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These studies determined the effects of sodiumridelosupplementation on
serum and sweat sodium concentration, cardiovasdulaction, and physical and
cognitive performance. Sweat sodium losses, alagsed a significant decline in serum
sodium concentration (-6.4+1.6 mEqg/L, p=0.001) dgri3h cycling in the heat in
endurance-trained athletes with high sweat sodiossds. However, sodium chloride
supplementation matching sweat sodium losses (N#:155g NaCl/h) maintained serum
sodium concentration.  Post-exercise maximal cygclipower declined and was
significantly lower than pre-exercise in placebd.;(p=0.012), but power was not
significantly different in NA (p=0.057). Pre- toogt-exercise response time during a
Stroop Test improved in NA (p=0.009), while therasamo change in PL (p=0.597).
Post-exercise postural sway was less inusAPL (p=0.044).

Three days of sodium chloride supplementation (g1lBlaCl/d) resulted in a

significant increase in plasma volume in healthtrained males at rest (5.9+£7.6 %) and
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during exercise at 60%\4peak (8.6+5.2 %) compared to PL. During NA, stroke
volume was 10% higher during exercisePL (139+27vs.126+24 ml/beat, respectively,
p=0.004). Cardiac output was 8% higher in NA dgraxercisevs. PL (21.0£3.1vs.
19.4+2.6 L/min, respectively, p=0.013). Mean aslepressure during exercise was not
different in NAvs. PL (p=0.548) as total peripheral resistance deerk§s=0.027) with
the increased cardiac output. Sweat sodium coratemt was 9% higher in NAs. PL
during exercise in the heat (70.4+19564.5+21.7 mEqQ/L, p=0.044).

In summary, serum sodium concentration declineswiiigh sweat sodium losses
are not replaced while hydration status is maieihin Acute sodium chloride
supplementation during exercise which matches sodasses maintains serum sodium
concentration. This maintenance of serum sodiunt@oatration results in both physical
and cognitive benefits compared to when serum sodioncentration declines. Chronic
intake of sodium chloride for 3 days increasesmbasolume in healthy untrained men
and improves cardiovascular function, as both stre&lume and cardiac output are
increased, while oxygen consumption and blood presare unchanged. Therefore,
acute and chronic sodium supplementation positiadigrs fluid and sodium balance
which results in beneficial effects on physical awdgnitive performance and

cardiovascular function during exercise.
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Chapter I: General Introduction

Approximately 50-60 % of human body mass is comgagewater. Total body
water is divided between the intracellular and aoeéflular compartments. The
extracellular space is further divided betweenrstigal and intravascular compartments.
Fluid balance between compartments is largely detexd by the non-penetrating
solutes, intracellular potassium and extracellsladium. Fluid or solute additions or
losses may result in alterations in the contemotume of the compartments. Nutritional
intake or metabolic processes may add to the cbrdenvolume while sweating,
urination, and respiration may decrease it. Ontem@lly severe body fluid and
electrolyte imbalance is hyponatremia. Hyponateens considered to be mild to
moderate with serum sodium concentration of < 13xfh and severe when < 125
mEqg/L. Mild cases of decreased serum sodium cdraten result in nausea, confusion,
or headaches, while severe cases may result iaresipr death. Cases of hyponatremia
have been reported in military personnel, laborersultra-endurance athletes during
exercise (5, 8, 13, 31, 44, 51, 55, 59, 73, 74,9, While the effects of large
reductions in serum sodium concentration can beeqgsevere, the effects of small
declines (~5-10 mEg/L) in serum sodium concentratan physical and cognitive
performance are not well understood.

One of the many adaptations to endurance trairsnigigreased stroke volume
during exercise (97, 112). The higher stroke va@umtrained vs. untrained individuals
is partially due to expanded plasma and blood vel&y, 63). The extracellular body

water compartment is expanded in endurance trattddtes (57). The increase in blood



volume results in improvements in cardiovascularction, specifically increased stroke
volume, which may result in increased cardiac ougmd/or a lower heart rate at rest
and/or during exercise. As extracellular sodiumtent is partially responsible for the
fluid volume of the intravascular compartment (98) increase in sodium chloride
ingestion results in an increased blood volume 228,50, 107). This increased blood
volume may afford some of the same vascular benefiendurance training to untrained
people. One such benefit would be an increasdrokes volume at rest and during
exercise. While stroke volume has been showndrease at rest with sodium chloride
supplementation, no data exists on the effectsodfusn chloride supplementation on
increasing exercising stroke volume in young (20y85Bealthy males (28, 29, 50, 107).
These studies will investigate the effect of sweatlium losses on serum sodium
concentration and performance, as well as the patebenefits of sodium chloride

supplementation on cardiovascular function and igaysnd cognitive performance.



Chapter Il: Statement of the Problem

The overall purpose of these studies was to deterhie effects of alterations in
body sodium stores on serum sodium concentratibmpdbvolume, cardiovascular
function, and physical and cognitive performanc&he purpose of Study 1 was to
determine if sweat sodium losses, alone, in indiaig with high sweat sodium losses
would result in significant reductions in serum isma concentration during exercise in
the heat. Additionally, we investigated the effedf sodium supplementation on
maintaining serum sodium concentration and physacal cognitive performance. The
specific research questions for Study 1 were:

1. Will 3h of exercise in the heat, while maintainingdy mass through fluid intake,
decrease serum sodium concentration in individwath high sweat sodium
losses?

2. Will sodium chloride supplementation matching sweatlium losses maintain
serum sodium concentration while exercising witigéasweat sodium losses?

3. Will a decline in serum sodium concentration resula decreased physical and

cognitive performance?

The purpose of Study 2 was to determine the effafctscreased sodium chloride
intake over 3 days on blood and stroke volume durniest and upright exercise.
Additionally, we investigated the effects of incsed sodium chloride intake on sweat

sodium concentration in the heat. The specifieassh questions were:



Will an increase in daily sodium chloride intakeS(8nEq Na/kg body mass/d) for
3 days increase blood volume in untrained malessatand during exercise?

Will an increase in daily sodium chloride intake days result in an increase in
stroke volume during exercise in untrained, heafti@yes?

Will an increase in daily sodium intake result in @mcrease in sweat sodium
concentration during exercise in the heat in noat-hecclimatized untrained

males?



Chapter Ill: Experimental Design

Study 1. This first experiment determined the effects aflpnged sweating,
during exercise in the heat, in athletes with hégleat sodium losses on serum sodium
concentration and physical and cognitive perforrean€&urthermore, it determined the
resulting effects of sodium chloride supplementatieatching sweat sodium losses. To
accomplish this, 36 male endurance-trained athle¢eformed sweating analysis testing
in order to identify a subject pool with sweat sodilosses greater than 90 mEg/L. In
order to familiarize the participants with the picgs and cognitive tasks and to ensure
heat acclimatization, the participants performegrdiminary trials, separated by 48-96
hours. In addition to the familiarization taskartcipants cycled for 1 hour in the heat at
60% VQypeak in order to determine whole body sweating aatéregional sweat sodium
concentration. Approximately 1 week following tpeeliminary sessions, participants
completed 2 experimental trials, separated by aqymately 7 days, consisting of 3 hours
of cycling at 60% V@peak in a warm environment and several performaasies in a
thermoneutral environment. During these trialg, plarticipants received either sodium
chloride capsules matching their individual sweadigm losses or a placebo. A fluid
replacement drink with carbohydrate was also pmewido maintain body mass, thus

preventing dehydration.

Study 2. This experiment determined the effects of increasatium chloride
intake on blood volume and stroke volume during egsl exercise in untrained males.

Nine untrained male subjects consumed pills commtgisodium chloride (3.5 mEq Na/kg



body mass/day) or placebo, in addition to theimmardiet. Following 3 days of sodium
chloride supplementation they performed 15 mingfght cycling at 60 % Vgpeak in a
temperate environment (22 °C). During and afteeriese, cardiac output, blood
pressure, and heart rate were measured and blooglesa were taken for the
determination of hematocrit and hemoglobin, in ortte calculate changes in blood
volume.

The second part of Study 2 was completed to deterritiie effects of increased
sodium chloride intake on sweat sodium concentnatidmmediately following the
cardiovascular function task, participants cycled 30 minutes at 50 % V#peak in a
warm environment (~34 °C, 50 % RH), following a dBn warm-up. Sweat samples
were collected from 4 regional sites and whole beagating rate was measuré&/hole

body sweat sodium concentration was calculateccantpared between treatments.



Chapter IV: Study 1

Effects of Oral Sodium Chloride Supplementation orSerum Sodium Concentration

and Physical and Cognitive Performance



ABSTRACT

Large declines in serum sodium concentration canltrén seizures and death, but
the effects of modest declines of serum sodium eatnation on physical and cognitive
performance are not well understood. It is alsoctear if sweat sodium losses alone can
result in significant declines in serum sodium a@ntcation and whether sodium chloride
supplementation can prevent potential declines.e Pphrpose of this study was to
determine the effects of prolonged sweating duergrcise in the heat in individuals
with high sweat sodium losses on serum sodium curatén and physical and cognitive
performance. Eleven endurance-trained athleteledyor 3h at 60% Vgpeak while
ingesting sodium chloride matching sweat sodiunsdegNA) or a placebo (PL), while
maintaining hydration status. Serum sodium comaéinh significantly declined in PL (-
6.4+1.6mEqg/L, p=0.001) and was maintained in NA.Q¥2.4mEq/L) with sodium
chloride supplements (5.89+1.48g/h) matching swedium losses. The 4% decline in
maximal cycling power during PL was significant (o812) while the 3% decline in NA
was not significant (p=0.057). Twenty-minute titn@l performance was 4% higher in
NA vs. PL, yet this difference was not significant (p=0B0Response time during a
Stroop test improved in NA (p=0.009) and was ungeanin PL (p=0.597). Post-test
balance was better in Nws. PL (p=0.044). In conclusion, serum sodium corregiain
declines in athletes with high sweat sodium losgk#e exercising in the heat for 3h.
When serum sodium concentration is maintained bychmrag losses with sodium
chloride supplementation; balance and Stroop Tespanse time are significantly

improved.



INTRODUCTION

Declines in serum sodium concentration have ocdutteging prolonged exercise
in military and athletic personnel (5, 8, 31, 48, 59, 94). While severe hyponatremia, a
serum sodium concentratioh 125 mEqg/L, can result in seizures and death (g
data exists on the effects of a moderate lowerihgeoum sodium concentration on
physical and cognitive performance (5, 81, 104,)1@verhydration has been implicated
as the main cause of lowering serum sodium coraigonr (75), but models of factors
contributing to a decrease in serum sodium conagotr (hyponatremia) have also
included sweat sodium losses as a potential f§68)r In a recent field investigation, we
found a relationship between declines in serumuwsndioncentration and rates of sweat
sodium loss in males competing in the Hawaii IronfaTlriathlon (77). As sweat
sodium losses are extremely variable between sishjé¢, 89, 106), those who lose large
amounts of sodium in their sweat would be at atgra@sk of decreasing serum sodium
concentration and potentially developing hyponataeduring prolonged sweating.

During exercise, researchers have investigated dfiects of sodium
supplementation on serum sodium concentrationt &asd been recommended for the
maintenance of serum sodium concentration durioppged exercise (54). While some
researchers have reported that serum sodium coatient can be maintained by
ingesting sodium (104, 108), others have found ereekt (52, 96). One shortcoming of
prior investigations is that sodium supplementatiaas not tailored to the individual’s
sodium losses.

The purpose of this study was to determine if sveestium losses, alone, in

individuals with high losses, would result in siiggant reductions in serum sodium



concentration during exercise in the heat. Addaily, we investigated the effects of
sodium chloride supplementation on maintaining sesodium concentration as well as
the effects on physical and cognitive performan@ée hypothesized that serum sodium
concentration would significantly decline duringeesise in the heat and it would be
maintained with sodium chloride supplementation amiaty sweat sodium losses.
Furthermore, we hypothesized that physical and itggnperformance would decline

without sodium chloride supplementation and woudd rbaintained or improved with

sodium chloride supplementation matching individawgéat sodium losses.
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METHODS

Subjects

Eleven heat-acclimatized endurance-trained malés igh sweat sodium losses
(sweating rate: 1.72 + 0.25 L/h, sweat sodium 1464: + 28 mEqg/h) participated in this
experiment. Their age (mean = SD), body masshhesmd VQ peak were 33.5£6.2y
81.1 +7.4 kg, 182 +7 cm, 4.67 + 0.55 L/m, respety. Participants signed a consent

form approved by the Institutional Review Board be University of Texas at Austin.

Preliminary Testing

Thirty-six male endurance athletes were tested ftbm local triathlon and
cycling community in order to identify those withgh sweat sodium losses ( > 90
mEq/h). Qualifying athletes with high sweat sodilasses were invited to participate in
the investigation. Sweating characteristics fessthathletes are displayed in Table 1-1.

All pre-experimental testing sessions for thosdigpating in the investigation
were completed 3-10 days prior to the first expental trial in order to determine
VOzpeak, lactate threshold, sweat sodium losses,yvhaht acclimation status, and to
familiarize with testing protocols. Each of the@liminary trials was separated by 48-
96 hours. During the first visit, Vfpeak and lactate threshold was determined while
subjects cycled a laboratory ergometer (Excalibyor§ Lode, Groningen, The
Netherlands). Subjects first performed 5-6 fivexmté sub-maximal stages to identify
their blood lactate threshold. After resting, sat$ then performed an incremental
exercise protocol lasting 7-12 minutes to deterrM@gpeak, defined as a stabilization of

VO, with increasing work rate and respiratory exchamges of >1.10.
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During each preliminary testing session, subjeotapleted a sweat measurement
exercise test in a temperature and humidity cdettoénvironmental chamber (32 °C,
50 % RH) to ensure heat acclimation, and to measweating rate and sweat sodium
concentration. The test consisted of a 10-minudenwup and then participants cycled
for 60 min (2 x 30 min) at 60 % of \Wpeak. Body mass was measured following the
warm-up (Ohaus Champ, Model CQ250W, Pinebrook, BtJB0 min, and after the 60
min exercise bout for the determination of sweatmate. Regional sweat sodium
concentration was measured during both 30 min esesigeriods by applying a 'sweat
patch’, composed of 7.6 x 7.6 cm gauze sponge $doh& Johnson Medical, Arlington,
TX) and 10 x 12 cm Tegaderm® bandage (3M Healtle Car Paul, MN). It was applied
to the mid-posterior right forearm, right scapuight mid-anterior thigh, and calf. These
regional sites were chosen as they are highly ledee: with whole body sweat sodium
concentration (r = 0.82, 0.88, 0.89, and 0.93, @esyely) (78). Prior to patch
application, the area was cleaned with 70 % isografrohol, rinsed with de-ionized
water, and dried with a contaminant-free cloth. eWimecessary, these areas were gently
shaved to allow for secure placement of the patclié® patches were applied after the
initial warm-up and again at 30 minutes of exerciedowing towel drying and nude
body mass measurements. During the patch applictte subjects remained seated on
the bicycle ergometer and the patches were remoweckdiately after 30 min, prior to
body mass measurement. This duration was chosethagothe patches would not
become saturated, which may alter the sweat sodonmsentration (111). A subject’s
heat acclimatization was confirmed by <0.2 °C cleaimgcore temperature at the end of

the exercise bouts between preliminary tests. difit@n to the sweat testing and heat

12



acclimation verification protocols, subjects comgte neuromuscular maximal cycling
power, time trial, and cognitive testing protocmiorder to become familiarized with the

testing procedures.

Experimental Trials

Approximately one week after the final pre-expenmta¢ session, each participant
participated in 2 randomized double-blind crossdvats, separated by 7-10 d. During
the experimental trials, subjects cycled for 3h arstationary ergometer (Velotron,
Racermate, Inc, Seattle, WA) at 60 % of }@akin a warm environment (33.3 £ 0.2 °C
DB, 27.9 £1.8 °C WB, 54.0 £ 2.8 % RH, fan speed#l.E=+ 0.6 m/s). A sucrose placebo
(PL) or sodium chloride (NA; 5.89 + 1.48 g NaClfugs ingested via capsule to match
individual whole body sweat sodium losses measuh@inhg the preliminary testing.
Nutritional intake and exercise was recorded armeated for 3 days prior to both
experimental trials. No activity was undertaker thay prior to the trial and only
moderate exercise was allowed 2-3 days prior. eBixtounces of water and a
standardized meal (474 ml, Vanilla Boost, Nestleyavconsumed 2 hours prior to each
experimental trial. Body mass was maintained dutive experimental trials by drinking
water (6.9 £ 0.7 L) with carbohydrate (0.8 g suerkg/hr). A standard dose of
potassium chloride (0.85 g/h) was given to all saty. Carbohydrate intake was equal
during both trials. Body mass was measured (ORdnasnp, Model CQ25W, Pinebrook,
NJ) at 30-60 minute intervals to determine sweatiage. Four-site regional sweat
sodium concentration was measured from 30-60 afd15® min of exercise. Blood

samples (5 ml each) were taken via venipuncturanirantecubital vein, while subjects

13



were seated, prior to exercise, and after 60 ni#0, rhin, and 180 min of exercise. All
urine was collected during the trial for volumeatetination and sodium concentration
analysis. Core temperature was measured viaa thermistor (YSI 401) inserted 12cm
past the anal sphincter and heart rate was measiaddlemetry (Polar, Finland) every
15 minutes during the exercise bout.

Immediately prior to and after the 3 h cycling hopérticipants completed the
Stroop Color-Word Interference Task to assess tiwgrfunction. It was performed in a
thermoneutral environment. A subset of subjects=(®8) also completed a balance
assessment task by standing on a force plate mondtes (9 — 30 second task intervals,
15 second rest interval) prior to the cognitivektasParticipants also performed a
maximal neuromuscular cycling power test (Pmaxpaonnertial load ergometer prior to
exercise, and after 60 min, 120 min, and 180 miexaircise. A 20 min cycling time trial
was also performed at the end of the testing sessibigure 1-1 displays the complete

protocol.

Experimental fluid/sodium chloride intake protocol

Fluid was consumed immediately prior to and dutihg first 2.5 hours of the
experimental exercise bout. A tapered drinking sodium chloride intake protocol was
utilized to allow time for absorption by the endtbé 3h exercise bout. A large bolus of
fluid (11.7 % of total) was consumed 15 min prioreixercise. Fluid was provided at 15
min intervals (8.7 % of total per 15 min) duringeesise through 105 min. From 120-150
min of exercise smaller volumes were consumed @A3,and 5 % at 120, 135, and 150

min, respectively). No fluid or sodium was consdnturing the final 30 min. The

14



identical fluid and sodium consumption protocol vialéowed during both experimental

trials.

Performance Testing

Cognitive testing

A modified computerized Stroop Color-Word Interfece Test (LSA Stroop, FL)
consisted of five 45-second modules. The testcdity level progressively increased
during each module. In short, the subjects weesgnted with a word (red, green, or
blue) on a screen. The color of the word eithetchred the meaning or was incongruent.
Subjects were prompted to select the color or teammg depending on the module. In
the final module, the subjects selected the cotomeaning based on if the word was

framed by a box. Accuracy and response time weerded.

Balance Testing

The balance assessment task consisted of 3 triabs stances while standing
barefoot on a 6 degree of freedom force plate @erColumbus, OH) which was
interfaced with a computer (Dell, Austin, TX). Tbk&ances included 2-leg stance with
feet together and eyes open, single leg stanceeyits open, and single leg stance with
eyes closed. During stances with eyes open, dsbiec= 6) looked at a spot at head
level. Each trial lasted 30 seconds and there avd$ second break between each
repetition. The order of stance conditions wasradomized crossover design between
subjects and each subject completed the same fordaoth of their trials. The center-of-

pressure amplitude (ACOP) was measured in the apusterior (COPap) and

15



mediolateral (COPmI) planes with custom softwareaflab, The Mathworks, Inc.,

Natick, MA).

Maximal neuromuscular cycling power (Pmax)

Maximal neuromuscular cycling power per pedal ratioh, torque, and
revolutions per minute were measured on the PowaeQyrior to the 3 h ride and at 60
min, 120 min, and following the 3 h ride. Partaips complete 4 all-out efforts lasting
3-4 seconds each during each testing session.e@slsgmained seated on the ergometer
for a 1 min rest period between each effort. lorghflywheel angular velocity and
acceleration were determined by an optical sensdrnaicro-controller based computer
interface which measured time (x 1 psec) and akbvp®wer to be calculated
instantaneously every 3 degrees of crank revolutioraveraged over one complete
revolution of the cranks (65). All powers expressethis paper are average values over
one complete pedal cycle. As described in Martirale (65), maximal power was
calculated as the product of moment of inertiape#y and angular acceleration of the

flywheel.

Cycling Time Trial

Subjects (n = 9) completed a 20 min time trial itharmoneutral environment.
The workrate was fixed for the first 5 min at a gowutput that would elicit an oxygen
consumption that was 10 % above lactate threshsttér the first 5 min of the time trial,

subjects were free to alter the workrate at 30irsteevals for the remaining 15 min. The
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same researcher gave verbal encouragement duritig tboe trials. Total work

completed during the 20 min time trial was calcedifollowing the trial.

Measurements of gas exchange

During the VQpeak test, inspired air volume was measured wipmeumotach
(model 4813, Hans Rudolph, Shawnee, KS) and expy&skes were continuously
sampled from a 4 L mixing chamber (Vacumed, Vent@A) and were analyzed for
oxygen (S-3A/l, Ametek, Pittsburgh, PA) and carbdioxide (CD-3A, Ametek,
Pittsburgh, PA). The analyzers were interfaced tmmputer for calculation of the rate
of oxygen consumption and rate of carbon dioxidedpction (Max Il, AEI

Technologies, Pittsburgh, PA).

Blood and urine measures

Hematocrit was measured in duplicate following moantrifugation for 15
minutes. Hemoglobin was measured in duplicateguie cyanmethemoglobin method
(35). Plasma volume change was determined vianéhod of Dill and Costill (33).
Whole blood was stored at room temperature unbttiolg occurred and then was
centrifuged for 15 min. Serum and urine sodiumcenrtration and osmolality were
measured via electrochemistry (NOVA 5, Waltham, Méhd freezing point depression
methods (3MO, Advanced Instruments, Needham HeidWi), respectively. Urine
specific gravity was measured to ensure hydratiatus pre-exercise and throughout the

experimental trials.
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Sweating rate and sweat sodium concentration arglys

Sweating rate (L/h) was calculated as the chandgsody mass, accounting for
fluid consumption and urine loss. Upon removathef sweat patches, the gauze sponge
was immediately separated from each Tegaderm® Ilgendad placed into a plastic
syringe. The sweat content of the sponges in yhages was “squeeze plunged” into
four 5 ml plastic test tubes and capped. Sweatrelgte concentration was measured
with a Nova 5 Analyzer (Waltham, MA) with a CV of @ for sodium analysis. A
modified weighted equation was utilized to caloelawvhole body sweat sodium
concentration (sweat sodium concentration = O.Ib{A + 0.276([Back]) +
0.299([Thigh]) + 0.315([Calf])) (8). Whole body sat sodium loss was calculated as

whole body sweating rate x weighted sweat sodiuncentration.

Statistical Analysis

Data are reported as mean and standard deviafiqmaired student’s t-test and a
two way repeated measures analysis of variancepesisrmed to analyze differences in
blood and sweating characteristics. The Bonferomniection was utilized to adjust for
comparisons.  Pearson product moment of correlattas used for relationships of

sweating characteristics. Significance was sahalpha level of 0.05.
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RESULTS

Body mass from pre- to post-exercise was succégshdintained in both trials
via fluid consumption (Table 1-2). Core temperatwas similar between treatments
before (37.4 + 0.4s.37.3 £ 0.3 °C) and following 3 h of exercise i theat (38.0 £ 0.2
vs.38.1 + 0.2 °C), Plvs. NA, respectively. Heart rate after 3 h of steathte exercise
was not significantly different between treatmeit34 + 8.3vs.137 + 11.1 bpm, Pls.
NA, respectively, p = 0.186).

