± 0.63% ofBW. 
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Table 7 

Perceived exertion and gerceived thirst values during exercise in the glacebo and glycerol 

trials. 

Parameters Measurement time (min) 

20 40 60 80 100 

Perceived exertion (scale 6-20) 

Placebo 11.75 ± 11.75 ± 12.25 ± 13 ± 13.5 ± 

0.96 0.5 0.5 0.8 0.58 

Glycerol 10.5 ± 12 ± 11.75 ± 12.25 ± 12.75 ± 

1 0.8 0.5 1.26 0.5 

Perceived thirst (rcale 1-11) 

Placebo 4.75 ± 4.75± 4.75 ± 4.25 ± 4.25 ± 

1.71 0.96 0.96 1.26 1.26 

Glycerol 4± 4.75± 4.25 ± 3.75 ± 4± 

1.15 1.5 0.5 0.5 0.8 

Table 8 

lndividual results of total urine production and sweat volume 

during exercise in the glacebo and glycerol trials. 

Parameters Subjects Treatments 
Placebo Glycerol 

Urine volume (ml) M.L.C. 613 310 
P.H. 500 345 
S.C. 470 300 
E.S. 755 225 

Sweat volume (ml) M.L.C. 2040 2000 
P.H. 1610 1380 
s.c. 1840 2100 
E.S. 1970 1870 

120 

14.5 ± 

1.3 

13 ± 

0.9 

4.25 ± 

1.25 

3.75 ± 

0.5 
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Endurance Performance Test 

Times to exhaustion and PPOs were similar in both trials as shown in figure 2. 
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Times to exhaustion Oeft) and peak power outputs (right) in the placebo and glycerol 

trials. 

Individual results regarding times to exhaustion are presented in table 9. 

Table 9 

Individual times to exhaustion in the placebo. 

and glycerol trials. 

Subjects 

M.L.C. 
P.H. 
s.c. 
E.S. 

Treatments 
Placebo Glycerol 

15.78 19.6 
10.87 10.28 
10.85 6.07 
9.2 10.37 

Note: results are reported in min. 

Table 10 presents starting and maximal HR and RT attained in the endurance 

performance test in both trials. 



Table 10 

Starting and maximal heart rate and rectal temperature at the 

completion of the endurance performance test in the placebo 

and glycerol trials. 

Parameters Measurement time 

0 (min) Exhaustion 

Heart rate (b/min) 

Placebo 95.5 ± 16.05 179.75 ± 10.2 

Glycerol 100.3 ± 17.2 175.8 ± 13 

Rectal temperature (°C) 

Placebo 37.76 ± 0.24 38.25 ± 0.06 

Glycerol 37.6 ± 0.27 38.07 ± 0.22 
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In the 7 min that separated the exercise periods from the start of the endurance 

performance tests, HR declined by 54.25 ± 8.53 and 48 ± 5.94 b/min in the placebo and 

glycerol trials, respectively. Thus, at the start of the endurance performance tests, HR was 

5.75 ± 3.02 b/min lower in the placebo, compared to the glycerol trials. In contrast of 

what was observed at the end of the steady state cycling periods, maximal HR was higher 

in the placebo, compared to the glycerol trials, with a value of 179.75 ± 10.2 and 175.8 ± 

13 b/min, respectively. From the end of the exercise periods to the start of the endurance 

performance tests, RT decreased from 38.06 ± 0.19 to 37.76 ± 0.24 °C and from 37.86 ± 

0.36 to 37.6 ± 0.36 °C in the placebo and glycerol trials, respectively. The rate of increase 

in RT in the placebo trials was 0.49 ± 0.27 with a final value at exhaustion of 38.25 ± 

0.06 °C, whereas it was in the glycerol trials 0.48 ± 0.26 with a final value of 38.07 ± 

0.22 °C. Thus, even though times to exhaustion were identical among trials, with glycerol 

hyperhydration the subjects finished the endurance performance tests with a lower RT. 

The magnitude of decrease was similar to that observed at the end of the steady state 

cycling periods. 
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In the present study, it was found that, compared to placebo hyperhydration, glycerol 

hyperhydration increased TBW by an additional 275 ml (4 ml/kg/BW) over a 2 h period. 

This result would agree with the ones of Freund et al. (1995) and Riedesel et al. (1987) 

who reported that glycerol hyperhydration, compared to placebo hyperhydration, 

increased TBW over a 2 h period by - 250 ml and 275 ml, respectively. Both studies 

administrated similar quantities of fluid (21-22 ml/kg/8 W) and glycerol (0 .9-1 g/kg/B W) 

within the first 30-40 min of the ingestion protocol. In contrast, however, Hitchins et al. 

(1999), who administrated 1 g glycerol/kg/BW with 22 ml/kg/BW of diluted SD within 

the first 30 min of the ingestion protocol, reported that, compared to placebo 

hyperhydration, glycerol hyperhydration increased TBW by 500 ml over a 2 h period. 

Such a gap between this amount of fluid retention and the ones reported by the studies of 

Freund et al. (1995) and Riedesel et al. (1987) might be due to the fact that Hitchins's et 

al. ( 1999) subjects were very-well hydrated before the onset of the hyperhydration period. 

Such an explanation is supported by two facts. First, the absolute fluid retention after 2 h 

in Hitchins's et al. ( 1999) study was, for the placebo and glycerol treatment, 0 and 500 

ml, respectively, compared to 1000 and 1250 ml in Freund's et al. (1995) study and 610 

and 885 ml in Riedesel's et al. (1987) study. Second, in Hitchins's et al. (1999) study, 

their subjects had, at the onset of the hyperhydration period, a measured urine osmolality 

of 328 and 393 mOsmol/kg for the placebo and glycerol treatment, respectively, 

compared to 1050 and 1023 mOsmol/kg in Freund's et al. (1995) study and 742 and 903 

mOsmol/kg in Riedesel's et al. (1987) study. In the aforementioned studies, increasing the 

protocol's length by another 30 min had the effect to increase the magnitude of difference 

in fluid retention between treatments by an additional 250 (Freund et al., 1995), 140 

(Riedesel et al., 1987) and 100 ml (Hitchins et al., 1999), thereby increasing TBW in 

glycerol hyperhydration, compared to placebo hyperhydration, by 500, 400 and 600 ml, 

respectively. These amounts of fluid retention would agree with the one of Lyons et al. 

