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ABSTRACT 

 Menstrual status is known to influence thermoregulation, and fluid loss during 

exercise/heat stress may vary at different stages of the ovarian cycle in healthy women. It has 

been established that the steroid hormones, estrogen and progesterone, have an effect on fluid 

and electrolyte balance, and that there is a tendency toward significant free water retention 

during the luteal phase when estrogen levels are high. These findings raise questions of whether 

there is an acute effect of endogenous hormone status on fluid balance, and whether hydration 

during exercise is affected by the phase of the menstrual cycle. PURPOSE: To determine 

whether ad libitum fluid intake during exercise induced sweat loss varies over the course of the 

normal menstrual cycle. METHODS: Seven eumenorrheic (31±2 d) females (22±1 yrs) 

underwent 3 exercise/rest trials (treadmill walking at 3% grade, 30-35% VO2max, 30 min·h-1 

followed by 30 min of sitting during a 3 h period in 36°C, rh 50-70%) representing different 

stages of the menstrual cycle. Trials were undertaken 3 (menses) and 8-10 d (midfollicular) after 

the onset of menstrual bleeding, and 7-9 d following the LH peak (midluteal) over 3 consecutive 

menstrual cycles. RESULTS: Total fluid intake was similar in all phases; 978 ± 195.9 ml during 

menses; 1136.7 ± 338.7 ml during follicular; 1282.9 ± 473.7 ml during luteal. Stomach fullness 

ratings were higher during the luteal phase (6 ± 0.4) compared to the follicular (4 ± 0.5) and 

menses phases (3 ± 0.5, P < 0.05). There was no significant menstrual cycle phase effect on 

perceived thirst ratings, plasma vasopressin concentrations, Serum osmolarity, plasma volume, 

or fluid loss across experimental days. CONCLUSIONS: Ad libitum replacement of exercise 

induced fluid losses is not affected by the normal menstrual cycle in healthy young women. 
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CHAPTER ONE 

INTRODUCTION 

When athletes compete in the heat, progressive dehydration commonly arises, resulting 

from an excess of sweat production over voluntary fluid consumption.  The resulting 

hypohydrated state can rapidly reach levels that impede heat dissipation, reduce heat tolerance, 

and severely compromise cardiovascular function and physical work capacity (Armstrong, 

1985).  Such physiological decrements often result in significant detrimental effects on the 

athlete’s ability to perform.  Craig and Cummings (1966) reported a 48% reduction in walking 

endurance when subjects dehydrated to 4.3% of body mass, and a 22% decrease in VO2max.  

However, it is important to understand that smaller levels of dehydration can also produce the 

same adverse effects on performance as more severe levels of dehydration.  Craig and 

Cummings also reported when dehydration averaged only 1.9% of body mass, endurance 

performance declined by 22% and VO2max was reduced by 10%.  This is a critical point, 

considering that some athletes may begin exercise with a pre-existing fluid deficit of one to two 

percent of their body weight.  Rehydration is a simple and effective way to deal with this issue.  

However, the factors that overlie fluid replacement make this simple notion more complex. 

 The primary aim of rehydration is to maintain plasma volume so that circulation and 

sweating occur at optimal levels.  The ideal water replacement schedule during exercise matches 

fluid intake to fluid loss.  Dehydration and hyperthermia can only be prevented with an adequate 

water replacement schedule that is strictly followed (Maughan, 1992; Nadel et al., 1991).  This 

may be easier said than done, considering some athletes and coaches perceive that ingesting 

water hinders performance.  Most athletes will voluntarily replace only about one-half of the 

water lost, approximately 500 mL• hr-1, during exercise but lose sweat at an average rate of 400-

2500 mL• hr-1 (Noakes, 1993; Sawka and Pandolph, 1990).  Fluid replacement is an essential 

component for all competitive athletes to maintain athletic performance and physiological 

function.  But how does one maximize this process?  Does the menstrual cycle influence this 

process?  

 Fluid balance is closely controlled by a variety of mechanisms involving regulation of 

intake and excretion.  Water intake may at times, but need not always be, a response to water 
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depletion.  Water intake is normally intermittent.  Its rate may vary with physiological and 

environmental conditions such as, time of day, diet, environmental temperature, and activity 

level.  An additional variable influencing water intake in females is the stage of the ovarian cycle 

with which thermoregulatory responses appear to be correlated.  Thermoregulation has been 

shown to be influenced by menstrual status and fluid loss during exercise or heat stress may vary 

at different phases of the menstrual cycle in healthy young women (Stephenson and Kolka, 

1993).  It is well established that the steroid hormones, estrogen and progesterone, have an effect 

on fluid and electrolyte balance (Calzone et al., 2001; Spruce et al., 1985; Stachenfeld et al., 

1999b; Stachenfeld, 2008; Vokes et al., 1988), and that there is a tendency toward significant free 

water retention during periods of high estrogen, i.e. the luteal phase (Stachenfeld et al., 1998).  

Differences have been reported in 24 hour urine output over the menstrual cycle in spite of 

constant fluid intake (Claybaugh et al., 2000; Fong and Kretsch, 1993).  These findings raise 

questions of whether there is an acute effect of endogenous hormone status on fluid balance, and 

whether rehydration during exercise induced fluid loss is affected by the phases of the menstrual 

cycle in normal healthy young women. 

There have been numerous studies examining the effects of steroid hormones on the 

neuroendocrine mechanisms (i.e. renin-aldosterone system and vasopressin) mediating fluid 

intake after body water loss via the administration of oral contraceptives to both normal healthy 

young women, and postmenopausal women.  Since the study of hormone effects on fluid 

regulation has shown to be complex due to hormonal fluctuations throughout the course of the 

menstrual cycle, Stachenfeld recently (2008) introduced a new paradigm to isolate the effects of 

sex hormones on these fluid and sodium regulatory systems during acute fluid or osmotic 

challenges utilizing gonadotropin-releasing hormone (GnRH) agonist or antagonist to suppress 

steroid hormones (estrogens, progesterone, and gonadotropins).  This study demonstrated that 

fluid and sodium regulation were only minimally effected by hormone administration, which 

suggests that these steroid hormones alter the homeostatic set point around which these 

neuroendocrine mechanisms are regulated rather than stimulate excess fluid or sodium 

retention/loss.    However, to this investigator’s knowledge, no previous studies have addressed 

the issue of the influence of varying levels of endogenous, circulating steroid hormones on fluid 

replacement during exercise induced dehydration.  
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The effects of ad libitum fluid intake on fluid homeostasis during exercise have been 

extensively studied in males.  This is at least in part a consequence of the possibility that the 

steroid hormones, which are subject to cyclical variation in women, may have an influence on 

fluid balance during exercise, and the desire of investigators to avoid this confounding factor.  

There are therefore clear reasons to establish whether or not there is an acute effect of these 

hormones on fluid balance during exercise induced sweat loss.   Firstly, this question is in itself 

of inherent interest; there is a need to know whether these hormones play a physiological role in 

the maintenance of water balance.  Also, there may be practical implications for women engaged 

in exercise or athletic competition in the heat if fluid regulation is compromised.  

 

 Statement of the Problem 

The purpose of this experiment is to determine whether ad libitum fluid intake during 

exercise induced sweat loss varies over the course of the normal menstrual cycle. 

 

Research Hypotheses 

The following hypotheses have been established for this study based on a comprehensive 

review of the literature.  It is hypothesized that: 

1. Cumulative fluid intake during the menses phase trial, when all cyclic hormone levels 

are low, will be greater than the fluid intakes of the mid-follicular and the mid-luteal phase trials.  

2. The mid-follicular phase trial will exhibit the lowest cumulative fluid intake versus the 

menses and mid-luteal phase trials. 

3. Total fluid intake will be greater during exercise periods versus rest periods. 

4. Core temperature (Tre) will be significantly higher during the luteal phase trial versus 

the menses and mid-follicular phase trials.  

5. There will be no significant difference in sweat rates between the three menstrual 

phases. 
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Operational Definitions 

 The following terms used in this study are defined as follows: 

Ad Libitum 

 Ingestion of fluids freely or as desired 

Core Temperature 

 The temperature approximating that of the vital organs and arterial blood. 

Dehydration 

 Reference to body water deficit occurring actively during exercise or the dynamic  

  loss of body water. 

Euhydration 

 Reference to normal body water content or “hydrated”. 

Eumenorrheic 

 Reference to regular, consistent menstrual cycles of 23-36 days. 

Heat Acclimatized  

 Physiological adaptations that are due to repeated exposure to heat in a naturally  

  occurring environment.  

Heat Acclimated 

 Physiological adaptations that are brought about by repeated exposure to heat in  

  an artificial environment (e.g. environmental chamber). 

Hyperthermia 

 Reference to condition where body heat losses are less than body heat gain,  

  resulting in an increase in body temperature above normal.  

Hypohydration 

 Reference to a body water deficit incurred prior to an exercise bout.   
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Assumptions 

 The following assumptions will be made in this study: 

1. Subjects will accurately report their menstrual cycle history/lengths the two months 

prior to testing and during the three months of data collection.  

2. Subjects will adhere to habitual diet and exercise routines throughout the three months 

of data collection. 

3. Subjects will adhere to the eligibility criteria of the study (i.e. nonsmoker, not taking 

any form of contraceptive agents) throughout the three months of data collection. 

4. Subjects will not be  “heat acclimatized/acclimated” as (1) testing will occur in the 

winter and early spring months (January – April) and (2) testing will occur during three 

consecutive menstrual cycles to avoid the effects of acclimation. 

 

Limitations 

1. The relatively small sample size (n = 7) may restrict statistical power. 

 

Significance of the Study 

Although the effects of ad libitum fluid intake on fluid homeostasis during exercise have 

been extensively studied in males, there have been no previous attempts to address the issue of 

the influence of varying levels of endogenous, circulating steroid hormones on fluid replacement 

during exercise induced dehydration.  This is at least in part a consequence of the possibility that 

the steroid hormones, which are subject to cyclical variation in women, may have an influence 

on fluid balance during exercise, and the desire of investigators to avoid this confounding factor.  

There are therefore clear reasons to establish whether or not there is an acute effect of these 

hormones on fluid balance during exercise induced sweat loss.  First, this question is in itself of 

inherent interest; there is a need to know whether these hormones play a physiological role in the 

maintenance of water balance.  Also, there may be practical implications for women engaged in 

exercise or athletic competition in the heat if fluid regulation is compromised.  
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CHAPTER TWO 

REVIEW OF THE LITERATURE 

I.  Exercise in the Heat  

The onset of exercise in the heat causes many physiological modifications in the 

dynamics of the human body.  These include circulatory changes, thermoregulatory adaptations, 

and endocrine responses.  The integration of the many interrelated physiological processes act to 

sustain central blood pressure, cool the body, maintain muscular function, and regulate fluid 

volume.  Ultimately, though, continued exercise of an intense nature in a hot environment can 

overload the body’s ability to adapt to the imposed stress.  The consequences include 

hyperthermia, deterioration of physical and mental performance, dehydration, and if continued 

without modifications, a cessation of exercise and a risk of a potentially serious exertional heat 

illness.  

 The following pages will examine thermoregulatory adaptations to exercising in the heat 

and what effect the menstrual cycle phases have on a woman’s ability to thermoregulate during 

heat stress. 

 

Thermoregulatory Responses 

 The degree of stress imposed by exercise in a hot environment is determined by thermal 

load.  The acquisition of heat must be equaled by the dissipation of heat, or closely matched, if 

the athlete wishes to continue exercise at a consistent level of performance.  Sources that 

contribute to heat acquisition include exogenous and endogenous sources.  Exogenous factors 

include the ambient temperature, wind speed, humidity, solar radiation (reflected and direct), 

ground thermal radiation, and clothing (Werner, 1993).  The ambient temperature and humidity 

will be the major contributors, with increases in either causing an additional heat load.  A lack of 

wind in the presence of high humidity and ambient temperature can impose a severe heat stress 

due to the fact that copious sweating is occurring, but not cooling the body (since sweat does not 

evaporate from the skin), which exacerbates the hyperthermia while exercising in the heat 

(Nadel, 1991).  The predominant endogenous source of heat is the metabolic heat from the 
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contracting muscle, which can increase during exercise to 15-20 times resting values in healthy 

young athletes.  

The body attempts to balance endogenous and exogenous heat production by dissipating 

heat via conduction, convection, evaporation and radiation (Werner, 1993). The dissipation of 

heat while exercising is dependent on the ambient temperature.  As air temperature rises, the 

contributions of conduction and convection decrease markedly and radiation becomes nearly 

insignificant (Armstrong and Maresh, 1993).  Convection is compromised due to a change in 

temperature gradient between the peripheral blood vessels and the skin, which has an increased 

temperature (Sawka and Wenger, 1988).   The heat loss due to evaporation becomes the 

predominant heat dissipating mechanism while exercising in the heat.  In a hot-dry environment, 

evaporation can account for as much as 98% of cooling, while in a hot-wet environment 

evaporation is still nearly 80% with the remainder in these conditions being radiation and 

convection (Armstrong and Maresh, 1993).  The point being, that the sweating response is 

critical to whole-body cooling during exercise in the heat, and any disturbance in this mechanism 

(e.g. high humidity, dehydration, etc.) will have profound effects on the physiological function 

and performance.  

The acquisition of heat, both endogenous and exogenous sources, must be matched by a 

combination of the four heat exchange pathways in order to maintain thermal balance.  The 

thermal balance is represented by the simplified equation:  

S = (M) – (C) – (K) – (R) – (E) – (W) 

where S is the body heat storage, M is the metabolic heat production, W is work, and C, K, R, 

and E represent Convection, Conduction, Radiation, and Evaporation, respectively (Cooper, 

1996).  

 The hyperthermia that is demonstrated when heat dissipation does not exceed heat 

acquisition causes an increase in skin blood flow, and depending on the environmental 

conditions, a release of heat via convection, radiation, and evaporation.  Changes in skin blood 

flow are regulated not just by body temperature, but also by blood pressure and muscle 

metabolism.  The inherent changes in sweat rate and body cooling associated with the changes in 

skin blood flow assist in controlling body heat storage, the primary controller of sweat rate.  

Since only evaporation is an efficient mode of heat dissipation during warmer temperatures, 

physiological strain is exacerbated by the decrease in the extracellular fluid volume associated 
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with the copious sweating.  So, in the short term the body is being cooled, but the increase in 

dehydration alters the functional capacity of the cardiovascular system, which may lead to a 

decrease in skin blood flow and sweating rate in an effort to perfuse the central circulation and 

maintain blood pressure.  In a cooler environment, where a larger temperature gradient exists 

between the skin blood flow and skin temperature, the body can avoid hyperthermia while 

minimizing fluid losses via convection and radiation.  In a warm, humid environment all the 

critical variables are working against the exercising individual.  This is due to nearly nonexistent 

convection and radiation, and evaporation that is thwarted by a small water vapor pressure 

gradient (Sawka and Wenger, 1988); thus ultimately dehydration occurs with no heat dissipation, 

and body temperature rises at potentially dangerous rates (ACSM, 1996).  The decrease in 

physiological function associated with hyperthermia is well noted, and the ability to counteract 

the rate of body temperature increase is dictated by level of fitness (Werner, 1993), acclimation, 

type of exercise, age (Pandolph, 1997), and other factors. 

 

Thermoregulation and the Menstrual Cycle   

 Women generally have a larger surface area to mass ratio, relatively greater adiposity, 

and a menstrual cycle.  All of these properties may influence thermoregulation with regard to its 

effectiveness and may therefore affect heat tolerance.  The larger surface to mass ratio of women 

gives faster heat exchange with the environment (Haymes, 1984) while adiposity alters 

thermoregulatory effectiveness (Selkirk and McLellan, 2001; Shirreffs, 1999).  During prolonged 

exercise, the ability to maintain a relatively constant temperature near 37°C (98.6°F) is essential 

for optimum function.  Core temperature in the luteal phase of the menstrual cycle is higher 

(approximately 0.5°C) than in the follicular phase owing to the thermogenic effects of 

progesterone (Carpenter and Nunneley, 1988; Hessemer and Bruck, 1985; Hirata et al., 1986; 

Kolka and Stephenson, 1989; Marshall, 1963; Stephenson and Kolka, 1985).  With this, the 

threshold for sweating onset is elevated and there is greater skin blood flow. The most commonly 

accepted explanation for this increase in basal body temperature during the luteal phase is that 

there is an increase in the thermoregulatory setpoint (Carpenter and Nunneley, 1988; 

Cunningham and Cabanac, 1971; Hessemer and Bruck, 1985).  This implies that 

thermoregulatory responses are shifted in the same direction during the luteal phase, and this 
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increased resting body temperature would remain elevated throughout exercise and/or heat stress.  

The exact mechanism behind this increase in thermoregulatory setpoint is not well understood, 

but animal research has shown that progesterone has a central effect on temperature sensitive 

neurons in the preoptic area, resulting in an increased setpoint temperature (Nakayama et al., 

1975; Marrone et al., 1976).  Does this increase in core temperature have negative consequences 

for the exercising female?  

 Increases in core temperature during endurance exercise are driven mainly by relative 

exercise intensity if ambient temperatures fall within a “prescriptive zone” of 5 and 35°C 

(Sargent and Weinman, 1966).  Therefore it is possible that a woman’s ability to maintain 

thermal balance may be negatively affected during the luteal phase of the menstrual cycle if she 

begins exercise at an elevated core temperature and her activity is of sufficient duration and 

intensity.  As such, the importance of convective, radiative and evaporative heat losses may 

therefore be delayed and more heat stored for the same work effort. 

 Pivarnik et al. (1992) examined whether menstrual cycle phase affects temperature 

regulation during an endurance exercise bout performed at 22°C and 60% rh. Nine eumenorrheic 

women performed 60 min of cycle exercise at 65% of VO2max. Subjects were tested in both the 

midfollicular (7 days prior to ovulation as determined by LH surge) and midluteal phases 

(approximately 7 days after ovulation as determined by LH surge).  Pre-exercise rectal 

temperature (Tre) was 0.3°C higher during the luteal phase than during the follicular phase and 

this difference increased to 0.6°C by the end of exercise.  Skin temperatures were not influenced 

by cycle phase; they reached plateaus in both exercise bouts at approximately 20 min.  Perceived 

exertion was also greater during the luteal than during the follicular phase.  Interestingly, 

perceived exertion was similar during the two phases until the latter half of the exercise bout.  

The difference in perceived exertion arose soon after rectal temperatures during the luteal phase 

increased above those in the follicular phase.  Although this elevation in Tre during exercise 

while in the luteal phase has also been demonstrated in other studies (Stephenson et al., 1982; 

Carpenter & Nunneley, 1988), still others have reported no significant variation in rectal 

temperature between phases during exercise in either euhydrated (Miskec et al., 1997) or hypo-

hydrated subjects (Gaebelein & Senay, 1982).   Although results from early research are 
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inconsistent, the majority of more recent and well-controlled studies suggest core temperatures 

are more likely to be elevated during luteal phase.   

 The ovulation-related elevation of body temperature is a well-known fact, but the 

thermoregulatory interpretation of this temperature change is still a matter of discussion. The 

most widely held hypothesis states that the central neuronal structures of the thermoregulatory 

system are affected to such an extent that the “set point” of the control system appears to be 

increased in the luteal phase (Hessemer and Bruck, 1985; Quadagno, 2000).  According to this 

definition, one might hypothesize that all thermoregulatory responses should be activated at 

higher threshold temperatures during the luteal phase than at other times, including responses 

designed to reduce body temperature.  Hessemer and Bruck (1985) reported the thresholds for 

chest sweating and cutaneous vasodilation, both responses to reduce core body temperature, were 

higher during the luteal phase than during the follicular phase.  These findings, of delayed onset 

time and a higher core temperature for the onset of thermoregulatory sweating, were 

corroborated during intense exercise and passive heating in hot environments in a study by Kolka 

and Stephenson (1989).     

   Core body temperature (Carpenter and Nunneley, 1988; Hessemer and Bruck, 1985; 

Kolka and Stephenson, 1989; Pivarnik et al., 1992; Stephenson and Kolka, 1985) and the 

temperature thresholds for sweating (Kolka and Stephenson, 1989; Hessemer and Bruck, 1985; 

Stephenson and Kolka, 1985) and vasodilation (Hessemer and Bruck, 1985; Hirata et al., 1986; 

Stephenson and Kolka, 1985) during exercise are greater during the midluteal phase compared 

with the follicular phase of the menstrual cycle.  The core temperature increases are concomitant 

with the progesterone peak in the midluteal phase (Kolka and Stephenson, 1989).  In contrast, the 

regulated body temperature in women is at its lowest during the late follicular phase 

(preovulatory; days 9-12) coincident with the cyclic estrogen surge (Stephenson and Kolka, 

1999), and estrogen treatment in postmenopausal women reduces resting body temperature and 

core temperature thresholds for sweating and vasodilation during exercise (Tankersley et al., 

1992).  Taken together, the available evidence suggests that high progesterone levels are 

responsible for a greater core temperature and that estrogen reduces regulated body temperature 

in women.  Said another way, thermoregulatory setpoints in a given menstrual phase is related to 

the ratio between endogenous estrogen and progesterone (Forman et al., 1987; Cagnacci et al., 

1997).  
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 Stachenfeld and associates (2000) tested the hypothesis that progestin-mediated increases 

in resting core temperature and the core temperature threshold for sweating onset are 

counteracted by estrogen.  They reported that unopposed progestin administration increased the 

regulated body temperature and the core temperature threshold for sweating increased and that 

estrogen administered with progestin reversed these thermoregulatory changes.  Estrogen 

administered along with progestin reduced baseline esophageal temperature by 0.58°C and the 

exercise esophageal temperature threshold for sweating by 0.68°C compared with progestin-only 

administration, indicating a profound modifying role for estrogen on the progestin-induced core 

temperature increase.  These results confirm the earlier finding by Stephenson and Kolka (1999) 

that estrogen lowers the thermoregulatory operating point.  Thus, it may be suggested that the 

core temperature could depend on the ratio of progesterone to estrogen. 

 Plasma volume is also affected by the menstrual cycle phase.  There are conflicting 

descriptions of the plasma volume response to heat stress and exercise in women even when the 

phase of the menstrual cycle has been controlled.  Wells and Horvath (1973) reported 

hemodilution in women at rest in a hot environment was unaffected by the phase of the 

menstrual cycle.  Gaebelein and Senay (1982) observed a less rapid hemoconcentration during 

the luteal phase compared to the follicular phase during moderate exercise.  This concept has 

been confirmed by research from de Souza et al. (1989) showing higher aldosterone and lower 

sweat sodium concentrations in the post-ovulatory period.  From indirect evidence, Stephenson 

and Kolka (1985) proposed that the absence of elevated thresholds for sweating and blood flow 

in the follicular phase suggest that plasma volume may be lower during the luteal phase.  A 

lower plasma volume at rest and during passive heating in the luteal phase was later reported by 

the same laboratory, however final plasma volumes were not different between phases during 

severe exercise (Stephenson and Kolka, 1988).  However, other studies with larger subject pools 

and menstrual phase verification via hormone measures, found no change in plasma volume 

shifts between phases of the menstrual cycle during exercise (McCracken et al., 1994; De Souza 

et al., 1990).  Despite any lack of agreement, it is clear that plasma volume responses add to the 

notion that menstrual cycle phase must be consistently controlled for thermoregulatory responses 

to be meaningfully evaluated. 

         



12 
 

II. Fluid Balance  

Fluid balance is closely controlled by a variety of mechanisms involving regulation of 

intake and excretion.  Water intake may at times, but need not always be, a response to water 

depletion.  Water intake is normally intermittent.  Its rate may vary with physiological and 

environmental conditions such as, time of day, diet, environmental temperature, and activity 

level.  An additional variable influencing water intake in females is the stage of the ovarian cycle 

with which thermoregulatory responses appear to be correlated.  It is well established that the 

steroid hormones, estrogen and progesterone, have an effect on fluid and electrolyte balance 

(Spruce et al., 1985; Stachenfeld et al., 1999b; Stachenfeld, 2008; Vokes et al., 1988). 

Differences have been reported in 24 hour urine output over the menstrual cycle in spite of 

constant fluid intake (Claybaugh et al., 2000; Fong and Kretsch, 1993).  This raises the question 

of whether there is an acute effect of endogenous hormone status on fluid balance.  The effects of 

ad libitum fluid intake on fluid homeostasis during exercise have been extensively studied in 

males.  However, little work on the fluid balance implications of women exercising in the heat 

has been undertaken.  The following pages will examine the concept of fluid balance and how it 

is affected by the menstrual cycle from the following standpoints: fluid regulating factors, and 

rehydration and exercise.  

 

Fluid Regulating Factors 

Vasopressin  

 Background information 

 Vasopressin (AVP) is the mammalian form of antidiuretic hormone.  The names 

vasopressin or antidiuretic hormone have been used interchangeably in the literature.  The 

vasopressin precursor is produced by the magnocellular neurons in the supraoptic and 

paraventricular nuclei of the hypothalamus.  As the precursor travels along the neuronal axon it 

undergoes specific cleavage to produce AVP (Russell et al., 1980).  The resultant hormone is 

stored in granules in the posterior pituitary until a stimulus activates its release by a calcium-

dependent exocytosis mechanism (Nordmann and Labouesse, 1981). The time course from AVP 

synthesis to arrival in the posterior pituitary is approximately 12 hours in humans.  During 
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production of AVP, neurophysins are also produced. Neurophysins are a group of soluble 

proteins that are derived from the precursor of AVP and oxytocin; they work as binding proteins.  