Serum sodium concentration significantly declineahf pre- to post-exercise in
PL (-6.4 £ 1.6 mEqg/L, p = 0.001), but was mainéd in NA when consuming sodium
to match sweat sodium losses (-1.0 + 2.4 mEq/Labl@ 1-3). There were no differences
in pre-exercise serum sodium concentrations betvissiments (p = 0.833). Serum
sodium concentration in PL was significantly lovtkan NA following 3 h of exercise
(137 = 1.3vs. 142 + 2.5, PLvs. NA, respectively, p = 0.001). As serum sodiunais
major contributor to serum osmolality, osmolalitgasignificantly declined in PL (290
+ 3.0vs.276 + 2.4, prevs.post-exercise, respectively, p = 0.001), but wamtaimed in
NA (289 £ 2.7vs.286 £ 5.2, prevs.post-exercise, respectively, p = 0.284; Table 1-3).

Furthermore, hematocrit significantly increasedPly but was maintained in NA.
There was a significant difference in hematocritwaen treatments at 180 min (p =
0.004; Table 1-3). Hemoglobin concentration was significantly different between
treatments (Table 1-3). There was a significarftedince in mean corpuscular
hemoglobin concentration (MCHC) between treatmahts80 min (p = 0.007; Table 1-3)

which would indicate cell swelling in Pis. NA. Plasma volume change from pre to
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post trial was not significantly different betweleh and NA trials A -0.4%vs.1.3%, PL

vs.NA, respectively; Table 1-3).

Sweating characteristics

Sweating characteristics for 30-60 min and 120-4&® of the exercise bout are
presented in Table 1-4. There were no signifiadifferences between treatments in
sweating rate, sweat sodium concentration, or sa@dium losses at either time point.
There were no differences in sweat sodium conceoréetween treatments (68 + U8
68 £ 19 mEqQ/L, Plvs.NA, respectively, p = 0.844). There was an ovenale effect, as
sweat sodium concentration significantly increagech 30-60 min to 120-150 min (65 +
17vs 71 £ 19 mEq/L, respectively, p = 0.013). Thiadieffect was significant for both
PL (64 + 16vs 71 + 21 mEg/L, p = 0.018) and NA (66 + ¥8.71 + 19 mEq/L, p =
0.046), 30-60 mirvs. 120-150 min, respectively. There were no sigaificdifferences
between treatments in sweat sodium losses (p =90.9Tn PL, sweat sodium loss
significantly increased from 30-60 to 120-150 mm £ 0.024), while there was no
change in NA (p = 0.729). Sweating rate and sveeatium concentration were not
significantly related in PL or NA at either measuent (p > 0.05 for all comparisons).

The change in serum sodium concentration in PL2(s6.1.6 mEqg/L) was
significantly and negatively correlated with measlisweat sodium concentration during
the 30-60 min and 120-150 min sweat collection (641, p = 0.009 and r = -0.775, p
= 0.005, respectively; Figure 1-2). The changesé&mum sodium concentration of
individual subjects in PL was also significantlyrredated with estimated total sweat

sodium lost during the 3 h trial (332 £ 87.5 mEg; ¥0.729, p = 0.011; Figure 1-3),
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which was calculated as actual sweating rate agiwmal sweat sodium concentrations
from the 2 sweating analysis tests (30-60 min a2@-150min). As expected, sweat
sodium concentration was not significantly corretatwith change in serum sodium
concentration when supplementing with sodium tocimatveat sodium losses (r = 0.007,
p =0.984 and r = 0.277, p = 0.410, 30-60 and 12D+hin tests, respectively) (Figure 1-

4).

Urine volume/Urine sodium loss

Total urine volume was not significantly differebétween treatments (1617 *
791 vs. 2018 + 697 ml, PLvs. NA respectively, p = 0.092). There were also no
significant differences between treatments in totalary sodium loss during the 3 h trial
(22.3 £17.6vs.38.2 £ 6.5 mEq, Pks.NA respectively, p = 0.083). However, at the 180
minute void, urinary sodium loss was significadtyer in PL (0.8 £ 1.58s.3.5 + 3.1

mEq, PLvs.NA, p = 0.016, n = 10).

Performance Tests

Maximal Power

Maximal power (Pmax) significantly declined fromeprto post-exercise. Pmax
significantly declined during PL (p = 0.012), bbetchange was not significantly lower
during NA (p = 0.057; Table 1-5). Torque at Pmésoaignificantly declined from pre-
to post-exercise in PL (p = 0.045), but not in NAH0.166). There were no significant

differences in velocity (revolutions per minute)Pahax during either treatment.
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Time Trial

Total work completed following the initial fixed &in effort was ~4 % higher
during NA vs. PL (27.17 = 4.93s. 26.21 + 3.48 kJ, respectively). However, this
difference in work was not statistically significafp = 0.307). Average power output
during the self-selected 15 min effort was 11 whitfher during NA vs. PL (302 £ 55.
291 £+ 39 watts, p = 0.307, respectively). The grattof work output during the

performance task is displayed in Figure 1-5.

Cognitive data

Comparing before and after the 3 h exercise bajests significantly improved
response time performance on the Stroop Color-Wotdrference Test in NA (p =
0.009) but not in PL (p = 0.597) (Table 1-6). Pamd post-tests between trials were not
significantly different between treatments (p =891p = 0.305, pre and post tests,

respectively), nor was error rate between treatsgnt 0.752)

Balance Data

The center of pressure displacement, in the medialadirection (ACOPmI)
post-trial for the 1 foot, eyes open stance wasifogntly greater in Plvs.NA (36.20 *
14.90vs. 30.94 + 13.71 mm, p = 0.044) which indicates moostpral sway in the
mediolateral direction. Post-exercise mean antgasterior displacement (ACOPap)
was also higher for Plvs. NA, but the increased displacement was not stditic
different (45.9 £ 18.5(/s.41.5 + 16.4 mm, respectively, p = 0.092). A repreative

sample of COP tracings is presented in Figures 1a@4 1-6B which exhibits the
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displacement (sway) of the COP measured in metaverses further along the x-axis

(mediolateral) direction in the Pis NA.
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DISCUSSION

Serum sodium concentration declines during prolonepeercise

While exercising in the heat for 3 h and maintagnbody mass via sodium-free
fluid consumption, serum sodium concentration gigantly decreased by ~6 mEg/L in
men that lose high amounts of sodium in their swdai our knowledge this is the first
experimental reporting of a moderate decline imsesodium concentration solely due to
measured sweat sodium losses. It also provideposupo the models proposed by
Montain and colleagues (69, 70) which includes ssis® sweat sodium losses as a
contributing factor to reductions in serum sodiuonaentration. Our protocol was
designed to maintain body mass via fluid replacémeétnout replacing sodium lost in
the sweat in order to elicit a decrease in serudiuso concentration. As serum sodium
concentration is a balance of sodium content amdd fivolume, serum sodium
concentration declined as sodium content was lastsweat while fluid status was
maintained. This is also in agreement with presiceports of prolonged exercise in the
heat while supplementing with low sodium or sodiftee fluid. In an investigation by
Vrijens and Rehrer, males cycling for 3 h in theathelecreased serum sodium
concentration by ~4 mEqg/L, while drinking water 80 In another investigation of
prolonged cycling with very low sodium ingestion (®Eg/L), serum sodium
concentration declined 3 mEqg/L (85). Potentialsoees for a larger decline in serum
sodium concentration is our subjects were pre-taldoased on their high sweat sodium
losses. While this cannot be confirmed as sweditisoconcentration was not measured
in the investigation by Vrijens and Rehrer (108)r subjects had twice as high total

sweat sodium losses than in the study by Sandeat @5). However, comparisons
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should be made with caution, as sweat sodium carateEm was only measured at 1 site
in their study, instead of 4 sites, as in the prese/estigation. Another potential reason
for a larger decline in serum sodium concentrattoour study compared to the studies
of Vrijens and Sanders may be due to a slightlfetht hydration status, as our subjects
maintained body mass. In the other studies, thgestshslightly decreased body mass by

~1%. The decreased fluid volume would result mgher serum sodium concentration.

Sodium chloride supplementation maintains seruniusodoncentration

An important finding is that serum sodium concetidra was prevented from
falling by oral sodium chloride supplementationthese “high salt sweaters”. This
finding is significant, as this is the first inviggttion to our knowledge that matched
sodium chloride ingestion to sweat sodium losss thteventing the decline in serum
sodium concentration. In previous investigatioresearchers supplemented subjects
with different amounts of sodium with varying deggeof success in altering serum
sodium concentration. In a field study by Speetdgl.e subjects ingested an additional 6
grams of oral sodium supplementation distributedral2.5 hours which resulted in a
significant increase of 1.5 mEq in serum sodiumceortration (96). Non-supplemented
athletes with similar changes in body mass did hate any change in serum sodium
concentration. In another field study during dmawdistance triathlon, athletes were
provided with sodium chloride or placebo pills (52)he investigators reported a non-
significant, 1 mEg/L increase in the supplementaiooup and no change in the control
group. However, only a small amount of additios@dium chloride was ingested by the

supplementation group, 3.6 grams sodium over 1@ush Food and fluid consumption
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during the race was not controlled in either ofsthéield experiments, thus total sodium
consumption cannot be determined. Additionallyrmeasurements were made of sweat
sodium losses. As sweat sodium losses are hightiable (77, 89, 106), fluid and
sodium balance cannot be estimated with accurbcthe previously mentioned study by
Sanders et al. (85), serum sodium concentrationy aslightly declined with
supplementation of 5 mEq/L and was slightly bettaintained with 100 mEg/L, which
may be due to the small sweat losses in the tetganvironment (20C) or fluid
compartment shifts. In support of our findings, €éFenbold et al. also found a better
maintenance of serum sodium concentration with highlow sodium intake during
exercise (104), as did Vrijens and Rehrer (108pweler, there was still a small decline
in serum sodium concentration while supplementinity wodium (~2 mEg/L) (104). A
potential reason for our protocol successfully raimng serum sodium concentration is
that we provided a tapered fluid and sodium ingesfprotocol by providing larger
volumes early during exercise, smaller volumes »axotse progressed, and no fluid

during the final 30 minutes of exercise to allowflaid and sodium equilibration.

Sweat sodium concentration and extracellular sodoamtent

Despite losing ~13 % of estimated ECF sodium cdnte800 mEq; ECF sodium
content ~2350 mEq for 81kg male) or matching swemtium losses, sweat sodium
concentration was not different between treatménts 0.844). The effects of daily
sodium intake on sweat sodium concentration in daftleted versus high intake have
been previously investigated during heat acclinmat® 66), but an acute effect on sweat

sodium losses has not been thoroughly investigaie@n investigation by Sanders et al
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(85), sweat sodium losses tended to decline (~20d%)ng exercise as sodium
supplementation increased during exercise. Howesweeating rate similarly declined,
thus comparisons cannot be made between investigatas our sweating rate was not
different between treatments.

An interesting finding was that sweat sodium comegion increased ~7-10 %
from 30-60 minutes to 120-150 minutes with botlatimeents, which cannot be explained
by our investigation. The alterations in sweatigodare not due to a change in whole
body sweating rate, as sweating rate was not ggnily different between time points
and sweat sodium concentration was not correlaidd whole body sweating rate. An
unlikely possibility is that the local sweating eaincreased while the whole body
sweating rate did not, as glandular sweating ratesaveat sodium concentration have a
positive correlation (87). Another possibilitytisat the sweat glands fatigued resulting in
a decreased reabsorption capability (103). Lastlyile the process of cleaning and
drying the area where sweat was sampled from wasamme for both measurements, it is
possible a saturated stratum corneum resulted decaeased glandular reabsorption.
However, a wet stratum corneum has been shownae@alse sweating rate (18), which
may result in a lower sweat sodium concentratidmclvwas not the case.

While ingesting a placebo, the change in serum usodconcentration was
significantly negatively correlated with sweat sgdiconcentration (p = 0.005, Figure 1-
2) and total sweat sodium lost among the individuédjects (p = 0 .011, Figure 1-3). In
a previous field study we conducted during an témdurance triathlon, changes in
serum sodium concentration were partially accoufdgetby rates of sweat sodium losses

in males (77). Together both of our studies presdpport for sweat sodium losses as a
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factor in altering serum sodium concentration dyexercise in the heat in males. While
this finding has been included in hypothetical medg factors which may decrease
serum sodium concentration, and potentially resmlthyponatremia (69, 70), our
investigations are the first to our knowledge thate directly found this relationship
during prolonged exercise. Interestingly, in ouwevous field investigation, this
relationship was not present in the female athlei®e postulated that it was due to the
females more closely matching their sweat sodiugsde with sodium ingestion. The
current investigation also provides support fott thgoothesis, as there is no relationship
between sweat sodium losses and serum sodium deao@m while supplementing with
sodium matching sweat sodium losses (r = 0.007,0084 and r = 0.277, p = 0.410, at

30-60 and 120-150 min, respectively; Figure 1-4).

Sodium chloride supplementation and performance

Our findings of improved cognition and posturaldrade following exercise with
sodium chloride supplementation vs. a placebo ianédas to previous reports of elderly
patients with large declines in serum sodium cotreion who were admitted to
emergency departments (81). Of 122 chronic hypemat elderly patients, 21 % were
admitted with falls, indicating decreased balancéaVhen compared to 244 matched
controls also admitted to the emergency departntieathyponatremic patients had 4-fold
more falls than the controls. Sixteen of the hyimemic patients participated in
cognitive testing and 12 participated in postusareination prior to and after treatment.
In a small subset of patients, mean response timesgnitive tests were significantly

slower (~9 %) when presented with asymptomatic hggemia compared to after
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treatment. Balance, measured as center of presisipdacement during 3 steps in

tandem, was also significantly worse, as the stibjlead a 28 % greater displacement in
the center of pressure. While our 10-17 % diffeeein post-exercise displacement
between treatments was not as large as the hogaitegnts, our subjects only had a
difference in post-test serum sodium concentratior5 mEg/L compared to the elderly

patients who had a change of ~10 mEg/L. Additignalur balance assessment was of
young athletes in a static stance compared to tikivg gait assessment in the elderly
patients.

In our investigation response time during the Sirdest was unchanged pre- to
post-exercise when serum sodium declined in theg@up. However, response time
significantly improved from pre- to post-exerciséem sodium was given to maintain
serum sodium concentration. An improvement in@asp time is similar to prior reports
of athletes before and after a time trial lastirigh-(56). The authors concluded the
improvement following strenuous exercise was either to an increase in activation or
possibly a placebo effect of exercise. As our stigation was double-blind, an
increased arousal state may be a more likely clmugbe 10% improvement in response
time. This increased arousal may have been nedmtdtie decline in serum sodium
concentration during the placebo treatment.

Sodium supplementation resulted in a non-significdecline in maximal
sprinting power and torque while power and torgeelided significantly when serum
sodium concentration was allowed to fall.  Howewsme trial performance was not
statistically significantly different between tresnts, although subjects completed 4 %

more work during the time trial. To our knowledyés is the only study undertaken that
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matched sweat sodium losses with sodium intake, dthiers researchers have
investigated performance with high and low amowitsodium chloride intake during
endurance exercise. Vrijens and Rehrer found mifgignt relationship between serum
sodium concentration and exercise duration whildicg in the heat but the beverages
were not isocaloric which could confound the intetption and time to fatigue was not
significantly different (108). Twerenbold et alufed no difference in 4 h time trial
performance in female runners when consuming 4 flued with no, moderate, or high
sodium content. However, the field study occuiiredrastically different environmental
conditions and ambient temperature had more offf@steon running performance than
serum sodium concentration (104).

Our investigation is not without limitations. Witnly 3 h of exercise in the heat
serum sodium concentration declined by ~6 mEqg/Lrasdlted in decrements in balance
and cognitive performance and small decrements aximml sprint cycling power
compared to when serum sodium concentration wagstamaed. It is possible that even
further declines in performance would occur dutimgger duration exercise if prolonged
sweat sodium losses are not replaced resulting further decrease in serum sodium
concentration. As it is not ethical to induce hyatvemia, our experiment could not fully
investigate the effects of large declines in sesadium concentration on performance.
While we did find small differences in physical fsgmance between treatments, it is
plausible that we would find larger differencestwé larger decline in serum sodium
concentration or possibly with a different enduatask. As declines in serum sodium
concentration altered cognitive function, it is calpossible that motivation may be

altered, which may be more prevalent over a lomgercise task, instead of the 20 min
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time trial that we chose. We chose this high isitgneffort to replicate an actual race
effort and to minimize overall test duration to iinmterference by other factors of
fatigue. However, a more appropriate protocol rhayan exercise task to fatigue or a
longer time trial. Our investigation was desighednaintain body mass with fluid intake
to approximate complete hydration status. By oy larger volumes early during
exercise, the subjects are over-hydrated untileting of the trial when fluid balance is
reached. Therefore, the early decreases in seodinms concentration are due both to
fluid overload and sweat sodium loss. Also, as maintained body mass via fluid
consumption, there would be a slight hyperhydratae to substrate oxidation during 3
h of exercise. Additionally, we utilized a 4 sitegional sweat patch technique and a
weighted regression equation to estimate whole lswBat sodium losses. While some
patch techniques may result in overestimation oble/ibody losses (111), it is unlikely
that our method vastly overestimates losses. drethwould have been a larger
overestimation, it would have resulted in an inseean serum sodium concentration, a
large expansion in plasma volume, large urine sondasses, or a combination thereof.
As this was not the case, our technique appeabe tsuitable for calculation of whole
body sweat sodium losses.

In summary, serum sodium concentration declinesnE6|/L when athletes with
high sweat sodium losses drink sodium-free fluidnintain body mass while exercising
in the heat for 3 h. When sodium chloride suppla@igon is provided to match sweat
sodium losses, serum sodium concentration is magda Post-exercise postural balance
is 11-14 % more stable following sodium supplemgmtacompared to a placebo and

response time during the Stroop Test improves 1firé6 to post-exercise with sodium
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chloride supplementation while there is no chandgeerwserum sodium concentration
declines. Additionally, the declines in maximgtking power are not significant while
supplementing with sodium chloride, but maximal povis significantly lower when

serum concentration decreases. Furthermore, acdiens chloride supplementation and
rapid changes in serum sodium concentration ovdr 8o not alter sweat sodium
concentration or sweat sodium losses during exercisTherefore, serum sodium
concentration significantly declines during proledgexercise in males with high sweat
sodium losses, but sodium supplementation matchweat sodium losses will maintain
serum sodium concentration and provide benefidifces on physical and cognitive

performance.
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FIGURE LEGENDS
Figure 1-1. Testing protocol including preliminary, 3h exisecat 60% V@peak, and
post tests. BAL — balance, COG - cognitive, BUeold sample, Pmax — maximal power

test, BM — body massil sweat testing

Figure 1-2. Relationship between sweat sodium concentratidfg(L) and change in
serum sodium concentration (mEg/L) at 30-60 mir (9.0706x-1.64780.55, p =
0.009) and 120-150 min (y = -0.0571x-2.1351= 0.60, p = 0.005) sweat loss

measurements while ingesting a placebo (n = 11).

Figure 1-3. Relationship (y = -0.0129x - 1.8878=10.53, p = 0.011) between total
sweat sodium (mEQ) lost during 3 h of exercise0866/O,peak and change in serum

sodium concentration (mEQ/L) while ingesting a plae (n = 11).

Figure 1-4. Relationship between sweat sodium concentratidbg({L) and change in
serum sodium concentration (mEg/L) at 30-60 mir (.0009x-1.1033;%0.00, p =
0.984) and 120-150 (y = 0.0352x-3.5322:10.08, p = 0.410) sweat loss measurements

while supplementing with sodium chloride matchimgeat sodium losses (n = 11).
Figure 1-5. Pattern of power output (watts) during 20 minditrial performance

starting at 10% above lactate threshold followirty & exercise at 60% V4peak in the

heat with (NA) and without (PL) sodium chloride pigmentation matching sweat
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sodium losses (n = 9). Subjects were free to aldmg workrate following 5 minutes of

cycling.

Figures 1-6A and 1-6B. Representative force plate tracings of the cesftpressure
(COP) for subject 2 following 3h of exercise in theat at 60% Vepeak with (NA; 1-
6A) and without (PL; 1-6B) sodium chloride supplertation matching sweat sodium

losses (n = 6).
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Figure 1-1
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Figure 1-2
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Figure 1-3
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Figure 1-4
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Figure 1-5
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Figure 1-6A
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Table 1-1. Sweating characteristics for male eace athletes (n = 36) cycling in the
heat (31.8 + 2.8 °C DB, 55.3 + 8.2 % RH) at 70-8@%max. Values are mean + SD.

Sweating Rate (L/h) 1.61+£0.55
Sweat Sodium Concentration (mEg/L) 51.4 +20.8
Sweat Sodium Loss (mEg/h) 87.4 £53.8
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Table 1-2. Pre and post body mass during 3h ayafirihe heat at 60% Vfpeak with
(NA) and without (PL) sodium supplementation matghéweat sodium losses (n = 11).
Values are mean + SD.

PL NA
Pre Body Mass (kg) 81.1+75 81.3+7.7
Post Body Mass (kg) 81.4+75 81.3+7.7
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Table 1-3. Blood markers measured before and alfteycling at 60% Vgpeak in the
heat with (NA) and without (PL) sodium supplemeiatatmatching sweat sodium losses
(n =11). Values are mean * SD.

Pre-exercise Post-exercise p value

Serum Sodium (mEqg/L) PL 1435+1.79 137.1+1.29* 0.001
NA 143.4+141 1424254t 1.000

Serum Osmolality PL 290+ 3.0 276 £ 2.4* 0.001
(mOsm/L) NA 289 + 2.7 286 £5.27 0.284
Hematocrit (%) PL 457 +2.2 47.1 £ 2.5* 0.040

NA 45.7+35 44.8 + 3.07 0.348
Hemoglobin (mg/dL) PL 149+14 15.0+£0.8 1.000

NA 148+1.4 149+1.2 1.000
MCHC (g Hb/dL) PL 3291238 319+14 1.000

NA 326121 33.2+2.1¢t 0.561
* Significantly different from 30-60 min, p < 0.05: Significantly
different from PL.
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Table 1-4. Sweating characteristics from 30-60 amd 120-150 min of the 3h exercise
bout at 60% V@peak in the heat (n = 11). Values are mean = SD

30-60 min 120-150 min
Sweating Rate (L/h) PL 1.68 +£0.26 1.74 £ 0.24
NA 1.76 £0.21 1.67 £0.11
Sweat Sodium Concentration (mEg/L) PL 64.2+16.3 70.8+21.1*
NA 65.8 + 19.0 70.6 + 18.9*
Sweat Sodium Loss (mEg/h) PL 109.0 + 36.7 123.2.813
NA 1155+ 35.6 117.1 +30.2

* Significantly different from 30-60 min, p < 0.05.
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Table 1-5. Maximal power per revolution, and ter@und velocity at maximal power
before and after 3h cycling at 60% Yf@ak in the heat with (NA) and without (PL)
sodium chloride supplementation matching sweatwsodosses (n = 11). Values are

mean * SD.

Pre-Exercise

Post-Exercise

Pmax (watts) PL 1253 + 142 1201 + 164*
NA 1242 + 142 1207 + 149

Torque (Nm) PL 98.4 +£10.8 94.6 £ 12.4*
NA 98.8 £10.5 95.4 +£9.7

Velocity (rev/min)  PL 121.1+£7.2 120.5+5.1
NA 121.0+6.2 120.5+5.5

*Significantly different from pre-exercise, p < 6.0
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Table 1-6. Mean response time for a correct resporing Stroop Color-Word
Interference Task before and after 3h cycling & 600,peak (n = 11). Values are mean
+ SD.