(1990) who reported that glycerol hyperhydration, compared to placebo hyperhydration, 

increased TBW by 500 ml 2 Yz h after the ingestion of 24.4 ml/kg/BW of fluid with 1 g 
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glycerol/kg/BW. Taken together, these results show that the magnitude of difference in 

fluid retention between glycerol hyperhydration and placebo hyperhydration was 

maximal after 2 Yi h when 21-24 ml/kg/BW of fluid was ingested along with glycerol 

(0.9-1 g/kg/BW) within the first 30-40 min of the ingestion protocol. 

When the results of subject E.S. - who showed 511 ml less fluid retention in the 

glycerol, compared to the placebo treatment - are eliminated, the addition of 1.2 g 

glycerol/kg/BW to 26 ml/kg/BW of fluid (aspartame-flavored juice and water) increased 

TB W by an average of 535 ml, which is very similar to the result of Hitchins et al. (1999) 

and, interestingly, to protocols 2 Yi h long (Freund et al., 1995; Lyons et al., 1990). 

Conversely, however, discarding the results of subject M.L.C., whose retention of fluid in 

the glycerol treatment (1033 ml) was 115% higher than the second highest fluid retention 

( 482 ml) observed in the same treatment, shows that no difference existed between each 

treatment regarding the ability to augment TBW. This result would agree with the one of 

Montner et al. (l 996, study # 2 [2]) who reported that glycerol hyperhydration, compared 

to a placebo solution, did not significantly improve fluid retention in 7 healthy subjects 

who received, over a 90 min period, 60 min before exercise, the same quantity of fluid 

and glycerol that was given in the present study. Of importance is that one subject (E.S.) 

showed less fluid retention (- 511 ml) with glycerol hyperhydration. Our experimental 

design, however, does not permit to explain why such a phenomenon happened. 

However, as it will be reported later, this excess fluid retention in the placebo treatment 

was of little utility during exercise as ail was excreted through urine. 

As it has been reported in previous studies (Hitchins et al., 1999; Lyons et al., 1990; 

Montner et al., 1996), none of the subjects reported undesirable side effects during the 

periods of hyperhydration induced with glycerol. Accordingly, when subjects were asked 

at the end of this hyperhydration period whether they would follow such an 

hyperhydration strategy before an important competition, at the exception of one subject 

who was not interested to hyperhydrate altogether, they all responded positively. This is 

critically important since no matter how good an hydration strategy has been reported to 

be in controlled laboratory conditions, if its use in real athletic situations is associated 
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with more disadvantages than benefits, then the odds are probably that the vast majority 

of athletes won't simply use it. It thus appears that glycerol hyperhydration is a safe 

procedure which will rarely produce adverse reactions when taken at a dose of 0.9-1.2 

g/kg/BW with 20-26 ml/kg/BW of fluid within a) 30-40 min, 2 h before exercise (Freund 

et al., 1995; Hitchins et al., 1999; Lyons et al., 1990; Riedesel et al., 1987) or; b) 90 min, 

60 min before exercise (Montner et al., 1996). 

An important finding of this study is that the production of urine during exercise was 

decreased by 289 ml (100%) in the glycerol, compared to the placebo treatment, and this, 

despite the fact that glycerol hyperhydration enabled the subjects to begin the exercise 

period with 275 ml more TBW. Therefore, of the original quantity of fluid (1755 ml) that 

was ingested during the hyperhydration periods, all was excreted in the placebo at the end 

of exercise, whereas with glycerol hyperhydration an average of 550 ml remained 

sequestered inside the body. Thus, in this study, the anti-diuretic effect of glycerol lasted 

throughout the end of the exercise periods. For instance, in subject E.S., whose TBW, 

before exercise, was increased by 946 ml in the placebo, as opposed to 435 ml in the 

glycerol treatment, urine production during exercise was, respectively, 755 and 225 ml, 

thereby negating the initial hydrotional advantage provided by the placebo. Sirnilarly, 

despite having begun the exercise with 1442 ml more TBW in the glycerol, compared to 

389 ml in the placebo treatment, subject M.L.C's urine loss was only 310 ml, 300 ml less 

than in the placebo treatment. Interestingly, this absolute difference in fluid retention 

observed between treatments at the end of exercise is in line with those obtained not at 

the end of exercise, but rather at the end of the periods of hyperhydration induced with 

glycerol (Freund et al., 1995; Hitchins et al., 1999; Montner et al., 1999; Montner et al. 

1996, study # 1 [ l ]). Practically, compared to glycerol hyperhydration, the finding of an 

increased urine output with water hyperhydration during exercise implies that the 

incidence of having to stop to pass urine may be augmented, which may be deleterious to 

exercise capacity, especially in elite athletes. 

Montner et al. (1996 [l]) have reported that glycerol hyperhydration had no effect, 

compared to a placebo, on urine production during a cycling exercise at 74% V02 max in 
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a thermoneutral climate. Similarly, Latzka et al. (1997) reported that glycerol 

hyperhydration, compared to a placebo, did not reduce urine loss during a 2 h walking 

exercise at 45% V02 max in a hot climate. lnterestingly, in the latter study, the 

experimental paradigm was designed as such to ensure that subjects began the exercise 

periods equally hydrated, which would have allowed to detect any hydrotional advantage 

conferred by glycerol during exercise. That we were able to demonstrate a difference in 

urine production between treatments, compared to the studies of Latzka et al. (1997) and 

Montner et al. (1996 [l ]), might be attributable to the fact that in the present study the 

subjects exercised at a moderate exercise intensity and in a thermoneutral climate. Thus, 

in these particular conditions, renal blood flow would be less diminished, thereby 

increasing fluid excretion in the placebo and, conversely, increasing fluid retention in the 

glycerol treatment as glycerol is reabsorbed in the distal tubule of the nephron and fluid 

follows by osmosis. 

At the end of the steady state cycling periods, perceived exertion in the glycerol was 1.5 

units lower than the placebo treatment. Montner et al. (1996 [l]) have also reported an 

identical difference in perceived exertion between the placebo and glycerol treatment at 

the end of exercise, which was reported not to be statistically different. Despite a 5% 

improvement in work capacity in the glycerol, compared to the placebo treatment, 

Hitchins et al. (1999) have also demonstrated no difference in perceived exertion during 

both the 30 min phase of cycling at fixed intensity conducted in the heat and the 30 min 

time trial which immediately followed. However, as performance was improved in the 

glycerol treatment, it might thus suggest, as stated by Hitchins et al. ( 1999), that glycerol 

slightly buffered the perception of effort during the time trial. In these studies, the small 

difference (Hitchins et al., 1999: 0.7%; Montner et al., 1996 [1]: 0.4%) in the loss of BW 

(i.e., lack of difference in dehydration) observed between treatments at the end of 

exercise could explain why no difference in perceived exertion was observed. 