The neurophysin which is associated with storage and transport of AVP is neurophysin II; it 

appears to have no other known biological effect.  The half life of AVP in the blood is 

approximately 5 to 15 min (Baylis, 1995).  

 Control of Secretion 

 Osmoregulation: In 1900, Mayer established the relationship between increased serum 

osmolality and drinking in dogs. He also reported that increased blood osmolality caused thirst 

that dissipated when osmolality returned to normal (Greenleaf, 1992). The correlation between 

plasma concentration and drinking was accurately described, but confirmation of precise causal 

relationships awaited the work of Gilman (1937). Gilman demonstrated intravenous infusions of 

hypertonic sodium chloride solutions into dogs caused drinking, noting a marked shift of fluid 

into the vascular system, whereas, similarly hypertonic infusions of urea did not cause drinking 

or a fluid shift. He concluded that cellular dehydration as opposed to increased cellular osmotic 

pressure, per se, was the more important stimulus for drinking. These findings have been 

confirmed by a number of researchers (Fitzsimons, 1979; Ramsay and Thrasher, 1991).  

 The experiments of Verney (1947) also reported only solutes such as sodium chloride 

which do not readily penetrate cell membranes caused pituitary-induced antidiuresis. They 

established the concept of an osmoreceptor (located at the organum vasculosum of the lamina 

terminalis and perhaps in the subfornical organ) by demonstrating that intracarotid infusion of 

nonpenetrating hypertonic solutions increased blood osmolality inhibiting water diuresis through 

the release of antidiuretic hormone (ADH).  Similar increases in blood osmolality with 

penetrating compounds (urea) did not alter the diuresis. Therefore, nonpenetrating solutes caused 

an increased osmotic concentration outside of the osmoreceptors causing an outward shift of 

cellular fluid; this lack of volume in the osmoreceptor then stimulated the release of ADH. 

Therefore, this theory proposes that only solutes that can cause osmotic withdrawal of water 

from cells, and presumably their shrinkage, can stimulate drinking and vasopressin secretion 

(Ramsay, 1991).  Any disturbance of body fluid balance that evokes thirst also causes an 

increase in the secretion of vasopressin. Corresponding actions of thirst and the antidiuretic 

system provide an effective feedback mechanism by which osmolality and body fluid volume are 

kept constant (Szczepanska-Sadowska et al., 1982; McKinley and Johnson, 2004).  
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The osmoreceptors play a crucial role in the regulation of AVP due to their characteristics 

of: (1) positive and negative regulation of secretion based on plasma osmolality; (2) a small 

increase of plasma osmolality markedly increases AVP; and (3) absence of adaptability.  AVP 

secretion persists until plasma osmolality has returned to the normal levels (Jard, 1990).  The 

effect of plasma osmolality on the plasma AVP levels can be easily shown because AVP 

increases linearly as plasma osmolality increases in healthy individuals.  The osmotic threshold 

for increase in AVP is approximately 280-284 mosm/kg (Baylis, 1995).  Whether AVP can be 

completely suppressed by hypotonicity is still not known. 

 Baroregulation: Blood pressure and volume are significant factors influencing AVP 

secretion.  Baroregulation is less sensitive than osmoregulation because at least a 5–10% 

decrease in arterial pressure is required to stimulate AVP secretion (Baylis, 1983). 

Baroregulation, though, seems to interact with osmoregulation.  Hypovolemia increases 

sensitivity of the osmotically - driven AVP secretion, inducing a greater AVP release for the 

same osmolality (Robertson and Athar, 1976).  Baroregulation seems to work through different 

blood volume-pressure receptors.  Carotid sinus baroreceptors may have an inhibitory effect on 

AVP release.  Unloading of the carotid sinus baroreceptors increases AVP secretion (Share and 

Kevy, 1962).  It is also known that left atrial receptors have a tonic inhibitory effect on AVP 

release, in that stretch activation of the left atrium inhibits AVP secretion (Gauer and Henry, 

1963).  Atrial stretch additionally increases atriopeptin (atrial natriuretic factor) secretion that 

also inhibits AVP increase (Williams et al., 1988). It has also been proposed that ventricular 

receptors are responsible for the hemorrhage – driven increase in AVP secretion (Wang et al., 

1988).  So it seems that the left atrial receptors are responsible for AVP regulation during 

hypervolemia, whereas carotid sinus receptors regulate AVP during hypovolemia.  

Oropharyngeal Stimulation: A secondary control mechanism of AVP secretion involves 

the oropharyngeal reflex.  This term describes the phenomenon of rapid decrease in plasma AVP 

following rapid fluid ingestion, before any change in plasma osmolality or plasma volume 

occurs, in both humans and animals (Thrasher et al., 1981; Geelen et al., 1984).  This reflex 

occurs with water, hypo-, iso-, and hypertonic fluid ingestion but not with solid food (Thrasher et 

al., 1981).  It has also been shown in past research that cold fluids induce a larger AVP response 

than warm (Salata, et al., 1987).    
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 Other Regulatory Mechanisms: Additional factors that influence AVP secretion are: (1) 

the luteal phase of the menstrual cycle lowers the osmotic threshold for AVP release (Altemus et 

al., 2001; Baylis, 1995); and (2) elevated body temperature increases osmotically-induced 

vasopressin secretion (Takamata et al., 1995).     

 Physiological Effects 

 Renal Effects: Vasopressin induces its antidiuretic effects mainly in two different 

segments of the nephron, the thick ascending loop of Henle (TALH) and the collecting duct 

(CD).  AVP increases the sodium reabsorption from the lumen of the nephron to the interstitium, 

which induces a large corticopapillary osmotic gradient.  This AVP effect in TALH is mediated 

by an AVP-sensitive adenylate cyclase (Baylis, 1995).  In the presence of AVP, the cortical and 

papilla osmolalities of the interstitium are 300 and 1200 mosm/kg, respectively, whereas in the 

absence of AVP the same values are 300 and 400 mosm/kg, respectively (Jard, 1990).  In the 

presence of AVP, water permeability in the CD that passes through the hypertonic interstitium is 

also significantly increased.  This permeability increase is driven by a series of events that begins 

with the activation of adenylate cyclase, which increases intracellular cAMP and CAMP 

dependent protein kinase, which in turn alters the microstructure of the luminal membrane 

(Hays, 1983).  In the absence of AVP, the permeability of water through the collecting duct is 

very low.  Although AVP strongly affects water reabsorption from the nephron, it has no 

significant effect on renal glomerular filtrate rate nor the total solutes that are eliminated through 

the urine (Jard, 1990). 

 Cardiovascular Effects: In a review by Loring Rowell, he states the following: 

In humans, the dose of vasopressin required to raise arterial pressure by 5mmHg (a poor index of 

vasoconstriction owing to reflex buffering) is about two times greater than the dose needed for 

its maximal antidiuretic effect.  This may suggest that vasopressin exerts its major physiological 

effects on renal water and reabsorption and plasma volume rather than on vascular resistance in 

humans – except possibly during severe hemorrhage (1993, p. 102). 

 Nevertheless, AVP secretion within physiological limits (1-20 pg/ml) can produce a 

significant degree of constriction in arteries and arterioles in splanchnic, renal and hepatic 

regions (Altura and Altura, 1984).  An additional AVP-induced increase in peripheral vascular 

resistance, decreases cardiac output and oxygen uptake (Liard, 1989).  
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Renin-Angiotensin-Aldosterone System 

 The RAA system plays an important role in water and electrolyte homeostasis. Renin is 

an enzyme that is synthesized in the juxtaglomerular apparatus in the cortical nephrons in the 

wall of the afferent glomerular arteriole of the kidney.  Release is caused by a decrease in renal 

perfusion pressure, hypovolemic stimulation of beta-adrenergic neurons, and increasing plasma 

sodium concentration. Renin reacts with angiotensinogen to form angiotensin I, which further 

reacts with a converting enzyme in the lungs to form angiotensin II.  Angiotensin II has many 

actions that may affect drinking, including vasoconstriction, stimulation of aldosterone secretion, 

diuresis and natriuresis at high concentrations, increased tubular reabsorption of sodium, 

increased sodium appetite, release of AVP, and increased thirst from stimulation of brain 

structures connected with drinking  (Greenleaf, 1992).  The renin-angiotensin system also 

stimulates the anterior hypothalamus and preoptic region of the brain, the most sensitive 

structures to the dipsogenic action of angiotensin are located outside the blood-brain barrier 

(Fitzsimons, 1979; Greenleaf, 1992).  

 In 1969 Fitzsimons was the first to propose the hypovolemia-right atrial receptor-vagus 

nerve hypothesis to explain the effects of the renin-angiotensin system on thirst and drinking. He 

found that systemic infusions of angiotensin II caused hydrated rats to drink water. Epstein, 

Fitzsimons, and Rolls (1970) found that, when applied directly to the brain angiotensin II caused 

rats in normal fluid balance to drink water. Following injection the rats moved directly to the 

water source and consumed copious amounts in a rapid fashion. This early research strengthened 

the notion that angiotensin is a natural hormone of drinking behavior. 

 The effects of the renin-angiotensin system on thirst and drinking behavior were further 

investigated during exercise and heat induced dehydration. Greenleaf, Brock, Keil, and Morse 

(1983) measured voluntary water intake in subjects undergoing heat exposure (Tdb 39.8°C, Twb 

30.0°C, rh 50%) during ergometer exercise (75W) two hours/day for eight consecutive days. 

Increased drinking during acclimation was characterized by a shortened time to first drink, a 

significant increase in drinks per exposure, and an increase in mean volume per drink. Voluntary 

dehydration decreased from 60% to 30% on days five through eight with acclimation. Changes 

in plasma ion concentration, osmolality, and vasopressin were minimal during the acclimation 

period, whereas exercise hypovolemia and renin activity were significantly greater. It was 

concluded that reduction in body fluid volumes and the renin-angiotensin II system appeared to 
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be more closely related with the control of drinking during exercise-induced dehydration than 

was the sodium ion-osmotic-vasopressin pathway. 

 Regulation of Renin Secretion 

The secretion rate of renin is governed by four factors:  (1) pressure regulation in the 

afferent arteriolar wall of the kidney controls the release of renin. When the pressure decreases 

the renin release increases (Valtin and Schafer, 1995).  (2) ANG II, atriopeptin, dopamine, 

prostaglandin and potassium have direct inhibitory effect on renin release (Keeton and Campbell, 

1980).  (3) Plasma sodium concentrations are sensed by chemosensitive cells in the JGA of the 

kidney that respond with an acute inhibition of renin release.  Release of renin is inversely 

related to the levels of sodium in urine and the transport of sodium across the macula densa 

(Tuck et al., 1974).  (4) Sympathetic stimulation of the nervous system with β-adrenergic 

agonists (i.e., epinephrine, norepinephrine) also increases renin secretion (Vander, 1965).  

 Regulation Aldosterone Secretion  

The secretion of aldosterone is controlled by ANG II, kalemia, adrenocorticotropin 

hormone (ACTH), and atriopeptin (Corvol and Menard, 1990), as described below.  (1) ANG II 

and renin play a major role in the secretion of aldosterone from the zona glomerulosa of the 

adrenal cortex.  A decrease in dietary sodium also increases aldosterone secretion through the 

increase of ANG II.  (2) Potassium intake also affects aldosterone secretion.  Although potassium 

is not the primary regulating factor of secretion, a minimal fluctuation in potassium 

concentration can affect aldosterone.  A potassium-induced increase in aldosterone is affected by 

sodium balance.   (3) ACTH is a potent stimulator of aldosterone secretion even at normal 

physiological levels.  (4) On the other hand, atriopeptin is a potent inhibitor of aldosterone 

secretion, only during low dietary sodium intake.  In people that consume a high sodium diet, 

atriopeptin has little effect (Shenker, 1989).  

 

Fluid Regulating Factors and the Menstrual Cycle 

The body’s water and sodium-regulating hormones vary considerably over the course of 

the menstrual cycle (de Souza et al., 1989; Stephenson and Kolka, 1985; Vokes et al., 1988).  For 

example, during the midluteal phase of the menstrual cycle, plasma aldosterone concentration 
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and plasma renin activity are greater at rest (de Souza et al., 1989) and during exercise 

(Stephenson and Kolka, 1985) than in the follicular phase.  In addition resting plasma arginine 

vasopressin concentration is higher (Forsling et al., 1981) during preovulatory and midluteal 

phases of the cycle when plasma estrogen concentration is high.  In animals, estrogen 

administration increases osmotic stimulation of AVP (Crowley and Amico, 1993) and water 

retention (Carlberg et al., 1984), and both estrogen and progesterone exhibit important effects on 

sodium regulation and the sodium-regulating hormones (Mulay et al., 1993).  This supports the 

hypothesis that the gonadal steroids have important modulatory effects on body fluid regulation 

and electrolyte balance.   

 Relatively few studies exist that examine the physiological reliability of the fluid-

regulating hormones within a given phase and over the course of two or more menstrual cycles.  

Reported plasma concentrations of these hormones across different menstrual cycles differ due to 

natural physiological variations, due to selection of an inappropriate day to conduct 

physiological testing, due to variations in water and/or sodium intake, or due to inaccurate 

hormone-analysis techniques.  Stachenfeld and colleagues (1999a) tested the physiological 

reliability of plasma renin activity and plasma concentrations of arginine vasopressin, 

aldosterone, and atrial natriuretic peptide in the early follicular phase and midluteal phases over 

the course of two menstrual cycles.  Plasma arginine vasopressin, aldosterone, and plasma renin 

activity varied within each of the different menstrual phases; however, there were no statistical 

differences among the means of any of these hormone concentrations.  In contrast, plasma 

arginine vasopressin, plasma renin activity, and plasma atrial natriuretic peptide responses to 

dehydration were highly reliable within each menstrual phase; indicating that hormonal 

responses to stress are more consistent, despite the variability in baseline values.  

 The next question to address is what effects estrogen and progesterone have on body fluid 

regulation.  A number of studies have demonstrated that the osmotic thirst and arginine 

vasopressin (AVP) responses to hypertonicity occur earlier with elevations in estrogen and 

progesterone, such as during the luteal phase of the menstrual cycle (Spruce et al., 1985; Vokes 

et al., 1988).  Using hypertonic saline infusion followed by water loading, Vokes (1988) 

demonstrated a resetting of the osmoreceptors during the luteal phase.  In addition, Stachenfeld 

et al. (1998) demonstrated a reduction in the osmotic threshold for AVP release during 
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hypertonic saline infusion in postmenopausal women who were taking estrogen, and the greater 

AVP response was associated with fluid retention.   

 Although it seems evident that elevations in estrogen, with and without progesterone, 

alter osmotic regulation of AVP (Spruce et al., 1985; Vokes et al., 1988) and thirst sensitivity 

(Vokes et al., 1988), the specific estrogen effects on body fluid regulation after body water loss 

are not known.  Addressing the question of estrogen effects during dehydration as opposed to 

hypertonic saline infusion is also important because dehydration increases plasma osmolality 

while it reduces total body water and plasma volume.  The difference in plasma volume status 

during dehydration may have particular relevance during subsequent rehydration, as it could alter 

the compartmentalization of ingested fluid.  This would have important implications for 

performance, because changes in body water storage will influence fluid maintenance during 

exercise and fluid restoration during recovery from exercise in environmentally stressful 

conditions.  Only one study has explored estrogen effects on body water regulation during 

progressive exercise-induced dehydration and a subsequent rehydration period.  The major 

finding reported was that administration of oral contraceptive pills containing estrogen increased 

osmotically induced AVP and thirst stimulation during dehydration, although there were no 

changes in body fluid regulation during dehydration or subsequent ad libitum rehydration 

(Stachenfeld et al.1999b).  Their findings indicate that the shift in osmotic regulation of AVP and 

thirst represents a shift in body water regulation to a lower plasma osmolality operating point 

similar to that found during the luteal phase, supporting the earlier findings of Vokes et al., 1988.  

The data also suggest that estrogen has the primary effects on body fluid regulation and indicate 

that progesterone does not have a major effect on osmotic regulation of AVP and thirst.  

 Although the studies with oral contraceptives demonstrated a role for estrogen in the 

osmotic regulation of AVP, the effects of estrogen alone were not isolated because progestins 

were present at high levels under the oral contraceptive conditions of the study.  Also at issue is 

the high level of estradiol delivered via the contraceptive is at a much greater level than any 

endogenously produced level of estrogen during a typical menstrual cycle.    To better isolate the 

effects of estrogen and progesterone on fluid regulation, Stachenfeld (2008) introduced a new 

paradigm to control the levels of sex hormones through the administration of either 

gonadotropin-releasing hormone (GnRH) agonist or antagonists to suppress these hormones and 

in effect pharmacologically “oophorectomize” subjects for a short, reversible period.  By 
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following the suppression with a controlled administration of physiological levels of estradiol, 

progesterone, or combined estradiol-progesterone she was able to isolate the effects of each on 

fluid and sodium regulatory systems during acute fluid or osmotic challenges.  Under these 

conditions, they reported estradiol administration shifted the osmotic threshold for the release of 

AVP to a lower plasma osmolality similar to their earlier studies utilizing oral contraceptives 

(Calzone et al., 2001; Stachenfeld 1999b).  They also suggest, although the mechanism for 

estradiol effects is unknown, that the estradiol related shift in osmotic regulation of AVP release 

may occur via the CNS via direct actions within the hypothalamus that modulate osmotic AVP 

release as estrogens readily cross the blood- brain barrier. 

 

Rehydration and Exercise 

During prolonged exercise 2 to 3 L/h of fluid may be lost as sweat.  Additionally small 

quantities of fluid may be lost via the kidneys, the gastrointestinal tract, and the respiratory tract.  

If severe, dehydration during exercise has been shown to result in decreased plasma volume, 

increased plasma osmolality, decreased sweat rate and skin blood flow, and increased core body 

temperature.  Dehydration is also known to impair performance and greatly increase the risk of 

heat illness.  

 When an athlete becomes dehydrated while exercising, the task of rehydration becomes a 

critical variable to ensure continued maintenance of athletic performance and physiological 

function.  Many factors contribute to the degree to which the rehydration process is sufficient 

and successful.  The physiological parameters that are positively influenced by rehydration will 

depend on whether the ensuing exercise occurs in a neutral or hot environment.  In addition, the 

timing of rehydration, whether it occurs before, during, or following an exercise bout will play a 

role in the physiological consequences and the suitability of particular concentrations of a 

rehydration beverage.  

 

Factors Influencing Rehydration 

Many factors can stimulate and enhance drinking behavior and fluid replacement during 

or after exposure to stressful environments.  These included thirst (Rolls et al.,1980; Phillips et 
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al., 1984; Engell et al., 1987), acclimation (Greenleaf et al., 1983; Strydom et al., 1966), fluid 

palatability (Armstrong, 1985; Boulze et al., 1983; Hubbard et al., 1984; Sandick et al., 1984; 

Szlyk et al., 1989), eating ( Szlyk et al., 1990), increased plasma AVP concentration 

(Szczepanska-Sadowska et al., 1982), increased renin-angiotensin II concentration (Fitzsimons, 

1966), increased hypovolemia (Greenleaf, 1992), and environmental stressors (Booth, 1991; 

Greenleaf, 1994; Meyer et al., 1994).  A thorough consideration of these variables was provided 

in a review by Armstrong and Maresh (1996).  They provided an extensive description of 12 

“environmental and host factors” that influence fluid replacement.  When attempting to 

overcome exercise-induced dehydration, researchers must be aware that these influences exist 

and must attempt to control their effects on measurements of fluid consumption and thirst.  It is 

also important to recognize, since humans drink when there is no apparent physiological 

stimulus, psychological components should always be evaluated when investigating the total 

mechanism for drinking.  

In the early 1970s, Cabanac used the term “allesthesia” to describe the perception of a 

stimulus as pleasant or unpleasant depending upon the subject’s internal status. It has been 

hypothesized that voluntary dehydration is the result of a negative allesthesia, or the 

development of an unpleasant stimulus incited by drinking (Cabanac, 1971; Hubbard et al., 1984; 

Sohar et al., 1962).  Rolls et al. (1980) demonstrated allesthesia for water during the course of 

postdrinking satiety after prolonged water deprivation.  Cabanac (1971) also suggested if 

beverage preference and drinking behavior are affected by the internal state of a subject, then 

cooling, flavoring or coloring of water might be utilized to increase fluid consumption.  

Palatability has been shown to be a significant factor in rehydration, because the quality, flavor, 

and temperature are important variables determining consumption (Adolph, 1947; Armstrong et 

al., 1985; Boulze et al., 1983; Hubbard et al., 1984; Sohar et al., 1962; Szlyk et al., 1989; Szlyk 

et al., 1990).  The temperature, color, odor, and taste are critical to palatability and consumption.  

Other factors that contribute to fluid replacement include the mood-state of the individual, with 

feelings of calmness associated with increased rehydration.  Also, the degree of preoccupation 

that the individual is subjected to plays an important role (Armstrong and Maresh, 1996).  

Involuntary dehydration may also be the result of a hereditary predisposition to be a heavy 

drinker or a light or reluctant drinker.  The critical message cited throughout rehydration research 

is an appreciation for the many intertwined factors which contribute to the degree to which fluid 
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consumption is sufficient and successful in response to exercise-induced dehydration (Booth, 

1991).  

 

Hydration Prior to Exercise 

 Exercise should commence in a well-hydrated condition.  Many athletes who must 

perform repeated bouts of exercise in the same day or consecutive days become chronically 

dehydrated.  If exercise is initiated in a hypohydrated state then physiological mechanisms will 

be compromised.  The cardiovascular strain will be increased, there will be a greater rise in core 

temperature, and a limited ability to dissipate heat (i.e. skin blood flow, sweat rate).  Inevitably 

these changes result in performance decrements (Armstrong et al., 1985).  To assure proper 

hydration at the onset of exercise the American College of Sports Medicine (ACSM) (1996) 

provided guidelines for fluid ingestion before exercise.  Fundamental to this is ingesting a 

nutritionally balanced diet and drink for the 24 hours prior to an exercise session.  Critical to this 

is the concept that a normal hydration state cannot be as rapidly re-attained following exercise-

induced dehydration by consuming water alone.  Electrolytes are critical to assure rapid fluid 

restoration.  This is not surprising since excessive sweating during exercise alters the osmolality 

of the plasma and the presence of electrolytes (primarily sodium) with water addresses the 

volume and concentration of the plasma.  The ACSM (1996) also recommends about 500 ml of 

fluid 2 hours immediately prior to exercise.  This provides additional assurance of proper 

hydration (i.e. normal fluid volumes and osmolality) and allows ample time to urinate excess 

fluid.  The scientific evidence supports these pre-exercise hydration recommendations due to the 

findings of reduced cardiovascular strain and lower core temperatures (Greenleaf and Castle, 

1971) when fluid is ingested 60 minutes prior to exercise.   

 

Rehydration During Exercise 

 Proper maintenance of hydration status during exercise will influence cardiovascular, 

thermoregulatory, fluid volume, performance, and other variables.  These factors also depend on 

if the exercise is occurring in a hot or cool environment.  This topic has received extensive 
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review in recent years, but some are especially notable (Armstrong and Maresh, 1996; Sawka 

and Montain, 2000; Sawka, Montain, & Latzka, 2001).   

 The physiological benefits associated with maintaining fluid volume are well 

documented.  In brief, proper rehydration during exercise enhances heat dissipation (i.e. 

increased skin blood flow, increased sweat rate), limits hypertonicity of the plasma, and helps 

sustain cardiac output (ACSM, 1996).  The decrease in the rate of hyperthermia with rehydration 

and the ensuing maintenance of performance are two important purposes of rehydration.  A 

classic study by Pitts et al.(1944) was one of the first to show that changes in rectal temperature 

during exercise were dependent on the degree of fluid intake.  When water intake equaled sweat 

loss the slowest rise in core temperature occurred as compared to a water ad libitum group and a 

no water group.  Athletes should aim to drink quantities equal to sweat loss.  The factors 

mentioned earlier (i.e. palatability, temperature, etc.) should be considered since these may 

encourage more fluid consumption.  Additionally, carbohydrates and electrolytes (sodium, 

potassium) in the rehydration beverage will restore physiological function and enhance 

performance if the exercise session exceeds one hour in duration (ACSM, 1996).   