NA PL
Pre-exercise Response Time (sec) 1.22 +0.22 101244+
Post-exercise Response Time (sec) 1.09 £0.21* AR5
p value 0.009 0.597

*Significantly different from pre-exercise, p < 6.0
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Chapter IV: Study 2

Effects of Oral Sodium Chloride Supplementation orBlood Volume, Stroke

Volume, and Sweat Sodium Concentration During Exefise in Untrained Males
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ABSTRACT

Plasma volume expansion via intravenous infusiareisses stroke volume in
untrained men by 10-15%. Oral sodium supplememntas a plausible alternative for
increasing plasma volume. The purpose of thisstigation was to determine the effects
of sodium chloride supplementation on plasma, hlat stroke volume at rest and
during exercise in young healthy untrained/recoeetily active males. We also
investigated the effects of sodium chloride supgetation on sweat sodium
concentration during exercise in the heat. Follma8 d of supplementation with sodium
chloride (NA; 3.5 mEqg sodium/kg body mass/d) orlacebo (PL) subjects exercised at
60% VQypeak for 15min. Plasma volume (PV) and blood va@uiBV) increased with
NA compared to PL at rest (5.9£7.6% and 3.2+4.4%,aRd BV respectively), during
exercise at 60% Vépeak (8.6£5.2% and 4.3+3.1%, PV and BV, respegtjyaind post-
exercise (5.0+4.1% and 2.9+2.8%, PV and BV, respey) vs. PL. Stroke volume
increased ~10% during exercise with Né PL (139+27.2 ml/beats.126+23.7ml/beat,
respectively, p=0.004). Cardiac output increas&¥o~during exercise with NA
(21.0£3.1vs. 19.4+£2.6, NAvs. PL, respectively, p=0.013). Mean arterial pressuas
not different in NAvs. PL during exercise (p=0.548). Sweat sodium comagoh was
significantly higher during exercise in the heatNA vs. PL (70.4+19.5vs. 64.5+21.7
mEq/L, p=0.044, respectively). In conclusion, swdi chloride supplementation
increases plasma, blood, and stroke volume duntegcese in healthy untrained males.
Sweat sodium concentration is higher during exerdis the heat following sodium

supplementation compared to a placebo.
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INTRODUCTION

One of the many adaptations to endurance trairsnimdreased stroke volume
during exercise (97, 112). The higher stroke va@uim trained versus untrained
individuals is partially due to an expanded plasamal blood volume (57, 63). The
contribution of plasma volume on stroke volume rairted and untrained subjects has
been investigated by intravenous infusion (57, 83hwever, intravenous infusion is an
invasive technique. Oral sodium chloride ingestias also been used to increase plasma
volume resulting in an increased stroke volumeeat m young healthy adults (28, 29,
50, 107). When comparing a higis. low sodium diet, healthy older males (~57 vy)
increased plasma and stroke volume during resaadduring a ramp exercise protocol
(29). However, to our knowledge, this method abirg blood volume and stroke
volume via sodium ingestion has not been invegaturing steady state exercise in
young healthy individuals.

Sweat sodium concentration and sweat sodium lossdke heat are highly
variable between individuals (77, 89). In our piilovestigation of 71 male and female
subjects, we found a coefficient of variation (stard deviation/mean) of ~31 % in sweat
sodium concentration and ~54 % in sweat sodiunek$s7). While the reasons for the
variability are not entirely clear, daily sodiuntake has been implicated as a potential
factor (23). The effects of daily sodium chloriohgestion on altering sweat sodium
concentration have been investigated during thé aeelimatization process (4, 7, 23,
66). However, as sweat sodium concentration  edduced with heat acclimatization,
the effects of sodium chloride intake on sweat wadconcentration alone cannot be

determined from these investigations.

49



The purpose of this investigation was to determin® days of increased oral
sodium chloride ingestion would increase blood wwtuand stroke volume at rest and
during exercise in young healthy untrained/recoeetily active males. We also
investigated the effects of sodium chloride ingeston sweat sodium concentration

during exercise in non-acclimatized males.
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METHODS
Subjects

The nine participants for this investigation wereuyg, untrained or
recreationally active males. Their age (mean +,3idyly mass, height, and Vaeak
were 27 6y, 76.0 £ 7.9 kg, 175.4 £ 9.6 cm, 38h35 L/m, respectively. Testing was
undertaken in early spring so that the participamse not heat acclimatized which is
known to increase plasma volume (7, 9, 109). &pdnts signed a consent form

approved by the Institutional Review Board at Thevarsity of Texas at Austin.

Preliminary and Familiarization Testing

In order to obtain baseline measures and ensutganigcipants were adequately
prepared and familiarized with the experimentabl$;i preliminary testing was
undertaken 3 to 7 days prior to the first experitakfrial. During the preliminary
session V@eak and the sub-maximal Y@ workload relationships were determined.
Volume and gas measurements were made during 3n&tenisub-maximal stages
followed by an incremental exercise protocol lagfial2 minutes to determine ¥aeak.
Peak oxygen consumption was defined as a stalodlizatf VO, with increasing work
rate and respiratory exchange ratios of >1.10.tidjaants were also familiarized with

the acetylene wash-in technique for the deternonatf cardiac output.

Dietary Protocol

Participants maintained a dietary intake record 3odays prior to the first

experimental session and repeated it for the sec@sdion. Participants were also
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instructed to refrain from eating high sodium camtsg foods during this time.
Participants drank 30 ml of fluid per kilogram boglgr day for the 3 days leading up to
the experimental trials. Subjects also performedoaernight fast (= 12 h) and

consumed an additional 500 ml of water 2 h priogdoh experimental session.

Experimental Protocol

Participants ingested either a sodium chloride Eupent (NA, 3.5 mEq
sodium/kg body mass per day, ~ 15 g sodium chlgrataday) or a placebo (PL, sucrose)
via capsule in addition to their normal diet ford3prior to experimental sessions.
Approximately 7 to 11 days separated the randomidedble-blind treatments to serve
as a washout period. Following the supplementapieriod and the overnight fast,
participants performed a bout of upright cyclingexse for 15 min at 60 % of \4Peak
in a thermoneutral environment (22 °C, no fan) ideo to evaluate cardiovascular
function. Core temperature via rectal thermistésl(401) and skin temperature via
surface thermistor (YSI 409A) were continuouslyargled during the trial and averaged
over 1 min at 5 min intervals. Cardiac outputatetylene wash-in (60) was measured at
5, 8, 11, and 14 minutes during exercise, and 5 &minutes post-exercise. Stroke
volume was calculated from cardiac output and dteart rate (Suunto, Finland) during
measurement (SV = CO/HR). Blood pressure (Tang@s) measured at 7 and 13 min of
exercise, and 6 min post-exercise. Blood sampk® waken via an indwelling venous
catheter prior to beginning exercise, at 5, 10 a&dmin of exercise and 7 min post-

exercise in order to measure hematocrit and herbogland thus calculate changes in
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blood volume. Pre-exercise urine specific gravitgs measured to ensure hydration

status (USG < 1.020).

Sweating Analysis Protocol

Following the cardiovascular testing in thermonaluttonditions, participants
completed a sweating analysis protocol in the heatmeasure sweat sodium
concentration. Participants exercised for a tot@5 min in warm conditions (35 °C dry
bulb, 50 % relative humidity). Subjects cycled &y min at 50% of Vgpeak without
fan cooling to elicit sweating. Following the 15inmwarm-up subjects cycled a
stationary ergometer for 30 minutes at 50% of,p&ak with fan cooling from the front
and back (1.5 £ 0.2 m/s and 2.1 £ 0.2 m/s, respeg). Whole body sweating rate,
calculated via nude body mass changes, and regiaredt sodium concentration of the
forearm, upper back, mid-anterior thigh, and cailfilizing a regional sweat patch
technique (77, 89), were measured during the 30 testing period. Participants
consumed 400 mL of water during the exercise boytrevent excessive dehydration.
Core (YSI 401) and skin (YSI 409A) temperature weorded at 0, 15, and 30 min and

blood pressure (Tango+) was measured at 20 mirestise.

Measurements of gas exchange

Subjects breathed through a pneumotachometer (Radsloph, Kansas City,
MO) and two-way non rebreathing valve (2700 Seri¢zns Rudolph, Shawnee, KS).
Oxygen and carbon dioxide gases were continuoashpked at the mouthpiece via a 6 ft

capillary tube. Gas concentrations were measuyeslihass spectrometer (Perkin Elmer

53



MGA 1100, St. Louis, MO) interfaced with a compufer calculation of breath by
breath oxygen consumption and carbon dioxide prboluc (Beck Integrated
Physiological Testing System).

Open circuit acetylene wash-in for the determimatmf cardiac output was
performed as described by Johnson et al (60). fliar&t the end of a full expiration, the
participants breathed for a minimum of 8 breathrsuh a mouthpiece connected to a
bag filled with mixed gases, including 0.7% acet@e9.0% helium, 21% oxygen, and
balance nitrogen. The concentrations of acetylané helium were monitored by
continuous sampling at the mouthpiece using a rspsstrometer (Perkin Elmer MGA
1100, St. Louis, MO) interfaced to a computer fog talculation of cardiac output (Beck

Integrated Physiological Testing System).

Blood analysis

Hematocrit was measured in triplicate following mizentrifugation for 15
minutes. Hemoglobin was measured in triplicategishe cyanmethemoglobin method
(35). Plasma and blood volume changes were detednvia the method of Dill and
Costill (33). Whole blood was stored at room terappge until clotting occurred and
then was centrifuged for 20 min prior to the remoeé serum. Serum sodium

concentration was measured via electrochemistryMA®, Waltham, MA).

Sweating rate and sweat sodium concentration arglys

Sweating rate (L/h) was calculated as the changeid® body mass, accounting

for fluid consumption. Upon removal of the sweatghes, the gauze sponge was
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immediately separated from each Tegaderm® bandage ptaced into a filterless
separation tube. The sweat content of the spowgssobtained via centrifugation and
transferred into four 5 ml plastic test tubes aadped. Sweat electrolyte concentration
was measured with a Nova 5 Analyzer (Waltham, MAhw manufacturer reported CV
of 2% for sodium analysis. A modified weighted ation was utilized to calculate
whole body sweat sodium concentration (sweat sodiantentration = 0.11(JArm]) +

0.276([Back]) + 0.299([Thigh]) + 0.315([Calf])) (8)

Statistical Analysis

Data are reported as mean and standard deviatMualtiple measures taken
during or post-exercise were averaged and repadadean values. A paired student’s t-
test and a two way repeated measures analysisrainga was performed to analyze

differences. Significance was set at an alphd lei@.05.
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RESULTS

Three days of oral sodium chloride ingestion (16Z.7 g NaCl/day) in addition
to participants’ normal diet slightly but signifitly increased resting serum sodium
concentration above the placebo treatment (1461804mEqg/Lvs. 146.1 + 1.1 mEq/L,
NA vs. PL, respectively, p = 0.002)Hemoglobin and hematocrit were significantly
lower in NAvs.PL pre-exercise, during exercise, and post-exe(dis.0 + 1.1 mg/dlvs.
15.4 £ 1.1 mg/dL, Plvs.NA, respectively, p = 0.008; 48.6 + 3.0¥%.47.0 = 3.3 %, PL
vs. NA, respectively, p = 0.006) (Table 2-1). Congghto placebo, plasma and blood
volume were increased during exercise at 60 %péak (8.6 £ 5.2 % and 4.3 + 3.1 %,
PV and BV, respectively). Plasma and blood volatse increased at rest before (5.9 +
7.6 % and 3.2 £ 4.4 %, PV and BV, respectively)] after exercise (5.0 + 4.1 % and 2.9
+ 2.8 %, PV and BV, respectively).

There were no significant differences in oxygenstonption between treatments
during exercise (2.31 + 0.23 L/mirs.2.35 + 0.31 L/min, PLlvs. NA, respectively, p =
0.625) (Figure 2-1). Stroke volume was signifibarttigher with sodium chloride
supplementation compared to placebo during exe(ti2e.3 + 23.7 ml/beats. 139.0 *
27.2 mi/beat, Plvs.NA, p = 0.004; Figure 2-2) and post-exercise (83223.7 ml/beat
vs124.0 £ 27.9 mil/beat, Pis.NA, respectively, p = 0.003).

There was an overall time effect on heart rate dsfted from 5 to 15 minutes of
exercise (145.5 = 13.4 beats/mus. 161.7 = 16.1 beats/min, 5 miws. 15 min,
respectively, p = 0.001, Figure 2-3). Heart ratesw2 % lower during exercise and
~4 % lower post-exercise in NA compared to PL,tbig difference was not statistically

different (p = 0.123 and p = 0.060, exercise anst-paercise, respectively). As heart
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rate tended to be lower and stroke volume was f&gnily higher, there was a left-
upward shift in the stroke volunws. heart rate response during exercise in NA compared
to PL (Figure 2-4).

Cardiac output was significantly higher during sodichloride supplementation
vs. placebo during exercise (21.0 + 3.1 L/mis. 19.4 £ 2.6 L/min, NAvs. PL,
respectively, p = 0.013) and post-exercise (122244 /minvs.10.4 £ 2.1 L/min, NAvs.
PL, respectively, p = 0.004) (Figure 2-5). A sumynaf the percent changes in
cardiovascular measures between treatments isrpeelse Figure 2-6.

Mean arterial pressure was not significantly déferbetween treatments during
exercise (110 + 8.7 mmHe¢p. 108 + 6.9 mmHg, Plvs. NA, respectively, p = 0.548) or
post-exercise (95 + 6.1 mmHE.96 + 5.2 mmHg, Plvs.NA, respectively, p = 0.817)
(Figure 2-7). Systolic blood pressure was alsosmtificantly different during exercise
(178.8 £ 14.3 mmHgys. 173.4 £ 11.7 mmHg, Pls. NA, respectively, p = 0.089) or
post-exercise (125.7 = 9\&. 125.9 + 9.8 mmHg, Plvs. NA, respectively, p = 0.960)
(Figure 2-7). Diastolic blood pressure was simitarboth treatments during exercise
(75.1 £ 10.7 mmHgs.75.9 £ 11.0 mmHg, Pks.NA, respectively, p = 0.808) and post-
exercise (79.7 £ 7.9 mmHegs. 80.6 £ 7.7 mmHg, Plvs. NA, respectively, p = 0.755)
(Figure 2-7).

There was a significant treatment effect on toigheral resistance as NA was
significantly lower than PL during exercise (47&.522.4 dyne/sec/chvs.425.2 + 95.9
dyne/sec/cmy PL vs. NA, respectively, p = 0.027) and post-exercise (656 191.4
dyne/sec/crmvs.610.2 + 98.2 dyne/sec/nPL vs.NA, respectively, p = 0.014) (Figure

2-8). A summary of percent changes in hemodynamai@bles is presented in Figure 2-
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9. There were no significant differences in cemperature (37.0 £ 0.6 %43.37.0 £ 0.7
°C, p = 0.757) or skin temperature (30.1 £ 0.4v¥C30.1 + 1.0 °C, p = 0.906) between

treatments.

Sweating Analysis Results

Dry bulb (DB) and wet bulb (WB) temperature andatige humidity (RH) were
not different between sweating analysis trials4356.0.7 °Cvs.35.4 £ 0.5 °C DB, p =
0.938; 28.8 + 0.8 °C %s.29.0 + 0.8 °C WB, p = 0.687; 50.1 + 6.8\%.53.3 + 2.8 %
RH, p = 0.128). Sweat sodium concentration wa$6-Bigher during sodium chloride
supplementation compared to placebo (64.5 + 25.70.4 + 19.5 mEqg/L, Plvs. NA,
respectively, p = 0.044) (Figure 2-10) and dispthgesimilar coefficient of variation to
prior investigations (77). Sweating rate was niffecent between treatments (1.15 +
0.25 L/hvs. 1.29 + 0.20 L/h, PLlvs. NA, respectively, p = 0.078). Sweating rate and
sweat sodium concentration were significantly edlatluring NA (r = 0.698, p = 0.036),
but not during PL (r = 0.261, p = 0.498). Core penature (38.1 £ 0.2 °@s.38.0 £ 0.3
°C, PLvs.NA, respectively, p = 0.159) and skin tempera{@l + 0.6 °Cvs.34.3 £ 0.7
°C, PLvs.NA, respectively, p = 0.117) were also not différbetween trials.

Mean arterial pressure was not significantly défdr between treatments at 20
min while exercising in the heat during the swagtnalysis trial (98 £ 9.6 mmHgs. 96
+ 8.5 mmHg, PLvs.NA, respectively, p = 0.555). Systolic and diéistblood pressure
were also similar between treatments, respectifEbd® + 18.0 mmHgvs. 160 + 15.7
mmHg, PLvs. NA, respectively, p = 0.718; 67.4 £ 9.9 mmMg 64.3 £ 9.3 mmHg, PL

vs.NA, respectively, p = 0.230).
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DISCUSSION

Three days of increased sodium chloride intake ltesun a very small, yet
statistically significant increase in serum sodiwoncentration at rest and during
exercise. Sodium chloride supplementation alsaltex$ in an increase in plasma and
blood volume at rest (5.9 and 3.2 %, respectivahy] during exercise (8.6 and 4.3 %,
respectively). Based on an average blood voluméOofl/kg body mass in untrained
males (27, 63) plasma and blood volume would hageeased ~ 170 and 210 ml, at rest
and during exercise, respectively, compared t@egtlo.

While we didn’'t measure extracellular sodium cohteve did measure serum
sodium concentration and plasma and blood volumengds. As serum sodium
concentration is a calculation of sodium conterd axtracellular intravascular volume,
and both serum sodium concentration and extraeelluascular volume increased,
sodium content also increased. Based on an avélagd volume of 70 ml/kg body
mass in untrained males (27, 63) and the presargbsured serum sodium concentration
and plasma volume changes, estimated intravasanothECF sodium content increased
~26 and 105 mEq, respectively, at rest, an estomegtention of ~13%. While these
values are estimates, they are similar to caladlatelium balance increases of ~17-33%
at rest in previous studies with longer sodium $epentation protocols using lower
levels of supplementation (58.5-215 mEq Na/d) (&1F,).

Stroke volume also increased ~10 % during exeiigke~20 % during recovery
at rest following sodium chloride supplementatiorstroke volume was also better
maintained during exercise in NA compared to PL. hil&/ during NA, SV was

maintained at the higher level in NA from 5 to 1léhrof exercise, stroke volume during
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PL significantly declined. The percent differennestroke volume between treatments
almost doubled from 5 to 14 minutes during exer¢sé % and 13.2 %, 5 and 15 min,
respectively). The higher exercising stroke voludue to the increase in plasma volume
from sodium supplementation was similar to the @fef plasma volume expansion via
intravenous infusion in untrained males (57, 63lopper et al. infused 400 ml of
dextran, a plasma volume expander, in untrainecgsnahich resulted in an increase of
11 % in stroke volume during exercise at ~56 % @,peak (57). Krip et al. also
increased stroke volume by ~10 % in untrained maids 550 mL of infusate (63). To
our knowledge, only 1 other investigation has com@ahe effects of varying levels of
chronic daily sodium chloride ingestion on strok@une during exercise. Both older
heart failure patients and healthy age matchedy)~&vale controls increased sodium
intake for 7 days (29). Both groups increasedkstimlume index during exercise from
day 1 to day 7. The age-matched controls increagettising stroke volume ~5-7 %
compared to pre supplementation measurements.r iflvesstigation was different from
the current one as the subjects ingested a very16wnmol/d) or very high sodium diet
(250 mmol/d) over the course of 7 days. Furtheandine exercise task was a ramp
cycling protocol to exhaustion, not steady staiéhile our supplementation period was
less than half as long, and we compared a novsaigh sodium chloride ingestion, our
crossover design investigation yielded a largerease in exercising stroke volume (10
% vs.~6 %) and plasma volume (9 96.7 %) during the NA compared to PL trials.
Possible differences include adaptation to increaselium ingestion over 7 days, subject

age, or different exercise protocols.
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In our investigation, cardiac output also increadedng exercise (~8 %) and
during recovery at rest (~17 %) compared to PL.e Titreases in stroke volume and
cardiac output occurred during a small insignificahange in heart rate (~2-4 %) and
without a change in oxygen consumption. While ybang healthy untrained males in
our study responded to sodium chloride supplemientavith an increase in blood
volume, there was no change in mean arterial pressthis result was due to a decrease
in total peripheral resistance during exercise (%4d)land at rest following exercise (~23
%). This decrease in TPR is similar to prior répaf TPR at rest during increased
sodium chloride ingestion (29, 107).

Sweat sodium concentration increased ~9 % whieogsing in the heat at 50 %
VOjpeak as a result of sodium chloride supplementatido our knowledge this is the
first investigation using a crossover design wliompared the effects of normad. high
daily sodium chloride ingestion on sweat sodiunséssduring exercise in the heat in non
heat-acclimatized males. Prior investigations wtiannd a relationship between sodium
ingestion and sweat sodium loss either used sodlapietion protocols (66, 82) or
measured sweat sodium changes during a heat atiolim@rotocol, which results in
sodium conservation effects (7). Costa et al.fdid a relationship between sodium
intake and loss during normal or high sodium ingestbut they did not use a cross-over
design (23). As sweat sodium loss is extremeliabée between individuals (77, 78, 89,
106), interpretation of sodium ingestion or indivéd differences in their investigation
cannot be made. In contrast to the previous ssudisopp et al. found no relationship

between sodium chloride ingestion and sweat sodiontentration during an 8 day

61



supplementation period, which may due to the veryg) 12 h, collection period or
adaptation to the increased sodium intake (4).

Interestingly, during PL, there was no relationsbgtween sweating rate and
sweat sodium concentration (p = 0.498) while theas a relationship during NA (p =
0.036). Sweating rate was not significantly déerr between treatments, although it was
~12 % higher in NA. As sweating rate was correlatgth sweat sodium concentration
in NA, similar to prior investigations (3, 87), theend for a higher sweating rate may
have partially contributed to the increased sweatliten concentration between
treatments. Another potential reason for the aseein sweat sodium may be due to a
decrease in aldosterone which is known to occundurigh sodium ingestion (29, 107).
As aldosterone decreases, the sodium conservimgtefit exhibits on sweat glands
would be diminished (86), resulting in a higher atvgodium concentration. In a study
of low, moderate, and high sodium intake, Allsopgle (4) found a significantly lower
aldosterone response to heat exposure during lefimation in highvs. moderate
sodium intake. This coincided with a large, yehsstgnificant, 24 % increase in sweat
sodium concentration during increased sodium ingegd). While the small increase in
sweat sodium concentration (~6 mEQ/L) in the curimevestigation is likely partially due
to a decrease in aldosterone, this is unclear, eaglid/ not measure plasma aldosterone
levels.

As all of our exercising measures of cardiac outpete made during moderate
intensity exercise, it is unclear whether increaseblood volume and stroke volume
would also occur at higher exercise intensitiesyaung untrained males. It is also

unclear whether maximal cardiac output or maxim&ygen consumption would be
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increased via sodium chloride supplementation. e&i@m, as the effects of sodium
chloride supplementation are similar to plasma m@uexpansion via intravenous
infusion, maximal oxygen consumption may also iaseeas it does with intravenous
infusion of a plasma volume expander (27).

Our patrticipants included untrained/recreationattive, non heat-acclimatized
males. We chose this population, as they are kntmwvhave sub-optimal exercising
blood volumes compared to endurance trained athi&eé, 63). Thus, it is not clear
whether sodium chloride supplementation would beebeial to endurance trained
athletes, assuming that blood volume expansiohdsr¢ason for the increase in stroke
volume and cardiac output.

In summary, plasma and blood volume increased -%-9during exercise
following 3 days of increased sodium intake (~18aCl/d) in untrained males. Stroke
volume and cardiac output also significantly ineexh (10 and 8 %, respectively)
following sodium chloride supplementation while gey consumption and mean arterial
pressure was unchanged. Thus, oral sodium chisugelementation afforded similar
cardiovascular benefits of an invasive intraveniofigsion of plasma volume expander.
Furthermore, the large daily increase of sodiunoritié resulted in a 9 % higher sweat

sodium concentration during exercise in the heat.
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FIGURE LEGENDS

Figure 2-1. Oxygen consumption (L/min) during exercise at 60@ppeak and at rest
following 3 days of sodium chloride supplementat{8rb mEqg/kg/d; NA) or placebo

(PL) (n = 9).

Figure 2-2. Stroke volume (ml/beat) during exercise at 60%Mak and post-exercise
following 3 days of sodium chloride supplementat{8rb mEq Na/kg/d; NA) or placebo
(PL) (n =9). * indicates significantly differd¢rfrom PL, p < 0.05. ‘t’ indicates
significantly different from 5 minutes of exercige< 0.05. ' * ’indicates significant

treatment effect, p < 0.05.

Figure 2-3. Heart rate (beats/min) during exercise at 60%pé&ak and post-exercise
following 3 days of sodium chloride supplementatj8rd mEq Na/kg/d; NA) or placebo

(PL) (n=9).