Throughout exercise in the glycerol trials perceived thirst was slightly lower by an 

average of 0.45 unit, compared to the placebo trials. Whether or not this value would be 

of significance is impossible to determine as the scale employed in this study differed 
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from those that have been used in other studies. One can ask why a scale that would have 

allowed comparisons was not utilized? The reason is that the scales that have been used 

in glycerol hyperhydration studies were only scarcely detailed, making them impossible 

to reproduce unless we had personally contacted the researchers. Nevertheless, Hitchins 

et al. (1999) and Montner and al. (1996) have both reported that perceived thirst was 

unaffected by glycerol. Conversely, however, during a 90 min cycling exercise at 55% 

V02 max conducted in the heat, Murray et al. (1991) have reported lower perceived thirst 

values in subjects ingesting 4 and l 0% glycerol solutions, compared to glucose or water 

solutions. A lower thirst sensation during exercise is not necessarily a good thing, as it 

would probably reduce the athlete's intake of fluid, thereby increasing dehydration. 

Compared to the placebo, sweat rates in the glycerol treatment were reduced by 0.21 

ml/min or 13 ml/h. Montner et al. ( 1996 [ l]) have reported that a difference in sweat rate 

of a magnitude of l. 7 ml/min ( 102 ml/h) between the placebo and glycerol treatment was 

not statistically significant. Similarly, Hitchins et al. (1999) reported a difference in sweat 

rate of 1.24 ml/min (75 ml/h) between the placebo and glycerol treatment, which also was 

not significant. Others have also concluded that glycerol hyperhydration had no effect on 

sweat rate, compared to placebo hyperhydration (Lamb et al., 1997; Latzka et al., 1997, 

1998; Seifert et al., 1997; Wendtland et al., 1997). In contrast, however, the study of 

Lyons et al. (1990) is the only published one that has demonstrated that glycerol 

hyperhydration, compared to a placebo, enhanced sweat volume (by 33%) during a 90 

min run at 60% V02 max conducted in the heat. According to Latzka et Sawka (2000), at 

the exception of the study of Moroff et Bass ( 1965), no other study evaluating the effect 

of water hyperhydration bas demonstrated enhanced sweat rates as a result of the 

transiently augmented fluid reservoir. Interestingly, though, Grucza et al. ( 1987) reported 

that, compared to pre-exercise euhydration, water hyperhydration reduced sweat volume 

by 100 ml during a 45 min upright cycling exercise at 52% V02 max. 

Compared to the placebo, HR at 120 min in glycerol treatment was not different and this, 

despite the fact that glycerol hyperhydration enabled the subjects to finish the exercise 

period with more TBW (or less dehydrated). This result would agree with those of 
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Hitchins et al. (1999), Lamb et al. (1997), Latzka et al. (1997), Lyons et al. (1990), 

Seifert et al. ( 1995) and Wendtland et al. ( 1997) who reported that glycerol 

hyperhydration, compared to a placebo, had no effect on HR during exercise. It 

nevertheless contrasts with the result of Montner et al. (1996) who reported that, 

compared to a placebo, glycerol hyperhydration decreased HR by an average of 2.8 

(study l) and 4.4 b/min (study 2) during cycling exercises to exhaustion. Prior to the - 90 

min cycling period in study one, fluid retention in the glycerol treatment was enhanced by 

- 600 ml, and no fluid was provided during exercise. Conversely, there was no significant 

difference between the placebo and glycerol treatment with respect to total fluid retention 

prior to the - 120 min cycling period in study 2, but fluid at a rate of 600 m1/h was 

provided during exercise. Unfortunately, in both studies, no measure of plasma volume 

was taken. However, no change in hematocrit values was observed, which suggests that 

there was probably no change in plasma volume among treatments. Compared to placebo 

hyperhydration, glycerol hyperhydration has been shown to have no significant effect on 

plasma volume during both rest and exercise (Freund et al., 1995; Hitchins et al., 1999; 

Latzka et al., 1997). Following its absorption, glycerol is equally distributed within the 

different fluid compartments of the body and the extra fluid ingested follows by osmosis 

(Robergs & Griffin, 1998). Consequently, if glycerol hyperhydration were to increase 

TBW by 600 ml in a 70 kg person, then its blood volume would only be increased by 

approximately 70 ml (5 (blood volume in L]/42 [TBW] x 600 ml). As stated by Freund et 

al. (1995), "this small volume difference between treatments is probably beyond 

measurement resolution." Interestingly, however, Murray et al. (1991) have demonstrated 

that, compared to the ingestion of water or a 6% SD solution during a 90 min exercise, 

the ingestion of a 10% glycerol solution had a significant effect on plasma volume, 

which, however, had no significant effect on HR. Similarly, Gleeson et al. (1986) 

reported that, compared to a water placebo, the ingestion of l g glycerol/kg/BW 45 min 

before exercise increased resting plasma volume and attenuated its decrease during 

exercise. The increase in plasma volume in this case probably resulted from the 

movement of fluid from the extravascular space to the vascular space in response to the 

entry of glycerol. In Murray's et al. (1991) study, over the last 50 min of exercise, plasma 

volume was higher by an average of approximately 4% in the glycerol, compared to the 
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SD treatment. With sirnilar increases in plasma volume, other studies have demonstrated 

no effect on HR during exercise (Barr et al., 1991; Walsh et al., 1994). Additionally, 

Nose, Mack, Shi, Morimoto et Nadel in 1990 examined the effect of plasma volume 

expansion during 50 min of cycling exercise at 60% V02 max in a thennoneutral 

environment (22 °C). A no infusion trial was compared with an infusion trial where a 

0.9% NaCl solution was infused at a rate of0.29 ml/kg/BW/min. Compared to the control 

trial, the infusion trial elevated plasma volume levels by - 8% (280 ml) at the end of 

exercise, which, interestingly, had no effect on HR. Accordingly, though possible, it 

would be doubtful that an increase in plasma volume of a magnitude of - 70 ml could 

account for the decrease in HR reported in the study of Montner et al. (1996). In the 

present study plasma volume was not directly measured. However, identical HR between 

trials at the end of exercise suggests that stroke volume did not have to be compensated 

for in order to maintain cardiac output and, hence, that plasma volume was probably 

similar between trials. 

As shown in figure l, over the last 60 min of exercise, RT in the glycerol was, on 

average, 0.2 °C lower than the placebo treatment. As the switch box was calibrated 

before each trial, this difference in RT can't therefore be attributable to a lack of 

reliability. In the studies ofHitchins et al. (1999), Latzka et al. (1997) and Montner et al. 