 Rehydration also depends on gastric emptying and intestinal absorption. Gastric 

emptying is currently considered the primary factor limiting rehydration during exercise (Gisolfi 

et al., 1990; Maughan, 1992), because the maximal rate of intestinal absorption exceeds that of 

gastric emptying (Gisolfi et al., 1990). There are many considerations that may affect gastric 

emptying and intestinal absorption, although, it seems that volume (Mitchell et al., 1994), 

temperature of the fluid, environmental stress (Costill, 1990), composition of the ingested fluid 

(including osmolality, caloric density, and pH), and exercise intensity and mode (Costill, 1990) 

are some of the primary factors in determining gastric emptying from the stomach and intestinal 

absorption from the small intestine. Evidence has shown that the most important variable may be 

the volume of fluid in the stomach (Mitchell and Voss, 1991; Noakes et al., 1991). The ACSM 

(1996) recommends maintaining about 400-600 ml of fluid in the stomach to maximize gastric 

emptying. Tonicity also affects gastric emptying. Hypotonic fluids are emptied from the stomach 

and absorbed from the intestinal lumen more readily than isotonic solutions (Mitchell et al., 

1989). Plain water is absorbed slightly faster than a carbohydrate solution (Mudambo et al., 

1997). 
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 Gastric emptying of liquids follows an exponential time course. In many cases up to 80% 

of water is emptied within 15-30 minutes (Gisolfi and Duchman, 1992). Exercise does not delay 

gastric emptying rate if exercise intensity is < 70-75% of the maximal aerobic capacity (Costill, 

1990).  However, in exercise lasting < 1 hour in which intensity ranges from 75% to > 100% 

VO2 max, gastric emptying may be reduced, compromising fluid absorption and affecting 

performance (Costill, 1990). 

 

Rehydration Following Exercise  

 Rapid rehydration following exercise is critical to maximizing recovery (Maughan et al., 

1996a).   Replenishing fluid volume is critical in the recovery process of many physiological 

functions.  This topic has been extensively reviewed by Maughan et al.(1996 a , 1997) and is 

notably absent from the ACSM position stand “Exercise and Fluid Replacement” (1996).   A key 

to fluid replacement following exercise is the notion that water may not be the best fluid to drink 

following exercise to replace the fluids that are lost via sweat (Maughan et al., 1997).  The 

reason for this is theoretically an issue of volume and osmolality (Armstrong and Maresh, 1996).  

The consumption of water alone causes a decrease in osmolality, which will limit the drive to 

drink and will slightly increase urine output.  Inclusion of sodium in the rehydration beverage (or 

diet) allows fluid to be better conserved (vasopressin and aldosterone levels are low) and the 

drive to drink subsists (Armstrong and Maresh, 1996; Maughan et al., 1997).  

 Another critical point of rehydration includes the common recommendations to replenish 

fluid equal to sweat losses.  The effects on performance of an uncorrected fluid deficit should 

persuade all athletes to attempt to remain fully hydrated at all times, and the aim should be to 

start each bout of exercise in a fluid replete state.  This will only be achieved if a volume of fluid 

in excess of sweat loss is ingested together with sufficient electrolytes, as reported in the 

Shirreffs et al. (1996) study showing an ingestion of 150%  of weight loss (with a high sodium 

concentration) was the optimal rehydration amount when evaluated 6 hours post exercise. 

 In summary, optimal post-exercise rehydration can occur if the following criteria are met 

by the athlete: (1) the drink volume should be greater than the volume of sweat loss (Shirreffs et 

al., 1996); (2) the drink should be palatable for an adequate volume to be consumed (Hubbard et 

al., 1990); (3) the addition of electrolytes, particularly sodium, will help maintain thirst to 
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stimulate drinking and retain what has been ingested within the body (Maughan and Leiper, 

1995; Nose et al., 1988; Takamata et al., 1994); or (4) rehydration can also be achieved when 

plain water is consumed with  solid food (Maughan et al., 1996; Szlyk et al., 1990).    

 

Rehydration and the Menstrual Cycle 

 Although the effects of ad libitum fluid intake on fluid homeostasis during exercise have 

been extensively studied in males, there have been no previous attempts to address the issue of 

the influence of varying levels of endogenous, circulating steroid hormones on fluid replacement 

during exercise induced dehydration.   

 The limited numbers of investigations on post-exercise fluid replacement that have been 

carried out have all used males as subjects as well.  There is available evidence from one study to 

suggest that there is no difference in the recovery of fluid balance status across the cycle.  

Maughan and colleagues (1996b) determined that acute restoration of exercise induced fluid loss 

is not affected by the normal menstrual cycle.  This suggests that women are not at a 

disadvantage when rapid and complete restoration of exercise-induced sweat loss is required.  

However, this study employed menstrual cycle logs to determine phase and did not utilize well 

established methods of menstrual cycle phase determination, such as ovulation prediction kits 

and hormone assay kits for estrogen and progesterone on the day of testing.  Many studies have 

utilized less accurate measures for phase verification, such as menstrual cycle logs and basal 

body temperature charting, which poses limitations on the consistency of the data from such 

study designs (Lebrun, 1993).    

 Little work on the fluid balance implications for women exercising in the heat exists.  

This is at least in part a consequence of the possibility that the steroid hormones, which are 

subject to cyclical variation in women, may have an influence on fluid balance during exercise, 

and the desire of investigators to avoid this confounding factor.  There are therefore clear reasons 

to establish whether or not there is an acute effect of these hormones on fluid balance during 

exercise induced sweat loss.  
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III. Menstrual Cycle Verification 

 To be able to investigate what effect, if any, menstrual cycle hormones have on a female 

athlete’s ability to perform and maintain hydration while exercising in the heat, it is of vital 

importance to accurately verify the menstrual cycle phase at the time of testing.  Most 

verification methods concentrate on the occurrence of ovulation to enable division of the 

menstrual cycle into follicular and luteal phases.  Verification of menstrual phase has taken on 

many forms through the years from those willing to examine this confounding factor within the 

realm fluid balance research.  Early studies investigating the menstrual cycle often relied on 

counting the days from onset of menses, with the assumption that those subjects had regular 

ovulatory menstrual cycles and followed “normal” hormone fluctuations throughout the 

menstrual cycle.  One problem with this method is that ovulation is difficult to predict due to the 

fact that the follicular phase is often more variable in length than the luteal phase.  It is also not 

safe to assume that all women who menstruate regularly also ovulate regularly, because as de 

Souza et al. (1998) showed a high frequency of anovulation in women with regular bleeding.  

Therefore, counting days from onset of menses does not differentiate ovulatory from anovulatory 

cycles and will therefore give misleading perception about menstrual cycle phase.   

 Another well established method for menstrual cycle phase determination is basal body 

temperature (BBT) charting.  Most ovulatory women have an increase in BBT of approximately 

0.3°C after ovulation, which is sustained throughout the luteal phase (Marshall, 1963; Horvath 

and Drinkwater, 1982).  Although this method may be useful in identifying the approximate day 

of ovulation, and thus the relative length of follicular and luteal phases, it does not account for 

actual hormone levels.  Additionally, the relationship between BBT and ovulation may vary 

between women, with some women not shoeing an increase in BBT during the luteal phase 

(Kesner et al., 1992).   

 Urinary luteinizing hormone (LH) concentration determined using ovulation predictor 

kits, consisting of colorimetric enzyme immunoassays of urinary LH are another method to 

determine menstrual cycle phase.  Once the LH surge has been detected, it can be assumed with 

confidence that ovulation will take place within the next 14 – 26 hours (Miller and Soules, 1996).   

 The other widely used method for verification is the measurement of estrogen and 

progesterone via serum, saliva or urine.  Measurements in saliva and metabolites from urine 
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however come with a greater potential for inaccuracy compared to serum, which is why recent 

studies utilize serum measurements.  Measurement of both estrogen and progesterone is the only 

method that can identify between all three distinct phases: (1) menstruation, also known as early-

follicular when all cyclic hormones are low; (2) mid-follicular phase, when estrogen levels are 

high and progesterone levels are low; and (3) mid-luteal phase, when estrogen and progesterone 

are high.  It is easy to understand why correct identification of menstrual cycle phase is crucial to 

obtaining reliable results when examining just what role the menstrual cycle may have on 

exercise performance, and perhaps a reason much of the research has focused on males.  
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CHAPTER THREE 

METHODS 

Subjects 

 Seven eumenorrheic healthy females between the ages of 18-35 years were recruited 

from Florida State University student population.  Subjects recruited were moderately physically 

active at the time of the study. Subjects met all of the following criteria to be enrolled for 

participation: 1) subjects must be nonsmokers; 2) must not be taking any form of contraceptive 

agents; 3) must report a normal menstrual history and regular cycles of constant length; 4) free of 

any history of major medical problems; and 5) must be comfortable with having blood drawn.  

All subjects gave their informed consent prior to data collection.  This study was approved by the 

Florida State University Human Subjects Committee. 

 

Procedures and Techniques 

 Subjects were required to maintain menstrual logs to document menstrual cycle length 

and duration of menstrual flow days in the two-month period prior to testing. Preliminary 

maximal oxygen uptake was obtained using a continuous treadmill protocol.  After a five-minute 

walk at 110 m • min –1 and 0% grade, subjects performed a VO2max test at an appropriate running 

pace.  The initial grade was set at 0% and was increased by 2% every two minutes to exhaustion.  

VO2max was established when two of the three following criteria were met: 1) no further increase 

in VO2 (< 150 ml • min –1) with an increase in grade, 2) heart rate greater than 90% of the 

predicted maximum (220 – age), and 3) respiratory exchange ratio greater than 1.1.  

Body composition was estimated using three site skinfold estimates.  Standard height and 

weight measures were also taken.  All cardiorespiratory and anthropometric data were collected 

one week prior to the start of the experiment.  All subjects were familiarized to the experimental 

techniques prior to the study. 

Each subject performed three exercise/rest trials (treadmill walking at 3% grade, 30-35% 

VO2max , 30 min • hr-1 followed by 30 min of sitting during a 3-h period) representing different 

stages of the menstrual cycle. This design insured sufficient time for adequate rehydration during 

rest periods.  It also enabled us to assess intake when exercise was not a behavioral variable.  The 
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distinct points of the hormone cycle were: 1) menstruation, when all cyclic hormones are low 

(day 3 after beginning of menstrual bleeding), 2) mid-follicular phase, when estrogen levels are 

high and progesterone levels are low (days 8-10 after menstrual bleeding), and 3) mid-luteal 

phase, when estrogen and progesterone are high (7-9 days after LH peak, determined 

individually by the use of ovulation prediction kits).  All trials were randomized and occurred 

over three consecutive menstrual cycles to avoid any effects of acclimatization due to testing in a 

warm environment (36°C, rh 50-70%). Premature trial termination occurred if: 1) Tre reached 

39.5°C, 2) heart rate (HR) exceeded 180 beats•min-1 for five consecutive minutes, or 3) the 

subject showed signs of heat illness. Ad libitum water intake was measured throughout the 3-hr 

protocol. Water temperature was monitored and remained constant at 11-17°C.  

All three trials were conducted in the morning to control for diurnal rhythms.  The 

subjects were instructed not to consume food or caffeine for at least 8 hours prior to the 

experiments, but subjects were allowed to drink water during this time. Subjects were asked to 

record all food and beverage consumed three days prior to trial and were requested to keep the 

composition of their last meal constant for all three trials.  No instruction was given as to what to 

consume in this meal other than abstaining from alcohol.  

 

Data Collection 

 The day of each trial subjects provided their three-day food records for examination. 

Upon arrival at the laboratory and following testing, subjects provided a urine sample for the 

determination of urine specific gravity and urine color.  A rectal probe was inserted (10 cm past 

the anal sphincter) to determine rectal temperature (Tre). Temperatures were continuously 

monitored throughout each trial and actually recorded at fifteen minute intervals and plotted for 

analysis.  A Polar heart rate monitor was fitted to the chest for continuous heart rate (HR) data 

collection which was also later plotted at fifteen minute intervals for analysis.  Subjects were 

weighed in their complete running attire both pre and post each trial.  Clothing consisted of a tee 

shirt, shorts, socks and shoes and was the same attire worn for all three trials.  Subjects were then 

seated in a room maintained at a moderate temperature for 15 minutes, after which time a blood 

sample was taken via the antecubital vein.  Skin thermocouples were then attached to the skin at 

4 sites (arm, chest, thigh, and calf) for skin temperature (Tsk) measurements.  
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Subjects were then taken into the environmental chamber (36°C, rh 50-70%) to begin 

exercise/rest cycles of 30/30 min for a period of 3 hours. The exercise consisted of treadmill 

walking (3% grade, 30-35% VO2max, 30 min • hr-1, 3 hr), and was followed by 30 min of sitting.  

Dry bulb temperatures (Tdb) and relative humidity (%RH) was continuously monitored and 

maintained within equipment limits.  Environmental chamber temperature and %RH was 

recorded every ten minutes and any needed adjustments made accordingly throughout each trial.  

At the conclusion of the 3-hr exposure a second blood sample was collected, followed by a post-

exercise body weight measurement.  Sweat rate was calculated from the change in body weight 

divided by the experimental time.   

Ad libitum water intake was measured throughout the 3-hr protocol via an electronic 

balance and water temperature was monitored throughout the trials, with the goal of maintaining 

an optimal temperature ranging from (11-17°C).  Water bottles (32 oz.) were provided to each 

subject to accurately measure water consumption.   

 Perceptual responses for thirst and stomach fullness were also obtained.  Subjects were 

carefully instructed in the use each sensation scale prior to the start of each experimental 

sessions. Measures were recorded every 15 minutes throughout the three 3-hr menstrual phase 

trials.   

 Blood samples were obtained by a trained phlebotomist from an antecubital vein while 

the subject was seated before and after each experimental trial.  Blood was drawn into three 

vacutainer blood collecting tubes.  The blood from sodium heparin tubes was used for 

hemoglobin and hematocrit determination.  Changes in plasma volume were then calculated 

from the changes in hemoglobin and hematocrit.  Serum from non-preservative tubes was used 

for the determination of estradiol and progesterone via radioimmunoassay technique, and serum 

osmolarity.  Plasma from EDTA tubes was used for determination of plasma vasopressin via 

radioimmunoassay technique. 
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Instrumentation and Calculations 

 

Anthropometric Measures: 

 Preliminary body fat measures were determined by skinfold estimates using Lange 

Skinfold Calipers (Cambridge Scientific Industries).  Three sites were measured (triceps, thigh, 

and suprailium) in accordance with the generalized equations for women (Jackson et al., 1980).  

The actual percentage of body fat was estimated using population – specific conversion formula 

for women ages 20-28 where %Fat = [ (5.01 / Db) – 4.57 ] x 100 (Heyward, 1996).  Body height 

was determined with a Medart Scale (Medart, St. Louis, MO).  Body weight was measured on a 

full capacity beam scale model # 300AD (Douglas Homs Corporation, Belmont CA), while 

clothing and water bottles were weighed separately using a portable LS2000 electronic scale 

(Ohaus Corporation, NJ). Total experimental weight (water) loss was calculated as:  

 TWL = [pre-trial body weight] – [post-trial body weight] + [fluid ingested]  

 

Physiological Measures 

 Maximal oxygen uptake (VO2max) and gas exchange measures (VO2, VE, RER) during the 

preliminary testing trial were computed using 30 second breath averaging on a Parvo Medics 

TrueMax 2400 Metabolic Measurement System (Consentious Technologies, Sandy, UT).  

Subjects wore a mouthpiece, nose-clip, and Hans-Rudolph two way breathing valve (model 

2700, Hans Rudolph, Kansas City, MO) for all gas collection procedures.  All VO2max testing 

was completed running on a series 90 Quinton treadmill (model #Q65, Quinton Instruments, 

Bothell, WA). A smaller Quinton treadmill, model #18-54, was used for the environmental 

chamber walking protocol.  Subjects wore a Polar Favor heart rate monitor (Polar Electro) for 

continuous heart rate monitoring.  

 Each experimental trial was conducted in a Heinicke Environmental Chamber for 

temperature and humidity control (Heinicke Instruments, Hollywood, FL).  Chamber 

temperature and humidity was monitored using a sling psychrometer (Bacharach Inc., Pittsburgh, 

PA). Wet Bulb Globe Temperature (WBGT) was calculated as [ (0.7 Twb) + (0.3 Tdb)] as is 

customary for indoor environmental stress assessment.  
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 Core temperature (Tre) was measured by YSI rectal probe (model #401AC, Yellow 

Springs Instruments, Yellow Springs, OH). Skin temperature (Tsk) measures involved the use of 

YSI series 409B skin sensors affixed with hypoallergenic surgical tape.  Both instruments were 

plugged into a YSI precision model 4000A telethermometer for digital display.  The four point 

weighting formula of Ramanathan (1964) was used to calculate mean skin temperature (MST).  

The calculation is designated as: 

MST = 0.3 (T1 +T2) + 0.2 (T3 + T4) 

where T1 is chest, T2 is upper arm, T3 is thigh, and T4 is calf temperature. 

 

Hematological Measures 

 Venous blood was drawn without stasis from an antecubital vein and collected into three 

vacutainer tubes.  Blood collected to the 3 ml sodium heparin tubes was used for hemoglobin and 

hematocrit determination.  Hematocrits were determined in triplicate by microhematocrit 

technique using Mylar-clad Hematocrit tubes (Fisher Scientific, Pittsburgh, PA) sealed with 

capillary tube sealant compound (Fisher Scientific), a micro centrifuge model #IM-3411 

(International Equipment Co., Needham, MA) and a Micro-Hematocrit Tube Reader 

(International Equipment Co., Needham, MA).  Corrections for trapped plasma (.96) in red blood 

cells were made (Dill and Costill, 1974).  The same blood was analyzed immediately for 

hemoglobin determination in triplicate via aspiration from heparinized capillary tubes (Fisher 

Scientific, Pittsburgh, PA) into an AVL OMNI blood-gas analyzer (AVL Medical Instruments, 

AG).  Changes in plasma volume were then calculated from the changes in hemoglobin and 

hematocrit using the equation: 

%∆ PV = 100 {[(Hbb) / (Hba)] ⋅ [(1 – Hcta ⋅ 10-2)] /  [(1 – Hctb ⋅ 10-2)]} - 100   

 An additional 6 ml of serum was collected in non-preservative tubes for the 

determination of estradiol (Double Antibody Estradiol Kit, Diagnostic Products Corporation, Los 

Angeles, CA) and progesterone (Coat-A-Count Progesterone Kit, Diagnostic Products 

Corporation, Los Angeles, CA) via radioimmunoassay technique, and serum osmolality.  Serum 

osmolarity was measured using a model 5100C vapor pressure osmometer (Wescor Inc., Logan, 

UT). A third aliquot of 4 ml was collected in EDTA tubes for the determination of plasma 
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vasopressin (Arginine-Vasopressin Kit, Nichols Institute Diagnostics, San Juan Capistrano, CA) 

via radioimmunoassay technique. All radioimmunoassay kit analyses were run in duplicate.  

 

Urinary Indices 

 Pre and post-experiment hydration status was assessed by urine specific gravity using a 

urinometer (Model 4020, Fisherbrand, Pittsburgh, PA) and urine color via urine color chart 

(Armstrong et al., 1994).  

 

Perceptual Measures 

 Perceptual responses for Thirst and Stomach Fullness were obtained every 15 minutes 

throughout the three 3-hr menstrual phase trials and subjects were carefully instructed in the use 

of each sensation scale prior to the start of each experimental session.  Thirst sensations were 

reported using a nine-point thirst scale (Riebe et al., 1997) with verbal anchors ranging from 1 

(not thirsty) to 9 (very, very thirsty).  Subjects responded to the question: How thirsty do you feel 

now?  Fullness ratings were reported using a nine-point fullness scale with verbal anchors 

ranging from 1 (not full at all) to 9 (very, very full).  Subjects responded to the question: How 

full does your stomach feel now? 

 Perceptual measures were obtained to gauge the psychological contributions to fluid 

intake, i.e. the momentary disposition of a subject to drink is expressed in selective ingestion 

which can be affected by many factors, including: feelings of stomach fullness, perception of 

thirst, environmental temperature, and activity level.     

 

Statistical Analysis 

 The primary statistical design for the study was a One-Way Repeated Measures Analysis 

of Variance to evaluate within subject differences between variables (Fluid Intake, Physiologic, 

Hematologic, Perceptual) during the three testing conditions (menstrual cycle phases - Menses, 

Mid-Follicular, Mid-Luteal).  Fluid intake variables (total fluid intake, total number of drinks) 

were measured at the end of the 30 minute rest or exercise intervals, where time to first drink 
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was noted at the time the drink occurred within each of the three 3-hour trials.  Perceptual 

measures (stomach fullness, thirst, thermal strain, rating of perceived exertion) and physiological 

measures (HR, Tre, site specific Tsk, Mean Tsk) were measured every 15 minutes from time 0 to 

the 180 min mark.  Body weight, hematologic (Hb, Hct, plama osmolality, estradiol, 

progesterone, vasopressin), and urine (specific gravity, color) variables were all measured pre 

and post each of the three trial conditions.  Mean characteristics for the appropriate measured 

variables were then compared with simple T-tests. 

 Sample size estimation was determined on the basis of effect size (ES), power  

(1-β), significance criterion (α), and research design (Vu Tran, 1997).  Based on a single group, 

repeated measures design to include three treatments (menstrual cycle phase), seven subjects 

were estimated as the minimum sample size necessary to demonstrate significance for this study.  

This subject number was determined using a standard power of .80, alpha level of .05, and a 

large benchmark effect size of .80 calculated from the conservative relationship commonly 

predicted among repeated measures.  Where significant differences (p<0.05) are identified, 

independent group t tests and Tukey’s tests were used for post hoc comparisons.  Pearson 

product-moment correlation was also used to examine correlations between variables during the 

three phases of the menstrual cycle.  All statistical procedures were performed with Statistical 

Program for Social Sciences (SPSS) software.  All values were reported as mean ± standard 

deviation for each variable and statistical significance accepted at p ≤0.05.    
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CHAPTER FOUR 

RESULTS 

Descriptive Subject Data 

 Seven eumenorrheic, moderately active females participated in this study.   Four of the 

seven subjects were University athletes in the off-season of their respective sports. The three 

remaining subjects were all recreational athletes who maintained a moderately active lifestyle 

through participation in various athletic activities.  Mean physical and performance 

characteristics for the group are shown in Table 4.1.  The individual data are presented in 

Appendix D, Table 1. 

 

Table 4.1 Physical & Performance Characteristics (n = 7) 

                    

 Characteristic   Mean   SD   Range   

 Age (years) 

 

22.1 

 

1.6 

 

20 - 24 

  Height (cm) 

 

169.2 

 

6.5 

 

157-175 

  Weight (kg) 

 

64.07 

 

8.66 

 

49.40 – 76.00 

  BSA (m2) 

 

1.73 

 

0.14 

 

1.47 - 1.91 

  SA/M Ratio (m2/kg) 

 

27.2 

 

1.54 

 

25.19 – 29.76 

  Body Fat (%) * 

 

20.4 

 

6.0 

 

13.9 – 28.7 

  VO2max  (ml · kg · min-1) 

 

42.3 

 

3.7 

 

37.4 – 47.5 

  Menstrual Cycle Length (days)   31   2   28 - 34   

 * = skinfolds (triceps, suprailiac, thigh); Db = Jackson et al., 1980; % fat = Heyward, 1996 

 
   

Pre-Trial Control Measures 

Diet Records 

Three day diet records were kept by subjects before each trial.  The goal was to eat meals 

of similar composition the days leading up to each trial to control or minimize changes in 
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nutritional state.  No significant differences were observed between trials for any aspect of food 

consumption.  The results of this analysis are shown in Table 4.2.  Individual data are presented 

in Appendix D, Table 2 and ANOVA summaries are presented in Appendix E, Table 1. 