Figure 2-4. Stroke volume (ml/beat)s. heart rate (beats/min) relationship during

exercise at 60% Vgpeak following 3 days of sodium chloride suppleraéinoh (3.5 mEq

Na/kg/d; NA) or placebo (PL) (n =9).

Figure 2-5. Cardiac output (L/min) during exercise at 60%)d€nk and post-exercise

following 3 days of sodium chloride supplementat{8rb mEq Na/kg/d; NA) or placebo
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(PL) (n =9). * indicates significantly differé¢rbetween treatments, p < 0.05. * *

indicates significant treatment effect, p < 0.05.

Figure 2-6. Percent difference, compared to when ingestipigeebo, in heart rate (HR,
beats/min), stroke volume (SV, ml/beat), and cardiatput (CO, L/min) during exercise
at 60% VQpeak following 3 days of sodium chloride suppleraéoh (3.5 mEq

Na/kg/d) (n = 9). ** indicates significantly digrent between treatments, p < 0.05.

Figure 2-7. Systolic blood pressure (SBP, mmHg), mean aftpressure (MAP,
mmHg), and diastolic blood pressure (DBP, mmHg)rdpexercise at 60% V4eak and
post-exercise following 3 days of sodium chloridpgementation (3.5 mEq Na/kg/d;

NA) or placebo (PL) (n =9).

Figure 2-8. Total peripheral resistance (dyne/secjcduring exercise at 60% \seak
and post-exercise following 3 days of sodium cldesupplementation (3.5 mEq

Na/kg/d; NA) or placebo (PL) (n=9) * indicates significant treatment effect, p <

0.05.

Figure 2-9. Percent change in systolic blood pressure (SBRHg), diastolic blood
pressure (DBP, mmHg), mean arterial pressure (MA#RHg), and total peripheral
resistance (TPR, dyne/secfrduring exercise at 60% \4peak following 3 days of
sodium chloride supplementation (3.5 mEq Na/kgtmhpared to when ingesting a

placebo (n =9). * indicates significantly diffent between treatments, p < 0.05.
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Figure 2-10. Sweat sodium concentration in individual subjeltteng exercise at 50%
VOqpeak in the heat (35 °C, 50% RH) following 3 daf/sadium chloride
supplementation (3.5 mEq Na/kg/d) or placebo (.=The dark bar displays the mean

response.

66



Figure 2-1
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Figure 2-2
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Figure 2-3
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Figure 2-4
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Figure 2-5
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Figure 2-6
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Figure 2-7
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Figure 2-8
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Figure 2-9
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Figure 2-10
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Table 2-1. Blood markers measured at rest anchgerxercise at 60% VO2peak during
placebo (PL) and sodium chloride supplementatiof)((x = 9).

Post-
Rest Exercise Exercise
Serum Sodium PL 1444+ 1.4 147.2+1.0 144.87+ 0.
(mEqg/L) NA 145.0+15 148.0 £1.0t 145.5+0.61
Hematocrit PL 46.8 +2.6 49.3+3.2 48.3+3.2
(%) NA 455+ 3.0 47.4 + 3.3t 47.1+ 3.41
Hemoglobin PL 15.1+1.0 16.3+1.2 158+1.2
(mg/dL) NA 146 +0.9 156 +1.1% 154 +1.1*

T significantly differenvs. placebo at p < 0.01, * significantly differerg. placebo at p <
0.05.
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Chapter VI - Review of Literature

Introduction

Body mass is composed of approximately 50-60 % matech is sub-divided
between the extracellular and intracellular flumhmpartments (34). Fluid and sodium
balance can be altered during conditions of physitass when sweating is prolonged
and replenishment strategies are inappropriate53354). While declines in sodium to
130 mEg/L (mild hyponatremia) are typically asymmptdic, large declines in serum
sodium to levels <125 mEg/L (severe hyponatrenmi@)generally symptomatic. A large
decline in serum sodium concentration mainly ocdwsan excessive consumption of
water which dilutes the sodium stores. Howevegessive sodium losses in sweat
during prolonged exercise have also been includedddels as a possible contributor to
decreasing serum sodium levels and the developofdmyponatremia (69, 70). While
the incidence of clinical hyponatremia appears & rbore common during ultra-
endurance exercise events (31, 53, 59, 94) comparshorter distance exercise, it is
also present in workers undertaking manual labekstander heat stress (2), as well as in
military personnel (8). As sweat sodium losseshagaly variable between individuals
(77), those individuals with higher losses wouldab@ greater risk for decreasing serum
sodium concentration according to hypothetical nwodé9, 70). While the effects of
clinical hyponatremia are clear, very little is ko about the effects of smaller declines
in serum sodium concentration on physical and d¢ognperformance. Clinically, small
changes in serum sodium are typically asymptomatitthere have been clinical cases

where smaller declines in serum sodium concentraftel28 mEq/L) have shown
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decrements in cognitive and postural performan@. (3Furthermore, the effects of
sodium chloride supplementation on maintaining ersodium concentration and
physical performance are not well studied.

Blood volume is a determinant of stroke volume.uihtrained individuals plasma
volume is suboptimal during exercise compared &néd athletes (57). This lower
plasma volume is partially responsible for the Bigbexercising stroke volume in trained
versus untrained individuals. Invasive methodshsas intravenous infusion, have been
used to exogenously increase plasma volume ininattgpeople (57, 63). These efforts
have resulted in an increase in stroke volume durast (61) and during exercise (27,
57). As fluid follows tonicity (90), increasing ®acellular osmolality via sodium
chloride ingestion also results in an increaselasmpa volume. Sodium ingestion has
successfully been utilized to increase plasma &moélesvolume at rest (28), but it has not
been evaluated during exercise in young healthiiehgals. Furthermore, the effects of
dietary sodium ingestion on sweat sodium conceatrdtave not been evaluated during

exercise in the heat in non heat-acclimatized iddisls.

1 — Determinants of Fluid and Sodium Balance

la. Total body water and fluid compartments

Over half of a human’s body mass (~61 % in malke€omposed of water (34).
The intracellular fluid (ICF) accounts for approxtaly two-thirds of total body water
and extracellular fluid (ECF) accounts for the remar (34). The ECF is further
subdivided into interstitial fluid (ISF, ~75% of ECand plasma volume (~25% of ECF).

Water distribution is due to tonicity and water rasvireely when tonicity is altered.
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Tonicity is primarily determined by sodium in th€E (~140 mmol/L) and potassium in
the ICF (=150 mmol/L). Alterations in the totaldyowater, ECF, and ICF occur when

fluid, sodium, or a combination of the two are gairby or lost from the body.

1b. Increases in Fluid and Sodium Content

As sodium stores in the body are minimal outsidethef ECF, ECF sodium
content is increased via external sources, sucfoad, fluid, or supplements. The
average daily intake of sodium in the Western wasldapproximately 100-200 mmol
Na/day (6-12 grams NaCl) (110).

There is currently controversy as to the efficacy sodium chloride
supplementation on altering serum sodium conceatraduring endurance exercise.
Some researchers have reported that sodium chlsugiglementation has no significant
effect on lessening the decline or on increasirrgrseconcentration during prolonged
exercise (14, 52, 85, 96). Others have suggekbtdsodium chloride supplementation
will attenuate the decline in serum sodium con@imn during endurance exercise (104,
108). Reasons for the discrepancies may be dwxpgerimental methodology. The
investigators who reported that sodium chloridepseipentation was not a factor on
altering serum sodium concentration provided sraalbunts of sodium (22-30 mEqg/h)
(14, 96) or did not record other means of sodiutakia (96) or loss. As sweat sodium
losses were not measured, it is possible thatfsignily more than 20-30 mEqg/h of
sodium could have been lost via sweating and uong#8, 89, 106), or 29 mEqg/h from
ingesting a saline solution may not have beend@afft to attenuate the decline in serum

sodium concentration versus water alone (14). Aomghortcoming in the field studies

80



during ultra-distance triathlons is that sodiumesiipn from food or fluid was not
measured, thus it is challenging to interpret taead52, 96). It should be noted that the
studies which reported the maintenance or less oflealine in serum sodium
concentration with supplementation also have camdg factors. One study which
reported an attenuated decline in serum sodiumetdration and a trend for a longer
time to exhaustion while consuming an 18 mEg/L kinersus water was confounded by
the use of a sports drink containing carbohydrdteaddition, there was no mention of
level of heat acclimatization which may have a#elctweating rates and sweat sodium
concentration. In a field investigation which reed a benefit of sodium
supplementation on maintaining serum sodium comakoh the environmental
conditions ranged from 5.3 °C and snow to 19.0 "@ saun. Had the environmental
conditions been controlled (104) or a more conegedt sodium and energy matched

beverage given (108), the results might have bezne ralid.

1c. Decreases in Fluid and Sodium Content

The primary means for fluid loss include respimfiarination and sweating.
During exercise, fluid loss due to respiration igmarily dependant on ventilation and
exercise intensity. At approximately 65% of maxiragaygen consumption, respiration
losses are approximately 0.075L/hr (68, 79). Mailsie is comparable to the fluid gains
from metabolism and it is quite small in comparisompotential urinary and sweat losses.
Urine volume and sweat losses can be affected hyyrfectors, including: exercise
intensity, degree of heat acclimation, environmiecwaditions, and hydration status (12,

22, 38, 39, 45, 64, 102). Urine volume lossesduexercise are variable between
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subjects, but have been reported at approximat@@Lchr at 60% of maximal aerobic
capacity at 30 °C, 50 % RH (25). Normal urine satlhas been reported from 100 — 140
mEQ/L in cool weather to as low as 10 mEg/L in Wwetither when sodium conservation
mechanisms are near maximal (21, 64, 85).

Sweating accounts for not only the largest fluisslaluring exercise, but it is also
the major means for sodium loss during exerciseedling rates can range from under
0.5 L/hr to almost 4 L/hr (10, 24, 49). Sweatypbtonic in nature and its principal ions,
sodium and chloride, are derived from the ECF (24).wide range of sweat sodium
concentrations (less than 20 to over 70 mEg/L) Haeen reported (30, 77, 78, 83, 89,
106). Sweating rate and composition appear tajuiee variable, not only due to
changing external conditions, but also inter-indixal variability under similar conditions
(14, 24, 77, 78, 89, 106). The reasons for imdmdual variability are not entirely
clear, but sweating rate and sweat sodium condenrirare influenced in part by core
and skin temperatures, heat-acclimatization statasjing status, aerobic capacity, and

hydration level (1, 3, 11, 30, 40, 41, 67, 71).

2 - The Effects of Daily Sodium Ingestion on Swe&odium Concentration

Dietary sodium ingestion has been implicated asnigaa potential effect on
sweat sodium losses, but there are mixed resiilte conflicting results may be due to
comparing sodium deficiency vs. high dietary intak&roducing heat acclimation,
sample size, environment, exercise Vvs. passive inggatand/or sweat testing

methodology.
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McCance et al. (66) studied the effect of salt deficy on sweat electrolyte
losses during heat acclimation with passive heatingvo men over 5 to 8 days. Salt
deficiency resulted in a large decline in sweatiwndconcentration from 65 mEg/L to 25
mEQg/L in one individual while the other man saw Beraleclines. When sodium intake
exceeded losses, there was an increase in sweabslm$ses while at rest. Robinson et
al., (82) also studied chloride loss in men duttregt acclimation and found when salt
deficient, the chloride concentration in the sweatlined. They also found some
evidence for a small increase in chloride loss whalh intake exceeded urinary and
sweat losses for 3 days in 2 subjects. Similatymstrong et al., (7) showed that during
heat acclimation, high vs. low sodium chloride k&a(399 vs. 98 mEq NaCl/day)
resulted in a higher sweat sodium loss in the lgiglup at 5 and 8 days of acclimation.
While on the high sodium diet, sweat sodium logsexjressively increased from 41
mEg/L to 58 mEg/L. During the low sodium diet, svsodium losses declined during
the heat acclimation protocol. However, these lteshould be reviewed with caution,
as the sweating rate was quite low. These veryllsaweat samples would be
challenging to measure, as the researchers useshtble body and clothing washdown
technique (7).

Costa et al. (23) fed men either a “space dietthwmnoderate-high sodium, or a
normal sodium diet (243 mEq Na¥d. 150 mEq Na/d, respectively) in a parallel study
design which did not have a heat acclimatizatiomponent. Subjects then completed an
interval cycling task in a temperate environmerat {€) for 30 minutes. On average, the
sweating rate was 0.7 L/h and sweat sodium lossssuned via patch, arm-bag, and

bath were higher while consuming the higher sodigpace diet”. While this study

83



lends the strongest support for an implication ietaty sodium intake on altering sweat
sodium loss, it does have limitations. The invgzgtirs did not use a crossover design.
As sweat sodium losses are extremely variable§9),,and only 6 subjects were in each
group, the intra-subject variability could haveulesd in a difference in sweat sodium
losses. Additionally, subjects only lost ~350 rhktatal sweat during the trial. A larger
sweat volume would result in a more accurate detation in sweat sodium
concentration.

While sweat sodium concentration may decline duantancrease in aldosterone
during periods of low sodium intake and negativéiwm balance (20, 92), investigators
have also found no relationship between sweat so@ixcretion and sodium intake (4,
30). Dauvies et al. (30) found no effect of daibfise loading (0.75L 1% saline per day
for 11 days) pre and post heat acclimatization.wéieer, during this study dietary food
intake was not controlled, thus it is not posstbléistinguish the actual sodium intake of
the participants (30). In another study where $\wedium excretion was not affected by
sodium intake, participants ingested a moderateigir sodium intake diet (174s. 348
mEq/d, respectively). However, when participanesevswitched to a very low sodium
diet (66 mEq sodium/d) sweat sodium excretion dedj similar to previous studies.
Thus a possible conclusion from this study is thatodium deficiency is required for
sodium intake to alter sweat sodium loss. It shdagdnoted that one major potential
source of error in this study was the method ofavs®dium determination. As the
investigators utilized a 12h wash-down, it is pbksithat a large sampling error was

introduced in the sodium loss calculations (4). Mentioned previously, limitations exist

84



in the studies presented above, thus it is notilples® discern the effects of an increased

sodium intake on sweat sodium concentration.

3 - Altered Fluid and Sodium Balance

Fluid turnover occurs during prolonged exercisevager and sodium are lost in
the sweat and partial or complete fluid is restoredw serum sodium concentration can
result when fluid and sodium balance is mismatchédormal serum sodium levels
typically range from 140-145 mEqg/L (110). While ethterm “asymptomatic”
hyponatremia is currently being questioned (32)emviserum sodium concentration
levels are more than 130mEg/L it is consideredmgmatic and symptomatic when
less than 130 mEg/L (94). Mild symptoms of deceglaserum sodium concentration
include confusion, nausea and fatigue. As thesapgyms can also result from
hypoglycemia or dehydration induced by prolongethtense exercise, the condition can
be misdiagnosed. In more severe cases, low sepdinns concentration can result in
seizures, coma, and death. The severe medicallicatigns are generally caused by
pulmonary or cerebral edema as water shifts froenetktracellular compartment to the
intracellular compartment due to a decline in ecghalar sodium concentration (51, 58).
Cerebral edema is of particular concern as intedaral swelling results in an increase in
intracranial pressure due to the confinement ofctla@ium (13). Clinical hyponatremia
is more common during ultra-endurance exercise 33159, 93), but it is also present in
workers undertaking manual labor tasks under heesss (2), as well as in the military
(8). Typically, serum sodium concentration is logge by an excessive consumption of

fluid which is greater than sweat and urinary fllbdses. The result is an increase in
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body mass, total body water, and a dilution oftfire ECF and then both the ECF and
ICF as the excess fluid redistributes throughoeatabdy (94).

Models of factors which alter serum sodium conaditn also include excessive
sweat sodium loss as a potential contributor (68)a field study investigating the sweat
sodium losses and changes in serum sodium contientrduring an ultra-distance
triathlon, we found that declines in serum sodiusnaentration were significantly and
negatively correlated with sweat sodium losses ates(77). While overhydration can
lead to a decline in serum sodium concentratiowgtong serum sodium concentration
via sweat sodium losses while maintaining hydratievels has also been proposed.
When fluid is consumed to match fluid losses dupnglonged sweating, but sodium is
not completely replaced, fluid balance is maintdjnleut serum sodium concentration
declines (e.g. euvolemic hyponatremia). As fluldws tonicity, and sodium content
has declined, fluid shifts from the extracellulanntracellular compartment which results
in cell swelling. As this means of lowering sergodium concentration requires losing
large amounts of sodium in sweat those with higaatvwsodium losses will be at a greater
risk. As mentioned previously, sweat sodium losses quite variable. In a group of
endurance athletes (n=71) we reported a very leogéficient of variation (54%) in the
rate of sweat sodium loss with a mean value of &/im (77). Eighteen percent of the
subjects had a very high rate of sweat sodium $06s80 mEq/h; >2000 milligrams/h)
which would account for roughly 4.5% of estimatedra&cellular sodium content lost
each hour. These subjects would be the ones maoskdor decreasing serum sodium

concentration should they not replace their swediusn losses.
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One of the most common fluid disturbances, dehiyaratoccurs when fluid
consumption does not sufficiently match fluid lo$thile sweat contains both water and
sodium, it is hypotonic, thus the concentratiosadium in the sweat is lower than blood
sodium levels which results in a contraction ofitdiody water. Upon equilibration of
fluid spaces, total body water will decline fromtilh@ompartments, but depending on
sodium losses in the sweat, there will be a disprtagmate amount of fluid decline in the
ECF which results in an increase in serum sodiunceotration. However, it is also
possible to have a decreased serum sodium contentaad also be hypovolemic. This
could occur during very prolonged sweating withhhgweat sodium losses with only
partial fluid replacement with sodium free fluid wery low sodium fluid which would
result in dehydration. However, the sodium lossesld have to be substantial enough
to overcome the resultant increase in serum sodwmentration due to ECF contraction

from dehydration.

4 - Effects of Decreased Serum Sodium Concentratiaan Performance

4a.Endurance Performance

As mentioned previously, excessive declines inreesadium concentration result
in mental confusion, nausea, weakness, seizurep@stibly death. However, very little
is known about the effects of small declines inusersodium concentration on
performance. In one study where cyclists were mgigsedium-free fluid or fluid with
sodium there was a negative correlation betweennsesodium levels and cycling

performance, but it is difficult to interpret thatd (108). Subjects were given the fluid
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replacement beverages to match sweating rate,heusddium beverage also included
carbohydrate. Therefore, it is not possible tcedeine if the effects were due to the
carbohydrate ingestion or to sodium supplementatidwerenbold et al conducted the
only study to date to investigate the effects oksal levels of sodium chloride content in
beverages on changes in serum sodium concenttidrendurance performance (104).
The authors altered serum sodium concentrationroyiging beverages with high (680
mg/L), moderate (410 mg/L), or no sodium duringf@odir run. They concluded that the
3 levels of serum sodium concentration in the &sleluring a 4 hour endurance run did
not affect performance, but sodium supplementatimuld be beneficial to maintain
serum sodium concentration when overhydrated. mg@r flaw with the study is that
the tests were performed in three vastly diffeemtironmental conditions on an outdoor
track. During one trial, the temperature was Sf@ it was snowing, in another trial, it
was 19 °C degrees and sunny, and in the thirditrighs 13.9 °C degrees and raining.
While the trials were randomized, the environmergHkcts may have affected the
sweating data. Furthermore, sweat sodium losses ma measured. As sweat sodium
concentration and losses are quite variable, thelteemay have been affected as each
subject was given the same amount of electrolypgacement even though there losses

may have been dramatically different.

4b. Maximal Neuromuscular Power
The effects of gradual declines in serum sodiumcentration on maximal
neuromuscular power, motor function, and musclevaibn have not been investigated

in humans. In animal models, skinned muscle fiberge shown a decline in excitability
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with a large decline in extracellular sodium (1®, I72). This may be due to the
alterations in t-tubule sodium concentration whish necessary for the normal
development of twitch, tetanus (15), and force @ajng exercise. However, it appears
that smaller changes in ECF sodium have no effecexxitability. It is possible that
ECF sodium and ICF potassium together may be irapbfor these alterations to occur
(7). 1t should also be noted that fatigued and-faigued muscle may also confound
results (19). Therefore performance declines apemied by small changes in serum
sodium concentration in humans, may be more likelyoccur via other factors, as
substantial loss of extracellular sodium would leeassary to decrease power based on
animal models. Furthermore, a skinned muscle dnimaglel is not appropriate to draw
conclusions to human intact muscle fibers. Oneit@t@l possibility is that nerve
conduction velocity has been shown to slow in aodmgbremic patient (6), but once

again, serum sodium concentration was quite low.

4c.Cognition and Balance

While small decreases in serum sodium concentrati@mm result in nausea,
fatigue, and confusion, very little laboratory datests on the effects on cognition and
balance. Cognitive function and postural balaneewevaluated in clinical patients
admitted to emergency departments with a moderateering of serum sodium
concentration (mean 126 mEg/L) (81). Of the 12@epés admitted, 21 % were admitted
with falls indicating decreased balance. When cameg to 244 matched controls also
admitted to the emergency department, the patigittsdecreased serum sodium levels

had 4-fold more falls than the controls. Sixteéthese patients participated in cognitive
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testing and 12 participated in postural examinapaor to and after treatment. Mean
response times were significantly slower (~9 %) nvpeesented with decreased serum
sodium concentration compared to after treatmeBalance, measured as center of
pressure displacement during 3 steps in tandem, alggs significantly worse, as the
subjects had a 28% greater displacement in theeicefhtpressure. The larger sway in
center of pressure may have accounted for the egr@atidence in falling. Based on
these findings, there is a questioning of the téasymptomatic” hyponatremia, as it
appears that a systematic investigation of thedeemsa resulted in the detection of

physical and mental decrements in performance (32).

5 — Effects of Plasma Volume Expansion on Cardiovasglar Function

5a.Training status and PV

Cardiac output is important as it is responsible delivering oxygen and
nutrients, as well as removing heat and waste duexercise. An increased blood
volume is partially responsible for increased cacdpreload which in turn results in
increasing stroke volume and potentially cardiagpou An increase in plasma volume is
one of the early adaptations to endurance trai(26g46). In untrained males blood and
plasma volume (PV) are sub-optimal for achievingimal stroke volume (SV) during
exercise. Plasma volume expansion via intravemdusion increases SV by ~10-15 %

in untrained males (57).
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5b. Plasma volume expansion — Intravenous infusion
Moderate PV expansion (~14 %) via intravenous iofu®f dextran and saline

during upright sub-maximal exercise in untrainedlemaresults in an increase in
exercising BV (=8 %). An expansion of PV resuttsan increase in SV (~11 %) during
sub-maximal exercise in untrained males (57). @aromprovements from the infusion
also include increased diastolic filling rate, leéntricular ejection time increases, and
enhanced emptying due to Frank Starling mechandnesto the enhanced diastolic
filling rate (63). Not only does SV increase witlfiusion, but heart rate decreases at the
same absolute intensity, and small increases ipM&R can also occur (27) in untrained
males. The effects of PV expansion on SV at restnaixed as some have found no
differences in SV (63, 84) and others have fourmleiased SV at rest, in recreationally
trained individuals (61). While plasma volume exgian via intravenous infusion is an
effective means to increase SV during exerciseawenous infusions are invasive, thus
their use is not practical. As sodium chloridgdstion may also raise PV, it may also be

possible to utilize this non-invasive means togéase SV.

5c¢. Acute sodium supplementation

Acute sodium supplementation via ingesting a hypectbeverage at rest minutes
to hours prior to exercise has also been investijas an aid to cardiovascular (e.g. PV,
SV, HR) and exercise performance (47, 48, 62, &), ®s described above, alterations
in extracellular sodium content will result in afigdons in ECF volume. As the
intravascular space, plasma volume, is part ofB@&, this fluid compartment is also

affected. Varying amounts, concentrations, anduwels of sodium citrate, sodium
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bicarbonate, and sodium chloride pills and solibave mainly been used to provide
acute sodium supplementation in an attempt to hkiggdrate or re-hydrate untrained and
trained males and females (80, 91). Some reseaartia@e shown benefits to PV and
exercise performance in supine and upright posti@?, 91), while others have shown
no effect (62). One limitation to acute suppleraéioh of sodium prior to exercise is that

some people experience gastric upset.