(1996 [l]), the differences in RT between the placebo and glycerol treatments at the end 

of exercise were in ail cases of the order of 0.1 °C or less, which was not reported to be 

significant. In these studies, the difference in dehydration between treatments at the end 

of exercise amounted to - 500 (Hitchins et al., 1999, [based on sweat tosses data]), 100 

(Latzka et al., 1997) and 250 ml (Montner et al., 1996 [l], [based on BW loss]), or 0.7, 

0.1 and 0.4% of BW, respectively. In the present study, the difference in dehydration 

between treatments amounted to 0.9% of BW or - 600 ml of fluid. Sawka et Coyle 

( 1999) report that the magnitude of increase in core temperature during exercise ranges 

from 0.1-0.23 °C for each percent decrease of BW, which would be in line with our 

results and those of the above studies. Thus, in the present study, glycerol hyperhydration 

proved better than placebo hyperhydration in reducing R T because it attenuated the rate 

of body water depletion during exercise (i.e., it reduced dehydration). For example, in 
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subject M.L.C., having finished the glycerol trial euhydrated, compared to dehydrated by 

2% of BW in the placebo trial, made that at the end of exercise his RT was reduced by 

0.45 °C (2% x 0.225 °C: 0.45 °C). Similarly, subject P.H terminated the glycerol trial less 

dehydrated by 1.42% of BW, making that bis RT was decreased by 0.2 °C. Finally, 

subject E.S. was equally dehydrated at the end ofboth trials and, thereby, no difference in 

final RT was observed. The study of Lyons et al. (1990) is the only published study on 

glycerol hyperhydration that has reported a significant decrease in RT (O. 7 °C) at the end 

of exercise. The decrease in RT was associated with an enhanced sweat rate. However, 

such a difference in RT between treatments is difficult to explain since the difference in 

dehydration at the end of exercise was of the order of only 0.3% of BW (placebo: 0.3%; 

glycerol: 0.056% ofBW). 

Compared to maintaining euhydration during exercise, Latzka et al. ( 1997) have 

demonstrated that maintaining hyperhydration during exercise by replacing sweat lasses 

with equivalent quantities of water did not significantly reduce RT. Preserving 

hyperhydration during exercise is not recommended, as it may increase the possibility to 

develop hyponatremia (Latzka et al., 1997), especially during prolonged exercise. 

Accordingly, when possible, the goal of fluid replacement during exercise ought to be to 

maintain euhydration, without inducing hyperhydration. Conversely, however, 

hyperhydration might be induced in exercise situations when it would not be possible to 

main tain euhydration during exercise (i.e., high intensity exercise ), as it would delay the 

onset of hypohydration. 

At the end of the hyperhydration periods, RT was 36.40 ± 0.11 and 36.48 ± 0.15 °C in the 

placebo and glycerol treatment, respectively. Hence, ail subjects were shivering, despite 

being at a room temperature of 25 °C. This is a direct consequence of the hypothermie 

quality of the fluid ingested (1215 ml of fluid at 4 °C) (Gisolfi & Copping, 1974). Giving 

1 Lof water at 10 °C, 30 min before exercise, Gisolfi et Copping (1974) reported a RT of 

- 3 7 °C immediately before exercise. Moroff et Bass ( 1965) gave 2 L of tap water at 24 

°C, 50 min before exercise, and reported a pre-exercise RT of 37 °C. Montner et al. (1996 

[1]) had their subjects ingest 26 ml/kg/BW of fluid over a 90 min period, 60 min before 
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the onset of exercise, and reported a pre-exercise RT of 37 °C. Unfortunately, the 

temperature at which the solution was provided was not mentioned. As the shivering 

sensation is unpleasant and the hypothermie effect only lasts a few min into the exercise 

period (the core temperature augments rapidly after the initiation of exercise), athletes 

should probably be advised to consume the coolest solution that they can tolerate, which, 

however, will not initiate shiver. 

Compared to the placebo, glycerol hyperhydration did not further increase exercise 

capacity despite enabling the subjects to begin the endurance performance tests less 

dehydrated and, thus, with a lower core temperature. This result contrasts with those of 

other studies, which reported an increase in time trial performances and times to 

exhaustion with glycerol hyperhydration (Hitchins et al., 1999; Montner et al., 1996; 

Seifert et al., 1995). Though being not statistically different, Latzka et al. (1998) reported 

that during uncompensable heat stress, glycerol hyperhydration, compared to placebo 

hyperhydration, increased time to exhaustion from 31.3 to 33.8 min. Interestingly, none 

of the published studies (Hitchins et al., 1999; Montner et al., 1996) was able to identify 

the mechanism by which GH improved exercise capacity. Indeed, excepted for a lower 

HR response (mean 3 b/min) in Montner's et al. (1996) study, no other change in any 

single variable was found that could have explained the connection between the water 

retenti on responses and the enhanced exercise capacity. 

In the present study dehydration was theorized as being the major factor limiting 

performance. Thereby, in the two endurance performance tests that each subject had to 

perform, the greatest time to exhaustion should have been observed in the trial where 

dehydration was less pronounced at the onset of the test. Or, altemately, no difference in 

times to exhaustion should have been observed between trials if dehydration was similar 

at the onset of both tests. However, in only one subject (M.L.C.) one of these 

assumptions tumed out to be right. In the remaining subjects, performance was increased 

in the trial where dehydration, at the onset of the endurance performance test, was greater 

(2 subjects) or equal (l subject) to that of the preceding test. And, not surprisingly, for ail 

these subjects, this trial corresponded to their second trial. This probably implies that 
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these 3 subjects, and most likely subject M.L.C. as well, have leamed from their first 

trial. The leaming effect was, however, counterbalanced. It thus demonstrates the great 

importance of familiarizing the athletes with every procedure and test employed in a 

given study, especially more so in a study evaluating the effect of ergogenic aids. The 

reason why the subjects did not perfonn the endurance performance test during the 

familiarization phase is because the latter was immediately perfonned after the V02 max 

test. And, consequently, it would have been unethical and unacceptable to have had the 

subjects perfonn two tests to exhaustion within 60 min. A better option would have been 

to have the subjects perform the familiarization phase on a day other than the day where 

the V02 max test was performed. As ail the subjects were on a tight schedule and that 

they were not financially compensated for their participation, this option was not 

conceivable. As it was anticipated that a leaming effect would probably take place only 

by the execution of the endurance performance test per se for the first time, ail the 

necessary precautions to maximally attenuate the known parasite effect that certain 

variables can have on exercise capacity were consequently taken. Thus, to contrai for the 

effect of circadian rhythm, subjects perfonned each trial on the same day and hour, one 

week apart. It was made sure that, upon engaging this study, the subjects were not 

overtrained and/or injured, and training-induced fatigue was controlled for by making 

sure that they refrained from any physical activities the day prior, and morning of, both 

trials. AU subjects followed a similar diet 48 h before each trial and ail ingested identical 

quantities and types of fluid 24 h before each trial. Finally, ail subjects went to bed at 

similar hours before each trial. One important variable, however, was impossible to 

control for; that is personal motivation, which can make any test non-reliable if an 

individual does not give its best/full effort at each occasion. The result of the endurance 

performance test was considered valid when subjects had to stop because they were no 

longer able to maintain a pedal frequency above 60 RPM. At the exception of one subject 