 

 

Table 4.2   3-Day Diet Records 

    

Phase CHO CHO FAT FAT PRO PRO 

Energy 

Intake 

  (g) (%) (g) (%) (g) (%) (kcal) 

M 242.4 60.7 50.9 25.3 66.0 15.9 1797 

 

 ± 35.1 ± 3.0 ± 12.9 ± 3.6 ± 9.8 ± 2.5 ± 300 

        MF 234.0 61.0 44.7 25.4 59.1 15.3 1545 

 

± 43.9 ± 4.5 ± 15.9 ± 5.6 ± 15.8 ± 2.2 ± 324 

        ML 230.1 58.4 45.1 26.0 57.7 14.7 1595 

   ± 36.9  ± 7.3  ± 9.8  ± 4.9  ± 14.3  ± 3.4  ± 206 

        All values are Mean ± SD 

     
     
     

 

 

 

 

 

    
Menstrual Cycle, Body Temperature, and Hydration  

Control over pre-trial body temperature fluctuations was handled in part by always 

scheduling subject trials at the same time of day for each of the three menstrual phase trials, 

although it was assumed that core temperature would be higher during the luteal phase trial 

versus the menses and mid-follicular phase trials.  Mean resting pre-trial rectal temperature for 

the mid-luteal phase was significantly higher (P<.004) than both menses and mid-follicular 

phases (M: 36.71 ± 0.25, MF: 36.70 ± 0.38, ML: 37.22 ± 0.19).  Menstrual cycle phase was also 

controlled by scheduling trials within specified time points of each phase of the menstrual cycle 

over the course of three consecutive menstrual cycles.  The distinct points of the hormone cycle 

were: 1) menstruation, when all cyclic hormones were low (2 – 4 days after beginning of 

menstrual bleeding), 2) mid-follicular phase, when estrogen levels were high and progesterone 
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levels were low (days 8-10 after menstrual bleeding onset), and 3) mid-luteal phase, when 

estrogen and progesterone are high (7-9 days after LH peak, determined individually by the use 

of ovulation prediction kit).  Actual menstrual cycle lengths ranged from 28 to 34 days over the 

three consecutive cycles, with a mean cycle length of 31 ± 2.3 days for each cycle.  Menstruation 

phase testing ranged from day 3 to day 4, with a mean cycle day of 3 ± 0.49.  Mid-Follicular 

phase testing ranged from day 7 to day 15 depending on both menstrual cycle length and number 

of menstrual flow days for each subject, with a mean cycle day of 11 ± 2.7.  Mid-Luteal phase 

testing ranged from day 21 to day 27 depending on both menstrual cycle length and day of 

ovulation (day 14 to day 21), with a mean cycle day of 23 ± 2.7 and mean ovulation day of 17 ± 

2.7.  Plasma estradiol (P[E2]) (M: 21.2 ± 7.1, MF: 70.2 ± 36.6, ML: 156.9 ± 19.8 pg • ml-1) and 

progesterone (P[P4]) (M: 0.7 ± 0.2, MF: 1.1 ± 0.3, ML: 12.9 ± 6.0 ng • ml-1) values demonstrate 

that the subjects were tested during the appropriate phase of the menstrual cycle.  Urine specific 

gravity and urine color were used as pre-trial indexes of hydration status.  Mean urine specific 

gravity values below 1.020 (1.010 ± 0.01), a lack of significant differences between phase trials 

(P=.984), and a significant correlation effect (P = .001) led to the conclusion that subjects were 

equally hydrated before the start of each trial.  Similarly, no differences (P=.941) were observed 

for pre-trial urine color ratings (M: 3 ± 1.7, MF: 3 ± 1.3, ML: 3 ± 1.5), and there was a 

significant correlation between phases (P < .05).  Raw data for menstrual cycle and pre-trial 

rectal temperatures can be found in Appendix D, Table 3, while the ANOVA summaries for pre-

trial rectal temperature can be found in Appendix E Table 2.  Raw data for plasma estradiol and 

progesterone can be found in Appendix D, Tables 4 and 5.  Individual subject data for urine 

specific gravity and urine color are found in Appendix D, Table 6, with related ANOVA & 

Pearson Product-Moment Correlations summaries in Appendix E, Tables 3-6.  

 

Hematological Measurements 

Plasma Volume Change and Serum Osmolarity 

Changes in plasma volume were determined using hemoglobin and hematocrit 

concentrations before and following exercise according to the Dill and Costill method (1974).  

Hemoglobin was not affected by menstrual phase at baseline or post-exercise. Hematocrit was 

unexpectedly lower at Menses baseline (P = .047).   However, post exercise hematocrit levels 
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were not different between the phases. In comparing baseline to post-exercise measures within 

phases, a significant difference was noted in hemoglobin and hematocrit during only the Menses 

phase (Appendix E, Table 7).  Similarly, percent changes in hemoglobin, hematocrit, and plasma 

volume were significantly different in the Menses phase trial than in both the Mid-Follicular and 

Mid-Luteal phase trials (P<.05) (Figure 4.1) (Appendix E, Table 8).  Individual data for 

hemoglobin, hematocrit, and plasma volume change calculations are presented in Appendix D, 

Table 7).  There was no significant effect for time (pre v post) or phase observed for serum 

osmolarity (Figure 4.2).  ANOVA summary tables for serum osmolarity can be found in 

Appendix E, Table 9.  Individual data for serum osmolarity are located in Appendix D, Table 8). 

 

Plasma Vasopressin 

A significant effect for time (pre v post bout) was observed for plasma vasopressin for 

the Menses (P=.001) and Mid-Luteal (P=.009) phase trials, but not the Mid-Follicular phase 

(P=.248) (Table 4.3).  There were no differences observed across menstrual phases for either pre 

or post exercise plasma vasopressin levels.  ANOVA summary tables are located in Appendix E, 

Table 10 and individual data can be found in Appendix D, Table 9).    
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Figure 4.1 Hemoglobin, hematocrit, and plasma volume changes after exercise in the  

   heat during three different menstrual cycle phases (Mean ± SE).  
  * Significantly different from Menses  
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Figure 4.2 Serum Osmolarity after exercise in the heat during three different   

   menstrual cycle phases (Mean ± SD). 
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Table 4.3    Plasma Vasopressin -  P[AVP] (pg/ml) 

Phase Pre-Bout   Post-Bout   

  (0 min)   (180 min)   

M 1.4 

 

1.6 * 

 

 

 ± 0.3 

 

 ± 0.3 

      MF 1.5 

 

1.8 

 

 

± 0.4 

 

 ± 0.7 

 
     ML 1.4 

 

1.9 * 

   ± 0.4    ± 0.7   

All values are Mean ± SD 
   * Post significantly different from Pre 
 

Thermoregulatory Responses to Exercise 

Rectal Temperature 

Analysis of variance revealed a significant effect (P<.004) for menstrual cycle phase on 

rectal temperature for the pre-exercise baseline measurement (Appendix E, Table 2).  Figure 4.3 

shows that as assumed, the mid-luteal phase baseline (min 0) rectal temperature was significantly 

higher than the other phases of the menstrual cycle.  It also shows a significant time effect 

(p<.05) for rectal temperatures measured at min 180 versus those at min 0 in all three phases of 

the menstrual cycle (Appendix E, Table 11).  Raw subject data for rectal temperature is provided 

in Appendix D, Tables 10-12.      

Mean Skin Temperature 

Analysis of variance revealed a significant effect for menstrual cycle phase between the 

three trials, where overall menstrual phase mean skin temperatures were significantly (P < .05) 

lower during the Menses trial versus both the Mid-Follicular and Mid-Luteal trials (figure 4.4).  

Individual subject data are presented in Appendix D, Tables 13-15.  An ANOVA summary is 

given in Appendix E, Table 12.   
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Figure 4.3 Rectal temperature responses to exercise during three different menstrual  
   phase cycles during exercise in a hot environment (Mean ± SE). 

  *  ML significantly different from M and MF phases at 0 min 
  †  All three phases significantly different from 0 min  
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Figure 4.4 Mean Skin temperature responses to exercise during three different  
   menstrual phase cycles during exercise in a hot environment (Mean ± SE). 

  * Menses significantly different from MF and ML phases at all timepoints  
    

 

 

Fluid Balance Measures 

Fluid Intake 

Ad libitum water intake was measured throughout the 3-hr protocol and water 

temperature was monitored throughout the trials, with the goal of maintaining an optimal 

drinking temperature ranging from (11-17°C).  When intakes were examined across the exercise 

- rest 30 minute intervals (figure 4.5), a significant Time x Phase interaction (P =.047) was 

observed only at the 0 – 30 min exercise period.  Total fluid intakes did not, however, differ 

between phases (P =.300).  Intakes expressed relative to time (L • hr -1) did not show a difference 

between phases, nor did ad libitum fluid intakes expressed as a function of body weight and time 

(ml • kg • hr -1).  Fluid totals separated by activity (exercise or rest) demonstrated significantly 
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higher intake totals during the Exercise segments of the mid-follicular (P = .019) and mid-luteal 

phase (P = .05) trials compared to the menses phase trial in post hoc analysis.  There were 

however, no differences demonstrated for total fluid intakes during the Rest (P = .336) segments 

of the trials, or between exercise and rest (M: P = .228; MF: P = .199; ML: P= .460) for any of 

the menstrual cycle phases.  Tables 4.4a-b provide ad libitum fluid intake details by phase and 

activity.  

 

Table 4.4(a)   Fluid Intake Characteristics 

 Phase Total Fluid Intake Fluid Intake Fluid Intake 

  (kg) (l · h
-1

) (ml · kg · h
-1

) 

M 0.98 0.325 5.20 

 

± 0.19 ± 0.064 ± 1.28 

MF 1.14 0.379 5.96 

 

± 0.34 ± 0.113 ± 1.56 

ML 1.28 0.427 6.65 

 

± 0.47 ± 0.157 ± 2.26 

 

Table 4.4(b)   Fluid Intake Exercise v. Rest 

 Phase Total Fluid Intake Exercise Rest  

  (ml) (ml) (ml) 

M 978.7 439.3 539.4 

 

± 195.9 ± 142.1 ± 135.8 

MF 1136.7 602.7 * 534.0 

 

± 338.7 ± 214.7 ± 138.5 

ML 1282.9 610.7 * 672.1 

 

± 473.7 ± 245.2 ± 270.7 

        

All values are Mean ± SD 

  * p < 0.05 as compared to Menses Phase during exercise 
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Figure 4.5 Ad libitum fluid intake at 30 min walk – 30 min rest cycles under three  

   menstrual phase cycles (Mean ± SE).   
  * p < 0.05 as compared to Menses Phase 
 

 

 

There were no differences when ad libitum fluid intake was expressed in terms of the 

mean number of total drinks consumed (P =.774) per menstrual phase as well as for the total 

drinks during exercise (P = .978) and rest (P = .485) segments of each trial (table 4.5).  There 

was also no Time x Phase interaction demonstrated in any of the trials (figure 4.6).  There were 

no differences (P = .174) between the menstrual phases in the mean time for the subjects to take 

their first drink.  Although the Menses phase demonstrated the longest time delay (12 ± 10 min) 

it was not statistically significant versus the Mid-Follicular (8 ± 3 min), or the Mid-Luteal (6 ± 6 

min) phase.  
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Table 4.5  Drinks Consumed by Phase & Activity 

 
    Phase Total Drinks Taken During Exercise During Rest  

M 24 13 11 

 

± 13 ± 8 ± 5 

MF 28 14 14 

 

± 8 ± 4 ± 4 

ML 28 14 14 

 

± 12 ± 6 ± 7 

        

All values are Mean ± SD 

   

 

The percentage of water loss replaced for each subject was calculated using their total 

fluid consumption divided by their total sweat loss.  These data were determined for each 

menstrual phase trial and analyzed.  Although not statistically different (P = .124), subjects 

replaced an average of  120.6 ± 25.1%, 164.2 ± 38.0%, and 189.7 ± 95.4% of sweat losses with 

ad libitum water intake during the Menses, Mid-Follicular, and Mid-Luteal phase trials, 

respectively (Appendix D, Table 26).  Figure 4.7 compares hourly fluid intakes to hourly sweat 

rates.  Individual subject data for each of the above fluid intake measures are presented in 

Appendix D, Tables 16-25.  ANOVA summary tables are provided in Appendix E, Tables 13-20.     
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Figure 4.6 Average Number of Drinks at 30 min walk – 30 min rest cycles during  

   three  menstrual phase cycles (Mean ± SE).    
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Figure 4.7 Hourly sweat rates and fluid intakes during each menstrual phase  
  (Mean ± SE).   
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 Fluid Loss 

Sweat loss was not effected by menstrual cycle phase regardless of how it was expressed 

for total sweat loss in L • hr -1 (P =.697), and ml • kg • hr -1 (P = .641).  Table 4.6 presents a brief 

look at the fluid loss data.  Figure 4.7 shows a comparative look at hourly sweat losses and fluid 

intakes for each menstrual cycle phase.  All the individual subject data are reported in Appendix 

D, Tables 19-21.  ANOVA summaries are presented in Appendix E, Tables 20 and 21. 

 

 

 

 

Table 4.6   Fluid Loss Summary 

   

   

  

 

  

Phase Total Total Sweat  Sweat  Trapped 

 

Wt. Loss Sweat Loss Loss Loss Sweat
a
 

  (kg) (kg) (l · h
-1

) (ml · kg · h
-1

) (kg) 

      M 0.760 ± .24 0.834 ± .22 0.278 ± .070 4.48 ± 1.4 0.074 ± .08 

 

          

MF 0.53 ± .22 0.707 ± .21 0.235 ± .07 3.74 ± 1.07 0.176 ± .14 

 

          

ML 0.663 ± .42 0.780 ± .38 0.258 ± .13 4.01 ± 1.84 0.116 ± .11 

            

a = refers to sweat trapped in clothing 
All values are Mean ± SD 
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Perceptional Measures related to Fluid Intake   

Thirst 

Perception of thirst is represented by the nine-point thirst scale with verbal anchors 

ranged from 1 (not thirsty) to 9 (very, very thirsty).  Subjects’ overall perception of thirst did not 

differ between the menstrual cycle phase trials (P = .511), nor was there a Time x Phase 

interaction (P = .104) for any time point across menstrual cycle phases (figure 4.8).  Individual 

subject data are reported in Appendix D, Tables 27-29, and ANOVA data are presented in 

Appendix E, Table 22 and 23. 

   

Stomach Fullness 

When mean perception of fullness was examined across menstrual cycle phases there was 

a significantly higher response (P ≤ .007) during the Mid-Luteal phase trial versus Menses and 

Mid-Follicular trials, while there was no difference in feelings of fullness between the Menses 

and Mid-Follicular trials.  There was also a significant Time interaction between the Menses and 

Mid-Luteal phase, where feelings of fullness were significantly less (P ≤ .01) at each 15 minute 

interval throughout the 3-hr protocols during the Menses phase trial.  A significant time 

interaction was also observed between the Mid-Follicular and Mid-Luteal phases, where the MF 

phase showed significantly lower ( P ≤ .033) feelings of stomach fullness from the 30th minute 

through the 180th minute of the trial versus those reported in the ML phase.  Differences 

between the Menses phase and Mid-Follicular phase were only reported during minutes 0, 15, 

and 30, where perception of fullness was significantly lower (P ≤ .046) in M versus the MF trial.  

Figure 4.9 compares ratings of stomach fullness across the menstrual phase trials.  Complete 

ANOVA data for Time and overall Mean data are reported in Appendix E, Tables 24-25.  

Individual data are presented in Appendix D, Tables 30-32.                  
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Figure 4.8 Average perceived thirst ratings measured every 15-minutes for 3-hrs  

   during each menstrual phase (Mean ± SE).   
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Figure 4.9 Average ratings of stomach fullness measured every 15-minutes for 3-hrs  
   during each menstrual phase (Mean ± SE).   

  * Significantly different from Mid-Luteal Phase 
  † Significantly different from Mid-Follicular phase 
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CHAPTER FIVE 

DISCUSSION 

 The purpose of this study was to determine whether ad libitum fluid intake during 

exercise induced sweat loss varied over the course of the normal menstrual cycle.  The three 

distinct phases of the menstrual cycle were targeted, moderate exercise in a warm environment 

was required, and ad libitum fluid intake was measured at regular intervals in order to examine 

how these factors impact hydration status while exercising in the heat.  Fluid intake practices 

across menstrual cycle phases and during exercise were also of unique interest, as much of the 

research has focused on male athletes and/or fluid replacement following exercise.  Seven 

eumenorrheic, moderately active females participated in this study.  Subject performed three 

exercise/rest trials (treadmill walking at 3% grade, 30-35% VO2max , 30 min • hr-1 followed by 30 

min of sitting during a 3-h period) representing different stages of the menstrual cycle.  The 

distinct points of the hormone cycle were: 1) menstruation, when all cyclic hormones are low 

(day 3 after beginning of menstrual bleeding), 2) mid-follicular phase, when estrogen levels are 

high and progesterone levels are low (days 8-10 after menstrual bleeding), and 3) mid-luteal 

phase, when estrogen and progesterone are high (7-9 days after LH peak, determined 

individually by the use of ovulation prediction kits).  All trials were randomized and occurred 

over three consecutive menstrual cycles to avoid any effects of acclimatization due to testing in a 

warm environment (36°C, rh 50-70%).  All trials were performed at the same time of day, and 

after repeated diet regimens.  Baseline rectal temperature (Tre), skin temperature (Tsk), heart rate 

(HR), urine sample (urine specific gravity and urine color), body weight,  and blood components 

were all obtained prior to and following each trial.  Fluid intake and total number of drinks were 

measured at 30 minute intervals from 0 – 180 minutes of the trials.  Tre, Tsk, HR, and perceptual 

ratings of thirst and stomach fullness were recorded at 15 minute intervals from 0 – 180 minutes.  

The time of a subject’s first drink was also recorded at the time of occurrence for each trial.   

 

 

  



54 
 

Descriptive Subject Information 

 

Menstrual Cycle Verification 

 The primary objective of this investigation was to gauge what effect, if any, menstrual 

cycle hormones have on a female athlete’s ability to maintain hydration while exercising in the 

heat.  Of vital importance to this was to accurately verify the menstrual cycle phase at the time of 

testing.  All subjects were eumenorrheic at the time of the trial onset, based on their two-month 

menstrual cycle log, and remained in that status throughout the three trials (cycle lengths ranged 

from 28 to 34 days over the three consecutive cycles, with a mean cycle length of 31 ± 2.3 days 

for each cycle).  Subjects were tested within each of the three distinct phases of the menstrual 

cycle: (1) menstruation, also known as early-follicular when all cyclic hormones are low; (2) 

mid-follicular phase, when estrogen levels are high and progesterone levels are low; and (3) mid-

luteal phase, when estrogen and progesterone are high, as confirmed by both plasma estradiol 

(P[E2]) (M: 21.2 ± 7.1, MF: 70.2 ± 36.6, ML: 156.9 ± 19.8 pg • ml-1) and progesterone (P[P4]) (M: 

0.7 ± 0.2, MF: 1.0 ± 0.3, ML: 12.9 ± 6.0 ng • ml-1) values.  The primary concern over menstrual 

cycle was for the need to accurately identify distinct phases for each trial.  This objective was 

accomplished.  Therefore, the reliability of menstrual cycle phase status is not in question and 

study results can be accurately gauged within each cycle phase for effects on fluid balance.       

 

Diet 

 Since this study was not examining the effects of menstrual cycle phase on substrate 

metabolism during exercise in the heat no importance was placed on the type of caloric intake 

the subjects consumed prior to testing.  No significant differences were observed between trials 

for any aspect of food consumption (table 4.2).  The primary concern over dietary intake in this 

study was for the need to have each subject’s nutritional state consistent from trial to trial, to 

limit possible impacts, if any on the results.  Athletes were given verbal and written instructions 

for recording all food and beverage intake three days prior to each trial, with the only request to 

keep the composition of their last meal constant for all three trials.  Pre-trial urine specific 

gravity measures were well below the 1.020 marker that indicates dehydration, and were 

consistent, with no difference reported between the three trials.  Similarly, no differences were 
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observed for pre-trial urine color ratings and there was a significant correlation between phases.  

These findings led to the conclusion that subjects were equally hydrated before the start of each 

trial so there was no additional factor of pre-trial dehydration to overcome in any of the 

menstrual phase trials.    

   

Hematological Changes 

 

Plasma Volume  

 Numerous studies with hormone verification have reported no significant changes in 

hematocrit and hemoglobin concentration over the course of the menstrual cycle both at rest and 

during exercise (Claybaugh et al., 2000; Gaebelein and Senay, 1982; Lebrun et al, 1995).  

Studies have reported higher resting hemoglobin during the mid-luteal phase (Jurkowski et al., 

1981), although this result may be questioned due to the possible inclusion of anovulatory cycles 

in this study.  Additionally, Stachenfeld et al. (1999a) reported a higher resting hematocrit during 

the mid-luteal phase.  There are numerous other reports of elevated luteal hematocrit during rest 

and exercise both in ambient and hot temperatures, and those to the contrary but these studies did 

not employ menstrual cycle phase verification so the observations are limited.  Most evidence 

would suggest that resting and post-exercise hemoglobin and hematocrit are unaffected by the 

menstrual cycle.  In the current study baseline and post-exercise hemoglobin was unaffected by 

menstrual phase.  However, baseline hematocrit was higher in the MF and ML phases compared 

to Menses with hormone verification of phase, the rationale for this remains unclear.  Similar to 

previous findings, this study also found no difference in hematocrit levels following exercise in a 

hot environment.  Therefore, the elevated luteal and follicular levels at baseline converged 

during the heated exercise trials and were no different between any of the phases following 

exercise.  Alternately, this means that the fall in hematocrit levels observed at baseline Menses 

was overcome during the heated exercise trial, likely as a result of ad libitum fluid intake as it 

has been suggested that a hyperhydrated state would result in a more uniform pattern of 

hemoglobin, hematocrit and plasma volume observations (Gaebelein and Senay, 1982).    

 When reviewing the effects of menstrual cycle on plasma volume changes during 

exercise, as calculated from hemoglobin and hematocrit changes, conflicting findings are 
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evident.  There are several studies which report no significant differences in plasma volume 

shifts across the menstrual cycle (Stachenfeld et al., 2000; de Souza et al., 1990; Horvath and 

Drinkwater, 1982).  On the contrary, Stephenson and Kolka, 1988 reported a larger fluid shift 

during the early follicular (days 4-6 during menstrual bleeding, referred to as Menses in the 

present study) phase, decreasing plasma volume at a faster rate than during the mid-luteal phase, 

although final plasma volume was not different between phases.  Gaebelein and Senay (1982) 

also found a faster decrease in plasma volume during exercise during the early-follicular phase 

(days 4-6 of Menses).  The significant point to note here is that these previously mentioned 

studies measured changes in plasma volume following exercise-dehydration.  The present study 

design allowed athletes to consume water ad libitum throughout the 3-hr exercise/rest protocols.  

Therefore, the differences noted in this trial versus others may be attributed to ad libitum fluid 

intake during each menstrual phase trial, and the differences found between menstrual phases 

may further be attributed to overall fluid balance, i.e. fluid intake, water and sweat losses, and 

percent of sweat loss replaced.   

 Plasma volume was significantly decreased in the Menses phase trial, this is despite 

subjects being able to consume fluid ad libitum (fig 4.1).  In essence, the Menses results mimic a 

response typical to one seen following exercise-dehydration.  Whereas, plasma volume expanded 

during the Mid-Follicular and Mid-Luteal phase trials following exercise, which would be 

expected given that the percent of sweat loss replaced was extremely high for both phases (164.2 

± 38.0%, and 189.7 ± 95.4%, respectively).  So although all subjects began each trial in the same 

euhydrated state, based on urine specific gravity, there was a significant fluid shift out of the 

vasculature during the menses phase and plasma volume expansion during the Mid-Follicular 

and Mid-Luteal phases.  One possible explanation would be a positive fluid balance effect for the 

MF and ML phases with the highest fluid intakes and sweat loss replacement occurring in the 

these phases, except that these variables were not significantly different between phases.   

 Since menstrual phase was verified, subjects were all equally hydrated at baseline, ad 

libitum fluid intakes were not significantly different between phases, and sweat loss was not 

different between phases there has to be another physiological explanation for the vast difference 

noted in plasma volume during the Menses phase that is not shared with the MF or the ML 

phase. So perhaps it was more of impact of estrogen on body fluid regulation.  It’s known that 

estrogens tend to increase, whereas progesterone tends to decrease plasma volume through 
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effects on capillary fluid dynamics.  We know that movement of fluids across intravascular and 

interstitial fluid compartments is directed by changes in Starling forces, which include oncotic 

and hydrostatic pressures.  Where, an increase in plasma protein content results in an increase in 

oncotic pressure that favors fluid movement into the plasma, and conversely a reduction in 

plasma proteins would cause an increase in interstitial fluid.  A review by Stachenfeld (2008) 

discussed their experiments with sex hormones on body fluid distribution and whether there was 

preferential water movement into the plasma over other extracellular compartments based on the 

presence of estrogen and progesterone.  They determined protein movement and plasma volume 

in two groups, a progesterone-only group, and an estrogen-only group both followed by a 

combined estrogen-progesterone administration in subjects that were suppressed with GnRH 

antagonists.  They found that estrogen administration expanded plasma volume by increasing the 

return of the plasma protein, albumin, to the blood from the interstitial fluid.  Whereas, 

progesterone-alone stimulated expansion of extracellular fluid volume (ECF) that included both 

the plasma volume and interstitial fluid.  Therefore, with progesterone-alone there was both 

greater protein retention in the vascular space and overall expansion of the ECF.  Combined 

estradiol-progesterone administration led to the greatest expansion of plasma volume and 

maintenance of ECF volume at a level similar to progesterone-alone as a result of increased 

return of albumin to the blood, as well as ECF sodium and fluid maintenance.   

 Based on Stachenfeld’s findings it could be expected that during periods of high estrogen, 

i.e. mid-follicular phase, plasma volume will increase due to the increase in rate of return of 

albumin to the vascular space.  In addition, periods of high estrogen and progesterone, i.e. mid-

luteal phase, will also cause an increase in plasma volume due to the combined mechanisms of 

greater plasma protein retention in the vascular space as well as an overall expansion of ECF.  

So, perhaps the changes found in the present study are more representative of these effects 

estrogen and progesterone have on body water distribution, as reported by Stachenfeld.   

 

Serum Osmolarity 

 Post exercise plasma osmolarities observed in this study were not different between 

menstrual phases and remained similar to those observed at baseline, which can be expected 

given the access to water and the moderate nature of the exercise/rest protocol (fig. 4.2).  If the 
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protocol had involved higher intensity exercise for the length the of the 3-hr trial, one would 

have expected plasma osmolarities post-heated exercise to be significantly higher compared to 

baseline.  However the design of this study was such that, subjects were allowed to maintain 

hydration status if desired while undergoing moderate exercise followed by rest while in the 

heat.  Additionally, since it is known that serum osmolarity is directly proportional to the percent 

reduction in body weight (Senay and Christiansen, 1965) these findings should not be surprising.   