5d. Dietary sodium intake

Dietary or chronic sodium chloride intake has beemstigated for its effects on
heat acclimatization, fluid retention, and hypestien (7, 9, 37, 88, 99-101, 109). While
much data exists on daily sodium chloride intakeresting cardiovascular variables,
mostly in relation to hypertension, little datastgion its effects during exercise. Normal
sodium intake in the United States is ~170 mEquodi (~3.9 g sodium/d), however the
recommended daily intake is 100 mEq sodium/day3(€2sodium/d) (105). However,
additional sodium may be warranted for an athlptpulation (36). Varying levels of
daily sodium intake have been studied from neadysadium intake to over 660 mEq
NaCl/d (29, 50).

When ingesting low vs. high dietary sodium (70 250 mEq NacCl/d,
respectively), PV increases in the seated (~10%)sapine positions (~8%) at rest (28).
Cardiac output (CO) and SV are also higher in tbates] position (10% and 19%,
respectively) and resting heart rate is lower (6%ile on a higher sodium diet (28). In a
study by Heer et. al (50), 6 healthy males consumetiet which included 220 mEq

NaCl/d for 8 days, then 440 mEq/d, and then 600 /fehHqr 8 days. Resting PV
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increased by 8% while on the 440 mEqg/d diet anéoldn the 660 mEg/d diet vs. the 220
mEq/d diet. BV also increased by ~ 11 % on the ®&@)/d diet. In a follow-up study by
the same group, 4 groups of males were assignadb@ 200, 400, and 550 mEg/d diet
for 7 days. PV was related to sodium intake, wkié at rest increased by 4 %, 8.7 %,
and 13.8 % from day 1 to day 7 in the 200, 400, 35@d mEq/d diets vs. the low 50
mEq/d diet (50).

The cardiovascular adaptations in middle age normah and heart failure
patients consuming normal and high sodium dietsewevestigated while in resting
conditions. They consumed a diet of 100 mEq softiufior 5 days and then
supplemented for 6 days with an additional 150 re&djum/d while fluid was restricted
to 1.5-1.8 L/d. By the 3 day of supplementation, left ventricular end-diistvolume,
ejection fraction, CO, and SV were significantlglmer (~15 %, 5 %, 24 %, and 2 %,
respectively), total peripheral resistance was %lBwer in the normal males, and heart
rate was not significantly different from baselinBy day 6, total peripheral resistance
continued to decline an additional 9 % while thesre small increases in left ventricular
end-diastolic diameter, ejection fraction, CO, &\ddue to the peripheral compensation
(107).

Cardiovascular and exercise performance in oldartHailure patients and age-
matched male controls (57 y) were also investigatieite consuming varying amounts of
sodium in their diet (29). Seven days of low vs.derate-high sodium ingestion (¥
250 mEq sodium/d) resulted in an increase in PV @b at rest in a seated position.
Cardiac index and stroke volume index increasedewtotal peripheral resistance

decreased while at rest. During an incrementalotssestest to fatigue (30 watts increase
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every 3 min), cardiac index and stroke volume indeare also higher during the
moderate-high sodium diet at both low (<70 % VO2mard high intensity (>70 %
VO2max) exercise (~7 % and 5 %, respectively). rHeate was not significantly
different and total peripheral resistance was 96-lbwer than baseline levels. Time to
fatigue during the incremental test was not sigaiitly different. While a short term
increase in sodium intake alters cardiovasculactfan by increasing plasma volume and
stroke volume at rest and in older individuals dgriexercise, the effects on young,

healthy, untrained males during exercise have eehlnvestigated.

5e. Homeostatic Responses

In healthy humans, mean arterial pressure is timapy variable that is regulated
during exercise. Thus an excess fluid load inetkteacellular compartment will result in
compensation, such as decrease in total periphesatance to prevent an increase in
mean arterial pressure during exercise (28, 88}imaltely, the extra fluid and sodium
load will be excreted via the kidneys to maintagmeostasis in healthy humans and the
fluid volume and sodium content will return to n@im

The attempt to maintain mean arterial pressurenduricreased sodium chloride
intake to offset increases in PV, SV, and CO byresing total peripheral resistance
occurs in healthy sodium resistant individuals (28). However in sodium sensitive,
hypertensive, individuals, total peripheral regismdoes not decline, thus mean arterial
pressure increases (88, 99). In addition to theratlons in total peripheral resistance,
additional homeostatic responses include an inergedaily urinary sodium excretion in

order to return the body fluid balance to normakls. Typically, daily urinary sodium
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excretion doubles within 48 hours of increasingiswdingestion (28, 107). Thus, an
increase in plasma volume would most likely be r@aied for shorter periods of time,

unless the renal system could not compensate éon.th
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Chapter VII: General Discussion

These studies determined the effects of sodiumridelosupplementation on
serum sodium concentration, cardiovascular functaord cognitive and physical
performance. Additionally, we investigated theeeté of chronic sodium chloride
supplementation on sweat sodium concentration.

Study 1 determined that sweat sodium losses, aldeereased serum sodium
concentration ~6 mEg/L in euhydrated endurancestghlwith high sweat sodium losses
while exercising in the heat. This finding is igreement with previously published
models of factors altering serum sodium concemnat{69, 70). While prior
investigations have found varying degrees of succadiering serum sodium
concentration with sodium chloride supplementatsi?y 96, 104), ours is the first to find
that sodium chloride supplementation matching iiahligl sweat sodium losses maintains
serum sodium concentration. Our methodology et folentifying those athletes most at
risk of decreasing serum sodium levels via swéatse with high sweat sodium losses,
and then supplementing to match losses, was driticdetermining this relationship as
sweat sodium losses are extremely variable (77).

While supplementing with sodium chloride matchimgeat sodium losses, serum
sodium concentration was maintained. The maintmah serum sodium concentration
resulted in an improved response time during theopt Test from pre- to post-exercise
while response time did not change when serum sodioncentration declined. Post-
exercise balance was also more stable while sugpieng with sodium chloride

compared to when a placebo was ingested. Whileitteg and postural tests have not
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been made in athletes with low serum sodium lev#¢srements have been seen in
patients hospitalized with hyponatremia (56). Aiddially, we found small benefits to
physical performance compared to when serum sodwomsentration declined during 3
hours of profuse sweating. Possible reasons falirfg only small changes in physical
performance may be due to either fatigue of theekdrcise bout masking differences
due to decreased serum sodium concentration, omyoderate difference in serum
sodium concentration, or possibly the choice ofqrerance task.

Study 2 determined that 3d of sodium chloride &mppntation (~15 g NaCl/d)
compared to a placebo resulted in a higher plasmdabbod volume at rest and during
exercise in healthy untrained males. Furthermgireke volume and cardiac output were
also higher during moderate intensity exercise wath increased sodium chloride
ingestion compared to a normal dietary intake. sEhesults are similar to those found
following intravenous infusion of a plasma volumepander (57, 63). Prior
investigations of very lows. high daily sodium chloride intake have also resiilin
plasma and blood volume expansion at rest (285Q9107). The effects of increased
dietary sodium chloride supplementation on examngistroke volume have only been
investigated in 1 study of older men (~57 y) (2@ur results in young healthy males (20
- 35y) were similar as we found an expansion o$ipia volume (~8 %), blood volume
(~4 %), and stroke volume (~10 %) during steadytestaxercise. However, our
supplementation period was half as longvé37 d), we used a steady stat® ramp
protocol, and we compared normval high daily intake, not a very lows. moderate-high

intake.
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Three days of sodium chloride supplementation edsalted in a 9 % increase in
sweat sodium concentration during exercise in that.h The effect of daily sodium
intake on sweat sodium concentration has been nixedevious studies (4, 7, 23, 66).
Prior investigations have compared very lesvvery high intake, investigated during a
heat acclimation protocol, or the sweat collecpeniods were very long and sweat losses
were small. All of these variables may also resuihdependent effects on sweat sodium
concentration, large sampling errors, or unrealiglietary conditions. Our protocol
investigated normalss. high intake in non heat-acclimatized males so thatcould
determine the contributions of 3d of sodium chleridgestion on sweat sodium losses.
While we did not measure aldosterone, prior stutlege shown that large increases in
dietary sodium intake results in a decrease innpdaaldosterone (50). As aldosterone
has a sodium conservation effect, a decrease ostaichne may have been responsible
for the increases in sweat sodium concentratioroun study. This may seem to
contradict our T investigation of acute sodium supplementation leret were no
differences in sweat sodium concentration whenrsesodium concentration declined by
6 mEg/Lvs.when serum sodium was maintained via sodium supgi¢ation. However,
in prior studies of acute changes in serum sodiontentration during exercise there
were no significant differences in plasma aldosteroompared to when serum sodium
concentration was maintained (95, 108). Therefenggat sodium concentration would
likely not be altered by an acute lowering of sesodium concentration, as occurred in
our investigation.

There are several areas of further investigatioichvbould be undertaken. One

avenue of exploration could be to further invegtgahysical performance with a larger
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decline in serum sodium concentration, as our itgason only had a decline of ~ 6
mEqg/L. Women could also be studied, as they tyjyideave less total body water as a
percent of total body mass. Thus, lower sodiunter@nwould exist in the smaller ECF
compared to males with the same serum sodium ctiatiem and similar sweat sodium
losses would result in greater declines in simfadium concentration. In terms of
chronic sodium loading, a time course and doseorespcould be undertaken in order to
determine the optimal supplementation protocol.difdnally, performance tasks could
be studied such as a time trial, or possibly thasueement of VO2max, as this has been
known to increase in untrained males with intrawenanfusion of plasma volume
expander (27). Lastly, while trained subjects adsehave an expanded blood volume,
this subject population could be investigated ageasodium supplementation may have
an effect on performance (91).

In summary, these studies determined that whenakigdr status is maintained,
sodium chloride supplementation matching sweatwsndosses is necessary to maintain
serum sodium concentration during prolonged exeraieen sweat sodium losses are
high. Without sodium supplementation, serum sodoamcentration declines ~ 6 mEg/L
in subjects with high sweat sodium losses exemgisirthe heat for 3 hours. Maintaining
serum sodium levels by matching sweat sodium losaéh sodium chloride
supplementation results in an improved cognitivecfion from pre- to post-exercise, as
response time improves ~11 %, while there is naaghavhen serum sodium declines.
Post-exercise balance is improved 11-17 % while ntaaiing serum sodium
concentration compared to when serum sodium coratent declines. Additionally,

maximal power non-significantly declines by 3 % nfrgpre- to post-exercise when
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supplementing with sodium chloride to maintain sersbodium concentration, but the 4
% decrease in power is significant when serum sodiancentration falls. Furthermore,
in healthy males with a suboptimal exercising bleotime (e.g. non-endurance trained,
non heat-acclimated), 3d of sodium chloride supplatiation results in an expanded
plasma volume (8 %). Stroke volume, cardiac oytpotl sweat sodium concentration
are also 8-10 % higher during exercise comparedrtormal dietary intake. Therefore,
acute and chronic sodium supplementation positiedlgrs fluid and sodium balance
which results in beneficial effects on physical awdgnitive performance and

cardiovascular function during exercise.
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APPENDIX A: General Exercise and Performance Tests

Steady state oxygen consumption and lactate thigesledermination (Study 1)

Subjects cycled continuously for 5 stages, 5 mmute length on an
electromagnetically braked ergometer (Excalibur r§pd.ode, Groningen, The
Netherlands). Each successive stage increasedxamaitely 20 to 50 watts depending
on the training status and characteristics of thejest. Oxygen consumption was
collected throughout the 25 minute exercise peaond averaged during the final minute
of each stage. Blood samples were taken at the@eedge stage from a finger stick for
the determination of lactate (Lactate Pro, Arkrdgpan). Lactate threshold was

determined as a 1 mmol increase in lactate aboseliba levels.

Peak oxygen consumption

Following the steady state test and a 10 minute pssmk oxygen consumption
(VOopeak) was determined using an incremental protdoolexhaustion lasting
approximately 8 to 12 minutes. The protocol begiéh a 2 min stage at approximately
75 % of HRmax. Three successive 2 min stages aithncrease of 30 to 50 watts
followed (depending on subject characteristics #red submaximal test), and then an
increase of 20 to 30 watts per minute to exhausblowed. Oxygen consumption and
carbon dioxide production were measured througtimitest. VO2peak was determined

as a plateau in oxygen consumption with increagiok rate, and a RER > 1.10.
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Cognitive testing (Study 1)

The modified Stroop Color-Word Interference TesSALStroop, FL) consisted of
five 45 second modules. The test difficulty lepebgressively increased during each
module. In short, the subjects were presented withord (red, green, or blue) on a
screen. The color of the word either matched tbamng or was incongruent. Subjects
selected the color or the meaning depending omtbeule. In the final module, the
subjects selected the color or meaning based dheifword was framed by a box.

Accuracy and response time were recorded.

Balance Testing (Study 1)

The balance assessment task consisted of 3 triabs stances while standing
barefoot on a 6 degree of freedom force plate @erColumbus, OH) which was
interfaced with a computer (Dell, Austin, TX). Tht&ances included a 2 leg stance with
feet together and eyes open, single leg stanceayil open, and single leg stance with
eyes closed. During stances with eyes open, dsldmuked at a spot at head level. Each
trial lasted 30 seconds and there was a 15 secawak Ibetween each repetition. The
order of stance conditions were a randomized cr@sstesign between subjects and each
subject completed the same order for both of the&ls. The center-of-pressure
amplitude (ACOP) were calculated in the anteropastqCOPap) and mediolateral

(COPmMmI) planes with custom software (Matlab, ThelMenrks, Inc., Natick, MA).
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Maximal neuromuscular power (Study 1)

Maximal neuromuscular power per pedal revoluti@ngte, and revolutions per
minute were measured on the PowerCycle prior td3theride and at 60, 120 min, and
following the 3 h ride. Subjects completed 4 alt efforts lasting 3-4 seconds each
during each testing session. Subjects remaindddea the ergometer for a 1 min rest

period between each trial.

Time Trial Task (Study 1)

Subjects completed a 20 min time trial in a thereudral environment. The
workrate was fixed for the first 5 min at a powentput that elicited an oxygen
consumption that was 10 % above lactate threshatter the first 5 min of the time trial,
subjects were free to alter the workrate at 30irseevals for the remaining 15min. The

same researcher provided verbal encouragementgdooth time trials.
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APPENDIX B: Instrumentation & Analysis

Measurement of gas exchange (Study 1)

Inspired air volume was measured with a pneumotgubdel 4813, Hans
Rudolph, Shawnee, KS) and expired gases werencanisly sampled from a 4 L
mixing chamber (Vacumed, Ventura, CA) and analyfmdoxygen (S-3A/l, Ametek,
Pittsburgh, PA) and carbon dioxide (CD-3A, AmetBittsburgh, PA). The analyzers
were interfaced to a computer for calculation @& thte of oxygen consumption and rate

of carbon dioxide production (Max Il, AEI Technoleg, Pittsburgh, PA).

Breath by breath gas measurement (Study 2)

Subjects breathed through a pneumotachometer (Radsloph, Kansas City,
MO) and two-way non rebreathing valve (2700 Seri¢zns Rudolph, Shawnee, KS).
Oxygen and carbon dioxide gases were continuoashpked at the mouthpiece via a 6 ft
capillary tube. Gas concentrations were determimgda mass spectrometer (Perkin
Elmer MGA 1100, St. Louis, MO) interfaced with angouter for calculation of breath by
breath oxygen consumption and carbon dioxide prboluc (Beck Integrated

Physiological Testing System).

Open circuit acetylene wash-in (Study 2)

Open circuit acetylene wash-in for the determimatmf cardiac output was
performed as described by Johnson et al (60). fliar& the end of a full expiration, the

participants breathed for a minimum of 8 breathrsuh a mouthpiece connected to a
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bag filled with mixed gases, including 0.7% acet@e9.0% helium, 21% oxygen, and
balance nitrogen (all gases are medical grade amdsafe for use with human

participants). The concentrations of acetylenetsltim were monitored by continuous
sampling at the mouthpiece using a mass spectromatethe helium curve served as an
indication of the complete mixture of the gasesthe system, no sooner was the
equilibrium of the helium reached than the regidrthe acetylene curve was made to
calculate cardiac output. From the wash-in curivacetylene, the cardiac output was

calculated according to a single alveolar one-cotmpant lung model.

Core and Skin Temperatures

Rectal temperature was measured using a thern{i¢&ir 401, Yellow Springs
Instruments, OH) inserted 12 cm past the anal spdiin Skin temperature was measured
with surface thermistors (YSI 409A, Yellow Sprinfystruments, OH) attached to the
skin at six sites (upper arm, forearm, chest, bdlgh, and calf) via an elastic strap or

athletic tape.

Blood measures

Hematocrit was measured in duplicate (Study 1lyiplidate (Study 2) following
microcentrifugation for 15 minutes. Hemoglobin wasasured in duplicate (Study 1) or
triplicate (Study 2) using the cyanmethemoglobirthod (35). Plasma volume change
was determined via the method of Dill and Cos8B) Whole blood was stored at room

temperature until clotting occurred and then cérged for 15 min.
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Serum, sweat, and urine electrolyte analysis

Serum, sweat, and urine sodium were measured @a@rethemistry (NOVA 5,
Waltham, MA). This system uses ion selective etelds, calibration solutions, and a

reference electrode in order to determine the aunagon of electrolytes in solution.

Sweating rate and sweat sodium concentration arglys

Sweating rate (L/h) was calculated as the changeunte body mass (Ohaus
Champ, ModelCQ250XL11W, Pinebrook, NJ) immediat@gor to and after the
sweating analysis period (30-60 minute), accounfonrgfluid consumption and urine
loss. A waterproof “sweat patch”, composed of ¥.B.6 cm gauze sponge (Johnson &
Johnson Medical, Arlington, TX) and 10 x 12 cm Teéglan® bandage (3M Health Care,
St Paul, MN), was applied to the mid-posterior tifgirearm, right scapula, right mid-
anterior thigh, and calf for regional sweat colieast Prior to patch application, the area
was cleaned with 70 % isopropyl alcohol and ringath de-ionized water. When
necessary, these areas were gently shaved prabedning and patch application. Upon
removal of the sweat patches, the gauze spongemwasdiately separated from each
Tegaderm® bandage and placed into a plastic sy(fBgly 1) or into a centrifuge filter-
less separation tube (Study 2). The sweat comktite sponges in the syringes was
“squeeze plunged” or obtained via centrifugatiod gipette into four 5 ml plastic test
tubes and capped. Sweat electrolyte concentrataanmeasured with a Nova 5 Analyzer
(Waltham, MA) with a manufacturer reported CV of% for sodium analysis. A
modified weighted equation was used to calculateolevhbody sweat sodium

concentration (sweat sodium concentration = O.ID{A + 0.276([Back]) +
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0.299([Thigh]) + 0.315([Calf])) (98). Whole bodyveat sodium loss is the product of

whole body sweating rate and weighted sweat sodmmsentration.

Serum and sweat osmolality (Study 1)

Serum and sweat osmolality was measured via frggmimt depression methods

(3MO, Advanced Instruments, Needham Heights, MA).

Urine specific gravity

Urine specific gravity was measured via refractogngdb ensure euhydration
status pre-exercise. All subjects were requirdasice a urine specific gravity of less than

1.020 in order to commence the trial.

Maximal Power (Study 1)

The inertial load ergometer uses the resistanaantdoy the moment of inertia of
the flywheel to represent the force that the subjagest accelerate during the test. Power
was calculated as the product of inertia, angukdoocity and angular acceleration.
Flywheel angular velocity and acceleration wereedwined by an optical sensor and
micro-controller based computer interface which soees time (x 1 microsecond) and
allows power to be calculated instantaneously @R¢ry 3 degrees of pedal crank
revolution or averaged over one complete revolubbithe pedal cranks (Pmax). The
inertial load of the ergometer used in this studsw.52 kgm2. Inertial load is equal to
one-half the product of the moment of inertia (Ol&M?2) and the gear ratio (4.00:1)

squared. The information that was collected bydptcal sensor was converted from
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analog to digital data prior to the transfer to toenputer where it is stored as an ASCII
file. This file was then converted and analyzeohgidViicrosoft Excel. This procedure
was developed by Martin et al. (65). Pmax valuescalculated as the mean of the trials

with the highest Pmax of 4 efforts.

Time Trial Performance (Study 1)

Work was calculated every 30 seconds (J = WaB8)* Total work completed

during the 20 minute time trial was calculatedresdum of 30 second intervals.

108



Body Mass (kg)

APPENDIX C: INDIVIDUAL DATA

Study 1

PL

Time (min) Pre 0 30 60 90 120 150 180
AG 84.17 85.11 85.75 85.35 85.80 85.70 84.65
BA 84.45 84.70 84.90 84.90 85.50 86.00 85.70 84.95
CcC 73.88 74.65 74.90 75.05 75.20 75.50 75.25 74.30
EH 86.35 86.80 87.15 87.25 87.35 87.45 87.50 86.85
JC 82.65 83.10 83.50 83.75 84.00 84.25 84.15 83.60
JS 83.75 84.50 84.75 85.10 85.25 85.50 84.70 84.00
JT 62.52 63.25 63.45 63.50 63.40 63.55 63.20 62.60
KK 82.35 83.00 83.30 83.00 82.95 82.85 82.75 82.45
KS 83.25 83.60 84.25 84.05 84.15 84.30 83.15 82.20
RF 90.60 91.25 91.35 91.05 90.95 91.00 91.40 90.95
ZF 77.75 78.65 78.80 78.65 78.60 79.40 79.18 78.80
MEAN 81.07 81.69 82.01 81.97 81.74 82.33 82.06 814
SE 2.3 2.2 2.3 2.2 2.5 2.2 2.3 2.3
NA

Time (min) Pre 0 30 60 90 120 150 180
AG 85.85 86.70 86.90 86.75 86.60 86.50 86.15 85.30
BA 84.25 84.40 84.50 84.20 84.80 85.40 85.00 84.10
CcC 73.76 74.20 74.55 74.60 74.60 74.70 74.40 73.50
EH 87.25 87.90 88.30 88.35 88.50 88.60 88.60 88.00
JC 84.00 84.72 85.00 84.95 85.00 85.00 84.55 83.90
JS 85.40 85.85 86.50 86.20 86.30 86.30 85.30 84.50
JT 62.62 63.25 63.35 63.40 63.40 63.50 63.15 62.50
KK 80.70 81.48 81.90 81.80 81.80 81.60 81.65 81.20
KS 81.42 82.35 82.75 83.25 83.20 83.50 82.35 81.40
RF 90.65 91.20 91.10 90.70 90.60 90.70 91.35 90.70
ZF 78.18 79.05 79.10 79.35 79.50 79.80 79.63 79.20
MEAN 81.28 81.92 82.18 82.14 82.21 82.33 82.01 ®1.3
SE 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
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Serum Sodium Concentration (mEq/L)

Study 1

PL

Time (min) 0 60 120 180
AG 144.5 141.5 138.0 137.5
BA 147.0  143.0 139.0 139.0
CcC 1425  137.0 135.5 137.0
EH 142.0 139.0 136.0 136.0
JC 1455  142.0 140.5 137.5
JS 145.0 1415 139.0 138.0
JT 142.0  140.0 140.0 139.0
KK 1440  139.0 135.5 135.5
KS 142.0 139.0 136.0 137.0
RF 142.0  140.7 140.0 137.0
ZF 142.0 139.0 134.0 135.0
MEAN 1435  140.2 137.6 137.1
SE 0.5 0.5 0.7 0.4
NA

Time (min) 0 60 120 180
AG 143.0 142.0 141.0 145.0
BA 146.0 143.0 140.0 144.0
CcC 142.0  140.0 138.0 141.0
EH 143.0 142.0 141.0 138.0
JC 144.0  139.0 140.0 143.0
JS 144.0 142.0 142.0 147.0
JT 143.0  140.0 138.0 142.0
KK 144.0 142.0 138.0 144.0
KS 1405  137.0 137.0 141.0
RF 1435 1420 143.0 140.0
ZF 1445  143.0 140.0 141.0
MEAN 1434 1411 139.8 142.4
SE 0.4 0.6 0.6 0.8
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Serum Potassium (mEg/L)