(S.C.), all were very motivated during the test and, consequently, pedaled until they could 

no longer do so because their RPM went under 60 RPM. In subject S.C., in both tests a 

lack of motivation was the reported reason why he stopped: in both cases he stopped 

pedaling when its pedal frequency was between 68-75 RPM, suggesting that he could 

have continued to pedal for a reasonable amount of time. Consequently, if his results are 
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eliminated, compared to the placebo, glycerol hyperhydration, mainly because of one 

subject (M.L.C.), improved times to exhaustion by an average of 87 sec. 

To increase the reliability of an endurance performance test, instead of the conventional 

tests to exhaustion, it is more appropriate to have the subjects exercise either "as far as 

possible" in a given period of time or a given distance in the shortest possible time 

(Jeukendrup, Saris, Brouns & Kester, 1996; Schabort, Hawley, Hopkins, Mujika & 

Noakes, 1998). According to Jeukendrup et al. (1996), the poor reproducibility of tests to 

exhaustion, compared to time trials, could be explained by the fact that these tests have an 

"open end", as such that performance-limiting factors like motivation, monotony and 

boredom could have a more pronounced effect than intime trials where the "endpoint is 

known." Though we were aware of these studies, it was impossible to have the subjects 

perfonn a time trial, as the bike utilized in the present study could not be operated in a 

linear mode (the work rate increases in relation to the pedaling rate). 

CONCLUSION 

In summary, by increasing pre-exercise TB W and decreasing urine production during 

exercise, glycerol hyperhydration attenuated dehydration (glycerol: 0.7%; placebo: 1.6% 

of BW) better than water hyperhydration during the 2 h cycling period at 65% V02 max 

in a thermoneutral climate, which improved RT, but not sweat rate, HR and perceived 

exertion. Out of the 3 subjects whose results with respect to the endurance performance 

test are considered valid, 2 improved their time to exhaustion following glycerol 

hyperhydration. 

RECOMMENDA TI ONS 

White exercising in a thermoneutral climate at a low to moderate intensity, it is probably 

more useful to undertake the exercise euhydrated and maintain this state of hydration 

during exercise than inducing hyperhydration and consuming marginal quantities of fluid 

during exercise. Hyperhydration with glycerol is probably more appropriate when 

exercising in hot and humid conditions, even more so if the exercise is intense. Athletes 
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should always experiment with glycerol hyperhydration during specific training and low 

key races before utilizing this hydration strategy in a key race. 

During intense exercises lasting - l h, gastric emptying is greatly reduced and, therefore, 

athletes ingest very little fluid. lt would therefore be interesting to evaluate the effect of 

glycerol hyperhydration during such exercises (e.g., sprint triathlons and cycling time 

trials of 40 km). 

Evaluating the effect of glycerol hyperhydration in elite marathon runners would also be 

interesting. 

It would be interesting to investigate the effect of the addition of glycerol into a SD 

during prolonged exercise (> 4 h) in the heat on plasma volume regulation, sweat rate, 

HR, RT and urine production. 

Finally, in a thennoneutral climate, it would be interesting to evaluate the effect of 

glycerol hyperhydration during l Y.-1 1h h of running exercise at 70-80% V02 max, 

which is immediately followed by a 2 km time trial. This would simulate a half-marathon 

race. 
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APPENDIXA 

HEAL TH QUESTIONNAIRE 



S.V.P., cochez Oui ou Non: 

Questions Oui Non 
Avez-vous un problème cardiaque? 
Avez-vous un cancer? 
Avez-vous déjà eu un accident vasculaire-cérébral? 
Avez-vous des problèmes de cholestérol? 
Avez-vous des problèmes d'épilepsie? 
Avez-vous des problèmes de diabète? 
Avez-vous des problèmes rénaux? 
Avez-vous des problèmes d'anémie? 
Avez-vous des problèmes de foie? 
Avez-vous des problèmes pulmonaires? 
Avez-vous des problèmes d'arthrose? 
Avez-vous des problèmes arthritiques? 
Avez-vous des douleurs à la poitrine lorsque vous pratiquez une activité 
physique? 
Avez-vous des problèmes de pression artérielle? 
Avez-vous une/des blessure (s) musculaire (s) aux membres inférieurs? 
Avez-vous une/des blessure (s) osseuse (s) aux membres inférieurs? 
Malgré ces blessures musculo-squelettiques, pourriez-vous pédaler 
pendant plus de 2 heures sans avoir à diminuer l'intensité de l'exercice? 
Avez-vous une/des blessure (s) musculaire (s) aux membres supérieurs qui 
vous empêcheraient de faire du vélo pendant plus de 2 heures? 
Est-ce que vous fumez la cigarette? 
Avez-vous des problèmes d'alcoolisme? 
Avez-vous des allergies alimentaires? Si oui, veuillez préciser. 

Autres allergies? Si oui, veuillez préciser. 

Avez-vous des problèmes à faire un exercice lorsque la température est 
élevée? 
Avez-vous couramment des problèmes d'hypoglycémie pendant 
l'exercice? 
Présentement, êtes-vous sous médication? Si oui, veuillez préciser. 

Présentement, avez-vous le rhume? 
Présentement, avez-vous la grippe? 
Avez-vous déjà été surentraîné? Si oui, veuillez préciser. 

Période (mois, année) 



Pendant un exercice, avez-vous déjà perdu conscience sans raison Oui Non 
apparente? 

Est-ce que quelqu'un de votre famille immédiate (parents/frères/soeurs) a 
déjà eu, avant l'âge de 55 ans, un problème cardiaque, un accident 
cérébral-vasculaire, ou un problème pulmonaire? Si oui, veuillez préciser. 

J'ai lu, bien compris, et honnêtement complété ce questionnaire. Toute question posée fut 
répondue d'une façon claire et précise. Il est possible qu'à la suite de la lecture de ce 
questionnaire, le chercheur, dans le cas présent Eric Goulet, vous demande de consulter un 
médecin, ou ultimement. vous retire de l'étude. Toutes les informations obtenues sont 
confidentielles. 