 

Plasma Vasopressin 

 Arginine Vasopressin (AVP) is an important hormone involved in fluid balance and 

blood pressure regulation.  Body water retention is common in high estrogen states, such as 

immediately preceding ovulation.  This fluid retention may be due in part to enhanced osmotic 

stimulation of AVP, the primary hormone involved in modulating renal water reabsorption. 

There is evidence that estrogen can modulate the osmotic regulation of AVP release in the brain, 

although a precise mechanism has not been elucidated.  Investigations of the influence of 

estrogen on AVP regulation have yielded variable results.  A number of studies have 

demonstrated that basal plasma AVP concentration is elevated in the presence of high plasma 

concentrations of estrogen, such as during the mid-follicular and mid-luteal phases of the 

menstrual cycle.  It has been reported that in postmenopausal women, estrogen administration 

increases resting plasma AVP and shifts osmotic threshold for AVP release to a lower plasma 

osmolality (Stachenfeld et al., 1998).  This same shift to a lower osmotic threshold occurs in 

young women administered unopposed estrogen (Stachenfeld et al., 1998; Stachenfeld and 

Keefe, 2002).  However, other studies have not found differences in basal AVP across the 

menstrual cycle (Vokes et al., 1988).  This is in alignment with the present study, where there 

were no significant differences observed across menstrual phases for either baseline or post 

exercise plasma vasopressin levels, despite menstrual phase verification demonstrating high 

estrogen levels for both the MF and ML phases (table 4.3).  Also, serum osmolarity was 

unaffected by menstrual cycle phase, as previously discussed, and therefore unlikely to cause a 

shift in osmotic threshold for AVP release.  So whether plasma AVP is elevated in the presence 

of high endogenous estrogen, such as during the mid-follicular and mid-luteal phases of the 

menstrual cycle, is still controversial and the cause of discrepant findings between endogenous 

and exogenous estrogen remain undetermined. 
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Another factor to consider is the fact that the athletes were not acclimatized to the heat 

and the nature of the design did not allow for acclimatization (all trials were randomized and 

occurred over three consecutive menstrual cycles in the winter months).  This inability to 

acclimate to the heat may have limited the change in osmolality, therefore, may not have 

produced as great an increase in plasma osmolality with heat acclimation as reported by 

Greenleaf et al. (1983).  Therefore, we would not expect to see an increase in vasopressin levels 

between the trials over the three month study protocol.  Assuming a lesser change in plasma 

osmolality and subsequent vasopressin activity in the present study, this would help explain the 

similarity in total fluid ingestion over the three 3-hr heat exposures.  

 

 

Temperature Regulation 

 For over a century it has been understood that basal body temperature changes 

rhythmically throughout the menstrual cycle in eumenorrheic women (Marshall, 1963).  Basal 

body temperature (BBT) increases 0.3 -0.5°C after ovulation and remains elevated throughout 

the luteal phase of the menstrual cycle (Marshall, 1963; Horvath and Drinkwater, 1982).  The 

elevated BBT during the luteal phase has long been associated with the increased progesterone 

concentration during the luteal phase (Carpenter and Nunneley, 1988; Hessemer et al, 1985).  

The most widely accepted theory for this elevation in BBT during the luteal phase is that the 

thermoregulatory setpoint is increased (Carpenter and Nunneley, 1988; Hessemer et al, 1985).  

This would suggest that the thresholds for all thermoregulatory effector responses are shifted in a 

similar direction during the luteal phase of the menstrual cycle.  Further, the increased luteal 

phase resting body temperature would remain elevated throughout exercise and/or heat stress.  

Such were the findings in the present study, where subjects exhibited significantly higher BBT at 

baseline in the ML phase compared to Menses and MF phases and remained elevated throughout 

the 3-hr heated exercise/rest protocol (fig. 4.3), although the elevation was not statistically 

significant versus the other phases.  The exact mechanism behind this increased 

thermoregulatory setpoint is not well known.  In animal studies, progesterone administration has 

been shown to decrease the activity of warm sensitive neurons and increase the activity of cold 

sensitive neurons in the preoptic area (Nakayama et al., 1975).  Additionally, it was suggested 
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that progesterone implantation in the preoptic area of rats increased colonic temperature 

(Marrone et al., 1976).  These findings indicate a central effect of progesterone on the preoptic 

area that results in an increased setpoint temperature.  In contrast, Stephenson and Kolka (1993) 

reported that estrogen administration can attenuate thermoregulatory effects of progesterone and 

lower hormonally-increased setpoint.  It has also been suggested that core temperature could 

depend more on the ratio of progesterone to estrogen (Stephenson and Kolka, 1999).   

 In the present study, it is interesting to note that the rectal temperature difference between 

menses and mid-luteal decreased progressively during exercise as trial length increased.  This 

would imply that at the end of long duration exercise the temperature difference between phases 

of the menstrual cycle may disappear.  There are studies that have reported a maintained 

difference in rectal temperature between phases during exercise (Carpenter and Nunneley, 1988) 

and those, similar to the present study, which reported no significant variation in rectal 

temperatures between phases in euhydrated subjects (Miskec et al, 1997).  A classic study by 

Pitts et al. (1944) was one of the first to show that changes in rectal temperature during exercise 

were dependent on the degree of fluid intake.  When water intake equaled sweat loss the slowest 

rise in core temperature occurred as compared to a water ad libitum group and a no water group.  

Perhaps, the minimization of the baseline phase differences over the 3-hr exercise protocols were 

more a function of fluid consumption and the fact that on average these subject’s replaced 120% 

of fluid losses.    

 Much like rectal temperatures, mean skin temperature responses to exercise and/or heat 

stress also have conflicting findings.  Similar to the findings of Carpenter and Nunneley (1988), 

the present study showed that mean skin temperature was higher during the mid-luteal phase at 

rest and during exercise compared to the Menses or early-follicular, as it is referred to in the 

aforementioned study.  This also holds true for the mid-follicular, which maintained similar 

mean skin temperatures at rest and throughout exercise as the mid-luteal phase (fig. 4.4).  As 

core temperature increases, it is reasonable to expect that skin temperature would also be 

elevated; however in a review of the research many studies found no phase differences or 

increased luteal skin temperatures both at rest and during exercise.  It is plausible to assume that 

as the onset of sweating is delayed during the luteal phase, skin temperature would be expected 

to increase during this phase.  However, an increase in the rate of sweat production may 

eliminate any potential increase in skin temperature during the luteal phase.  As such it goes 
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without saying, that the effect of menstrual cycle phase on mean skin temperature is conflicted at 

best.  

 

Fluid Balance and Perceptions of Thirst and Fullness 

 

Fluid Balance 

When athletes compete in the heat, progressive dehydration commonly arises, resulting 

from an excess of sweat production over voluntary fluid consumption.  The resulting 

hypohydrated state can rapidly reach levels that impede heat dissipation, reduce heat tolerance, 

and severely compromise cardiovascular function and physical work capacity (Armstrong, 

1985).  Such physiological decrements often result in significant detrimental effects on the 

athlete’s ability to perform.  It is important to understand that small levels of dehydration can 

produce the same adverse effects on performance as more severe levels of dehydration.  Craig 

and Cummings reported when dehydration averaged only 1.9% of body mass, endurance 

performance declined by 22% and VO2max was reduced by 10%.  This is a critical point, 

considering that some athletes may begin exercise with a pre-existing fluid deficit of one to two 

percent of their body weight.  Rehydration is a simple and effective way to deal with this issue.  

However, the factors that overlie fluid replacement make this simple notion more complex. 

 The primary aim of rehydration is to maintain plasma volume so that circulation and 

sweating occur at optimal levels.  The ideal water replacement schedule during exercise matches 

fluid intake to fluid loss.  Dehydration and hyperthermia can only be prevented with an adequate 

water replacement schedule that is strictly followed (Maughan, 1992; Nadel et al., 1991).  This 

may be easier said than done, considering some athletes and coaches perceive that ingesting 

water hinders performance.  Most athletes will voluntarily replace only about one-half of the 

water lost, approximately 500 mL• hr-1, during exercise but lose sweat at an average rate of 400-

2500 mL• hr-1 (Noakes, 1993; Sawka and Pandolph, 1990).  Fluid replacement is an essential 

component for all competitive athletes to maintain athletic performance and physiological 

function.  But how does one maximize this process during exercise?  Does the menstrual cycle 

influence this process?  



62 
 

Ad libitum water intake was measured throughout the 3-hr heated-exercise protocol.  

When intakes were examined across the exercise-rest 30 minute intervals (figure 4.5), 

significantly higher intakes in the MF and ML phases were observed during the first 30 minutes 

of exercise compared to Menses.  Total fluid intakes did not, however, differ between phases.  It 

was originally hypothesized that cumulative fluid intake during the menses phase trial, when all 

cyclic hormone levels are low, would be greater than the fluid intakes of the mid-follicular and 

the mid-luteal phase trials.  This theory was based on observations in animal studies where it has 

been shown that spontaneous water intake in cyclic female rats is attenuated during the estrus 

phase of the cycle, when plasma estradiol levels are elevated, compared with other stages of the 

cycle (Eckel et al., 2000; Findlay et al., 1979).  Elimination of estrogen by ovariectomy (OVX) 

reverses the attenuation in water intake that typically occurs during estrus (Mueller and Hsiao, 

1980; Tarttelin and Gorski, 1971).  Furthermore, it is well documented that estradiol 

administered in a time course that mimics the estrous cycle decreases spontaneous (Findlay et al., 

1979) and water deprivation-induced (Ormerod JK, and Eckel LA, unpublished observations) 

drinking in OVX female rats.  These studies provide evidence that estrous effects of attenuated 

spontaneous and stimulated water intake are likely mediated by estradiol.  In the current human 

model, however, it appears that phases of high estrogen (MF and ML) have no effect on an 

athlete’s ability to consume fluids ad libitum after the first 30 minutes of exercise.     

An additional variable influencing water intake in female athletes is the stage of the 

ovarian cycle with which thermoregulatory responses appear to be correlated.  Thermoregulation 

has been shown to be influenced by menstrual status, and fluid loss during exercise or heat stress 

may vary at different phases of the menstrual cycle in healthy young women (Stephenson and 

Kolka, 1993).  It is well established that the steroid hormones, estrogen and progesterone, have 

an effect on fluid and electrolyte balance (Calzone et al., 2001; Spruce et al., 1985; Stachenfeld 

et al., 1999b; Stachenfeld, 2008; Vokes et al., 1988), and that there is a tendency toward 

significant free water retention during periods of high estrogen, i.e. the luteal phase (Stachenfeld 

et al., 1998).  Differences have been reported in 24 hour urine output over the menstrual cycle in 

spite of constant fluid intake (Claybaugh et al., 2000; Fong and Kretsch, 1993).  These findings 

raised questions of whether there was an acute effect of endogenous hormone status on fluid 

balance, and whether rehydration during exercise induced fluid loss was affected by the phases 
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of the menstrual cycle in normal healthy young women.  Given the current results of no 

significant differences reported in fluid intakes across menstrual phases it does not appear as so.   

 It was also hypothesized that Total Fluid Intake would be greater during exercise periods 

versus rest periods.  Water intake may at times, but need not always be, a response to water 

depletion.  Water intake is normally intermittent.  Its rate may vary with physiological and 

environmental conditions such as, time of day, diet, environmental temperature, and activity 

level.  Fluid totals separated by activity (exercise or rest) demonstrated no differences between 

exercise and rest for any of the menstrual cycle phases.  However, there were significantly higher 

intake totals during the Exercise segments of the mid-follicular and mid-luteal phase trials 

compared to the menses phase trial in post hoc analysis.  Proper maintenance of hydration status 

during exercise will influence cardiovascular, thermoregulatory, fluid volume, performance, and 

other variables.  The physiological benefits associated with maintaining fluid volume are well 

documented.  In brief, proper rehydration during exercise enhances heat dissipation (i.e. 

increased skin blood flow, increased sweat rate), limits hypertonicity of the plasma, and helps 

sustain cardiac output (ACSM, 1996).  The decrease in the rate of hyperthermia with rehydration 

and the ensuing maintenance of performance are two important purposes of rehydration.  

Athletes should aim to drink quantities equal to sweat loss.   

 The percentage of water loss replaced for each subject was calculated using their total 

fluid consumption divided by their total sweat loss.  Although not statistically different, subjects 

replaced an average of  120.6 ± 25.1%, 164.2 ± 38.0%, and 189.7 ± 95.4% of sweat losses with 

ad libitum water intake during the Menses, Mid-Follicular, and Mid-Luteal phase trials, 

respectively.  Factors of palatability, temperature, etc. should be considered since these may 

encourage more fluid consumption during and following exercise.   

 

Ratings of Perceived Thirst and Fullness  

Involuntary dehydration is caused by the delay of drinking sufficient fluid to compensate 

for fluid loss when humans are subjected to stressful conditions, such as exercise and/or heat 

exposure, as in the present study. One explanation for this phenomenon is that the normal 

dipsogenic drive is not strong enough to fully replace fluid that is lost during the preceding 

exercise bout (Greenleaf, 1992; Mitchell, 1994). There are two main pathways that regulate 

drinking during and following exercise: the sodium ion-osmotic-vasopressin pathway (SOV) and 
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a renin-angiotensin II-aldosterone pathway (RAA) (Andersson et al., 1980; Fitzsimons, 1969; 

Verney, 1947). Both the SOV and RAA systems respond to changes in plasma volume and 

sodium concentration. Greenleaf et al. (1983) and Hubbard et al. (1990) examined drinking and 

water balance during exercise and heat acclimation through eight consecutive days of exposure. 

They reported increased drinking during acclimation was caused by a shortened time to first 

drink, a significant increase in the number of drinks consumed per exposure, and an increase in 

mean volume per drink. Exercise hypovolemia and renin activity were significantly increased, 

which led them to conclude that the renin-angiotensin II system appeared to elicit an increased 

drinking response during the eight days of exercise-induced dehydration.    

Psychological factors may also contribute to fluid consumption throughout exercise heat 

exposure.  The momentary disposition of an athlete to drink is expressed in selective ingestion. 

The choice of the athlete to drink is characterized by volume and frequency of consumption. A 

decrease in fluid consumption may be due to the following factors: a negative allesthesia to 

drinking water, the mood state of the individual, the degree of preoccupation the individual was 

subjected to during a particular activity, a hereditary predisposition to be a light or reluctant 

drinker (Szlyk et al., 1990), and varied feelings of stomach fullness contributing to an early 

cessation in drinking.  

It is also important to consider the athlete’s perception of thirst.  In the present study 

there was no evidence of any effect of menstrual cycle phase or a time x phase interaction on the 

athletes’ perception of thirst during the individual phase trials or between the phase trials.  

Increases in plasma osmolality and sodium concentration have been identified as mechanisms 

that affect thirst (Andersson et al., 1980; Fitzsimons, 1969; Verney, 1947).  In the present 

investigation changes in plasma osmolality were limited between phase trials.  Therefore, 

consecutive monthly heat exposures may not have produced an adequate increase in plasma 

osmolality to provoke an increase in thirst sensations, and thus substantially contribute to 

differential fluid intake. This may have been further indicated by the average perceived thirst 

ratings data. Average perceived thirst scale measurements remained relatively low, and showed 

no variance between the menstrual phase protocols, and only slight variance over the course of 

the 3-hr protocols. On a thirst scale that ranged from 1 (not thirsty at all) to 9 (very, very thirsty), 

subjects’ perceptions of thirst averaged a low of 3 (a little thirsty) throughout the study (fig 4.8).  

The lower thirst ratings reported in the present study may have been the result of oropharyngeal 
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and gastric mechanisms. Changes in oropharyngeal sensations that accompany rehydration 

function as discriminative cues evoking differential feelings of thirst and drinking behavior 

(Engell et al., 1987; Phillips et al., 1984).  The low thirst ratings in the present study make sense 

given that subjects replaced an average of 120.6 ± 25.1%, 164.2 ± 38.0%, and 189.7 ± 95.4% of 

sweat losses with ad libitum water intake during the Menses, Mid-Follicular, and Mid-Luteal 

phase trials, respectively.  Engell et al. (1987) found that while changes in osmolality and plasma 

volume contributed to fluid intake in hypohydrated individuals, sensations and symptoms 

associated with thirst also contributed to differential fluid intake.  Seckl, Williams, and Lightman 

(1986) reported that gargling tap water has also led to a temporary reduction in thirst with no 

accompanying changes in osmolality or sodium concentration. This further implicates 

oropharyngeal mechanisms in the sensation of thirst. Gastric distension and the subjective 

feeling of stomach fullness that accompanies drinking may have also contributed to the low 

ratings of thirst during the study. In the present study water temperatures were constantly 

monitored throughout the 90 minute acclimation periods and water was replaced when the 

temperature exceeded 15°C. This was controlled because the temperature of water may 

contribute to low ratings of thirst.  It has been demonstrated that humans prefer to drink cool 

fluids (Armstrong et al., 1985; Boulze et al., 1983). Following dehydration, maximum water 

intake has been observed at a fluid temperature of 15°C, with colder and warmer ingested in 

smaller volumes (Boulze et al., 1983). Therefore, the effect of fluid palatability on intake was 

negligible.  

It has been documented that thirst is associated with increases in circulating arginine 

vasopressin (AVP) (Szczepanska-Sadowska et al., 1974; Szczepanska-Sadowska et al., 1982). It 

has been demonstrated that following water deprivation, drinking results in the satiation of thirst 

and rapid decline in AVP that precedes changes in plasma osmolality and sodium concentration, 

the primary regulators of AVP (Geelen et al., 1984; Thrasher et al., 1981). This occurs 

irrespective of the osmolality of the fluid consumed (Seckl, Williams and Lightman, 1986). It 

has been concluded that oropharyngeal factors account for the temporary satiation of thirst and 

the rapid inhibition of AVP secretion following drinking (Geelen et al., 1984; Thrasher et al., 

1981), and that the decrease in AVP may be a signal for the satiation of thirst (Geelen et al., 

1984). In the present study, oropharyngeal sensations stimulated by drinking may have resulted 
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in the low AVP levels observed which, in turn, served to attenuate perceptions of thirst. Further 

research should be done to examine this mechanism.  

 Rehydration during exercise also depends on gastric emptying and intestinal absorption, 

and thus the perception of stomach fullness.  Gastric emptying is currently considered the 

primary factor limiting rehydration during exercise (Gisolfi et al., 1990; Maughan, 1991), 

because the maximal rate of intestinal absorption exceeds that of gastric emptying (Gisolfi et al., 

1990). There are many considerations that may affect gastric emptying and intestinal absorption, 

although, it seems that volume (Mitchell et al., 1994), temperature of the fluid, environmental 

stress (Costill, 1990), composition of the ingested fluid (including osmolality, caloric density, 

and pH), and exercise intensity and mode (Costill, 1990) are some of the primary factors in 

determining gastric emptying from the stomach and intestinal absorption from the small 

intestine. Evidence has shown that the most important variable may be the volume of fluid in the 

stomach (Mitchell and Voss, 1991; Noakes et al., 1991). It can be postulated that the higher the 

volume of fluid in the stomach the greater the perception of stomach fullness.  When mean 

perception of fullness was examined across menstrual cycle phases there was a significantly 

higher response during the Mid-Luteal phase trial versus Menses and Mid-Follicular trials, while 

there was no difference in feelings of fullness between the Menses and Mid-Follicular trials.  

There was also a significant Time interaction between the ML and the MF and Menses phases, 

where feelings of fullness were significantly higher throughout the 3-hr protocol during the ML 

phase trial.  On a fullness scale that ranged from 1 (not full at all) to 9 (very, very full), subjects’ 

perceptions of fullness averaged a low of 3 (a little thirsty) during the Menses phase trial to a 

high of 6 (moderately to very full) during the mid-luteal phase trial (fig 4.9).  It is well 

established that the steroid hormones, estrogen and progesterone, have an effect on fluid and 

electrolyte balance (Calzone et al., 2001; Spruce et al., 1985; Stachenfeld et al., 1999b; 

Stachenfeld, 2008; Vokes et al., 1988), and that there is a tendency toward significant free water 

retention during periods of high estrogen, i.e. the luteal phase (Stachenfeld et al., 1998).  

Differences have been reported in 24 hour urine output over the menstrual cycle in spite of 

constant fluid intake (Claybaugh et al., 2000; Fong and Kretsch, 1993).  It is this notion of 

increased free water retention that led to the assumption that perceived stomach fullness may be 

impacted during the mid-luteal phase of the current study.  As the results suggest there was a 

psychological perception by the subject’s of feelings of increased fullness within this phase, a 
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feeling the subjects typically referred to as “bloated”.  However, this significantly increased 

feeling of stomach fullness in the ML phase did not significantly affect fluid intake, as fluid 

intakes during this phase were similar to MF and Menses.   

 

Conclusions 

 Based on the results of this study it is concluded that fluid consumption during low 

intensity exercise in the heat is not affected by the phases of the normal menstrual cycle.  This 

suggests that female athletes are not disadvantaged when rapid and complete restoration of 

exercise induced fluid/sweat loss is required.  In addition, there was no significant effect of 

menstrual cycle phase on hematological changes, thermoregulation, fluid balance, or perceptions 

of thirst over the course of the three consecutive menstrual cycles.  There was however a 

significant effect of menstrual phase on the psychological parameter of the subjects’ perception 

of stomach fullness, with a greater feeling of fullness during the luteal phase when free water 

retention is greatly increased due to higher estrogen and progesterone levels. 

 

Recommendations for Future Research 

 Many female athletes, and especially those engaged in intense endurance training, 

experience disturbances of hormonal status leading to amenorrhea or oligomenorrhea and the 

responses of these athletes may well differ from the ones reported here, although there is at 

present no good evidence to suppose this may be the case. 

 Additionally, the protocol of the present study employed low intensity exercise with 30 

minute rest cycles, to allow for ad libitum fluid consumption when activity level was not a factor.  

It would be of interest to determine if fluid intake would be affected by menstrual cycle phase 

during higher intensity exercise that mimics that of competitive events, although there seems to 

be no evidence to suggest it would differ from the present findings.  

   

 



68 
 

APPENDIX A 

INSTITUTIONAL REVIEW BOARD APPROVAL 
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APPENDIX B 

CONSENT FORM, HEALTH HISTORY, MENSTRUAL 

HISTORY 

VOLUNTARY INFORMED CONSENT 

  
I, ____________________________________________________________________________ 
 

HEREBY ACKNOWLEDGE AND CERTIFY TO THE FOLLOWING: 
 

 I volunteer and give consent to participate in a human research investigation entitled, " The Effect 
of Menstrual Cycle Phase on Fluid Intake " at Florida State University between the period of January, 2001 to May, 
2002 by Jennifer K Ormerod, MS., as part of her dissertation in the Department of Nutrition, Food & Exercise 
Sciences. I understand that the purpose of this investigation is to provide information regarding the effects of 
menstrual cycle phase on fluid intake during heat exposure.   
  
 1.  I understand that before testing begins, I will attend a briefing regarding the risks and benefits of 
participating in this investigation.   

 2. I will complete confidential questionnaires regarding my medical history, physical activity habits, and 
dietary intake prior to testing. 

 3. I understand that I will be asked to provide confidential information regarding oral contraceptive use, 
menstrual history, and pregnancy.  I understand that my pregnancy and ovulatory status (i.e., point in the menstrual 
cycle) will be determined at three points during this study, via blood sample analysis. 

4. I understand that pregnancy and certain medical conditions will exclude some women from participating 
in this study (i.e., an abnormal menstrual cycle, abnormal thyroid gland function).   

 5. I understand that I will make two (2) preliminary visits to the laboratory (30-60 minutes each), to learn 
about procedures, and to have my body weight, height, body composition, maximal oxygen consumption, and age 
recorded. 

 6. I understand that I will perform a maximal test on a treadmill. During the test I will be running at an 
appropriate pace and the grade of the treadmill will be increased by 2% every 2 minutes (running up a hill). During 
the test my oxygen consumption and heart rate will be monitored continuously. I understand that I will run for as 
long as I can and that I am free to stop the test at anytime.   

 7. I understand that I will be asked to complete three (3) test sessions over the course of 3 menstrual cycles 
(session 1: day 3 of cycle; session 2: days 8-10 of cycle; session 3: days 21-23 of cycle). 

  8. I understand that my participation in this study will require five (5) total visits to the lab. 
   

 During each test, the following measurements will be taken: 

 -- skin temperature (thermocouple)                -- blood pressure (arm cuff and stethoscope) 
 -- whole body sweat rate (body weight change)              -- rectal temperature (rectal probe) -- 
perceived exertion (rating scale; Borg, 6-20 pt.)          -- thermal strain (rating scale) 

 -- urine specific gravity & color (to monitor hydration)   -- perceived thirst (rating scale)  
 I understand that two (2) blood samples will be taken during each of the three (3) test (6 total draws), one 
before and one immediately after exercise. I understand that a sterile needle & syringe will be used to sample blood 
from a forearm vein lying near the skin surface, by an experienced phlebotomist.  These blood samples will be 
analyzed for six blood factors. 

The attendant discomforts and risks reasonably to be expected by my participation in this project 

have been explained to me and I understand them to be as follows: 
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1.  I understand that exercise may cause muscle soreness (especially in thighs) for 1-3 days following 
testing.  I understand that exercise during this investigation involves a risk of injury due to strained muscles, 
ligaments, or tendons, as does any form of exercise. Also, I understand that treadmill exercise involves a risk of 
injury by falling, thus it is important that I be alert and concentrate on the task at hand.  As a safety precaution, a 
student will be stationed near the treadmill. 