Study 1

PL

Time (min) 0 60 120 180
KS 4.1 4.4 4.7 4.8
JS 4.3 5.3 5.4 5.6
BA 4.2 4.8 4.7

AG 4.0 4.8 4.9 4.9
CcC 3.8 4.3 4.7 4.4
KK 4.1 5.4 5.9 5.6

JC 3.9 4.4 4.6 4.7
RF 4.2 4.9 4.9 4.9
ZF 3.9 5.3 4.9 4.5
EH 4.7 4.8 4.7 4.4
JT 4.1 4.1 4.4 5.8
MEAN 4.1 4.8 4.9 4.9
SE 0.1 0.1 0.1 0.2
NA

Time (min) 0 60 120 180
KS 3.9 4.9 4.7 5.0
JS 4.7 5.3 5.8 5.3
BA 4.3 4.9 4.8 4.1
AG 4.2 4.5 4.8 4.7
CcC 3.7 4.4 4.6 4.5
KK 4.2 5.2 5.1 5.2

JC 4.0 4.7 4.7 4.7
RF 4.2 5.1 5.1 4.5
ZF 4.6 5.3 5.1 5.3
EH 4.2 5.0 4.7 4.9
JT 3.6 4.3 4.3 4.3
MEAN 4.1 4.9 4.9 4.8
SE 0.1 0.1 0.1 0.1

111



Serum Chloride (mEqg/L)

Study 1

PL

Time (min) 0 60 120 180
KS 104.0 102.0 98.0 98.0
JS 104.0 105.5 102.0 102.0
BA 105.5 104.0 96.5
AG 104.0 103.5 97.0 100.5
CcC 103.0 99.0 97.0 95.0
KK 118.0 114.5 110.0 109.0
JC 107.0 104.0 101.5 100.0
RF 119.0 117.0 117.0 115.0
ZF 119.0 116.0 112.0 112.0
EH 115.0 113.0 110.0 107.0
JT 107.0 105.0 103.0 120.0
MEAN 109.6 107.6 104.8 105.0
SE 2.0 1.9 2.2 25
NA

Time (min) 0 60 120 180
KS 102.0 99.5 98.0 101.0
JS 110.0 107.0 120.0 112.0
BA 107.0 106.0 106.0 105.0
AG 103.0 102.0 105.0 107.0
CcC 102.0 101.0 100.0 103.0
KK 123.0 119.0 119.0 123.0
JC 118.0 115.0 116.0 119.0
RF 117.0 117.0 119.0 121.0
ZF 119.0 118.0 117.0 115.0
EH 117.0 114.0 113.0 114.0
JT 103.0 102.0 100.0 104.0
MEAN 111.0 109.1 110.3 111.3
SE 2.4 2.3 2.6 2.3
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Serum Osmolality (mOsm/L)

Study 1

PL

Time (min) 0 60 120 180
AG 292 284 277 274
BA 295 284 279 275
CcC 287 277 277 278
EH 292 283 280 277
JC 288 277 274 270
JS 292 284 279 277
JT 285 276 277 274
KK 290 281 276 277
KS 293 286 276 277
RF 290 287 285 278
ZF 293 287 278 278
MEAN 290.4 282.3 277.8 275.7
SE 0.9 1.2 0.9 0.7
NA

Time (min) 0 60 120 180
AG 290 285 287 292
BA 293 288 280 289
CcC 289 286 281 278
EH 290 288 284 279
JC 288 283 283 289
JS 289 287 286 293
JT 285 280 278 284
KK 292 288 289 289
KS 285 277 276 281
RF 289 287 292 287
ZF 293 290 284 282
MEAN 289.4 285.4 283.6 285.7
SE 0.8 1.2 14 1.6
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Hematocrit (%)

Study 1

PL

Time (min) 0 60 120 180

AG 48.4 51.1 50.9 49.8
BA 46.0 46.1 46.0 45.9
CcC 46.0 47.6 47.4 48.0
EH 43.0 44.4 45.1 45.7
JC 46.4 47.7 47.7 46.2
JS 42.3 42.5 42.6 43.4
JT 43.7 44.3 43.1 43.0
KK 46.7 46.7 48.5 49.0

KS 47.6 47.3 49.8 50.6
RF 48.4 50.2 50.1 49.1
ZF 43.8 46.2 46.6 47.1
MEAN 45.7 46.7 47.1 47.1
SE 0.7 0.8 0.8 0.8

NA

Time (min) 0 60 120 180

AG 48.6 49.3 48.0 45.5
BA 44.9 45.5 43.7 43.7
CcC 45.1 46.1 45.2 42.5
EH 44.1 46.5 46.4 43.9
JC 43.8 46.0 45.6 45.4
JS 39.3 39.6 39.8 39.5
JT 44.7 43.5 42.9 43.1
KK 43.7 46.1 43.8 44.1

KS 50.3 51.3 49.7 50.2
RF 51.9 50.4 50.9 49.2
ZF 46.8 48.1 46.9 45.3
MEAN 45.7 46.6 45.7 44.8
SE 1.1 1.0 1.0 0.9
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Hemoglobin (g/dL)

Study 1

PL

Time (min) 0 60 120 180

AG 15.3 16.4 16.4 16.4
BA 17.9 18.2 15.8 15.0
CcC 14.3 14.5 14.2 14.7
EH 13.2 14.6 141 14.9
JC 14.2 14.5 14.9 14.8
JS 12.6 12.8 12.9 13.1
JT 15.7 16.2 15.9 15.2
KK 14.8 14.7 14.7 14.7

KS 15.3 15.7 15.7 15.8
RF 14.9 15.3 15.6 15.3
ZF 16.0 14.6 14.5 15.0
MEAN 14.9 15.2 15.0 15.0
SE 0.4 0.4 0.3 0.2

NA

Time (min) 0 60 120 180

AG 15.8 15.8 151 155
BA 13.9 14.0 13.7 13.7
CcC 14.3 141 13.9 13.7
EH 13.2 14.9 14.6 15.0
JC 14.4 15.2 151 15.0
JS 12.7 12.4 12.8 12.8
JT 17.1 16.5 16.4 16.8
KK 14.2 14.6 14.3 14.4

KS 16.4 16.5 15.8 15.8
RF 16.1 15.7 16.3 16.3
ZF 14.8 15.5 14.9 14.9
MEAN 14.8 15.0 14.8 14.9
SE 0.4 0.4 0.3 0.4
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Mean Corpuscular Hemoglobin Concentration (g/dL)

Study 1

PL

Time (min) 0 60 120 180

AG 315 32.1 32.3 32.8
BA 38.8 39.6 34.2 32.6
CcC 31.0 30.6 29.9 30.7
EH 30.7 32.9 313 325
JC 30.6 30.4 31.2 31.9
JS 32.1 33.1 315 31.2
JT 36.0 36.6 36.8 35.2
KK 31.6 314 30.3 30.0
KS 32.1 33.1 315 31.2
RF 30.8 30.4 31.2 311
ZF 36.5 31.6 31.2 31.7
MEAN 32.9 32.9 31.9 31.9
SE 0.9 0.9 0.6 0.4

NA

Time (min) 0 60 120 180

AG 325 32.1 315 34.0
BA 30.9 30.8 31.3 31.4
CcC 30.1 30.5 30.8 32.1
EH 33.1 32.1 314 34.1
JC 32.8 32.9 33.0 33.0
JS 32.7 32.2 32.6 31.4
JT 38.3 37.9 38.1 38.9
KK 32.6 31.7 32.6 32.7

KS 32.7 32.2 31.9 31.6
RF 31.0 311 32.0 33.0
ZF 31.6 32.2 31.8 32.9
MEAN 32.6 32.3 325 33.2
SE 0.6 0.6 0.6 0.6
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Urine Volume (ml)

Study 1

PL

Time (min) 0 30 60 90 120 150 180 Total
KS 475 665 432 400 449 303 2724
JS 230 185 125 540
BA 271 270 342 375 470 445 400 2573
AG 478 500 268 211 1457
CcC 212 195 240 352 107 1106
KK 150 380 380 360 360 285 1915
JC 140 90 130 128 110 190 120 908
RF 308 532 510 342 447 340 2479
ZF 210 190 307 240 240 200 1387
EH 50 90 121 162 80 50 40 593
JT 312 247 305 442 290 408 100 2104
MEAN 249.6 200.8 333.8 316.1 310.2 303.1 210.6 1%16
SE 73.1 254 57.7 41.7 48.8 41.8 37.6 238.5
NA

Time (min) 0 30 60 90 120 150 180 Total
KS 305 533 337 520 400 2095
JS 185 162 395 387 355 387 240 2111
BA 371 395 415 450 465 455 430 2981
AG 425 600 638 590 595 219 3067
cC 332 172 260 310 275 325 205 1879
KK 160 400 420 405 420 100 1905
JC 150 230 270 290 520 230 1690
RF 470 562 445 355 135 525 2492
ZF 230 318 325 330 228 1431
EH 25 30 220 172 120 0 0 567
JT 330 285 416 265 429 255 1980
MEAN 228.3 257.2 3685 404.1 3438 3742 2575 2018
SE 78.7 415 41.8 41.7 36.1 52.6 44.6 210.2
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Urine Sodium Loss (mEQ)

Study 1

PL

Time (min) 0 30 60 90 120 150 180 Total
AG 12.4 12.4
BA 16.7 4.1 5.1 7.1 9.4 6.7 4.0 53.0
CcC 17.7 1.6 0.0 19.3
EH 43 1.0 1.0 1.6 7.9
JC 1.3 1.3
JS 6.9 3.2 1.8 11.9
JT 6.9 3.2 4.3 6.4 4.2 6.7 1.0 32.7
KK 7.5 7.5
KS 19.2 8.3 4.3 5.0 5.4 3.0 45.3
RF 18.3 10.6 6.1 2.7 3.1 41.0
ZF 103 2.3 12.6
MEAN 9.7 8.6 5.7 4.1 5.3 4.7 2.7 22.3
SE 35 23 1.5 1.0 14 1.0 0.9 5.3
NA

Time (min) 0 30 60 90 120 150 180 Total
AG 8.1 5.4 5.7 7.7 10.7 8.1 45.7
BA 59 55 7.9 8.6 9.3 8.2 6.9 52.3
CcC 252 35 3.3 4.3 3.3 2.9 42.6
EH 32 18 2.4 1.9 9.3
JC 5.0 3.7 3.8 4.6 9.1 3.5 29.6
JS 28.1 84 111 9.7 8.9 9.7 8.9 84.7
JT 104 3.6 6.0 3.3 6.4 2.7 32.4
KK 153 9.8 5.9 6.1 8.4 1.8 47.2
KS 5.0 5.4 4.8 15.2
RF 19.7 7.3 6.0 3.9 2.8 6.8 46.6
ZF 8.3 3.5 3.3 15.0
MEAN 156 8.6 5.8 5.8 55 7.1 5.4 38.2
SE 6.4 1.7 1.0 0.8 0.7 1.0 0.9 6.5
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Urine Sodium Concentration (mEg/L)

Study 1

PL

Time (min) 0 30 60 90 120 150 180
AG 26 0 0 0
BA 62 15 15 19 20 15 10
CC 84 8 0 0 0
EH 85 11 8 10 0 0 0
JC 9 0 0 0 0 0 0
JS 30 18 14

JT 22 13 14 15 15 17 10
KK 50 0 0 0 0 0
KS 41 13 10 13 12 10
RF 60 20 12 8 7 0
ZF 49 12 0 0 0 0
MEAN 437 346 116 83 6.1 5.9 3.0
SE 13.7 92 26 2.4 2.6 2.1 15
NA

Time (min) 0 30 60 90 120 150 180
AG 19 9 9 13 18 37
BA 16 14 19 19 20 18 16
cC 76 21 13 14 12 9 0
EH 127 60 11 11 0 16 0
JC 33 16 14 16 18 15
JS 152 52 28 25 25 25 37
JT 32 13 15 13 15 11
KK 96 25 14 15 20 18
KS 0 0 0 11 12 12
RF 42 13 14 11 21 13
ZF 36 11 10 0 0
MEAN 92.8 36.7 142 134 132 155 144
SE 301 7.8 23 2.0 1.9 2.0 3.9
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Urine Potassium Concentration (mEg/L)

Study 1

PL

Time (min) 0 30 60 90 120 150 180
AG 37 20 18 20
BA 17 9 8 0 10 11 11
CC 27 10 0 14 18
EH 94 30 24 23 30 33 34
JC 15 21 18 19 20 20 17
JS 25 26 36

JT 9 10 0 8 8 14 17
KK 50 19 18 21 20 19
KS 0 0 0 0 0 9
RF 36 17 15 16 15 16
ZF 47 30 23 28 21 24
MEAN 27.1 282 16.3 13.2 17.0 18.4 18.4
SE 170 4.8 3.8 3.3 3.2 3.0 2.2
NA

Time (min) 0 30 60 90 120 150 180
AG 47 22 19 20 22 41
BA 10 10 11 10 11 11 11
cC 12 12 9 9 14 14 16
EH 79 68 19 20 25 68 0
JC 28 17 17 17 16 19
JS 41 31 17 15 14 14 37
JT 19 10 8 12 20 16
KK 49 19 0 0 17 16
KS 0 0 9 10 11 13
RF 39 10 20 22 41 23
ZF 39 22 22 27 31
MEAN 359 31.0 140 12.7 15.1 23.6 20.2
SE 16.2 6.0 2.0 2.1 2.1 5.2 3.6
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Urine Chloride Concentration (mEqg/L)

Study 1

PL

Time (min) 0 30 60 90 120 150 180
AG 51 21 20 19
BA 59 0 0 0 20 0 0
CC 128 0 9 0 0
EH 173 32 23 0 0 0 0
JC 0 20 0 0 0 0 20
JS 46 31 31

JT 21 0 0 16 18 0 0
KK 92 0 0 0 0 0
KS 38 0 0 0 0 0
RF 86 26 19 0 0 0
ZF 77 26 0 0 0 0
MEAN 58.1 53.3 126 7.5 6.6 4.6 3.9
SE 30,3 149 57 3.5 3.3 3.2 2.6
NA

Time (min) 0 30 60 90 120 150 180
AG 53 22 20 27 30 61
BA 0 0 0 23 23 21 23
cC 82 27 0 0 18 0 0
EH 220 156 0 20 21 68 0
JC 51 22 19 21 19 20
JS 188 69 34 29 28 28 44
JT 42 0 18 20 20 21
KK 147 30 12 14 25 21
KS 0 0 0 0 0 0
RF 64 19 19 0 37 0
ZF 64 0 18 18 26
MEAN 1224 609 115 159 17.2 24.0 19.5
SE 504 152 4.1 3.0 2.8 5.5 5.9
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Urine Osmolality (mOsm/L)

Study 1

PL

Time (min) 0 30 60 90 120 150 180
AG 218 107 112
BA 123 100 107 105 102 88
CcC 539 122 97 112 141
EH 621 227 199 151 208 216 242
JC 144 184 153 164 149 141 149
JS 331 249 294

JT 89 88 81 81 84 94
KK 555 140 112 113 114 107
KS 86 74 78 76 83
RF 351 135 116 123 115 114
ZF 707 227 181 193 194 213
MEAN 284.3 3449 146.0 133.0 1286 1514 1340
SE 168.8 71.5 16.7 17.0 15.2 23.3 17.0
NA

Time (min) 0 30 60 90 120 150 180
AG 231 107 96 99 116 217
BA 89 123 99 107 109 106 107
cC 346 172 101 94 103 95 110
EH 705 572 148 144 173 386
JC 226 115 108 114 106 117
JS 571 301 166 149 142 148 192
JT 167 83 78 83 80 89
KK 691 190 110 108 140 126
KS 77 0 83 81 78 83
RF 274 110 129 146 220 129
ZF 414 185 167 164 169
MEAN 427.6 2951 118.3 1095 120.2 1251 156.7
SE 135.0 57.7 16.2 7.6 9.6 13.8 26.2
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Heart Rate (beats/min)

Study 1

PL

Time(min) 0 30 45 60 75 90 105 120 135 150 165 180
AG 109 116 115 115 115 123 121 116 120 130 133
BA 117 119 124 117 122 124 123 124 124 124 122 124
CcC 120 129 130 165 130 130 134 130 134 137 136 139
EH 13C 141 13t 14¢ 15C 15C 14¢ 14€ 147 15C 15¢

JC 12¢€ 132 13t 13¢ 142 13t 13t 131 13¢ 142 14C 141

JS 115 117 120 123 124 123 116 122 126 127 126 125
JT 141 136 136 140 141 138 139 142 150 144 151 147
KK 127 135 132 132 127 135 133 129 136 132 132

KS 11¢F 11¢F 114 11¢F 111 114 114 11¢€ 11€ 122 121 122

RF 123 128 127 130 130 137 132 131 137 137 164 136
ZF 11¢ 11¢ 137 13¢ 14Z 13¢ 13¢ 13¢ 142 142 14C 14C
MEAN 121z 1251 128 131.¢ 130« 131.¢ 130.f 129.6 133f 135¢ 137t 136.f

SE 2.8 2.4 2.7 4.4 3.7 3.0 3.3 2.8 3.3 2.8 4.0 3.5
NA

Time(min) 0 30 45 6C 75 9C 10t 12C 13t 15C 16t 18C

AG 11F 121 12C 12C 11¢€ 121 11¢€ 12¢ 12¢ 12¢ 127

BA 111 130 120 125 128 123 126 131 127 130 132
CcC 124 129 130 160 124 130 132 128 127 131 136 138
EH 133 145 139 140 146 146 144 148 152 151 153
JC 101 13C 127 131 129 134 13¢ 13¢ 14% 144

JS 115 120 118 117 114 119 121 121 118 119 124 126
JT 147 147 147 13¢ 14z 141 142 142 15C 14€ 151 154

KK 14C 144 137 144 14% 14Z 142 147 142 14¢ 147

KS 108 108 110 114 112 113 114 114 114 113 116 118
RF 127 127 131 132 139 138 140 140 150 141 145
ZF 127 130 131 126 132 131 134 132 132 138 135 138
MEAN 122t 130.1 127.7 131.€ 129.f 130« 131.f 132f 1341 134.€ 137.¢ 1374

SE 4.2 3.5 3.3 4.5 3.5 3.2 3.3 3.1 3.8 4.0 4.5 3.7
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Core Temperature(°C)

Study 1

PL

Time (min) 0 15 30 45 60 75 90 105 120 135 150 1680
AG 369 375 373 375 375 374 375 374 37443376 37.7 378
BA 370 377 376 375 376 377 378 379 3798374379 379 379
cC 370 376 376 376 376 37.7 377 377 37.°7738B7.7 377 37.8
EH 38.1 384 386 386 386 385 386 384 38543885 385 386
JC 37.3 377 379 380 381 384 383 383 38323833 383 382
JS 375 374 379 38.1 381 380 381 38.1 38.17 3338.0 38.1 38.1
JT 38.0 380 380 381 376 381 378 38.2 37613879 38.1 382
KK 374 377 378 379 379 378 380 38.0 38.093738.1 379 37.9
KS 379 277 379 377 378 378 378 38.0 38.0833B7.9 38.0 380
RF 37.3 381 37.7 378 37.7 378 378 37.7 37.8838B79 720 37.8
ZF 373 380 377 378 377 378 378 378 37973875 379 379
MEAN 374 369 378 379 378 379 379 38.0 37993379 41.1 38.0
SE 01 09 01 01 01 01 01 01 01 01 01 301
NA

Time (min) 0 15 30 45 60 75 90 105 120 135 150 1680
AG 36.8 374 375 375 375 375 375 376 37763377 378 37.8
BA 372 374 378 378 379 380 379 378 379937437.7 37.8 37.9
cC 370 378 379 378 379 377 378 379 3799388.1 379 381
EH 37.6 382 384 383 384 384 385 384 38543886 385 386
JC 371 376 378 379 381 381 382 381 38223834 383 383
JS 374 375 378 379 379 381 38.0 38.0 3790 338.0 38.0 38.0
JT 376 379 380 381 376 380 380 381 3760388.0 38.1 382
KK 378 377 379 379 378 378 378 37.8 37.913838.1 38.1 38.1
KS 374 379 379 379 379 379 380 380 38.0933B79 38.0 380
RF 375 375 378 378 378 37.7 378 37.8 37993878 378 379
ZF 373 384 378 379 379 378 379 379 37983875 37.7 37.8
MEAN 373 378 379 379 379 379 379 379 37.8.03 38.0 38.0 38.1
SE 01 01 01 01 01 O01 01 01 01 01 01 0.1
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Mean Arterial Pressure (mmHg)

Study 1

PL

Time (min) 45 105 165
AG 118.7 1117

BA 114.7 99.3 96.0
CcC 68.7 100.0 103.3
EH 98.7 104.7 99.3
JC 106.7 104.7 102.0
JS 89.3 95.3 94.7
JT 103.3 86.7 83.3
KK 105.0

KS 106.3 102.7 104.0
RF 100.0 107.3 70.9
ZF 117.3 169.3 109.3
MEAN 102.6  108.2 95.9
SE 4.3 7.1 4.0
NA

Time (min) 45 105 165
AG 1112.3 110.7 110.0
BA 90.0 99.3 95.3
CcC 67.6 92.0 94.0
EH 92.0 91.3 88.0
JC 117.3 108.0 94.7
JS 96.0 95.3 98.0
JT 86.7 83.3 80.0
KK 109.3 110.7 114.7
KS 105.3 102.0 102.0
RF 107.3 725
ZF 119.3 128.0 123.3
MEAN 99.5 102.5 97.5
SE 5.1 3.7 4.5
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Rating of Perceived Exertion

Study 1

PL

Time (min) 0 75 120 150 180
AG 11 11 13 12 13
BA 9 11 12 13 14
CC 13 12 12 12 13
EH 11 12 12 12 13
JC 12 12 13 13 14
JS 12 11 12 12 13
JT 10 12 13 15 15
KK 11 12 12 13 14
KS 9 10 11 12 12
RF 13 13 14 14 15
ZF 9 11 12 12 13
MEAN 109 115 12.4 12.7 135
SE 0.5 0.2 0.2 0.3 0.3
NA

Time (min) 0 75 120 150 180
AG 12 12 13 13 15
BA 7 10 11 15 16
cC 12 12 12 12 13
EH 11 12 13 12 13
JC 12 12 13 13 14
JS 11 11 11 11 13
JT 11 12 13 15 15
KK 13 13 13 13 14
KS 8 10 12 13 13
RF 14 15 15 15 16
ZF 9 11 12 12 13
MEAN 109 118 12.5 13.1 141
SE 0.6 0.4 0.3 0.4 0.4
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Sweating Rate (L/h)

Study 1

PL

Time (min) 0-30 30-60 60-90 90-120 120-150 150-180
AG 1.47 1.87 1.82 1.82 1.90 1.88
BA 1.21 1.46 1.40 1.41 1.45 1.32
CcC 1.36 1.60 151 1.59 1.42 1.90
EH 1.33 1.78 1.70 1.86 1.59 1.86
JC 1.17 1.39 1.39 1.43 1.56 1.59
JS 1.40 1.66 1.69 1.86 1.71 1.70
JT 1.36 1.54 1.57 1.37 1.70 1.85
KK 1.42 2.16 1.66 1.80 1.86 0.60
KS 1.47 1.84 1.71 1.67 2.10 1.80
RF 1.59 1.94 1.59 2.02 1.68 152
ZF 1.98 1.27 2.18 1.96 2.17 2.36
MEAN 1.43 1.68 1.66 1.71 1.74 1.67
SE 0.1 0.1 0.1 0.1 0.1 0.1
NA

Time (min) 0-30 30-60 60-90 90-120 120-150 150-180
AG 1.52 1.87 1.80 1.79 1.75 1.48
BA 1.36 1.52 1.35 1.22 1.53 1.56
cC 1.24 1.77 1.67 1.64 1.48 1.59
EH 1.36 1.68 1.58 1.88 1.69 1.84
JC 1.29 1.59 151 1.57 1.60 1.67
JS 0.74 2.17 1.39 1.65 1.59 1.52
JT 1.56 1.58 1.62 1.52 1.66 1.44
KK 1.16 1.72 1.48 1.65 1.70 1.30
KS 1.36 1.77 1.81 1.50 1.77 1.80
RF 1.67 2.08 1.82 1.80 1.80 1.55
ZF 2.14 1.56 1.76 1.55 1.79 1.31
MEAN 1.40 1.76 1.62 1.61 1.67 1.55
SE 0.1 0.1 0.1 0.1 0.0 0.1
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Sweat Sodium Concentration (mEg/L)