Signature:------------



APPENDIXB 

EXPLANA TION OF THE STUDY 



Title: Effect of Glycerol Hyperhydration Before Exercise in Trained Triathletes on 

Endurance Performance and Cardiovascular and Thennoregulatory Responses 

Chercheurs responsables: 

Eric Goulet, étudiant-chercheur à la Faculté d'éducation physique et sportive de 
l'Université de Sherbrooke 

Donald Royer, professeur titulaire à la Faculté d'éducation physique et sportive de 
l'Université de Sherbrooke 

Collaboration: 

Pierre Gauthier, vice-doyen et professeur titulaire à la Faculté d'éducation physique et 
sportive de l'Université de Sherbrooke 

Susan Labrecque, médecin 

Objectifs de l'étude: 

L'objectif de cette étude est de déterminer, si à la fin d'une période d'hyperhydratation 
induite à l'aide de glycérol (HG), comparativement à une période d'hyperhydratation 
induite à l'aide d'un placebo (HP), la production d'urine sera moins élevée et, par 
conséquent, la rétention de fluide supérieure. Et ensuite, de déterminer si HG, 
comparativement à HP, améliora de façon significative la perception de l'effort (PE), la 
perception de la soif (PES), la fréquence cardiaque (FC), la température rectale (TR), la 
production de sudation (PS), et la capacité d'endurance (CE) lors d'un exercice 
subséquent. Le glycérol est utilisé comme agent hyperhydratant, car il 1) est rapidement 
absorbé; 2) est également distribué parmi les différents compartiments de fluide du corps 
(c-a-d., intracellulaire et intra et extravasculaire); 3) est un métabolite naturel; 4) possède 
une action osmotique élevée; 5) est bien toléré et; 6) est sécuritaire d'usage à une dose de 
1.2 g par kg de poids corporel (PC). 

Méthode: 

Après avoir déterminé - lors d'une première rencontre - votre âge, votre grandeur, votre 
poids corporel, votre indice de surface corporelle, votre situation athlétique, votre état de 
santé et votre consommation maximale d'oxygène (CMO [sur ergomètre]), vous serez 
convoqué au laboratoire pour 2 expérimentations pratiquées à double insu. Cette première 
rencontre devrait être d'une durée de 2 heures, car après avoir déterminé votre CMO, une 
phase de familiarisation avec l'équipement et les procédures employées pendant les 
protocoles d'exercice aura lieu (45 minutes à 65% CMO). 

Avant chacune des expérimentations, vous devrez obligatoirement suivre certaines règles 
strictes concernant l'alimentation, l'entraînement et la consommation de liquide. Lors des 



périodes d'hyperhydratation, vous recevrez soit (l.2 g glycérol/kg PC avec 18 ml/kg PC 
de boisson sucrée à l'aspartame [BSA] plus 8 ml/kg PC d'eau distillée [HG]) ou (18 ml/kg 
PC de BSA plus 8 ml/kg PC d'eau distillée [HP]). Ces protocoles d'hyperhydratation sont 
d'une durée de 110 minutes. Lors de ces périodes, des échantillons d'urines seront 
collectés aux temps 0, 20, 40, 60, 80 et 110 minutes. Après la période d'hyperhydratation, 
vous devrez effectuer 120 minutes d'exercice - sur un ergomètre - à une intensité 
correspondante à 65% CMO et par la suite effectuer un exercice jusqu'à épuisement total. 
Ce dernier exercice consistera en une augmentation de la charge de 25 watts à toutes les 3 
minutes. 

Pendant l'exercice, et ce à toutes les 20 minutes, des mesures de FC (Polar Vantage NV), 
de TR (sonde anale), de PE (échelL~ de Borg), de PES (échelle de perception de la soit) et 
d'inconfort abdominal seront prises et vous devrez, à chaque 20 minutes, consommer une 
quantité fixe de boisson pour sportif (Gatorade), pour un total de 500 ml/heure. Pendant 
les 10 premières minutes d'exercice, vous devrez porter un masque facial afin que la 
consommation d'oxygène soit déterminée. 

Il est à noter que, pendant l'exercice, la TR sera mesurée à l'aide d'une sonde qui sera 
insérée à une profondeur de 15 centimètres au-delà du sphincter anal. Cette sonde sera 
installée - à l'aide d'une gelée minérale lubrifiante soluble à l'eau - en début d'exercice et 
sera retirée seulement à la fin de ce dernier. L'insertion d'une sonde anale ne représente 
aucun danger pour les sujets. Une période de temps d'environ 5 heures est requise pour 
chacune des expérimentations. 

Risques potentiels: 

L'ingestion de glycérol chez certains individus pourrait engendrer, pendant une période 
transitoire, des maux de tête, des nausées, des vomissements, des problèmes gastriques, 
ou une vision troublée. Si un ou des symptôme (s) se manifeste (nt), le sujet devra le (s) 
signaler aux expérimentateurs aussitôt qu'il le (s) ressent. Par contre, ces effets 
secondaires sont très peu fréquents. La mesure de la CMO pourrait, chez certains 
individus plus susceptibles, causer des maux de têtes, des nausées, étourdissements, etc. 
Par contre, la prévalence de ces signes/symptômes est quand même assez rare chez 
l'athlète bien entraîné. De façon tout à fait exceptionnelle chez des sujets jeunes, en bonne 
santé, et pratiquant régulièrement des activités physiques, ce test pourrait provoquer des 
réactions plus graves parmi lesquelles des arythmies qui pourraient provoquer une mort 
subite. La combinaison d'une période d'exercice effectué à 65% CMO pendant 2 heures, 
et d'un exercice jusqu'à épuisement total, pourrait être associée à certains désordres 
métaboliques peu agréables {hypohydratation/hyperthermie [ soif, crampes, maux de têtes, 
étourdissements, vomissements, faiblesse généralisée et perte de conscience], acidose, et 
hypoglycémie). Soyez assuré, par contre, que toutes les mesures seront prises afin l) de 
permettre un rétablissement de l'homéostasie corporelle dans les plus brefs délais si un 
problème survenait et; 2) d'éviter l'apparition de l'hyperthermie grâce à la reconnaissance 
rapide des symptômes qui y sont normalement associés (tableau 1). Finalement, le sujet 
devra signaler aux expérimentateurs toute réaction qu'il trouvera anormale au cours de 



l'effort et, par conséquent, à tout moment pendant l'exercice l'expérimentateur, ou le sujet 
lui-même, pourrait décider de mettre fin au protocole d'exercice. 