 2.  I understand that there are no known risks involved with the measurement of body weight, heart rate, 
skin temperature, blood pressure, or subjective ratings. 

 3.  I understand that the discomforts associated with the blood drawing procedures are minimal. I 
understand that sometimes bruising and infection may occur and my arm might become sore, even though 
experienced personnel will draw blood, using sterile technique.  I understand that holding a sterile gauze pad on the 
vein almost always prevents bruising. 

4. I understand that wearing a rectal thermistor to a depth of 10 cm may be uncomfortable. 

5. I understand that there is a risk of heat illness when exercising in a hot environment. Also,  
understand the risk of heat illness will be minimized by ensuring that I am adequately hydrated prior to and during 
exercise and by stopping exercise if my rectal temperature reaches 39°C, my heart rate exceeds 180 bpm, or if any 
symptoms of heat illness appear (e.g. dizziness, nausea).  I understand that I may stop exercise at any time during a 
trial.   
   
 6. I understand that the VO2max tests will become uncomfortable as I approach maximal effort, but the risk 
of injury is minimal. I also understand that I may experience shortness of breath, muscle weakness in the legs, 
possible lightheadedness, profuse sweating and the possibility of a cardiac event. 
  
 Any benefits reasonably to be expected from my participation and any alternative procedures that 

might be advantageous have been explained to me and are as follows: 

 
1.  I may benefit from this research by learning the results of my blood tests.  Approximately 6 blood 

factors (i.e., hormones, etc.) will be analyzed.  I understand that I will receive a confidential report of my results.  

2. I may benefit from the recognition of my physiological responses to light exercise in the heat. 

3. I may benefit from a better understanding of the effects of the menstrual cycle on the physiological responses 
to exercise in the heat, especially fluid balance.  

 
The records of this research which identify me will be afforded the following confidentiality and 

information obtained during the course of the study will remain confidential, to the extent allowed by 

law:  

 
1. All subjects will be identified by number. Only the principle investigator will know subject identity. 
2. All results will be reported as group means. 
 

 I understand that questions concerning procedures and tests will be answered fully and promptly by 
Jennifer K Ormerod, or Dr. Emily Haymes. Questions concerning research subject rights may be addressed to the 
Chair of the Institutional Review Board for Research Involving Human Subjects.  I understand that I can refuse to 
participate (and I have the right to withdraw my consent and to discontinue my participation in this study) without 
prejudice or loss of benefits to which I am otherwise entitled, regardless of the status of the experiment. I, the 
undersigned, have understood the above explanation and give consent to my voluntary participation in this research 
study of Jennifer K. Ormerod. 
 
 
______________________________                 __________________________  
     Signature of Volunteer     Date 
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CONFIDENTIAL MEDICAL HISTORY QUESTIONNAIRE 

 
 
Name:         Date:    /     /  
   First  MI  Last 
 
 
Phone (campus):   Phone (home):      
 
 
1.  MEDICATIONS 

 
List medications you currently take: 
 

Medication      Reason for medication 
 
 
 
 
 

2.  ILLNESSES AND OTHER HEALTH ISSUES 

 
Have you ever had (or do you have now) any of the following: 

Check “yes” or “no” for each. 

 

              YES            NO  
dizziness/fainting/unconsciousness     
asthma         
chronic respiratory disorder      
high blood pressure (hypertension)      
heart disease        
kidneys disease        

thyroid problems              

anorexia nervosa/ bulimia     

stomach/intestine problems      

arthritis         

diabetes        

cigarette smoking        

heat stroke        

unpredictable menstrual cycle  

  or absence of cycle       

 

Any others (specify)         
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3.  HEAT ILLNESSES 

 

Have you ever experienced heat cramps?  Heat exhaustion?  Heatstroke?  Heat fainting?  If yes, when?  

Explain. 

 

How well do you tolerate hot weather?  Explain 

 

 

4.  PHYSICAL ACTIVITY 

Please check all that apply 

 

Do you exercise regularly?   yes   no 

If yes, what type of exercise do you do?        

(running, biking, jogging, stair climber etc...)  

Days per week?   Hours per time?     

 

Do you weight train?   yes   no  

If yes, how many times a week?    

Is your exercise goal to gain or lose weight?   yes   no 

Have you noticed any weight changes during the last month?  yes   no 

How much?    lb(s) (please indicate + for weight gain, or - for weight loss) 
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MENSTRUAL HISTORY QUESTIONNAIRE 

 

 

Name:         Date:    /     /  

   First  MI  Last 

 

Age:    

 

 

These questions will permit us to generally describe your menstrual history and determine your menstrual 

pattern.  Your menstrual pattern is important because it will allow us to determine your menstrual phase 

(i.e., where you are in the cycle) at the time of testing.    This information will be kept in strictest 

confidence. 

 

 

1.  How old were you at menarche (when you began menstruating)? ______ 

 

2.  Would you describe the frequency of your menstrual cycle as regular (i.e., approximately a 28 day 

cycle)? Yes   No  

If no, how would you describe the frequency of your menstrual cycle? 

            

 

3.  When did you begin your last period? Date:   / /  

 

4.  Have you previously used birth control pills? 

Yes  No  

If yes, when did you last use them?  / /  

 

5.  Have you previously used an injectable birth control preparation? 

Yes  No  

If yes, when did you last use it?  / /  
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MENSTRUAL HISTORY LOG 

 
 
Name:         
  First     MI           Last 
 
 
Date:    /     /  
    
 
Age:    
 
 
This information will be kept in strictest confidence. 
 
 
 
 

 

 

MONTH 

 

 

Start Date 

 

 

End Date 

 

Total # of Days 

Menstruating 

 

AUGUST 

 

   

 

SEPTEMBER 

 

   

 

OCTOBER 

 

   

 

NOVEMBER 

 

   

 

DECEMBER 

 

   

 

JANUARY 
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APPENDIX C 

INSTRUCTIONAL FORMS 

FOOD RECORD - INSTRUCTIONS 

 The purposes for keeping a dietary food record ate 1) to minimize differences in your nutritional 
state on the day of each exercise trial and 2) to provide as much accurate data as possible concerning your 
overall macro and micronutrient intakes.  We would like you to record a three day dietary record prior to 
your first exercise trial.  Ideally, we would like you to then consume as close to the same type and amount 
of food in the 72 hours preceding both trials two and three.  With the hours before testing, eat and drink as 
you normally would 72 hours before a long training run or marathon competition.  Measurement and 
weighing of foods is NOT required, but the following tips are useful in keeping an accurate record. 
 
1. Record everything you eat or drink each day.  Be sure to remember water and any snacks, including 

gum, candy, soft drinks, etc.  
2. Remember to include added sauces, sugar, cream, or any other “extras.” 
3. Include any / all dietary supplements, including vitamins, minerals, herbals, powders, etc. 
4. Remember to include the preparation of the food (e.g., fried, broiled, baked) and some measure of its 

quantity (e.g., 1-tablespoon butter, 2 cups cereal, 2 slices of bread, etc.) 
5. Be specific when you can (e.g., Dominos Pizza with extra cheese, ½ can of Campbell’s tomato soup, 

etc.) 
6. Remember to record the time of day you eat / drink as soon as you can.  This will serve as a reminder 

to you and improves the accuracy of your record.  
 
Visualization Tips for Estimating Quantities 
 

• 3 ounces of meat / fish / poultry is about the size of a deck of cards, cassette tape, or palm of 
a woman’s hand.   

• 1 cup of potatoes, pasta, or rice is about the size of a tennis ball (so is a medium piece of fruit 
– e.g., an apple, pear, etc.) 

• 2 tablespoons of peanut butter, margarine, etc. is about the size of a ping pong ball. 
• 1 ounce of cheese is usually a pre-packaged slice or the size of a pair of dice. 
• Most tall drinking glasses hold at least 12 fluid ounces (1.5 cups) when filled to the top.  

 
Food Record Example 
 
Time  Food Item    Preparation  Amount 

 
1:10 PM Tuna Fish Sandwich   Homemade  1 sandwich 
 
  bread – whole wheat   2 slices 
  tuna – water packed (Starkist)  ½ of 8oz. Can 
  lettuce – Romaine      2 leaves 
  tomato        1 slice 
  mayonnaise-(Kraft)      1tablespoon 
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FOOD RECORD FORM 

 
Please Read “Food Record – Instruction” carefully before beginning.  Use a separate page for each day 
and more than one page per day if needed.  Remember to include any vitamin or mineral supplements. 
 
 
Name: ____________________  Date: ____________________ Day: ________ 
 
 
 

TIME DESCRIPTION OF FOOD PREPARATION OF FOOD AMOUNT 
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SUBJECT INSTRUCTIONS FOR VO2max DETERMINATION 

 
 VO2max is the gold standard measure of aerobic fitness.  It is technically defined as “the 
maximal oxygen uptake attainable at sea level” and is most meaningful expressed relative to 
body weight.  Your VO2max test will be conducted using an incremental treadmill protocol 
designed to last only 10-15 minutes.  Please follow the instructions below, which have been 
developed to help prepare you for an accurate test.   
 

Total Testing Time: ~ 1 hour 
 

1. NO intense exercise for 24 hours before the test. 
 
2. Eat as you would several hours before a training run.  You should not arrive to the lab with a 

full stomach or feel hungry.  As a guideline, 3-4 hours is usually ample time for a small meal 
to empty from the stomach.   

 
3. Drink plenty of fluid the night before and day of testing. 
 
4. NO alcohol, tobacco, or caffeine use for 24 hours before testing. 
 
5. Get a good night of sleep before the test. 
 
6. Wear comfortable running attire. 
 
7. If there is any reason that may preclude you from being present for testing during the time 

scheduled below (e.g., illness), please let me (Jennifer Ormerod) know as soon as possible. 
 
 
 
    Testing Date: ____________________ 
 
    Testing Time: ____________________ 
 

Testing Site:  Exercise Physiology Research lab 
               FSU Campus 
               Sandels Building – Basement 
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PRELIMINARY SUBJECT DATA 

 
 

Name: _________________________  Phone: __________________ 
 

 
Age (yrs):  __________ 

 
Weight (kg):  __________ 

 
Height (m):  __________ 

 
BSA (m2):  __________ 

 
SA/M (ratio):  __________ 

 
 

Body Composition (skinfolds, mm):    Avg:  
  

Tricep:  _____  _____  _____  _____ 
 

Thigh:  _____  _____  _____  _____ 
 

Suprailium: _____  _____  _____  _____ 
 

 
% Fat: _____ 

 



80 
 

SCHEDULE FOR EXERCISE TRIALS 

 
We will be testing subjects on 3 separate occasions, to represent each phase 

of the menstrual cycle.  We will be testing all subjects 1) during menstruation (day 3 after beginning of 
menstrual bleeding), 2) mid-follicular phase (days 8-10 after menstrual bleeding), 3) mid-luteal phase (7-
9 days after LH peak, determined by ovulation prediction kits).  All trials will be randomized over 3 
consecutive menstrual cycles to avoid any effects of acclimatization due to testing in a warm 
environment.  Therefore, please answer the following questions to the best of your abilities.  Lab dates for 
each trial will be based on your responses.  
 
1. Date of last month’s onset (when menses started): ____________________ 
 
2. Expected number of days in cycle:   ____________________ 
 
3. Expected date of next menses onset:   ____________________ 
 

At this time, please let the researcher know and testing will be scheduled for monthly dates between 
days specified above. 
 
Date of test 1:    __________ 
 
Expected cycle day:   __________ 
 
Actual date of menses onset:  __________ 
 
Actual cycle day:   __________ 
 
 
Date of test 2:    __________ 
 
Expected cycle day:   __________ 
 
Actual date of menses onset:  __________ 
 
Actual cycle day:   __________ 
 
 
Date of test 3:    __________ 
 
Expected cycle day:   __________ 
 
Actual date of menses onset:  __________ 
 
Actual cycle day:   __________ 
 

If there is any reason that may preclude you from being present for testing during the time schedules above (e.g., 
illness), please let me (Jennifer Ormerod) know as soon as possible. 
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SUBJECT TESTING PROTOCOL GUIDELINES 

 
Please read and follow “Subject Instructions for VO2max Testing” prior to laboratory testing, Visit 
1.  For Visits 2, 3, and 4, train and eat as you normally would in the days before a long, brisk 
walk with the following exceptions: 1) NO alcohol, tobacco, or caffeine (including coffee, tea, 
most regular and diet softdrinks, chocolate, and some over-the-counter medications, e.g., 
Excedrin) use within 24 hours of testing and 2) NO food or beverage (other than water) should 
be consumed within 2 hours of testing.  Remember also to bring your 3-day food and menstrual 
history log.  Visits 2, 3, and 4 must be scheduled for the same time of day (morning).  The 
following is a schedule of what you will be doing during each lab visit: 
 
Visit 1: Preliminary Testing & VO2max Test (Total Lab Time ~ 1 hour) 
 
• Height and weight assessment 
• Body composition assessment 
• Questions 
• 5 minute warm-up / stretching 
• 5 minute treadmill run at race pace 
• 10 minutes rest (to resting HR) 
• VO2max test 
• Cool down (recovery) 
• Schedule Visits 2, 3, and 4 
 
Visits 2, 3, and 4: Exercise/Rest Bouts (Total Lab Time ~ 4 hours ) 
 
• Urine sample 
• Weigh walking attire 
• Placement of rectal and skin thermistors 
• Subject weight 
• Stretching  
• 15 minutes standing on treadmill in environmental chamber 
• Blood draw immediately pre-exercise bout 
• 3 hour walk/rest trial (30min walk – 30 min rest periods) 
• Blood draw immediately post-exercise bout 
• Urine sample 
• Subject weight 
• Weigh running attire 
• Remove all thermistors 
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PERCEIVED THIRST SCALE 

 

How thirsty do you feel now? 

 

 

1. Not Thirsty At All 

 

2. 

 

3. A Little Thirsty 

 

4.  

 

5. Moderately Thirsty 

 

6.  

 

7. Very Thirsty 

 

8. 

 

9. Very, Very Thirsty 

 

  



83 
 

PERCEIVED STOMACH FULLNESS 

 
How full does your stomach feel now? 

 

 

 

1. Not Full At All 

 

2.  

 

3. Slightly Full 

 

4. 

 

5. Moderately Full 

 

6.  

 

7. Very Full 

 

8. 

 

9. Very, Very Full 
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APPENDIX D 

RAW DATA TABLES  

      

     Table D.1 

Descriptive Subject Characteristics 
 

Ss Age Height Weight BSA SA/M 

Body 

Fat 

Cycle 

Length VO2max 

  (yrs) (cm) (kg) (m
2
) (m

2
/kg) (%) (days) (ml-kg-min

-1
) 

1 21 174.5 61.70 1.73 28.03 16.2 30 45.8 
2 23 157.5 49.40 1.47 29.76 13.9 28 41.1 
3 24 175.2 64.70 1.77 27.43 15.0 34 47.5 
4 20 172.3 71.70 1.85 25.84 28.7 32 37.4 
5 21 173.6 76.00 1.91 25.19 22.5 33 44.7 
6 24 165.6 65.90 1.74 26.42 27.6 29 39.8 
7 22 165.9 59.10 1.65 27.92 18.7 30 40.1 
M 22.1 169.2 64.07 1.73 27.23 20.4 31 42.3 
SD 1.6 6.5 8.66 0.14 1.54 6.0 2 3.7 
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Table D.2 

Diet Analysis (3-day Averages) 

         Phase Ss CHO PRO FAT CHO PRO FAT TOTAL 

    (g · d
-1

) (g · d
-1

) (g · d
-1

) (%) (%) (%) (kcal · d
-1

) 

M 1 195 55 39 59 16 26 1330 

 
2 298 60 74 56 15 32 2111 

 
3 263 65 41 64 16 22 1634 

 
4 205 68 56 64 13 24 2094 

 
5 238 65 57 63 15 25 2065 

 
6 257 63 51 60 15 27 1721 

 
7 241 86 38 59 21 21 1622 

 
M 242 66 51 61 16 25 1797 

  SD 35.11 9.76 12.93 3.04 2.48 3.64 299.91 
MF 1 190 53 38 58 16 25 1321 

 
2 298 82 74 56 15 32 2113 

 
3 203 36 47 61 11 32 1338 

 
4 198 48 20 69 17 16 1147 

 
5 289 74 44 65 17 22 1770 

 
6 240 55 46 60 14 25 1601 

 
7 220 66 44 58 17 26 1523 

 
M 234 59 45 61 15 25 1545 

  SD 43.87 15.84 15.92 4.55 2.21 5.59 323.60 
ML 1 226 36 54 59 9 31 1555 

 
2 241 73 56 56 17 29 1700 

 
3 195 48 40 59 15 30 1165 

 
4 185 66 40 46 17 23 1590 

 
5 225 61 34 63 17 21 1802 

 
6 298 47 36 70 11 19 1656 

 
7 241 73 56 56 17 29 1696 

 
M 230 58 45 58 15 26 1595 

  SD 36.87 14.30 9.79 7.32 3.35 4.86 205.88 
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Table D.3 

 Pre-Trial Rectal Temperatures and Menstrual Cycle Characteristics 

 

Phase Ss 

Cycle 

Length  Flow Actual Trial  TRE 

  

(avg # days) (avg # days) Cycle Day (°C) 

        (day of ovulation)   

M 1 29 7 3 36.42 

 
2 28 5 4 36.74 

 
3 34 6 3 36.70 

 
4 32 7 4 37.00 

 
5 33 6 3 37.02 

 
6 29 5 3 36.68 

 
7 30 5 3 36.40 

 
M 31 6 3 36.71 

  SD 2.29 0.90 0.49 0.25 
MF 1 29 7 10 36.38 

 
2 28 5 7 36.00 

 
3 34 6 12 36.82 

 
4 32 7 13 36.88 

 
5 33 6 15 36.80 

 
6 29 5 9 36.90 

 
7 30 5 10 37.12 

 
M 31 6 11 36.70 

  SD 2.29 0.90 2.67 0.38 
ML 1 29 7 23 (16) 37.22 

 
2 28 5 21 (14) 37.02 

 
3 34 6 27 (21) 37.62 

 
4 32 7 26 (19) 37.34 

 
5 33 6 27 (19) 37.12 

 
6 29 5 21 (15) 37.04 

 
7 30 5 22 (17) 37.18 

 
M 31 6 23 (17) 37.22 

  SD 2.29 0.90 2.73 0.19 
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Table D.4 

Plasma Estradiol – P[E2] 

 
  

     
  

Phase 

 
Ss   Pre - Bout   Post - Bout 

         (pg · mL
-1

)   (pg · mL
-1

)   
M 

 
1 

 
31.4 

 
21.7 

 
  

2 
 

17.3 
 

20.5 
 

  
3 

 
25.4 

 
54.8 

 
  

4 
 

27.2 
 

36.6 
 

  
5 

 
20.5 

 
22.4 

 
  

6 
 

14.1 
 

24.0 
 

  
7   12.3   18.7   

  
M 

 

21.2 
 

28.4 
     SD   7.1   13.1   

MF 

 
1 

 
147.1 

 
100.1 

 
  

2 
 

36.4 
 

58.4 
 

  
3 

 
50.6 

 
95.6 

 
  

4 
 

80.3 
 

111.5 
 

  
5 

 
66.3 

 
107.6 

 
  

6 
 

52.8 
 

80.9 
 

  
7   57.6   88.1   

  
M 

 

70.2 
 

91.7 
     SD   36.6   18.1   

ML 

 
1 

 
166.3 

 
212.3 

 
  

2 
 

148.3 
 

175.2 
 

  
3 

 
193.8 

 
231.4 

 
  

4 
 

132.5 
 

178.3 
 

  
5 

 
163.0 

 
297.9 

 
  

6 
 

150.6 
 

198.3 
 

  
7   144.1   213.5   

  
M 

 

156.9 
 

215.3 
     SD   19.8   41.6   

 



88 
 

Table D.5 

Plasma Progesterone – P[P4] 

 

Phase 

 
Ss   Pre - Bout   Post - Bout 

        (ng · mL
-1

)   (ng · mL
-1

) 

M 

 
1 

 
0.9 

 
0.9 

  
2 

 
0.3 

 
0.4 

  
3 

 
0.7 

 
1.5 

  
4 

 
0.9 

 
1.0 

  
5 

 
0.9 

 
0.8 

  
6 

 
0.7 

 
0.7 

  
7   0.6   0.6 

  
M 

 

0.7 
 

0.8 
    SD   0.2   0.4 

MF 

 
1 

 
1.0 

 
0.8 

  
2 

 
0.4 

 
0.5 

  
3 

 
1.0 

 
1.6 

  
4 

 
1.4 

 
1.2 

  
5 

 
1.1 

 
1.3 

  
6 

 
1.3 

 
1.3 

  
7   1.0   1.0 

  
M 

 

1.0 
 

1.1 
    SD   0.3   0.4 

ML 

 
1 

 
12.4 

 
13.6 

  
2 

 
12.9 

 
13.2 

  
3 

 
19.0 

 
13.9 

  
4 

 
22.2 

 
20.7 

  
5 

 
4.6 

 
4.9 

  
6 

 
10.2 

 
11.0 

  
7   8.9   10.2 

  
M 

 

12.9 
 

12.5 
    SD   6.0   4.8 
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Table D.6 

Pre & Post Trial Urine Specific Gravity and Urine Color 

Phase Ss Pre-Trial Post-Trial Pre-Trial  Post-Trial  

    USG USG UColor UColor 

M 1 1.005 1.020 1 5 

 
2 1.007 1.017 2 4 

 
3 1.002 1.008 1 2 

 
4 1.017 1.020 5 6 

 
5 1.025 1.028 4 5 

 
6 1.012 1.016 4 5 

 
7 1.004 1.008 1 3 

 
M 1.010 1.017 3 4 

  SD 0.01 0.01 1.72 1.38 
MF 1 1.010 1.005 3 3 

 
2 1.006 1.018 2 4 

 
3 1.000 1.006 1 3 

 
4 1.018 1.012 4 4 

 
5 1.022 1.027 5 6 

 
6 1.010 1.016 3 4 

 
7 1.005 1.008 2 3 

 
M 1.010 1.013 3 4 

  SD 0.01 0.01 1.35 1.07 
ML 1 1.008 1.000 2 1 

 
2 1.012 1.020 3 6 

 
3 1.002 1.005 1 2 

 
4 1.017 1.024 3 6 

 
5 1.023 1.025 5 6 

 
6 1.012 1.020 4 5 

 
7 1.002 1.006 1 3 

 
M 1.011 1.014 3 4 

  SD 0.01 0.01 1.50 2.12 
 

  



90 
 

Table D.7 

Hematological Changes 

Phase Ss Pre - Hb Post - Hb ∆Hb Pre - Hct Post - Hct ∆Hct *∆PV 

    (g · dL-1) (g · dL-1) (%) (%) (%) (%) (%) 

M 1 11.9 12.3 3.4 38 39 2.6 -4.8 

 
2 11.8 11.7 -1 38 38 0.0 1 

 
3 12.7 12.8 1 40 41 2.5 -2.4 

 
4 12.2 12.4 1.6 35 36 2.9 -3.1 

 
5 11.5 12.2 6.1 38 38 0.0 -5.7 

 
6 12.3 12.7 3 38 39 2.6 -4.7 

 
7 12.9 13.2 2.3 39 40 2.6 -3.9 

 
M 12.2 12.5 2.4 38 39 1.9 -3.4 

  SD 0.50 0.48 2.2 1.5 1.6 1.3 2.2 
MF 1 12.3 11.5 -6.5 39 36 -7.7 12.2 

 
2 11.7 10.7 -8.5 37 33 -10.8 16.3 

 
3 13.0 12.6 -3.1 42 41 -2.4 5.0 

 
4 10.9 10.8 -1 40 38 -5.0 4.3 

 
5 11.9 12.7 6.7 41 45 9.8 -12.7 

 
6 12.4 12.5 1 39 40 2.6 -2.4 

 
7 13.0 12.9 -1 41 40 -2.4 2.5 

 
M 12.2 12.0 -1.8 40 39 -2.3 3.6 

  SD 0.75 0.94 5.0 1.7 3.8 6.8 9.5 
ML 1 12.8 12.1 -5.5 41 39 -4.9 9.4 

 
2 12.0 11.8 -1.7 39 40 2.6 0.0 

 
3 12.5 11.7 -6.3 41 39 -4.9 10.3 

 
4 12.6 12.1 -3.9 36 37 2.8 2.4 

 
5 10.5 11.0 4.7 41 40 -2.4 -2.9 

 
6 12.7 12.6 -1 40 39 -2.5 2.5 

 
7 12.5 12.4 -1 41 40 -2.4 2.5 

 
M 12.2 12.0 -2.0 40 39 -1.7 3.5 

  SD 0.81 0.53 3.7 1.9 1.1 3.2 4.8 
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Table D.8 

Serum Osmolarity 

Phase   Ss   Pre - Bout   Post - Bout 

        (mOsm /kg)   (mOsm /kg) 