Study 1

PL

Time (min) 30-60 120-150
AG 65.4 69.9
BA 78.2 91.6
CcC 46.0 515
EH 80.5 81.2
JC 61.5 72.8
JS 85.0 89.1
JT 42.4 42.2
KK 83.2 107.7
KS 65.6 74.8
RF 40.7 43.7
ZF 58.0 54.8
MEAN 64.2 70.8
SE 4.9 6.4
NA

Time (min) 30-60 120-150
AG 55.4 61.0
BA 66.3 71.2
cC 63.7 68.4
EH 100.8 87.6
JC 72.0 80.9
JS 77.4 91.6
JT 47.2 47.9
KK 93.0 104.1
KS 59.9 67.0
RF 45.0 48.1
ZF 42.7 48.7
MEAN 65.8 70.6
SE 5.7 5.7
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Sweat Sodium Loss (mEqg/h)

Study 1

PL

Time (min) 30-60 120-150
AG 122.3 133.0
BA 114.2 132.8
CcC 73.6 73.3
EH 143.1 129.2
JC 85.4 113.5
JS 141.0 152.4
JT 65.3 71.9
KK 180.1 199.9
KS 120.9 157.2
RF 79.0 73.3
ZF 73.7 119.0
MEAN 109.0 123.2
SE 11.1 12.0
NA

Time (min) 30-60 120-150
AG 103.6 106.7
BA 100.8 108.9
cC 112.7 101.1
EH 169.3 148.0
JC 114.3 129.1
JS 168.1 145.6
JT 74.6 79.6
KK 160.4 176.5
KS 106.1 118.4
RF 93.8 86.8
ZF 66.5 87.3
MEAN 115.5 117.1
SE 10.7 9.1
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Sweat Sodium Concentration (mEg/L)

Study 1
PL
Time (min) 30-60 30-60  30-60 30-60 120-150 120-15020-150 120-150
Arm Back Thigh Calf Arm Back Thigh Calf
AG 62 80 60 60 64 89 51 74
BA 75 88 70 79 81 90 83 105
CcC 43 74 36 32 49 80 36 43
EH 76 113 70 64 85 108 72 66
JC 61 83 54 50 65 76 85 61
JS 72 99 72 90 83 95 80 95
JT 31 60 39 35 34 58 40 35
KK 90 101 82 67 93 104 84 139
KS 62 88 59 54 66 87 64 78
RF 40 55 34 36 41 54 42 38
ZF 58 58 56 60 54 57 51 58
MEAN 60.7 81.5 57.4 56.9 64.8 81.4 62.4 71.8
SE 5.3 5.7 4.8 5.5 5.8 5.6 5.8 9.5
NA
Time (min) 30-60 30-60  30-60 30-60 120-150 120-15020-150 120-150
Arm Back Thigh Calf Arm Back Thigh Calf
AG 54 76 47 46 61 82 49 55
BA 64 78 63 61 83 75 60 75
CcC 67 97 52 45 74 101 53 53
EH 139 137 80 76 95 120 76 68
JC 79 87 71 58 94 89 76 75
JS 51 89 59 95 67 93 73 117
JT 41 73 39 35 43 71 41 36
KK 98 106 92 82 108 110 101 102
KS 59 78 53 52 57 76 53 76
RF 40 61 38 41 48 59 43 44
ZF 39 54 40 37 45 56 43 50
MEAN 66.2 84.8 57.4 56.9 70.3 84.4 60.6 68.1
SE 9.0 6.9 5.3 5.9 6.6 6.1 5.6 7.4
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Sweat Chloride Concentration (mEqg/L)

Study 1
PL
Time (min) 30-60 30-60 30-60 30-60  120-150 120-15020-150 120-150
Arm Back  Thigh Calf Arm Back Thigh Calf
AG 55 72 54 52 58 84 45 67
BA 58 72 52 55 71 82 73 93
CcC 39 69 31 28 44 76 34 38
EH 66 106 58 50 73 99 60 52
JC 44 66 37 25 66 60 75 45
JS 67 94 67 87 78 89 75 92
JT 22 46 26 23 30 52 33 28
KK 86 97 76 60 85 95 74 143
KS 56 82 52 46 67 82 58 73
RF 35 48 28 30 37 48 36 33
ZF 53 50 48 51 48 50 44 51
MEAN 52.7 72.8 48.0 46.0 59.5 74.0 54.9 64.8
SE 5.3 6.1 4.8 5.7 5.4 5.6 5.2 10.2
NA
Time (min) 30-60 30-60 30-60 30-60  120-150 120-15020-150 120-150
Arm Back  Thigh Calf Arm Back Thigh Calf
AG 51 73 43 42 54 76 43 46
BA 57 69 53 50 77 69 53 65
CcC 61 92 44 37 66 94 44 44
EH 74 128 63 57 66 94 64 55
JC 73 79 62 48 88 80 67 65
JS 48 89 60 102 66 91 72 127
JT 35 66 32 28
KK 93 100 83 71 103 106 98 97
KS 53 73 47 44 0 0 0 0
RF 35 57 31 34 35 44 30 34
ZF 34 48 33 30 37 45 33 40
MEAN 55.5 79.2 49.9 49.2 59.2 69.8 50.2 57.2
SE 5.6 6.7 4.8 6.4 9.3 10.1 8.5 11.0
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Stroop Color-Word Interference Task

Study 1
PL

Time to correct response (s€c) % Correct

Pre Post Pre Post

AG 1.14 1.10 96.0 98.2
BA 1.21 1.13 98.8 99.6
CcC 0.99 1.00 99.0 94.4
EH 1.03 1.16 100.0 98.4
JC 1.16 1.31 100.0 100.0
JS 1.05 0.82 98.2 98.8
JT 1.35 1.73 96.6 88.8
KK 1.25 1.22 98.8 99.6
KS 1.27 1.23 99.4 994
RF 1.18 1.24 99.2 98.4
ZF 0.88 0.83 93.8 89.0
MEAN 1.14 1.16 98.16 96.78
SE 0.04 0.07 0.58 1.26
NA

Time to correct response (sec) % Correct

Pre Post Pre Post

AG 1.14 0.81 96.0 97.8
BA 1.26 1.21 98.8 100.0
CcC 0.92 0.84 99.2 97.0
EH 111 0.98 100.0 99.2
JC 1.47 1.26 97.0 98.4
JS 0.82 0.93 99.6 99.0
JT 1.30 1.13 98.6 97.0
KK 1.18 1.19 99.6 97.8
KS 1.55 1.46 98.2 93.8
RF 1.39 1.24 98.4 100.0
ZF 1.23 0.91 85.0 88.4
MEAN 1.22 1.09 97.3 97.1
SE 0.07 0.06 1.3 1.0
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Center of Pressure Amplitude in the Anteroposterior(ap) Direction (m)

Study 1
PL
Stance 1 Stance 1 Stance 2 Stance 2 Stance 3 Stance

Pre Post Pre Post Pre Post
BA 0.030 0.028 0.086 0.083 0.111 0.077
EH 0.034 0.029 0.063 0.043 0.112 0.087
JC 0.029 0.027 0.043 0.040 0.123 0.088
JS 0.034 0.031 0.042 0.033 0.056 0.059
RF 0.021 0.017 0.040 0.036 0.124 0.097
ZF 0.020 0.025 0.048 0.039 0.109 0.088
MEAN 0.028 0.026 0.054 0.046 0.106 0.082
SE 0.002 0.002 0.007 0.008 0.010 0.005
NA

Stance 1 Stance 1 Stance 2 Stance 2 Stance 3 Stance

Pre Post Pre Post Pre Post
BA 0.035 0.029 0.149 0.074 0.127 0.060
EH 0.024 0.024 0.040 0.036 0.060 0.100
JC 0.024 0.022 0.044 0.032 0.134
JS 0.026 0.032 0.044 0.039 0.068 0.084
RF 0.016 0.016 0.033 0.031 0.085 0.062
ZF 0.016 0.031 0.039 0.037 0.115 0.094
MEAN 0.023 0.026 0.058 0.041 0.091 0.089
SE 0.003 0.002 0.018 0.007 0.013 0.011
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Center of Pressure Amplitude in the Mediolateral () Direction (m)

Study 1
PL
Stance 1 Stance 1 Stance 2 Stance 2 Stance 3 Stance
Pre Post Pre Post Pre Post
BA 0.020 0.023 0.064 0.065 0.076 0.075
EH 0.024 0.025 0.028 0.038 0.057 0.056
JC 0.019 0.021 0.028 0.032 0.043 0.046
JS 0.023 0.027 0.033 0.027 0.046 0.048
RF 0.014 0.014 0.028 0.026 0.202 0.112
ZF 0.015 0.018 0.024 0.028 0.056 0.067
MEAN 0.019 0.021 0.034 0.036 0.080 0.067
SE 0.002 0.002 0.006 0.006 0.025 0.010
NA
Stance 1 Stance 1 Stance 2 Stance 2 Stance 3 Stance
Pre Post Pre Post Pre Post

BA 0.020 0.026 0.088 0.058 0.088 0.065
EH 0.022 0.022 0.028 0.028 0.053 0.057
JC 0.022 0.017 0.026 0.023 6.387 0.049
JS 0.024 0.023 0.026 0.031 0.053 0.051
RF 0.015 0.018 0.024 0.023 0.073 0.051
ZF 0.017 0.020 0.027 0.022 0.089 0.087
MEAN 0.020 0.021 0.037 0.031 1.124 0.060
SE 0.002 0.001 0.010 0.006 1.053 0.006
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Work completed during final 15 min of Time Trial (J)

Study 1

PL

Time (min) 5-10 10-15 15-20 Total Mean Watts
AG 102900 91500 107850 292200 325
BA 66000 73200 77100 212200 236
CcC 78000 78000 85800 234000 260
EH 79200 74400 84240 229200 255
JC 93450 91500 93600 285300 317
JS 88800 84000 84000 25680( 285
KK 85800 85800 106680 267600 297
RF 108000 108000 118800 32400 360
ZF 89100 84000 94200 257700 286
MEAN 87917 85600 94697 262111 2901
SE 4281 3562 4582 11616 13
NA

Time (min) 5-10 10-15 15-20 Total Mean Watts
AG 117300 119400 116850 355050 395
BA 63000 63000 73500 195400 217
CcC 81000 81000 93300 238500 265
EH 82800 82200 98940 254400 283
JC 95400 94500 95400 278550 310
JS 83400 79200 75600 23820( 265
KK 85800 85800 101580 263100 292
RF 108000 112200 121200 33300( 370
ZF 96000 96000 107100 288900 321
MEAN 90300 90367 98163 271678 302
SE 5345 5794 5427 16443 18
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Maximal Power (watts)

Study 1

PL

Time (min) 0 60 120 180
AG 1205 1179 1211 1252
BA 1149 1096
CcC 1002 1026 1042 964
EH 1205 1148 1060 1047
JC 1285 1313 1228 1169
JS 1312 1337 1357 1247
JT 1163 1157 1132 1094
KK 1255 1219 1152 1231
KS 1235 1256 1231 1153
RF 1486 1463 1477 1487
ZF 1490 1525 1485 1474
MEAN 1253.4 1262.3 1237.5 1201.3
SE 42.8 47.9 49.7 49.3
NA

Time (min) 0 60 120 180
AG 1263 1228 1225 1252
BA 1119 1080 1069 1054
CcC 1002 997 1029 956
EH 1113 1139 1118 1055
JC 1282 1289 1303 1294
JS 1335 1258 1301 1247
JT 1203 1094 1054 1097
KK 1220 1295 1232 1295
KS 1194 1293 1262 1211
RF 1474 1456 1388 1399
ZF 1452 1425 1435 1416
MEAN 12415 1232.2 1219.6 1206.9
SE 42.9 43.2 41.2 44.8
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Torque at Pmax (Nm)

Study 1

PL

Time (min) 0 60 120 180
AG 88.6 87.4 89.2 91.8
BA 96.5 90.5
CcC 85.2 81.0 81.6 77.6
EH 90.2 87.8 88.9 82.6
JC 104.8 100.0 91.8 88.6
JS 101.3 109.4 105.6 97.8
JT 97.7 98.0 96.4 93.9
KK 97.5 100.7 92.6 96.1
KS 87.5 93.2 92.0 88.3
RF 118.2 115.4 116.7 118.0
ZF 114.6 116.9 115.6 115.4
MEAN 98.4 99.0 97.0 94.6
SE 3.3 3.8 3.7 3.7
NA

Time (min) 0 60 120 180
AG 91.3 95.8 95.5 104.7
BA 85.7 89.2 83.2 82.7
CcC 85.2 79.2 85.5 81.4
EH 96.6 87.4 86.4 83.1
JC 94.4 102.0 96.8 95.2
JS 109.3 98.7 102.1 97.6
JT 100.1 94.0 90.9 94.2
KK 99.5 98.5 102.2 99.0
KS 94.5 100.6 99.8 95.8
RF 115.9 114.8 111.6 105.5
ZF 114.2 111.6 112.5 110.5
MEAN 98.8 97.4 97.0 95.4
SE 3.2 3.1 3.0 2.9
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Velocity at Pmax (revolutions/minute)

Study 1

PL

Time (min) 0 60 120 180
AG 129 128 129 130
BA 113 115
CcC 112 120 121 118
EH 127 124 113 120
JC 116 125 127 125
JS 123 116 122 121
JT 113 112 112 111
KK 122 115 118 122
KS 134 128 127 124
RF 119 120 120 120
ZF 123 124 122 121
MEAN 121.0 121.2 121.1 120.6
SE 2.2 1.7 1.8 15
NA

Time (min) 0 60 120 180
AG 131 122 122 116
BA 124 115 122 121
CcC 112 119 114 112
EH 127 124 123 121
JC 129 120 128 129
JS 116 121 121 123
JT 114 111 110 111
KK 116 125 114 124
KS 120 122 102 120
RF 121 120 118 126
ZF 121 121 121 122
MEAN 121.0 120.0 117.7 120.5
SE 1.9 1.2 2.2 1.7

135



Study 2: Raw Data

Body Mass (kg)

Study 2
PL

CV - Pre Sweat - Pre Sweat - Post
CL 61.05 60.55 60.40
IM 86.55 85.70 85.35
JW 83.50 82.50 82.50
LH 76.45 74.15 73.90
MD 71.15 70.60 70.60
NY 79.85 79.45 79.30
PT 80.35 79.55 79.20
SP 72.20 70.40 70.25
TS 77.75 77.20 77.05
MEAN 76.54 75.57 75.39
SE 2.5 2.5 2.5
NA

CV - Pre Sweat - Pre Sweat - Post
CL 61.95 61.25 61.10
IM 86.75 86.15 85.80
JW 86.60 85.90 85.60
LH 75.70 74.05 73.70
MD 70.95 70.35 70.15
NY 80.30 79.90 79.80
PT 81.00 80.05 79.65
SP 70.76 71.75 71.55
TS 77.50 76.95 76.75
MEAN 76.83 76.26 76.01
SE 2.7 2.6 2.6
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Serum Sodium Concentration (mEq/L)

Study 2

PL

Time (min) 0 5 10 15 20
CL 144.0 146.5 149.0 149.0 145.0
IM 1445  145.0 148.0 148.0 145.0
JW 147.0 1485 148.0 148.0 146.0
LH 146.0 148.0 148.0 149.0 145.0
MD 143.0 144.0 146.0 146.0 144.0
NY 143.0 146.0 146.0 146.5 144.0
PT 1445  146.0 147.0 148.0 145.0
SP 143.0 1455 147.0 147.0 144.0
TS 145.0 146.0 149.0 148.5 145.0
MEAN 1444  146.2 147.6 147.8 144.8
SE 0.5 0.5 0.4 0.4 0.2
NA

Time (min) 0 5 10 15 20
CL 1440 147.0 149.0 149.0 146.0
IM 1445  146.0 149.0 149.0 146.0
JwW 148.0 148.0 149.0 149.0 146.0
LH 147.0 149.0 150.0 150.0 146.0
MD 1440 145.0 146.5 147.0 145.0
NY 1445  148.0 148.0 148.0 145.0
PT 145.0 146.5 147.5 148.0 146.0
SP 1440 146.5 148.0 146.5 145.0
TS 1440 147.0 149.0 149.0 144.5
MEAN 145.0 147.0 148.4 148.4 145.5
SE 0.5 0.4 0.3 0.4 0.2
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Serum Potassium (mEg/L)

Study 2

PL

Time (min) 0 5 10 15 20
CL 4.2 4.3 4.5 5.0 3.9
IM 3.9 4.4 4.7 5.0 4.2
JW 3.8 4.5 4.6 4.7 4.3
LH 4.0 4.5 4.6 4.6 4.2
MD 4.1 4.6 4.9 5.0 4.5
NY 4.2 4.8 4.8 4.9 4.4
PT 4.2 4.6 5.0 5.1 4.3
SP 4.0 4.9 5.1 5.3 4.3
TS 3.6 4.2 4.5 4.6 4.0
MEAN 4.0 4.5 4.7 4.9 4.2
SE 0.1 0.1 0.1 0.1 0.1
NA

Time (min) 0 5 10 15 20
CL 3.8 5.0 5.0 5.2 3.9
IM 3.7 4.0 4.3 4.8 4.1
JwW 4.1 4.5 4.7 4.8 4.2
LH 3.8 4.0 4.3 4.3 3.8
MD 4.3 4.7 5.1 5.2 4.8
NY 4.4 4.6 4.6 4.6 4.2
PT 4.0 4.3 4.6 4.7 4.2
SP 4.2 5.0 5.2 5.3 4.3
TS 3.9 4.3 4.9 4.9 4.1
MEAN 4.0 4.5 4.7 4.8 4.2
SE 0.1 0.1 0.1 0.1 0.1
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Serum Chloride (mEqg/L)

Study 2

PL

Time (min) 0 5 10 15 20
CL 105.5 108.0 106.0 108.0 105.0
IM 106.0 104.0 107.0 108.0 105.0
JW 109.5 111.0 111.0 112.0 111.0
LH 108.0 108.0 109.0 110.0 108.5
MD 106.0 104.0 106.0 106.5 104.5
NY 106.0 107.0 107.5 108.0 108.0
PT 107.0 108.0 110.0 110.0 108.0
SP 106.0 105.0 108.0 108.0 106.0
TS 109.5 106.5 109.5 108.5 107.0
MEAN 107.1 106.8 108.2 108.8 107.0
SE 0.5 0.8 0.6 0.5 0.7
NA

Time (min) 0 5 10 15 20
CL 107.0 108.0 110.0 109.5 107.0
IM 105.5 105.5 108.0 108.5 107.0
JwW 112.0 112.0 113.0 114.0 112.0
LH 110.0 111.0 111.0 111.0 110.0
MD 105.0 105.0 107.0 107.0 105.0
NY 109.5 110.0 111.0 110.0 109.0
PT 108.5 109.0 110.0 111.0 109.0
SP 108.0 108.0 111.0 110.0 108.0
TS 105.5 106.0 108.0 107.5 105.5
MEAN 107.9 108.3 109.9 109.8 108.1
SE 0.8 0.8 0.6 0.7 0.7
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Hematocrit (%)

Study 2

PL

Time (min) 0 5 10 15 20
CL 48.0 51.0 52.1 52.7 51.1
IM 50.3 53.0 53.1 53.6 52.0
JW 42.2 44.6 44.3 44.1 42.3
LH 45.7 46.7 47.8 48.2 46.6
MD 49.4 53.2 52.8 53.2 51.4
NY 47.0 48.4 47.5 48.5 48.3
PT 45.2 46.6 46.6 46.2 44.8
SP 48.3 50.8 51.1 51.6 49.3
TS 44.6 45.1 48.7 49.8 48.8
MEAN 46.7 48.8 49.3 49.8 48.3
SE 0.9 1.1 1.0 1.1 1.1
NA

Time (min) 0 5 10 15 20
CL 45.5 49.6 50.5 49.7 49.8
IM 48.9 50.7 52.3 51.6 51.2
JW 41.3 42.3 43.0 42.4 41.2
LH 42.1 44.2 43.1 45.3 44.2
MD 49.5 49.6 51.0 50.6 50.5
NY 46.0 46.7 47.3 46.9 46.2
PT 42.7 44.0 43.5 43.9 44.4
SP 45.7 46.3 48.1 48.4 47.1
TS 47.8 49.0 50.0 49.7 49.3
MEAN 45.5 46.9 47.6 47.6 47.1
SE 1.0 1.0 1.2 1.1 1.1
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Hemoglobin (g/dL)

Study 2

PL

Time (min) 0 5 10 15 20
CL 16.1 17.3 17.7 18.3 17.3
IM 16.5 175 18.1 18.2 175
JW 14.0 14.9 151 15.2 14.2
LH 14.8 14.8 15.7 16.0 15.1
MD 15.9 16.8 17.3 17.2 16.7
NY 14.3 155 155 15.3 15.1
PT 14.1 14.7 14.9 14.9 14.3
SP 15.6 16.4 16.8 16.9 16.0
TS 14.5 16.0 16.4 16.9 16.1
MEAN 15.1 16.0 16.4 16.5 15.8
SE 0.3 0.4 0.4 0.4 0.4
NA

Time (min) 0 5 10 15 20
CL 15.0 16.8 171 17.1 16.5
IM 16.0 16.6 17.2 17.1 16.7
JwW 13.2 141 14.3 14.2 13.8
LH 14.0 14.5 14.7 15.2 14.6
MD 15.4 16.1 16.4 16.5 15.9
NY 14.7 15.0 15.3 15.2 14.9
PT 13.5 14.2 14.3 14.4 14.1
SP 14.5 14.7 15.8 155 15.2
TS 15.3 16.3 17.0 17.0 16.7
MEAN 14.6 154 15.8 15.8 154
SE 0.3 0.4 0.4 0.4 0.4
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Mean Corpuscular Hemoglobin Concentration (g/dL)

Study 2

PL

Time (min) 0 5 10 15 20
CL 335 33.9 34.0 34.6 33.9
IM 32.8 33.0 34.1 34.0 33.6
JW 33.2 33.4 34.1 34.5 33.6
LH 32.4 31.7 32.9 33.2 32.4
MD 32.2 31.6 32.8 32.3 325
NY 30.5 32.0 32.7 31.6 313
PT 31.3 315 31.9 32.3 31.9
SP 32.2 32.2 32.9 32.7 324
TS 32.4 35.4 33.7 33.9 33.0
MEAN 32.3 32.7 33.2 33.2 32.7
SE 0.3 0.4 0.3 0.4 0.3
NA

Time (min) 0 5 10 15 20
CL 33.0 33.9 33.8 34.4 33.2
IM 32.8 32.7 32.8 33.2 32.6
JwW 32.0 33.2 33.1 334 334
LH 33.3 32.8 34.1 34.6 33.0
MD 311 325 32.2 32.6 315
NY 32.0 32.2 324 324 32.3
PT 31.7 32.3 32.9 32.8 31.7
SP 31.8 31.8 32.8 32.0 32.2
TS 32.0 33.3 34.0 34.2 33.9
MEAN 32.2 32.7 33.1 33.3 32.6
SE 0.2 0.2 0.2 0.3 0.3
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Plasma Volume Change (%)

Study 2

Time (min) 0 5 10 15 20
CL 12.5 5.9 7.0 13.8 7.6
IM 6.2 10.7 7.6 10.9 6.7
JW 7.4 10.6 7.9 10.1 4.6
LH 12.7 7.5 16.1 10.7 6.1
MD 3.1 12.8 9.8 10.2 6.8
NY 0.0 6.4 1.6 4.0 55
PT 9.5 8.7 9.9 8.3 2.3
SP 12.3 21.8 10.2 15.9 9.9
TS -10.8 -0.9 -5.9 -0.4 -4.3
MEAN 5.9 9.3 7.1 9.3 5.0
SE 2.5 2.0 2.1 1.6 1.4

Blood Volume Change (%)