Tableau 1. 
Arrêt immédiat • 
de l'exercice • 
advenant les • 

Etourdissements 
Maux de têtes persistants 
Vomissements 

situations 
suivantes: 

Confidentialité: 

• Frissonnements 
• Réaction ansérine ( chair de poule) 
• Faiblesse généralisée 
• Température rectale > 40 °C 
• Arrêt de la sudation 

Toutes les données recueillies pendant cette étude seront traitées de façon confidentielle. 
Les résultats de l'étude seront plus tard présentés devant public, et publiés dans un 
périodique scientifique. Par contre, en aucun temps, les sujets seront identifiés de façon 
individuelle. Les résultats du groupe seront disponibles sur demande. 



APPENDIXC 

INFORMED WRITIEN CONSENT 



Chercheur: Eric Goulet, étudiant-chercheur 

Je reconnais que j'ai bien compris les procédures de recherche et que les chercheurs ont 
bien répondu à toutes mes questions. Je suis au courant des risques potentiels et 
inconforts associés à cette étude. En tout temps, je comprends que je peux poser des 
questions, peu importe leur nature, en autant qu'elles soient pertinentes à cette étude en 
particulier. Je comprends que toutes informations, indépendamment de leur nature, sont 
et seront gardées de façon confidentielle par le chercheur. 

Je comprends qu'en tout temps, peu importe les raisons, je peux quitter cette étude. 

Je consens ---------------------~ par la présente, à 
participer à cette étude. 

Signature: 
Date: 

Pour toute question, contacter les chercheurs dont les numéros de téléphone sont donnés 
sur la lettre d'explication. 



APPENDIXD 

PRE-EXPERIMENTAL PROCEDURES FOR DIET, SLEEPING HOUR 
AND TRAINING 



Jours avant Restrictions 
expérimentation 

Expérimentation 1 
-6 Aucune: inscrire entraînement dans le tableau 4a 
-5 Aucune: inscrire entraînement dans le tableau 4a 
-4 Aucune: inscrire entraînement dans le tableau 4a 
-3 • Aucune restriction au niveau de l'entraînement aérobique et 

musculaire: inscrire entraînement dans le tableau 4a 
À partir de 17:00 h 

• Arrêt de l'entraînement musculaire au niveau des membres 
inférieurs. 

-2 • Entraînement léger si possible: inscrire entraînement dans 
le tableau 4a 

À partir de 17:00 h 

• Contrôle de la diète: inscrire les aliments ainsi que la 
quantité dans le tableau 2. Veuillez consommer une diète 
(liquide et solide) qui correspondrait à la diète que vous 
vous vous imposeriez normalement 2 jours avant une 
compétition de 2 heures étant très difficile. 

- 1 • Contrôle de la diète: inscrire les aliments ainsi que la 
quantité dans le tableau 3. Veuillez consommer une diète 
Oiquide et solide) qui correspondrait à la diète que vous 
vous vous imposeriez normalement 2 jours avant une 
compétition de 2 heures étant très difficile. 

Avant 17:00 h 

• Entraînement léger si possible: inscrire entraînement dans 
le tableau 4a 

À partir de 17:00 h 

• Aucun entraînement 

• Contrôle de l'hydratation: vous devez seulement ingérer 
cette quantité très précise de liquide (voir sous tableau 3) 

• Aucune consommation de diurétique, d'alcool, de caféine, 
etc. 

• Indiquez votre heure de coucher: 
0 • Aucun entraînement 

• Contrôle de la diète: inscrire les aliments ainsi que la 
quantité dans le tableau 4 

• Contrôle de l'hydratation: vous devez seulement ingérer 
cette quantité très précise de liquide (voir sous tableau 4) 

• Aucune consommation de diurétique, d'alcool, de caféine, 
etc. 

• 15:30 h: consommation d'un bagel 
Expérimentation 2 

-6 Aucune 
- 5 Entraînement (s) du jour -5 de l'expérimentation 1 ou un lui 



ressemblant: inscrire entraînement dans le tableau 4b 
-4 • Entraînement (s) du jour -4 de l'expérimentation 1 ou un lui 

ressemblant: inscrire entraînement dans le tableau 4b 
-3 • Entraînement (s) du jour -3 de l'expérimentation 1 ou un lui 

ressemblant: inscrire entraînement dans le tableau 4b 
À partir de 17 :OOh 

• Arrêt de l'entraînement musculaire au niveau des membres 
inférieurs. 

-2 • Entraînement (s) du jour -2 de l'expérimentation 1 ou un lui 
ressemblant: inscrire entraînement dans le tableau 4b 

À partir de 17:00 h 

• Contrôle de la diète: consommation identique des aliments 
ingérés lors du jour -2 de l'expérimentation 1 (tableau 2) 

- 1 • Contrôle de la diète: consommation identique des aliments 
ingérés lors du jour -1 de l'expérimentation 1 (tableau 3) 

Avant 17:00 h 
• Entraînement (s) du jour -1 de l'expérimentation 1 ou un lui 

ressemblant: inscrire entraînement dans le tableau 4b 
À partir de 17:00 h 

• Aucun entraînement 

• Contrôle de l'hydratation: vous devez seulement ingérer 
cette quantité très précise de liquide (voir sous tableau 3) 

• Aucune consommation de diurétique, d'alcool, de caféine, 
etc. 

• Même heure de coucher que l'expérimentation 1: voir jour -
1 de l'expérimentation 1 

0 • Aucun entraînement 

• Contrôle de la diète: consommation identique des aliments 
ingérés lors du jour Ode l'expérimentation 1 (tableau 4) 

• Contrôle de l'hydratation: vous devez seulement ingérer 
cette quantité très précise de liquide (voir sous tableau 4) 

• Aucune consommation de diurétique, d'alcool, de caféine, 
etc. 

• 15:30 b: consommation d'un bagel 



APPENDIXE 

QUESTIONNAIRE OF TRAINING HABITS 



Sport pratiqué: Triathlon ___ Cyclisme ___ Duathlon __ _ 

Catégorie: Élite ___ Groupe d'âge ___ Sénior 1 ___ Sénior 2 __ _ 

Années d'expériences en compétition de haut niveau: ___ ans 

À quel niveau avez-vous participé l'an dernier (compétitions majeures)? 