M 
 

1 
 

285 
 

285 

  
2 

 
273 

 
272 

  
3 

 
279 

 
280 

  
4 

 
273 

 
274 

  
5 

 
306 

 
308 

  
6 

 
285 

 
286 

 
  7   282   283 

  
M 

 

283 
 

284 
    SD   6.10   5.10 

MF 
 

1 
 

242 
 

236 

  
2 

 
285 

 
267 

  
3 

 
296 

 
293 

  
4 

 
305 

 
303 

  
5 

 
297 

 
313 

  
6 

 
277 

 
278 

 
  7   273   273 

  
M 

 

282 
 

280 
    SD   5.10   10.30 

ML 
 

1 
 

293 
 

285 

  
2 

 
265 

 
258 

  
3 

 
297 

 
288 

  
4 

 
276 

 
277 

  
5 

 
275 

 
297 

  
6 

 
280 

 
280 

 
  7   288   287 

  
M 

 

282 
 

282 
    SD   5.00   3.85 
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Table D.9 

Plasma Vasopressin – P[AVP] 

Phase   Ss   Pre - Bout   Post - Bout 

        (pg · mL-1)   (pg · mL-1) 

M 

 
1 

 
1.2 

 
1.3 

  
2 

 
1.2 

 
1.4 

  
3 

 
1.5 

 
1.7 

  
4 

 
1.0 

 
1.1 

  
5 

 
1.7 

 
1.8 

  
6 

 
1.9 

 
2.1 

  
7   1.5   1.8 

  
M 

 

1.4 
 

1.6 
    SD   0.3   0.3 

MF 

 
1 

 
1.3 

 
3.3 

  
2 

 
1.4 

 
1.4 

  
3 

 
1.2 

 
1.2 

  
4 

 
1.1 

 
1.2 

  
5 

 
1.4 

 
1.8 

  
6 

 
2.2 

 
2.2 

  
7   1.7   1.7 

  
M 

 

1.5 
 

1.8 
    SD   0.4   0.7 

ML 

 
1 

 
1.7 

 
2.8 

  
2 

 
1.0 

 
1.2 

  
3 

 
1.3 

 
2.0 

  
4 

 
1.0 

 
1.1 

  
5 

 
2.2 

 
2.7 

  
6 

 
1.4 

 
1.9 

  
7   1.1   1.4 

  
M 

 

1.4 
 

1.9 
    SD   0.4   0.7 
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Table D.10 

Rectal Temperatures During Menses Phase (15 minute intervals) 

 

Ss 0 15 30 45 60 75 90 105 120 135 150 165 180 

  (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) 

1 36.42 37.50 37.58 37.44 37.46 37.18 37.16 37.32 37.28 37.08 37.28 37.06 37.28 

2 36.74 36.70 36.48 36.36 36.32 36.34 36.40 36.38 36.38 36.42 36.40 36.34 36.30 

3 36.70 37.06 37.48 37.52 37.38 37.54 37.80 37.74 37.66 37.68 37.84 37.60 37.42 

4 37.00 37.44 37.44 37.28 37.16 37.52 37.56 37.34 37.32 37.52 37.60 37.36 37.30 

5 37.02 37.38 37.42 37.36 37.30 37.52 37.84 37.72 37.64 37.70 37.82 37.58 37.40 

6 36.68 37.32 37.40 37.26 37.26 37.28 37.36 37.32 37.34 37.38 37.42 37.20 37.12 

7 36.40 37.38 37.40 37.30 37.32 37.64 37.68 37.38 37.30 37.54 37.58 37.32 37.08 

M 36.71 37.25 37.31 37.22 37.17 37.29 37.40 37.31 37.27 37.33 37.42 37.21 37.13 

SD 0.25 0.28 0.37 0.39 0.39 0.45 0.50 0.45 0.43 0.45 0.49 0.43 0.39 
 

 

Table D.11 

Rectal Temperatures During Mid-Follicular Phase (15 minute intervals) 

 

Ss 0 15 30 45 60 75 90 105 120 135 150 165 180 

  (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) 

1 36.38 36.54 36.75 37.28 37.34 37.20 37.30 37.26 37.22 37.28 37.36 37.18 37.26 

2 36.00 36.62 36.44 36.78 36.56 36.38 36.28 36.62 36.78 36.34 36.38 36.36 36.50 

3 36.82 37.20 37.50 37.56 37.50 37.70 37.92 37.86 37.76 37.90 38.10 38.10 38.08 

4 36.88 37.22 37.60 37.70 37.46 37.66 37.94 37.90 37.58 37.78 38.06 37.84 37.52 

5 36.80 37.18 37.26 37.22 37.20 37.38 37.46 37.20 37.16 37.34 37.46 37.26 37.20 

6 36.90 37.38 37.40 37.30 37.32 37.64 37.68 37.38 37.30 37.54 37.58 37.32 37.08 

7 37.12 37.66 37.94 37.90 37.58 37.78 37.92 37.84 37.52 37.68 37.88 37.70 37.22 

M 36.70 37.11 37.27 37.39 37.28 37.39 37.50 37.44 37.33 37.41 37.55 37.39 37.27 

SD 0.38 0.40 0.51 0.37 0.34 0.49 0.59 0.47 0.32 0.52 0.59 0.57 0.48 
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Table D.12 

Rectal Temperatures During Mid-Luteal Phase (15 minute intervals) 

 

Ss 0 15 30 45 60 75 90 105 120 135 150 165 180 

  (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) 

1 37.22 37.48 36.42 36.20 35.94 37.14 37.30 36.98 36.48 37.28 37.42 37.34 37.36 

2 37.02 37.20 37.48 37.68 37.54 37.34 37.22 37.58 37.80 37.42 37.48 37.36 37.48 

3 37.62 37.88 38.18 37.98 37.88 38.10 38.34 38.08 37.86 38.18 38.24 37.88 37.84 

4 37.34 37.70 38.00 37.80 37.62 37.88 37.98 37.58 37.36 37.70 37.94 37.34 37.30 

5 37.12 37.38 37.42 37.36 37.34 37.52 37.80 37.22 37.16 37.34 37.46 37.26 37.20 

6 37.04 37.38 37.54 37.34 37.32 37.60 37.68 37.36 37.32 37.38 37.44 37.26 37.22 

7 37.18 37.38 37.62 37.32 37.28 37.58 37.70 37.34 37.20 37.40 37.48 37.24 37.24 

M 37.22 37.49 37.52 37.38 37.27 37.59 37.72 37.45 37.31 37.53 37.64 37.38 37.68 

SD 0.21 0.23 0.56 0.58 0.63 0.32 0.38 0.35 0.46 0.32 0.32 0.22 0.23 
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Table D.13 

Mean Skin Temperatures During Menses Phase (15 minute intervals) 

 

Ss 0 15 30 45 60 75 90 105 120 135 150 165 180 

  (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) 

1 35.74 36.23 36.34 36.17 35.99 36.16 36.21 36.07 35.88 36.05 36.39 36.22 35.92 

2 34.33 34.63 35.04 35.18 35.33 35.30 35.34 35.25 35.46 35.62 35.64 35.54 35.06 

3 34.23 35.21 35.47 35.19 34.95 35.74 35.84 35.18 35.16 35.48 35.91 34.95 35.03 

4 32.94 33.55 34.78 34.61 34.76 35.16 35.16 35.05 34.85 34.83 35.32 34.98 34.84 

5 33.94 35.36 35.21 34.77 34.97 35.41 35.56 35.17 35.12 35.45 35.45 34.95 34.76 

6 32.31 34.58 33.87 33.80 33.39 33.52 33.64 33.38 33.33 33.64 33.70 33.34 33.25 

7 34.80 35.10 35.25 35.02 34.97 35.24 35.41 35.20 35.11 35.30 35.54 35.15 34.95 

M 34.04 34.95 35.14 34.96 34.91 35.22 35.31 35.04 34.99 35.20 35.42 35.02 34.83 

SD 1.14 0.83 0.74 0.72 0.78 0.83 0.81 0.81 0.80 0.78 0.84 0.87 0.79 
 

 

 

Table D.14 

Mean Skin Temperatures During Mid-Follicular Phase (15 minute intervals) 

 

Ss 0 15 30 45 60 75 90 105 120 135 150 165 180 

  (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) 

1 34.81 35.41 35.76 34.89 35.01 35.42 35.73 35.37 35.30 35.61 35.86 35.71 35.61 

2 34.84 35.72 35.88 35.77 35.74 35.79 36.04 35.84 35.82 35.76 36.09 35.73 35.38 

3 35.28 35.64 35.84 35.69 35.31 36.05 36.20 36.36 35.72 36.67 36.86 36.41 36.45 

4 34.21 35.69 35.90 35.88 35.58 36.11 36.26 35.96 35.59 36.13 36.27 35.54 34.78 

5 35.03 35.39 35.59 35.39 35.00 35.53 35.78 34.60 34.88 35.84 35.07 35.39 35.16 

6 33.50 34.14 34.41 34.15 34.02 34.16 34.30 34.26 34.18 34.56 34.84 34.56 34.48 

7 34.63 35.02 35.24 35.20 35.10 35.48 35.69 35.41 35.37 35.66 35.84 35.49 35.30 

M 34.61 35.29 35.52 35.28 35.11 35.50 35.71 35.40 35.27 35.75 35.83 35.55 35.31 

SD 0.59 0.56 0.54 0.61 0.56 0.65 0.66 0.75 0.57 0.64 0.69 0.55 0.63 
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Table D.15 

Mean Skin Temperatures During Mid-Luteal Phase (15 minute intervals) 

 

Ss 0 15 30 45 60 75 90 105 120 135 150 165 180 

  (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) 

1 35.10 35.97 36.36 36.17 36.08 36.58 36.59 36.14 36.09 36.66 36.86 36.65 35.37 

2 34.10 34.77 34.86 34.92 35.07 35.13 35.17 35.23 35.17 35.31 35.41 35.39 35.38 

3 34.42 36.06 36.15 35.27 35.36 35.97 36.06 35.61 35.30 36.09 36.49 35.74 35.26 

4 34.32 35.39 35.50 35.26 34.71 35.10 35.29 34.62 34.52 34.85 35.08 34.80 34.51 

5 33.70 34.74 34.77 34.80 34.97 34.96 35.13 34.68 34.80 34.87 35.14 34.56 34.63 

6 35.02 35.39 35.59 35.20 35.10 35.48 35.70 35.25 35.46 35.62 35.64 35.52 35.10 

7 34.58 34.63 35.08 35.18 35.33 35.41 35.34 35.25 35.46 35.62 35.76 35.35 35.00 

M 34.46 35.28 35.47 35.26 35.23 35.52 35.61 35.25 35.26 35.57 35.77 35.43 35.04 

SD 0.50 0.59 0.62 0.44 0.43 0.57 0.54 0.52 0.51 0.65 0.67 0.68 0.35 
 

  



97 
 

Table D.16 

Total Ad Libitum Fluid Intake During Menses Phase (15 minute intervals) 

 

Ss W0-30 R30-60 W60-90 R90-120 W120-150 R150-180 Total T Walk T Rest 

  (mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL) 

1 0 189 102 136 178 261 866 280 586 

2 67 131 141 116 187 199 841 395 446 

3 274 182 178 37 257 326 1254 709 545 

4 176 76 105 203 146 0 706 427 279 

5 107 190 64 227 135 206 929 306 623 

6 179 198 155 227 140 200 1099 474 625 

7 123 180 141 265 220 227 1156 484 672 

M 132.3 163.7 126.6 173.0 180.4 202.7 978.7 439.3 539.4 

SD 88.2 44.5 38.4 79.9 45.4 100.3 195.9 142.1 135.8 

SE 33.3 16.8 14.5 30.2 17.2 37.9 74.0 53.7 51.3 
 

 

 

Table D.17 

Total Ad Libitum Fluid Intake During Mid-Follicular Phase (15 minute intervals) 

 

Ss W0-30 R30-60 W60-90 R90-120 W120-150 R150-180 Total T Walk T Rest 

  (mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL) 

1 269 241 99 231 45 104 989 413 576 

2 144 100 140 122 127 137 770 411 359 

3 391 171 206 272 316 298 1654 913 741 

4 367 139 147 210 335 260 1458 849 609 

5 125 113 105 187 198 86 814 428 386 

6 248 130 119 194 145 131 967 512 455 

7 270 174 160 215 263 223 1305 693 612 

M 259.1 152.6 139.4 204.4 204.1 177.0 1136.7 602.7 534.0 

SD 100.5 47.7 36.9 45.9 106.4 82.6 338.7 214.7 138.5 

SE 38.0 18.0 13.9 17.3 40.2 31.2 128.0 81.2 52.3 
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Table D.18 

Total Ad Libitum Fluid Intake During Mid-Luteal Phase (15 minute intervals) 

 

Ss W0-30 R30-60 W60-90 R90-120 W120-150 R150-180 Total T Walk T Rest 

  (mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL) 

1 543 740 257 351 0 43 1934 800 1134 

2 162 98 115 77 117 75 644 394 250 

3 373 213 249 233 419 342 1829 1041 788 

4 222 369 282 207 88 65 1233 592 641 

5 167 126 109 239 95 258 994 371 623 

6 213 255 130 200 85 60 943 428 515 

7 272 259 173 243 204 252 1403 649 754 

M 278.9 294.3 187.9 221.4 144.0 156.4 1282.9 610.7 672.1 

SD 136.9 216.2 73.6 80.9 135.2 123.2 473.7 245.2 270.7 

SE 51.7 81.7 27.8 30.6 51.1 46.6 179.0 92.7 102.3 
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Table D.19 

Fluid Balance Variables During Menses Phase (15 minute intervals) 

 

Ss Pre-USG TWL TSL SL SL TFI FI FI Trapped 

 

(g · cc -1) (kg) (kg) (l · h-1) (ml · kg · h-1) (L)  (l · h-1) (ml · kg · h-1) Sweat 

                  (kg) 

1 1.005 0.862 0.866 0.29 4.51 0.866 0.289 4.51 0.004 

2 1.007 0.733 0.741 0.25 4.99 0.841 0.280 5.66 0.008 

3 1.002 1.048 1.150 0.38 5.75 1.250 0.417 6.25 0.102 

4 1.017 0.592 0.606 0.20 2.81 0.706 0.235 3.27 0.014 

5 1.025 0.336 0.529 0.18 2.27 0.929 0.310 3.98 0.193 

6 1.012 0.959 0.999 0.33 6.02 1.090 0.363 6.62 0.040 

7 1.004 0.790 0.950 0.32 5.06 1.15 0.383 6.12 0.160 

M 1.010 0.760 0.834 0.28 4.49 0.976 0.325 5.20 0.074 

SD 0.008 0.239 0.222 0.07 1.43 0.193 0.064 1.28 0.078 
 

 

 

Table D.20 

Fluid Balance Variables During Mid-Follicular Phase (15 minute intervals) 

 

Ss Pre-USG TWL TSL SL SL TFI FI FI Trapped 

 

(g · cc -1) (kg) (kg) (l · h-1) (ml · kg · h-1) (L)  (l · h-1) (ml · kg · h-1) Sweat 

                  (kg) 

1 1.010 0.785 0.789 0.26 4.14 0.989 0.330 5.18 0.004 

2 1.006 0.662 0.670 0.22 4.53 0.770 0.257 5.21 0.008 

3 1.000 0.793 1.050 0.35 5.36 1.650 0.550 8.42 0.257 

4 1.018 0.500 0.860 0.29 3.93 1.460 0.487 6.67 0.360 

5 1.022 0.269 0.514 0.17 2.24 0.814 0.271 3.54 0.245 

6 1.010 0.345 0.467 0.16 2.77 0.967 0.322 5.74 0.122 

7 1.005 0.359 0.600 0.20 3.21 1.300 0.433 6.94 0.241 

M 1.010 0.530 0.707 0.24 3.74 1.136 0.379 5.96 0.177 

SD 0.008 0.218 0.206 0.07 1.07 0.338 0.113 1.56 0.135 
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Table D.21 

Fluid Balance Variables During Mid-Luteal Phase (15 minute intervals) 

 

Ss Pre-USG TWL TSL SL SL TFI FI FI Trapped 

 

(g · cc -1) (kg) (kg) (l · h-1) (ml · kg · h-1) (L)  (l · h-1) (ml · kg · h-1) Sweat 

                  (kg) 

1 1.008 1.294 1.330 0.44 6.76 1.930 0.643 9.81 0.036 

2 1.012 0.539 0.544 0.18 3.66 0.644 0.215 4.33 0.005 

3 1.002 1.160 1.220 0.41 6.20 1.820 0.607 9.25 0.060 

4 1.017 0.645 0.730 0.24 3.41 1.230 0.410 5.74 0.085 

5 1.023 0.489 0.794 0.26 3.37 0.994 0.331 4.22 0.305 

6 1.012 0.138 0.243 0.08 1.45 0.943 0.314 5.64 0.105 

7 1.002 0.380 0.600 0.20 3.23 1.400 0.467 7.53 0.220 

M 1.011 0.664 0.780 0.26 4.01 1.280 0.427 6.65 0.117 

SD 0.008 0.418 0.382 0.13 1.84 0.471 0.157 2.26 0.108 
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Table D.22 

Total Number of Drinks During Menses Phase (15 minute intervals) 

 

Ss W0-30 R30-60 

W60-

90 

R90-

120 

W120-

150 

R150-

180 Total T Walk T Rest 

                    

1 0 4 3 2 5 2 16 8 8 

2 3 5 6 5 10 7 36 19 17 

3 8 4 10 3 9 10 44 27 17 

4 2 1 1 2 2 0 8 5 3 

5 4 4 2 2 2 1 15 8 7 

6 3 4 3 3 3 4 20 9 11 

7 4 5 5 4 8 5 31 17 14 

M 3 4 4 3 6 4 24 13 11 

SD 2 1 3 1 3 4 13 8 5 

SE 0.9 0.5 1.1 0.4 1.3 1.3 4.9 3.0 2.0 
 

 

 

Table D.23 

Total Number of Drinks During Mid-Follicular Phase (15 minute intervals) 

 

Ss W0-30 R30-60 

W60-

90 

R90-

120 

W120-

150 

R150-

180 Total T Walk  T Rest 

                    

1 6 5 4 4 3 3 25 13 12 

2 5 5 5 4 5 3 27 15 12 

3 7 5 6 9 9 9 45 22 23 

4 5 5 3 4 7 3 27 15 12 

5 4 3 3 8 3 3 24 10 14 

6 4 4 2 5 2 2 19 8 11 

7 5 5 4 7 6 4 31 15 16 

M 5 5 4 6 5 4 28 14 14 

SD 1 1 1 2 3 2 8 4 4 

SE 0.4 0.3 0.5 0.8 1.0 0.9 3.1 1.7 1.6 
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Table D.24 

Total Number of Drinks During Mid-Luteal Phase (15 minute intervals) 

 

Ss W0-30 R30-60 

W60-

90 

R90-

120 

W120-

150 

R150-

180 Total T Walk T Rest 

                    

1 11 17 6 8 0 1 43 17 26 

2 6 4 4 4 5 3 26 15 11 

3 7 6 7 5 10 10 45 24 21 

4 2 2 3 3 3 1 14 8 6 

5 4 4 2 5 2 2 19 8 11 

6 4 5 2 3 2 1 17 8 9 

7 8 9 5 4 3 2 31 16 15 

M 6 7 4 5 4 3 28 14 14 

SD 3 5 2 2 3 3 12 6 7 

SE 1.1 1.9 0.7 0.6 1.2 1.2 4.7 2.3 2.7 
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Table D.25 

Time to First Drink Measures by Phase (in minutes) 

 

Ss   Menses   Mid-Follicular   Mid-Luteal 

    (min)   (min)   (min) 

1 
 

30 
 

2 
 

7 

2 
 

13 
 

8 
 

9 

3 
 

4 
 

11 
 

2 

4 
 

13 
 

11 
 

5 

5 
 

2 
 

8 
 

5 

6 
 

16 
 

5 
 

8 

7   6   10   5 

M 
 

12 
 

8 
 

6 

SD   10   3   6 
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Table D.26 

Percent of Sweat Losses Replaced 

 

Phase Ss Total Sweat   Total   Sweat Loss 

  

Loss 

 
Fluid Intake 

 
Replaced 

    (kg)   (L)   (%) 

M 1 0.866 
 

0.866 
 

100.0 

 
2 0.741 

 
0.841 

 
113.5 

 
3 1.150 

 
1.250 

 
108.7 

 
4 0.606 

 
0.706 

 
116.5 

 
5 0.529 

 
0.929 

 
175.6 

 
6 0.999 

 
1.090 

 
109.1 

 
7 0.950   1.15   121.1 

 
M 0.834 

 
0.976 

 
120.6 

  SD 0.22   0.19   25.1 
MF 1 0.789 

 
0.989 

 
125.3 

 
2 0.670 

 
0.770 

 
114.9 

 
3 1.050 

 
1.650 

 
157.1 

 
4 0.860 

 
1.460 

 
169.8 

 
5 0.514 

 
0.814 

 
158.4 

 
6 0.467 

 
0.967 

 
207.1 

 
7 0.600   1.300   216.7 

 
M 0.707 

 
1.136 

 
164.2 

  SD 0.21   0.34   38.0 
ML 1 1.330 

 
1.930 

 
145.1 

 
2 0.544 

 
0.644 

 
118.4 

 
3 1.220 

 
1.820 

 
149.2 

 
4 0.730 

 
1.230 

 
168.5 

 
5 0.794 

 
0.994 

 
125.2 

 
6 0.243 

 
0.943 

 
388.1 

 
7 0.600   1.400   233.3 

 
M 0.780 

 
1.280 

 
189.7 

  SD 0.38   0.47   95.4 
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Table D.27 

Ratings of Perceived Thirst During Menses Phase (15 minute intervals) 

 

Ss 0 15 30 45 60 75 90 105 120 135 150 165 180 Ave 

  (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) Rating 

1 2 3 4 3 2 3 3 2 2 2 1 2 2 2 
2 2 2 3 2 3 2 2 2 2 2 2 2 2 2 
3 6 4 5 4 4 3 3 4 3 3 4 3 4 4 
4 2 3 4 2 3 3 6 3 2 3 4 2 3 3 
5 5 3 2 4 4 3 3 4 3 3 2 3 3 3 
6 4 3 5 2 3 3 2 2 2 2 2 2 2 3 
7 3 3 2 4 4 3 5 4 3 3 4 3 4 3 
M 3 3 4 3 3 3 3 3 2 3 3 2 3 3 
SD 1.6 0.6 1.3 1.0 0.8 0.4 1.5 1.0 0.5 0.5 1.3 0.5 0.9 0.6 
SE 0.6 0.2 0.5 0.4 0.3 0.1 0.6 0.4 0.2 0.2 0.5 0.2 0.3 0.2 

 

 

 

Table D.28 

Ratings of Perceived Thirst During Mid-Follicular Phase (15 minute intervals) 

 

Ss 0 15 30 45 60 75 90 105 120 135 150 165 180 Ave 

  (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) Rating 

1 5 4 3 2 2 2 2 2 1 1 2 2 2 2 
2 4 3 2 3 2 3 2 2 2 2 1 2 2 2 
3 3 4 3 3 2 3 5 2 3 4 4 5 4 3 
4 3 7 8 6 3 5 6 5 6 6 8 4 3 5 
5 5 6 6 4 2 5 6 3 2 3 3 2 3 4 
6 4 4 3 3 2 3 3 2 2 2 2 3 3 3 
7 3 5 4 5 3 4 5 3 3 3 3 4 3 4 

M 4 5 4 4 2 4 4 3 3 3 3 3 3 3 
SD 0.9 1.4 2.1 1.4 0.5 1.1 1.8 1.1 1.6 1.6 2.3 1.2 0.7 1.1 
SE 0.3 0.5 0.8 0.5 0.2 0.4 0.7 0.4 0.6 0.6 0.9 0.5 0.3 0.4 
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Table D.29 

Ratings of Perceived Thirst During Mid-Luteal Phase (15 minute intervals) 

 

Ss 0 15 30 45 60 75 90 105 120 135 150 165 180 Ave 

  (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) Rating 

1 5 5 4 3 2 4 4 3 2 4 3 2 2 3 

2 3 2 2 2 2 2 2 2 1 2 2 1 2 2 

3 5 3 4 3 3 4 4 3 3 3 3 2 3 3 

4 4 6 7 4 5 5 6 4 4 5 5 3 3 5 

5 5 3 3 3 3 3 5 3 3 4 4 4 4 4 

6 4 3 3 3 3 3 3 3 2 3 3 2 2 3 

7 5 5 4 3 3 4 4 3 3 3 3 3 3 4 

M 4 4 4 3 3 4 4 3 3 3 3 2 3 3 

SD 0.8 1.5 1.6 0.6 1.0 1.0 1.3 0.6 1.0 1.0 1.0 1.0 0.8 0.8 

SE 0.3 0.6 0.6 0.2 0.4 0.4 0.5 0.2 0.4 0.4 0.4 0.4 0.3 0.3 
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Table D.30 

Ratings of Perceived Stomach Fullness During Menses Phase (15 minute intervals) 

 