Study 2

Time (min) 0 5 10 15 20
CL 7.3 3.0 3.5 7.0 4.9
IM 3.2 55 5.6 6.4 4.8
Jw 5.7 6.1 5.5 6.9 2.7
LH 5.7 2.6 6.5 4.9 35
MD 3.2 4.7 5.6 4.6 4.9
NY -2.6 3.0 1.2 0.9 14
PT 4.7 35 3.9 3.8 1.6
SP 7.0 11.4 3.9 8.8 5.3
TS -5.4 -2.1 -3.5 -0.6 -3.4
MEAN 3.2 4.2 3.6 4.8 2.8
SE 1.5 1.2 1.0 1.0 0.9
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Urine Electrolyte Concentration (mEg/L)

Study 2
PL

Na K Cl
CL 73.0 38.4 69.5
IM 111.0 47.9 130.5
JW 100.5 34.7 107.0
LH 89.0 16.1 93.0
MD 67.0 52.5 110.5
NY 445 36.3 81.0
PT 68.5 23.1 81.5
SP 0.0 325 23.0
TS 69.5 37.3 97.0
MEAN 69.2 35.4 88.1
SE 10.9 3.7 10.2
NA

Na K Cl
CL 52.0 46.0
IM 39.0 32.0
JwW 112.0 126.5
LH 107.5 28.3 155.0
MD 76.5 25.0 87.0
NY 44.0 18.5 58.0
PT 82.5 24.0 103.0
SP 315 12.6 35.0
TS 109.0 27.0 114.5
MEAN 72.7 22.6 84.1
SE 10.7 2.4 14.6
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Heart Rate (beats/min)

Study 2

PL

Time (min) -5 5 8 11 14 20 23
CL 62 160 166 173 178 106 104
IM 70 169 175 178 183 118 117
JW 76 138 145 145 148 92 87
LH 74 129 137 137 145 98 95
MD 69 147 160 167 170 103 102
NY 78 131 137 140 145 95 97
PT 75 143 148 155 156 94 103
SP 69 149 155 160 164 88 87
TS 76 156 170 176 179 126 127
MEAN 72.1 1469 1548 1589 163.1 1022 102.1
SE 1.7 4.4 4.7 5.3 5.1 4.2 4.4
NA

Time (min) -5 5 8 11 14 20 23
CL 64 147 154 162 168 96 100
IM 71 166 174 176 180 109 113
JwW 76 138 141 143 146 91 92
LH 67 132 135 138 143 95 89
MD 69 142 156 165 165 96 99
NY 75 133 143 147 150 95 95
PT 68 138 145 152 155 98 97
SP 54 143 147 150 153 82 82
TS 73 158 167 176 183 131 129
MEAN 68.6 144.1 151.3 156.6 160.3 99.2 99.6
SE 2.2 3.8 4.2 4.6 4.8 4.6 4.6
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Cardiac Output (L/min)

Study 2

PL

Time (min) -5 5 8 11 14 20 23
CL 7.1 148 13.2 12.9 13.3 7.3 7.8
IM 13.0 194 18.2 18.2 18.5 10.7 10.9
JW 85 21.7 20.0 20.0 21.6 10.2 9.3
LH 6.4 20.6 211 211 245 10.0 11.2
MD 78 17.8 19.0 18.1 17.8 7.8 7.3
NY 6.2 19.7 194 18.7 19.7 9.8 9.2
PT 11.1 203 19.3 215 21.6 11.0 11.6
SP 134 19.7 20.6 20.5 15.8 14.0 125
TS 9.6 23.0 21.9 22.7 22.7 15.1 11.3
MEAN 9.2 19.7 19.2 19.3 195 10.7 10.1
SE 0.9 0.8 0.8 1.0 1.2 0.8 0.6
NA

Time (min) -5 5 8 11 14 20 23
CL 7.1 150 14.1 14.7 15.0 10.2 7.8
IM 9.2 209 20.5 20.4 221 12.7 11.8
JwW 10.9 23.6 24.2 22.7 23.2 12.6 10.9
LH 74 251 22.4 23.2 28.7 14.7 14.9
MD 89 175 19.3 21.9 19.2 11.2 7.8
NY 82 19.8 194 19.8 18.3 10.9 7.8
PT 10.6 22.2 23.1 24.8 26.2 14.7 14.2
SP 11.7 213 20.5 21.8 21.7 12.4 145
TS 99 223 20.3 21.1 21.2 15.8 14.1
MEAN 93 208 20.4 21.1 21.7 12.8 115
SE 0.5 1.0 1.0 1.0 1.4 0.6 1.0
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Stroke Volume (ml/beat)

Study 2

PL

Time (min) -5 5 8 11 14 20 23

CL 114.4 92.8 79.7 74.6 74.9 69.3 75.3
IM 185.9 115.0 104.1 102.1 101.1 90.8 92.8
JW 111.6 157.0 137.9 138.0 145.9 110.5 106.4
LH 87.1 159.8 153.7 153.9 168.8 102.0 117.6
MD 113.4 121.4 118.6 108.6 104.6 75.6 71.7
NY 79.8 150.0 141.8 133.8 135.7 103.2 94.6
PT 147.3 142.0 130.7 138.9 138.1 117.4 112.6
SP 194.2 132.5 132.8 128.1 96.3 159.0 143.6
TS 126.5 147.2 129.0 129.1 126.9 119.7 89.0
MEAN 128.9 135.3 125.4 123.0 121.4 105.3 100.4
SE 13.3 7.4 7.4 8.0 9.8 8.9 7.5
NA

Time (min) -5 5 8 11 14 20 23
CL 110.8 101.8 915 90.4 89.4 106.7 77.7
IM 129.3 126.1 117.6 116.0 122.9 116.2 104.8
JwW 143.0 170.9 171.7 158.7 159.0 138.5 118.0
LH 111.1 190.0 165.6 167.9 200.3 154.6 167.8
MD 129.1 123.5 123.8 132.5 116.6 116.8 79.0
NY 109.1 148.5 135.5 134.6 121.7 114.2 82.0
PT 155.3 160.5 159.5 163.2 169.3 150.0 146.3
SP 216.9 148.7 139.5 145.2 141.5 151.5 177.1
TS 135.8 141.3 121.7 120.1 115.8 120.8 109.3
MEAN 137.8 145.7 136.3 136.5 137.4 129.9 118.0
SE 11.2 8.9 8.7 8.4 11.3 6.2 12.6

147



Oxygen Consumption (L/min)

Study 2

PL

Time (min) -5 5 8 11 14 20 23
CL 025 1.75 1.86 1.89 1.99 0.37 0.24
IM 035 231 2.50 2.49 2.58 0.43 0.39
JW 0.36 2.49 2.61 2.63 2.72 0.53 0.45
LH 0.31 2.07 2.19 2.29 2.46 0.52 0.40
MD 029 201 2.20 2.35 2.37 0.46 0.44
NY 0.26 1.99 2.08 2.11 2.27 0.45 0.38
PT 041 224 2.28 2.38 2.44 0.38 0.39
SP 0.28 2.46 2.58 2.61 2.66 0.31 0.26
TS 0.26 2.16 2.33 2.45 2.45 0.49 0.40
MEAN 0.31 216 2.29 2.36 2.44 0.44 0.37
SE 0.02 0.08 0.08 0.08 0.07 0.02 0.02
NA

Time (min) -5 5 8 11 14 20 23
CL 0.23 1.69 1.85 1.90 1.92 0.41 0.35
IM 0.37 2.63 2.86 2.87 2.88 0.56 0.51
JwW 041 2.49 2.60 2.63 2.65 0.46 0.43
LH 0.33 2.00 2.18 231 231 0.56 0.32
MD 024 1.70 1.90 2.08 2.22 0.49 0.29
NY 035 2.04 2.23 2.28 2.33 0.52 0.41
PT 032 229 2.50 2.59 2.71 0.39 0.41
SP 024 2.28 2.39 2.46 2.48 0.30 0.28
TS 0.33 234 251 2.56 2.76 0.60 0.55
MEAN 0.31 2.16 2.34 241 2.47 0.47 0.39
SE 0.02 0.11 0.11 0.10 0.10 0.03 0.03
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Arterial Venous Oxygen Difference (ml O2/L)

Study 2

PL

Time (min) -5 5 8 11 14 20 23
CL 3.5 11.8 14.0 14.7 14.9 5.1 3.1
IM 2.7 11.9 13.7 13.7 13.9 4.0 3.6
JW 4.3 115 13.0 131 12.6 5.2 4.9
LH 2.7 9.4 10.6 10.8 10.8 3.2 3.5
MD 4.2 10.1 10.7 11.3 11.6 4.6 4.1
NY 4.8 10.0 10.4 10.8 10.1 5.2 3.6
PT 3.7 11.0 11.8 11.0 11.3 3.5 3.3
SP 2.1 12.5 125 12.8 16.8 2.2 2.1
TS 3.7 11.2 11.6 12.9 13.3 5.9 6.0
MEAN 3.51 11.06 12.05 12.36 12.81 4.33 3.80
SE 0.29 0.33 0.46 0.47 0.72 0.39 0.37
NA

Time (min) -5 5 8 11 14 20 23
CL 3.2 11.3 131 13.0 12.8 4.0 4.5
IM 4.0 12.5 14.0 141 13.0 4.4 4.3
JwW 3.7 10.6 10.7 11.6 11.4 3.6 4.0
LH 3.3 10.5 12.3 121 13.0 3.8 3.9
MD 4.2 10.3 115 115 12.8 4.7 5.3
NY 4.4 8.0 9.8 9.9 8.1 3.8 2.1
PT 3.0 10.3 10.8 104 10.3 2.7 2.9
SP 2.0 10.7 11.7 11.3 115 2.4 1.9
TS 2.7 9.7 9.8 9.5 115 4.3 3.7
MEAN 3.40 10.43 11.53 11.49 11.60 3.75 3.62
SE 0.26 0.41 0.48 0.48 0.54 0.26 0.37
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Mean Arterial Pressure (mmHg)

Study 2

PL

Time (min) -8 8 14 20
CL 97.3 130.7 120.7 96.3
IM 94.3 117.3 114.0 98.7
JW 85.3 103.0 102.3 101.3
LH 78.7 103.3 100.0 81.3
MD 92.7 119.0 114.7 100.0
NY 90.7 110.3 111.0 95.7
PT 95.7 108.7 107.3 93.7
SP 89.7 108.7 107.3 90.7
TS 93.7 103.7 91.3 97.3
MEAN 90.9 111.6 107.6 95.0
SE 1.9 3.1 2.9 2.0
NA

Time (min) -8 8 14 20
CL 91.0 114.7 118.7 94.3
IM 95.3 117.0 113.0 105.7
JwW 86.0 98.0 99.0 86.3
LH 91.7 104.7 112.0 97.0
MD 101.3 103.7 108.3 98.3
NY 92.7 111.3 118.7 97.3
PT 98.0 108.3 112.3 96.7
SP 88.3 108.7 107.7 92.7
TS 94.0 97.0 98.3 92.7
MEAN 93.1 107.0 109.8 95.7
SE 1.6 2.3 2.5 1.7
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Systolic Blood Pressure (mmHg)

Study 2

PL

Time (min) -8 8 14 20
CL 116 208 186 131
IM 115 184 168 120
JW 122 175 173 144
LH 126 204 180 122
MD 124 205 194 134
NY 112 167 177 115
PT 119 162 158 119
SP 111 176 176 120
TS 121 165 160 126
MEAN 1184 182.9 174.7 125.7
SE 1.8 6.1 3.9 3.1
NA

Time (min) -8 8 14 20
CL 113 180 178 115
IM 116 179 173 129
JwW 124 164 173 121
LH 129 176 166 141
MD 140 189 211 139
NY 112 168 172 122
PT 124 155 163 118
SP 111 172 177 116
TS 124 165 161 132
MEAN 121.4 172.0 174.9 125.9
SE 3.2 3.4 4.9 3.3
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Diastolic Blood Pressure (mmHg)

Study 2

PL

Time (min) -8 8 14 20
CL 88 92 88 79
IM 84 84 87 88
JW 67 67 67 80
LH 55 53 60 61
MD 77 76 75 83
NY 80 82 78 86
PT 84 82 82 81
SP 79 75 73 76
TS 80 73 57 83
MEAN 771 76.0 74.1 79.7
SE 3.4 3.7 3.7 2.6
NA

Time (min) -8 8 14 20
CL 80 82 89 84
IM 85 86 83 94
JwW 67 65 62 69
LH 73 69 85 75
MD 82 61 57 78
NY 83 83 92 85
PT 85 85 87 86
SP 77 77 73 81
TS 79 63 67 73
MEAN 79.0 746 77.2 80.6
SE 2.0 3.4 4.3 2.6
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Total Peripheral Resistance (dyne/sec/cmb5)

Study 2

PL

Time (min) -8 8 14 20
CL 1098 790 724 1049
IM 580 515 493 737
JW 805 412 379 797
LH 977 393 327 651
MD 948 502 516 1027
NY 1166 455 451 781
PT 693 450 398 679
SP 535 422 543 518
TS 779 378 322 516
MEAN 842.2 479.6 461.5 750.6
SE 73.6 41.7 42.2 63.8
NA

Time (min) -8 8 14 20
CL 1200 651 632 737
IM 831 457 408 667
JwW 633 324 341 548
LH 985 375 313 528
MD 910 430 451 702
NY 906 460 520 718
PT 742 375 342 526
SP 603 424 398 597
TS 758 382 371 469
MEAN 840.9 430.8 419.6 610.2
SE 61.8 31.2 33.9 32.7
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Core Temperature (°C)

Study 2 - Sweat

Analysis

PL

Time (min) 0 15 30

CL 38.1 38.3 38.6
IM 37.5 37.9 38.4
JW 38.0 38.3 38.7
LH 37.9 38.1 38.2
MD 37.7 37.8 38.0
NY 37.8 38.1 38.3
PT 38.0 38.3 38.5
SP 37.8 38.2 38.3
TS 38.0 38.3 38.5
MEAN 37.9 38.1 38.4
SE 0.1 0.1 0.1
NA

Time (min) 0 15 30

CL 37.7 38.0 38.2
IM 37.4 37.8 38.1
JW 37.7 37.8 38.1
LH 37.8 38.0 38.3
MD 37.7 37.9 38.0
NY 37.9 38.1 38.3
PT 37.9 38.3 38.5
SP 37.6 37.7 37.8
TS 38.3 38.5 38.8
MEAN 37.8 38.0 38.2
SE 0.1 0.1 0.1
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Forearm Skin Temperature (°C)
Study 2 - Sweat Analysis

PL

Time (min) 0 15 30

CL 347 346 34.4
IM 347 335 34.0
JW 344 343 33.6
LH 355 340 33.1
MD 35.0 327 32.8
NY 35.0 343 33.9
PT 348 3438 34.1
SP 349 348 34.7
TS 354 35.2 34.9
MEAN 349 342 33.9
SE 0.1 0.3 0.2
NA

Time (min) 0 15 30

CL 35.1 347 34.2
IM 353 347 34.6
JwW 35.8 349 34.1
LH 35.2 339 34.7
MD 355 335 33.6
NY 35.1 343 34.8
PT 339 333 34.4
SP 34.0 340 34.5
TS 36.5 35.0 35.8
MEAN 35.2 343 34.5
SE 0.3 0.2 0.2
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Upperarm Skin Temperature (°C)

Study 2 - Sweat Analysis

PL

Time (min) 0 15 30

CL 33.7 341 335
IM 349 329 334
JW 347 344 34.9
LH 359 337 33.3
MD 343 344 33.9
NY 326 344 33.3
PT 35.0 3438 33.6
SP 345 342 34.0
TS 349 354 34.9
MEAN 345 343 33.9
SE 0.3 0.2 0.2
NA

Time (min) 0 15 30

CL 346 335 33.7
IM 344 341 32.8
JW 377 344 34.5
LH 353 341 34.8
MD 354 343 34.5
NY 335 329 32.8
PT 354 337 34.5
SP 347 344 34.6
TS 359 354 35.1
MEAN 352 341 34.1
SE 0.4 0.2 0.3
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Chest Skin Temperature (°C)

Study 2 - Sweat Analysis

PL

Time (min) 0 15 30

CL 320 31.8 32.3
IM 344 332 33.3
JW 35.7 35.0 355
LH 351 326 33.6
MD 35.1 33.0 33.3
NY 33.3 337 31.6
PT 33.7 344 32.9
SP 322 329 32.2
TS 35.7 34.6 34.1
MEAN 341 335 33.2
SE 0.5 0.3 0.4
NA

Time (min) 0 15 30

CL 324 295 31.2
IM 347 349 33.8
JW 356 355 35.3
LH 342 327 32.8
MD 341 338 33.8
NY 343 33.0 335
PT 346 322 32.2
SP 322 336 33.6
TS 35.8 34.0 34.3
MEAN 342 33.2 334
SE 0.4 0.6 0.4
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Back Skin Temperature (°C)

Study 2 - Sweat Analysis

PL

Time (min) 0 15 30

CL 33.0 314 31.6
IM 32.7 309 313
JW 350 35.2 354
LH 343 315 31.6
MD 342 332 34.0
NY 33.7 341 33.6
PT 33.7 337 32.1
SP 339 336 32.8
TS 35.0 347 34.3
MEAN 339 331 33.0
SE 0.3 0.5 0.5
NA

Time (min) 0 15 30

CL 33.0 313 32.2
IM 335 322 32.2
JwW 355 347 34.8
LH 354 326 33.3
MD 353 334 334
NY 35.7 344 34.6
PT 341 316 32.3
SP 332 325 325
TS 35.6 347 35.0
MEAN 346 33.0 334
SE 0.4 0.4 0.4
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Thigh Skin Temperature (°C)
Study 2 - Sweat Analysis

PL

Time (min) 0 15 30

CL 351 346 34.8
IM 33.7 349 34.9
JW 35.7 354 34.1
LH 353 35.1 35.4
MD 342 329 32.8
NY 347 35.2 355
PT 346 346 34.3
SP 343 352 35.0
TS 354 36.0 35.7
MEAN 348 349 34.7
SE 0.2 0.3 0.3
NA

Time (min) 0 15 30

CL 353 353 34.6
IM 354 35.2 35.3
JwW 354 352 34.6
LH 355 347 34.4
MD 35.0 345 35.0
NY 352 355 35.4
PT 344 346 34.9
SP 339 343 34.3
TS 36.2 354 36.1
MEAN 351 35.0 35.0
SE 0.2 0.1 0.2

159



Calf Skin Temperature (°C)

Study 2 - Sweat Analysis

PL

Time (min) 0 15 30

CL 34.0 349 35.1
IM 33.7 344 34.9
JW 345 340 33.7
LH 352 354 35.6
MD 343 336 33.6
NY 347 346 34.3
PT 34.0 349 33.6
SP 348 343 34.7
TS 35.6 35.7 35.0
MEAN 345 346 34.5
SE 0.2 0.2 0.2
NA

Time (min) 0 15 30

CL 339 342 34.6
IM 340 341 34.2
JwW 356 35.0 34.7
LH 35.8 35.0 35.3
MD 345 343 34.8
NY 35.1 347 35.1
PT 349 338 34.6
SP 341 340 34.6
TS 36.0 36.1 36.4
MEAN 349 346 34.9
SE 0.3 0.2 0.2
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Mean Weighted Skin Temperature (°C)

Study 2 - Sweat Analysis

PL

Time (min) 0 15 30

CL 33.6 33.3 335
IM 33.8 33.3 33.6
JW 35.2 34.9 34.6
LH 35.1 33.6 33.8
MD 34.5 33.2 33.4
NY 34.0 34.4 33.7
PT 34.2 34.4 33.3
SP 33.9 34.1 33.8
TS 35.4 35.2 34.8
MEAN 34.4 34.1 33.8
SE 0.2 0.2 0.2
NA

Time (min) 0 15 30

CL 33.9 32.8 33.2
IM 34.5 34.2 33.9
JwW 35.7 35.0 34.8
LH 35.2 33.7 34.0
MD 34.9 34.0 34.2
NY 34.9 34.3 34.5
PT 34.5 33.1 33.6
SP 33.5 33.7 33.9
TS 36.0 35.0 35.4
MEAN 34.8 34.0 34.2
SE 0.3 0.3 0.2
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Sweating Rate (L/h)

Study 2 - Sweat

Analysis

PL

Time (min) 0-30
CL 1.10
IM 1.50
JW 0.85
LH 1.30
MD 0.80
NY 1.10
PT 1.50
SP 1.10
TS 1.10
MEAN 1.15
SE 0.1
NA

Time (min) 0-30
CL 1.10
IM 1.50
JW 1.40
LH 1.40
MD 1.20
NY 1.00
PT 1.60
SP 1.20
TS 1.20
MEAN 1.29
SE 0.1
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Sweat Sodium Concentration (mEg/L)

Study 2 - Sweat Analysis

PL
Arm Back Thigh Calf Weighted Mean
CL 44.0 89.0 37.0 35.5 51.6
IM 97.0 100.0 78.0 74.0 84.9
JW 77.5 98.5 68.5 84.5 82.8
LH 63.5 89.0 52.5 46.5 61.9
MD 51.5 69.0 24.0 275 40.5
NY 42.5 63.5 28.0 30.0 40.0
PT 77.5 78.5 57.0 62.5 66.9
SP 48.5 88.0 335 315 49.6
TS 108.5 120.0 93.5 93.5 102.5
MEAN 67.8 88.4 52.4 53.9 64.5
SE 8.0 5.7 8.0 8.5 7.2
NA
Arm Back Thigh Calf Weighted Mean

CL 46.0 79.5 42.5 39.0 52.0
IM 95.0 108.0 83.0 81.0 90.6
JwW 83.0 105.0 75.0 70.0 82.6
LH 69.5 100.5 63.5 57.5 725
MD 355 82.5 40.0 56.5 56.4
NY 46.5 66.0 35.0 34.5 44.7
PT 76.0 108.0 63.0 85.5 83.9
SP 53.5 82.0 39.0 39.0 525
TS 100.5 122.0 82.0 91.5 98.1
MEAN 67.3 94.8 58.1 61.6 70.4
SE 7.7 6.0 6.5 7.2 6.5
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Sweat Chloride Concentration (mEqg/L)
Study 2 - Sweat

Analysis
PL
Arm Back Thigh Calf
CL 33.0 75.0 27.0 24.5
IM 80.5 85.0 62.5 57.0
JW 62.0 84.5 55.0 69.0
LH 48.0 715 37.0 30.0
MD 45.0 62.0 215 24.0
NY 36.5 52.5 23.0 25.0
PT 57.0 58.0 40.0 42.0
SP 355 715 22.0 19.0
TS 98.0 110.0 81.5 81.0
MEAN 55.1 74.4 41.1 41.3
SE 7.4 5.8 7.0 7.5
NA
Arm Back Thigh Calf

CL 34.0 66.0 315 27.0
IM 79.0 93.5 68.0 64.5
JW 78.0 98.0 66.0 60.5
LH 54.0 86.0 49.0 42.0
MD 29.0 71.0 315 45.0
NY 39.0 56.5 28.0 27.0
PT 65.0 98.5 55.0 74.5
SP 42.0 68.5 28.5 27.0
TS 90.5 114.0 72.0 79.0
MEAN 56.7 83.6 47.7 49.6
SE 7.4 6.3 6.1 6.9
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Sweat Sodium Loss (mEqg/h)
Study 2 - Sweat Analysis

PL

Time (min) 0-30
CL 57
IM 127
JW 70
LH 80
MD 32
NY 44
PT 100
SP 55
TS 113
MEAN 75.5
SE 10.8
NA

Time (min) 0-30
CL 57
IM 136
JwW 116
LH 101
MD 68
NY 45
PT 134
SP 63
TS 118
MEAN 93.1
SE 11.7
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Blood Pressure (mmHg)

Study 2 - Sweat

Analysis
PL

SBP DBP MAP
CL 154 74 101
IM 137 57 84
Jw 161 60 94
LH 192 55 101
MD 172 75 107
NY 174 80 111
PT 148 58 85
SP 138 70 93
TS 154 78 103
MEAN 158.8 67.4 97.6
SE 6.0 3.3 3.2
NA

SBP DBP MAP
CL 161 58 92
IM 136 54 81
Jw 150 60 90
LH 188 52 97
MD 173 77 109
NY 166 78 107
PT 165 65 98
SP 144 70 95
TS 156 65 95
MEAN 159.9 64.3 96.2
SE 5.2 3.1 2.8
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