Régional ___ Provincial ___ National ___ International __ _ 

Quelles étaient ces compétitions ( veuillez nommer et décrire (distance) les trois plus 
importantes)? 
1 

2 

3 

Pour ces compétitions, veuillez écrire vos temps ( ou votre position), ainsi que ceux des 
gagnants (si possible)? 
1 

2 

3 

Depuis les 12 derniers mois, à combien de compétitions avez-vous participé? __ _ 

Vous vous entraînez sérieusement depuis combien d'années? ___ ans 

Est-ce que vous vous entraînez l'année durant? Oui Non --- ---
Si non, combien de mois par année? __ _ 

Vous avez, depuis les 12 derniers mois, consacré combien d'heures à la pratique de votre 
sport (englobant tous les aspects de l'entraînement)? heures 



Vous avez, depuis les 12 derniers mois, consacré combien d'heures à la pratique du vélo 
seulement? heures 

Ce nombre d'heures est équivalent à combien de kilomètres? ___ km 

Vous avez, depuis les 16 dernières semaines, consacré combien d'heures à la pratique de 
votre sport ( englobant tous les aspects de l'entraînement)? heures 

Vous avez, depuis les 16 dernières semaines, consacré combien d'heures à la pratique du 
vélo seulement? heures 

Ce nombre d'heures est équivalent à combien de kilomètres? ___ km 

Des entraînements à vélo de plus de 2-3 heures, combien en faites-vous en moyenne par 
année? ---

Combien d'entraînements de vélo~ 2 heures, depuis les 4 dernières semaines, avez-vous 
complété? __ _ 

Combien d'entraînements de vélo ~ à 30-45 minutes, depuis les 4 dernières semaines, 
dans des conditions climatiques ~ à 20-25 °C, avez-vous complété? __ _ 

Dans quelle phase d'entrainement êtes-vous présentement?--------

Est-ce qu'il est dans vos habitudes de vous hyperhydrater avant une compétition? 
Oui Non ---

Avez-vous déjà induit une hyperhydratation à l'aide du glycérol? Oui __ _ 
Non ---

Pendant un entraînement de vélo de plus de 2 heures, quelle quantité de liquide, à l'heure, 
ingérez-vous? 
500-600 ml/hou moins (un bidon ou moins): ---
600 à 900 m1/h ( l à 1 ~ bidon): __ 
900+ ml/h: ---



APPENDIXF 

PERCEIVED EXERTION SCALE 



6 
7 Vraiment, Vraiment Léger 
8 
9 Vraiment Léger 
10 
11 Moyennement Léger 
12 
13 Quelque Peu Difficile 
14 
15 Difficile 
16 
17 Vraiment Difficile 
18 
19 Vraiment, Vraiment Difficile 
20 



APPENDIXG 

PERCEIVED TillRST SCALE 



1 
2 Aucune Soif 
3 
4 Soif Légère 
5 
6 Soif Modérée 
7 
8 Soif Considérable 
9 
10 Soif Extrême 
11 



APPENDIXH 

ABDOMINAL DISCOMFORT SCALE 



1 Aucun 

2 Léger 

3 Modéré 

4 Considérable 

5 Extrême 



APPENDIXI 

VERIFICATION OF PRE-EXPERIMENTAL PROCEDURES 
FORDIET AND TRAINING 



Expérimentation # 1 

Répondre: Cochez oui ou non 

Nutrition: 

• Avez-vous, 24 heures avant l'expérimentation, consommé des diurétiques ou des 

aliments ou boissons contenant de l'alcool, de la caféine, ou des canneberges? 

Oui Non 

• Avez-vous, dans les dernières 24 heures avant l'expérimentation, comme demandé, 

consommé la quantité de liquide prescrite? 

Oui Non 

• Avez-vous, 90 minutes avant l'expérimentation, comme demandé, consommé le bagel 

prescrit? 

Oui Non 

Entrainement: 

• 72 heures avant l'expérimentation, comme demandé, avez-vous stoppé les 

entraînements en musculation pour les membres inférieurs? 

Oui Non 

• 24 heures avant l'expérimentation, avez-vous, comme demandé, évité toutes activités 

physiques? 

Oui Non 

Expérimentation # 2 

Nutrition: 

• Avez-vous, 24 heures avant l'expérimentation, consommé des diurétiques ou des 

aliments ou boissons contenant de l'alcool, de la caféine, ou des canneberges? 

Oui Non 

• Avez-vous, dans les dernières 24 heures avant l'expérimentation, comme demandé, 

consommé la quantité de liquide prescrite? 

Oui Non 

• Si non à la question précédente, est-ce que la quantité de liquide consommé ad 

libitum dans les dernières 24 heures fut identique à celle de la semaine dernière? 

Oui Non 



• Avez-vous, 90 minutes avant l'expérimentation, comme demandé, consommé le bagel 

prescrit? 

Oui Non 

• Est-ce que la diète consommée lors des dernières 48h qui précédèrent la première 

expérimentation a été suivie de façon stricte et contrôlée, comme demandé, lors des 

dernières 48h qui précédèrent la deuxième expérimentation? 

Oui Non 

• Est-ce que la diète consommée lors du jour précédent la première expérimentation a 

été suivie de façon stricte et contrôlée, comme demandé, lors du jour qui précéda la 

deuxième expérimentation? 

Oui Non 

• Est-ce que la diète consommée lors du jour de la première expérimentation a été 

suivie de façon stricte et contrôlée, comme demandé, lors du jour de la deuxième 

expérimentation? 

Oui Non 

Entrainement: 

• Lors des 6 jours qui ont précédé chacune des expérimentations, est-ce que la 

fréquence, le volume ainsi que l'intensité de l'entraînement furent sensiblement 

identiques? 

Oui Non 

• 72 heures avant chacune des expérimentations, comme demandé, avez-vous stoppé 

les entraînements en musculation pour les membres inférieurs? 

Oui Non 

• Le jour qui précéda l'expérimentation, avez-vous, comme demandé, évité toutes 

activités physiques? 

Oui Non 

Veuillez indiquer tout autre renseignement pouvant être pertinent! 



APPENDIXJ 

SYMPTOMS MEASUREMENT DURING THE HYPERHYDRA TION PERIODS 



1 
2 
3 
4 
5 

Temps 
Gonflement 
abdominal 

Aucun (e) 
Léger (ère) 
Modéré (e) 
Considérable 
Extrême 

0 20 40 

Crampe abdominale 
Nausée 
Flatulence 
Etourdissement 
Mal de tête 

60 80 110 

Est-ce que vous seriez prêt à tolérer les ··sensations physiologiques·· ressenties découlant 
d'une telle procédure d'hyperhydratation avant une compétition très importante? 
Oui Non 

Avant une compétition importante, seriez-vous prêt ou en mesure de suivre un tel 
protocole d'hyperhydratation? Oui _ Non _ 