0 15 30 45 60 75 90 105 120 135 150 165 180 Ave 

(min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) Rating 

2 2 2 2 2 2 2 1 1 1 1 1 1 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
5 5 4 5 5 5 5 5 5 5 5 5 5 5 
1 1 1 2 2 2 3 3 3 3 4 3 3 2 
3 3 2 3 3 3 3 3 3 3 2 3 2 3 
1 2 2 2 2 3 3 3 3 2 2 2 1 2 
4 3 3 4 5 5 5 5 5 5 5 5 4 4 
2 2 2 3 3 3 3 3 3 3 3 3 2 3 

1.6 1.4 1.1 1.4 1.6 1.5 1.5 1.6 1.6 1.7 1.8 1.7 1.6 1.5 
0.6 0.5 0.4 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.7 0.6 0.6 0.5 

 

 

 

Table D.31 

Ratings of Perceived Stomach Fullness During Mid-Follicular Phase  

(15 minute intervals) 

 

0 15 30 45 60 75 90 105 120 135 150 165 180 Ave 

(min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) Rating 

4 4 4 4 4 4 4 3 3 3 3 3 3 4 

5 5 5 4 4 3 3 2 2 2 2 1 1 3 

4 5 5 4 3 5 5 4 5 5 5 5 4 5 

3 4 3 4 4 4 3 4 4 5 5 5 4 4 

4 3 3 3 3 3 3 3 2 2 2 2 2 3 

4 3 2 2 2 3 2 2 2 2 3 2 2 2 

5 4 4 5 4 4 4 4 4 5 5 5 4 4 

4 4 4 4 3 4 3 3 3 3 4 3 3 4 

0.7 0.8 1.1 1.0 0.8 0.8 1.0 0.9 1.2 1.5 1.4 1.7 1.2 0.8 

0.3 0.3 0.4 0.4 0.3 0.3 0.4 0.3 0.5 0.6 0.5 0.6 0.5 0.3 
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Table D.32 

Ratings of Perceived Stomach Fullness During Mid-Luteal Phase  

(15 minute intervals) 

0 15 30 45 60 75 90 105 120 135 150 165 180 Ave 

(min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) (min) Rating 

5 5 6 6 6 6 7 7 8 8 8 8 8 7 

4 4 4 4 4 5 5 5 5 5 5 5 5 5 

6 6 6 6 6 6 7 7 6 6 5 5 5 6 

6 6 6 5 5 5 5 5 6 5 6 5 4 5 

5 5 5 5 5 5 5 5 4 5 5 5 5 5 

4 4 4 5 5 5 5 5 5 5 5 5 4 5 

7 7 7 7 6 6 6 6 6 6 6 6 6 6 

5 5 5 5 5 5 6 6 6 6 6 6 5 6 

1.1 1.1 1.1 1.0 0.8 0.5 1.0 1.0 1.3 1.1 1.1 1.1 1.4 0.8 

0.4 0.4 0.4 0.4 0.3 0.2 0.4 0.4 0.5 0.4 0.4 0.4 0.5 0.3 
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APPENDIX E 

STATISTICAL ANALYSIS SUMMARY TABLES 

Table E.1 

3-Day Macronutrient Intake Analysis 

ANOVA Summary Table 

 

Carbohydrate Intake 
 df MS F Sig. P<0.05 

Between Trials 2 276.333 .184 .834  
Within Trials 18 1505.476    

 
% Carbohydrate Intake 

 df MS F Sig. P<0.05 

Between Trials 2 13.905 .499 .615  
Within Trials 18 27.841    

 
Protein Intake 

 df MS F Sig. P<0.05 

Between Trials 2 137.333 .748 .487  
Within Trials 18 183.571    

 
% Protein Intake 

 df MS F Sig. P<0.05 

Between Trials 2 2.286 .308 .739  
Within Trials 18 7.429    

 
FAT Intake 

 df MS F Sig. P<0.05 

Between Trials 2 82.333 .478 .628  
Within Trials 18 172.175    

 
% Fat Intake 

 df MS F Sig. P<0.05 

Between Trials 2 1.000 .044 .957  
Within Trials 18 22.730    
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Table E.2 

Pre-Trial Rectal Temperature Analysis 

ANOVA Summary Table 

   

Pre-Tre 
df MS F Sig. P<0.05 

Between Trials 2 .621 7.517 .004 * 

Within Trials 36 .083    

      

 
 

Table E.3 

Pre-Trial Rectal Temperature Analysis 

Multiple Comparison Summary Table 

 

 (I) Phase (J) Phase Mean Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

 Lower Bound Upper Bound 

Tukey HSD 

dimension2 

1 
dimension3 

2 .00857 .15360 .998 -.3834 .4006 

3 -.51143* .15360 .010 -.9034 -.1194 

2 
dimension3 

1 -.00857 .15360 .998 -.4006 .3834 

3 -.52000* .15360 .009 -.9120 -.1280 

3 
dimension3 

1 .51143* .15360 .010 .1194 .9034 

2 .52000* .15360 .009 .1280 .9120 

*. The mean difference is significant at the 0.05 level. 
1 = Menses, 2 = MF, 3 = ML 
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Table E.4 

Pre-Trial Urine Specific Gravity Analysis 

ANOVA Summary Table 

 

 

 

Table E.5 

Pre-Trial Urine Specific Gravity Analysis 

Pearson-Product Moment Correlation Summary Table 

 

 

 

USG usg1m usg1mf usg1ml 

 usg1m Pearson Correlation 1 .944** .951** 

Sig. (2-tailed)  .001 .001 

N 7 7 7 

usg1mf Pearson Correlation .944** 1 .921** 

Sig. (2-tailed) .001  .003 

N 7 7 7 

usg1ml Pearson Correlation .951** .921** 1 

Sig. (2-tailed) .001 .003  

N 7 7 7 

**. Correlation is significant at the 0.01 level (2-tailed). 
 
 
 
 
 

USG df MS F Sig. P<0.05 

usg1 Between Trials 2 .000 .016 .984  

Within Trials 18 .000    

      

usg2 Between Trials 2 .000 .321 .729  

Within Trials 18 .000    
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Table E.6 

Pre-Trial Urine Color Analysis 

ANOVA Summary Table 

 

Urine Color df MS F Sig. P<0.05 

PreUC Between Trials 2 .143 .061 .941  

Within Trials 18 2.333    

      

PostUC Between Trials 2 .333 .133 .876  

Within Trials 18 2.508    

      

 

 

 

Table E.7 

Pre-Trial Urine Color Analysis 

Pearson-Product Moment Correlation Summary Table 

 

Urine Color PreUCm PreUCmf PreUCml 

PreUCm Pearson Correlation 1 .762* .787* 

Sig. (2-tailed)  .046 .036 

N 7 7 7 

PreUCmf Pearson Correlation .762* 1 .805* 

Sig. (2-tailed) .046  .029 

N 7 7 7 

PreUCml Pearson Correlation .787* .805* 1 

Sig. (2-tailed) .036 .029  

N 7 7 7 

 *. Correlation is significant at the 0.05 level (2-tailed). 
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Table E.8 

Pre vs Pre & Pre vs Post Hemoglobin and Hematocrit Analysis 

ANOVA Summary Table 

 

Pre vs Pre HB df MS F Sig. P<0.05 

Between Trials 2 .006 .013 .987  

Within Trials 18 .484    

Pre vs Pre HCT 
df MS F Sig. P<0.05 

 2 8.048 2.801 .047 * 
 18 2.873    

Post vs Post df MS F Sig. P<0.05 

HgB  2 .617 1.334 .288  

 18 .463    
HCT  2 .333 .054 .947  

 18 6.127    
      

Pre vs Post HGB df MS F Sig. P<0.05 

Pair 1 preHbM 1 .286 1.985 .025 * 
postHbM 12 .240    

Pair 2 preHbMF 1 .617 1.334 .288  
postHbMF 12 .463    

Pair 3 preHbML 1 .006 .013 .987  

postHbML 12 .484    
Pre vs Post df MS F Sig. P<0.05 

Pair 1 preHCTm 1 8.048 2.801 .047 * 

postHCTM 12 2.873    
Pair 2 preHCTMF 1 .333 .054 .947  

postHCTMF 12 6.127    
Pair 3 preHCTML 1 1.786 .728 .426  

postHCTML 12 2.452    
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Table E.9 

Pre vs Post Hemoglobin, Hematocrit, and Plasma Volume Change Analysis 

ANOVA Summary Table 
 

Hgb, Hct, PV Change df Mean Square F Sig. P<0.05 

Hemoglobin Between Trials 1 42.903 2.965 .049 * 

Within Trials 12 14.472    

      

Hematocrit Between Trials 1 35.344 2.818 .047 * 

Within Trials 12 19.445    

      

 

 

Table E.10 

Pre vs Post Serum Osmolarity Analysis 

ANOVA Summary Table 

 

POsm df MS F Sig. P<0.05 

PreOsm Between Trials 2 3.476 .015 .985  

Within Trials 18 232.127    

      

PostOsm  
 
 
Pre vs Post 
 

Between Trials 2 22.905 .073 .930  

Within Trials 18 315.841    

      

Menses 1 
12 

3.476 
232.127 

.023 
.979 

 

MF 1 
12 

3.476 
232.127 

.084 
.915 

 

ML 1 
12 

3.476 
232.127 

.070 
.926 

 

 

 

Plasma Volume  Between Trials 1 111.126 2.926 .046 * 

                           Within Trials 12 39.316    
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Table E.11 

Pre vs Post Plasma Vasopressin Analysis 

ANOVA Summary Table 

 

PAVP df MS F Sig. P<0.05 

PreOsm Between Trials 2 .013 .090 .915  

Within Trials 18 .143    

      

PostOsm  
 
 
Pre vs Post 
 

Between Trials 2 .149 .392 .682  

Within Trials 18 .380    

      

Menses 1 
12 

.091 

.229 
3.102 

.001 * 

MF 1 
12 

.156 

.398 
.084 

.061  

ML 1 
12 

.265 

.412 
2.982 

.009 * 
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Table E.12 

First (0 min) vs Last (180 min) Rectal Temperature Analysis 

ANOVA Summary Table 

Tre 
df Mean Square F Sig. P<0.05 

Between Trials 2 .671 .981 .050 * 

Within Trials 18 .403    

      

 

 

Table E.13 

Rectal Temperature Analysis 

Multiple Comparison Summary Table 

 

(I) Phase (J) Phase 

Tukey HSD 
Mean Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

dimension2 

M0 
dimension3 

M180 *-.42000 .16236 .041 -.81729 .02271 

      

MF0 
dimension3 

MF180 *-.56571 .15305 .010 -.94020 .19122 

      

ML0 
dimension3 

ML180 *-.15714 .05991 .039 -.30374 .01055 

      

 *. The mean difference is significant at the 0.05 level. 
 

  



117 
 

Table E.14 

Overall Mean Skin Temperature Analysis 

ANOVA Summary Table 

 

Mean Tsk 
df MS F Sig. P<0.05 

Between Trials 2 .563 5.312 .010 * 

Within Trials 36 .106    
      

 
 

 

Table E.15 

Overall Mean Skin Temperature Analysis 

Multiple Comparison Summary Table 

 

 

(I) PHASETime (J) PHASETime Mean 

Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

dimension2 

1.00 
dimension3 

2.00 -.39231* .12774 .011 -.7045 -.0801 

3.00 -.31692* .12774 .046 -.6292 -.0047 

2.00 
dimension3 

1.00 .39231* .12774 .011 .0801 .7045 

3.00 .07538 .12774 .826 -.2369 .3876 

3.00 
dimension3 

1.00 .31692* .12774 .046 .0047 .6292 

2.00 -.07538 .12774 .826 -.3876 .2369 

*. The mean difference is significant at the 0.05 level. 
1.00 = Menses, 2.00 = MF, 3.00 = ML 
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Table E.16 

Total Ad Libitum Fluid Intake by Time Segment Analysis 

ANOVA Summary Table 

 

TFI by Time df Mean Square F Sig. P<0.05. 

MMFML030 Between Trials 2 44292.000 3.629 .047 * 
Within Trials 18 12205.175    
Total 20     

 MMFML030 = Menses vs MF vs ML Fluid Intake at 0-30 minute Time Period 

 Significance not noted at any other Time Segment during Trials between Phases 
 

 

Table E.17 

Total Ad Libitum Fluid Intake Overall & by Activity Analysis 

ANOVA Summary Table 

 

Total Fluid Intake 
df MS F Sig. P<0.05 

TFIWALK Between Trials 2 65520.762 1.555 .050 * 
Within Trials 18 42132.683    
      

TFREST Between Trials 2 42847.000 1.159 .336  

Within Trials 18 36969.143    
      

TFI Between Trials 2 161962.048 1.287 .300  

Within Trials 18 125823.873    
      

 TFI = Total Fluid Intake, TFIWALK = FI during Exercise, TFIREST = FI During Rest 
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Table E.18 

Total Ad Libitum Fluid Intake Expressed Relative to Time Analysis 

ANOVA Summary Table 

 

Total Fluid Intake df MS F Sig.  

FIL Between Trials 2 .018 1.304 .296  

Within Trials 18 .014    
      

FIKG Between Trials 2 3.653 1.193 .326  

Within Trials 18 3.062    
      

 

FIL = Fluid Intake (L • hr -1)  FIKG = Fluid Intake (ml • kg • hr -1) 

 

 

 
Table E.19 

Total Fluid Intake During Exercise (WALK) Post-hoc Analysis 

Multiple Comparison Summary Table 

 
 

 

 

 

 

 

 

 

  

Total Fluid Intake - Exercise 

Mean 

Std. Error 

Mean 

95% Confidence Interval of the 

Difference 

Sig. Lower Upper 

Pair 1 TFIWALKM - 

TFIWALKMF 

-163.429 51.337 -289.046 -37.811 *.019 

Pair 2 TFIWALKM - 

TFIWALKML 

-171.429 74.913 -354.734 11.877 *.050 

Pair 3 TFIWALKMF - 

TFIWALKML 

-8.000 76.265 -194.613 178.613 .920 
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Table E.20 

Total Fluid Intake Exercise vs Rest Post-hoc Analysis 

Multiple Comparison Summary Table 

 

Total Fluid Intake 

Mean 

Std. Error 

Mean 

95% Confidence Interval 

of the Difference 

Sig. (2-tailed) Lower Upper 

Pair 

1 

TFIWALKM - 

TFIRESTM 

-100.1428 74.55756 -282.57864 82.29292 .228 

Pair 

2 

TFIWALKMF - 

TFIRESTMF 

68.71429 47.55434 -47.64699 185.07556 .199 

Pair 

3 

TFIWALKML - 

TFIRESTML 

-61.42857 77.82546 -251.86062 129.00348 .460 

 
 

Table E.21 

Total Number of Drinks & Total Drinks During Exercise vs Rest Analysis 

ANOVA Summary Table 

 
Total Drinks df MS F Sig. P<0.05 

TotalDrinks Between Trials 2 33.762 .260 .774  

Within Trials 18 129.984    
      

TotDrnkExerc Between Trials 2 .905 .023 .978  

Within Trials 18 39.937    
      

TotDrnkRes Between Trials 2 24.143 .754 .485  

Within Trials 18 32.016    
      

      TotalDrinks = Total Drinks per Phase Trial  

 TotDrnkExerc = Total Drinks During Exercise Segments 

 TotDrnkRes = Total Drinks During Rest Segments 

 
  



121 
 

Table E.22 

Time to First Drink  Analysis 

ANOVA Summary Table 

 
Time to Drink df MS F Sig. P<0.05 

Between Trials 2 68.714 1.927 .174  

Within Trials 18 35.651    

      

 

 

 

Table E.23 

Percent of Sweat Loss Replaced Analysis 

ANOVA Summary Table 

 

% Replaced df MS F Sig. P<0.05 

Between Trials 2 8828.241 2.354 .124  

Within Trials 18 3749.577    

      

 
 

  

 

 

Table E.24 

Sweat Loss & Fluid Intake Analysis 

ANOVA Summary Table 

 

Sweat Loss/Fluid 
Intake df MS F Sig. P<0.05 

SL Between Trials 2 .003 .368 .697  

Within Trials 18 .009    

      
FI Between Trials 2 .018 1.304 .296  

Within Trials 18 .014    
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  SLKG = Sweat Loss in ml • kg • hr -1 

  SLLtr = Sweat Loss in L • hr -1 

 

 

  

 

 

 
 

 

 
 

 
 
  

Table E.25 

Sweat Loss Expressed Relative to Time Analysis 

ANOVA Summary Table 

 

Sweat Loss df MS F Sig. P<0.05 

SLKG Between Trials 2 1.001 .455 .641  

Within Trials 18 2.199    
      

SLLtr Between Trials 2 .003 .368 .697  

Within Trials 18 .009    
      

Table E.26 

Ratings of Perceived Thirst Between Phase & Overall Average Ratings  

Over Time Analysis 

ANOVA Summary Table 

 

Thirst df MS F Sig. P<0.05 

Thirst Between Trials 2 .619 .696 .511  

Within Trials 18 .889    
      

Ave 

Thirst 

Between Trials 2 1.000 2.412 .104  

Within Trials 36 .415    
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Table E.27 

Ratings of Perceived Thirst by Time Segments Analysis 

ANOVA Summary Table 

 

 df MS F Sig. P<0.05 

Thirst0 Between Trials 2 1.762 1.306 .295  

Within Trials 18 1.349    
Thirst15 Between Trials 2 5.143 3.522 .051  

Within Trials 18 1.460    
Thirst30 Between Trials 2 .571 .200 .821  

Within Trials 18 2.857    
Thirst45 Between Trials 2 1.190 1.103 .353  

Within Trials 18 1.079    
Thirst60 Between Trials 2 1.857 3.079 .071  

Within Trials 18 .603    
Thirst75 Between Trials 2 1.190 1.500 .250  

Within Trials 18 .794    
Thirst90 Between Trials 2 1.000 .423 .662  

Within Trials 18 2.365    
Thirst105 Between Trials 2 .190 .222 .803  

Within Trials 18 .857    
Thirst120 Between Trials 2 .143 .113 .894  

Within Trials 18 1.270    
Thirst135 Between Trials 2 1.286 .988 .392  

Within Trials 18 1.302    
Thirst150 Between Trials 2 .762 .296 .747  

Within Trials 18 2.571    
Thirst165 Between Trials 2 1.190 1.316 .293  

Within Trials 18 .905    
Thirst180 Between Trials 2 .048 .077 .926  

Within Trials 18 .619    
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Table E.29 

Ratings of Perceived Stomach Fullness Phase vs Phase Post-Hoc Analysis 

Tukey’s HSD Summary Table 

 
 (I) PHASE (J) PHASE Mean Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

dimension2 

1 
dimension3 

2 -.857 .575 .319 -2.33 .61 

3 -2.857* .575 .000 -4.33 -1.39 

2 
dimension3 

1 .857 .575 .319 -.61 2.33 

3 -2.000* .575 .007 -3.47 -.53 

3 
dimension3 

1 2.857* .575 .000 1.39 4.33 

2 2.000* .575 .007 .53 3.47 

 
*. The mean difference is significant at the 0.05 level. 

 1 = Menses 2 = MF 3 = ML 
  

Table E.28 

Ratings of Perceived Stomach Fullness Analysis 

ANOVA Summary Table 

 

Fullness df MS F Sig. P<0.05 

 Between Trials 2 15.048 12.986 .000 * 
Within Trials 18 1.159    
      

 Between Trials 2 .003 .368 .697  

Within Trials 18 .009    
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Table E.30 

Ratings of Perceived Stomach Fullness by Time Segment Analysis 

ANOVA Summary Table 

 

 df MS F Sig. P<0.05 

Fullness0 Between Trials 2 14.476 10.022 .001 * 
Within Trials 18 1.444    

Fullness15 Between Trials 2 14.333 11.148 .001 * 

Within Trials 18 1.286    
Fullness30 Between Trials 2 18.905 15.468 .000 * 

Within Trials 18 1.222    
Fullness45 Between Trials 2 13.190 10.519 .001 * 

Within Trials 18 1.254    
Fullness60 Between Trials 2 11.286 9.234 .002 * 

Within Trials 18 1.222    
Fullness75 Between Trials 2 10.905 10.254 .001 * 

Within Trials 18 1.063    
Fullness90 Between Trials 2 13.905 10.429 .001 * 

Within Trials 18 1.333    
Fullness105 Between Trials 2 16.333 11.185 .001 * 

Within Trials 18 1.460    
Fullness120 Between Trials 2 16.333 8.575 .002 * 

Within Trials 18 1.905    
Fullness135 Between Trials 2 16.000 7.579 .004 * 

Within Trials 18 2.111    
Fullness150 Between Trials 2 15.476 7.331 .005 * 

Within Trials 18 2.111    
Fullness165 Between Trials 2 14.905 6.388 .008 * 

Within Trials 18 2.333    
Fullness180 Between Trials 2 16.619 8.310 .003 * 

Within Trials 18 2.000    
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Table E.31 

Ratings of Perceived Stomach Fullness by Time Segment Post-Hoc Analysis 

Tukey’s HSD Summary Table 

 

 

 

(I) PHASE (J) PHASE Mean Difference 

(I-J) Sig. 

dimension1 

Fullness0 

dimension2 

1 
 

dimension3 

2 -1.714* .040 

3 -2.857* .001 

2 
dimension3 

1 1.714* .040 

3 -1.143 .205 

3 
dimension3 

1 2.857* .001 

2 1.143 .205 

Fullness15 

dimension2 

1 
dimension3 

2 -1.571* .046 

3 -2.857* .000 

2 
dimension3 

1 1.571* .046 

3 -1.286 .114 

3 
dimension3 

1 2.857* .000 

2 1.286 .114 

Fullness30 

dimension2 

1 
dimension3 

2 -1.571* .040 

3 -3.286* .000 

2 
dimension3 

1 1.571* .040 

3 -1.714* .025 

3 
dimension3 

1 3.286* .000 

2 1.714* .025 

Fullness45 

dimension2 

1 
dimension3 

2 -1.000 .243 

3 -2.714* .001 

2 
dimension3 

1 1.000 .243 

3 -1.714* .027 

3 
dimension3 

1 2.714* .001 

2 1.714* .027 

Fullness60 

dimension2 

1 
dimension3 

2 -.571 .606 

3 -2.429* .002 

2 
dimension3 

1 .571 .606 

3 -1.857* .015 

3 
dimension3 

1 2.429* .002 

2 1.857* .015 
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Table E.31 Continued 

Ratings of Perceived Stomach Fullness by Time Segment Post-Hoc Analysis 

Tukey’s HSD Summary Table 

           
  

 

 

(I) PHASE (J) PHASE 

Mean Difference (I-J) Sig. 

dimension1 

 

Fullness75 

dimension2 

 

1 
dimension3 

 

2 

 

-.714 

 

.416 

3 -2.429* .001 

2 
dimension3 

1 .714 .416 

3 -1.714* .016 

3 
dimension3 

1 2.429* .001 

2 1.714* .016 

Fullness90 

dimension2 

1 
dimension3 

2 -.286 .889 

3 -2.571* .002 

2 
dimension3 

1 .286 .889 

3 -2.286* .004 

3 
dimension3 

1 2.571* .002 

2 2.286* .004 

Fullness105 

dimension2 

1 
dimension3 

2 -.143 .973 

3 -2.714* .001 

2 
dimension3 

1 .143 .973 

3 -2.571* .002 

3 
dimension3 

1 2.714* .001 

2 2.571* .002 

Fullness120 

dimension2 

1 
dimension3 

2 -.143 .980 

3 -2.714* .005 

2 
dimension3 

1 .143 .980 

3 -2.571* .007 

3 
dimension3 

1 2.714* .005 

2 2.571* .007 
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Table E.31 Continued 

Ratings of Perceived Stomach Fullness by Time Segment Post-Hoc Analysis 

Tukey’s HSD Summary Table 

 

 

 

 

(I) PHASE (J) PHASE 

Mean Difference (I-J) Sig. 

 

Fullness135 

dimension2 

1 
dimension3 

2 -.571 .746 

3 -2.857* .005 

2 
dimension3 

1 .571 .746 

3 -2.286* .023 

3 
dimension3 

1 2.857* .005 

2 2.286* .023 

Fullness150 

 

 

 

 

Dimension 

2 

1 
dimension3 

2 -.714 .635 

3 -2.857* .005 

2 
dimension3 

1 .714 .635 

3 -2.143* .033 

 

3 
dimension3 

 

1 

 

2.857* 

 

.005 

2 2.143* .033 

Fullness165 

dimension2 

1 
dimension3 

2 -.429 .860 

3 -2.714* .010 

2 

 

3 
dime 

1 .429 .860 

3 

1 

2 

-2.286* 

2.714* 

2.286* 

.030 

.010 

.030 
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Table E.31 Continued 

Ratings of Perceived Stomach Fullness by Time Segment Post-Hoc Analysis 

Tukey’s HSD Summary Table 

 

 

 

(I) PHASE (J) PHASE 

Mean Difference (I-J) Sig. 

 

Fullness180 

dimension2 

1 
dimension3 

2 -.429 .839 

3 -2.857* .004 

2 
dimension3 

1 .429 .839 

3 -2.429* .013 

3 
dimension3 

1 2.857* .004 

2 2.429* .013 

  
 *. The mean difference is significant at the 0.05 level. 
 1 = Menses 2 = MF 3 = ML 
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