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TABLE 2. Observations of sweat rates, volurntary fluid intake and levels of dehydration in various sports. Values are mean, plus (range) or [95% reference range).

Voluntary fluid intake Dehydration (% BM)
_Sweat rate (Lh I Lh) (= change in BM)
Sport Condition y(uﬁ\ Range Mean Range ,ﬁun\ Range
Waterpolo [41) Training (males) 0.29 (0.23-0.35) 0.14 (0.09-0.20) 026 (0.19-0.34)
Competition (males) 0.79 (0.69-0.88) 038 (0.30-0.47) 035 (0.23-0.46)
Netball [16) Summer training (females) 0.72 (0.45-0.99) 044 (0.25-0.63) 0.7 [+03-1.7)
Summer competition (females) 0.98 (0.45-1.49) 052 (0.33-0.1) 09 (0.1-1.9)
Swimming [41) Training (males & females) 0.37 038 0 (#1.0-14 kg)
Rowing [22) Summer training (males) 1.98 (0.99-2.92) 096 (0.41-1.49) 1.7 (05-3.2)
Summer training (females) 1.39 (0.74-2.34) 0.78 (0.28-1.39) 12 (0-18)
Basketball [16] Summer training (males) 137 (0.9-1.84) 080 (0.35-1.25) 10 (0-2.0)
Summer competition (males) 16 (1.23-1.97) 108 (0.46-1.70) 09 [0.2-1.6)
Soccer [130) Summer training (males) 1.46 (0.99-1.93) 065 (0.16-1.15) 159 (0.4-2.8)
Soccer (89) Winter training (males) 113 (0.71-1.77) 028 (0.03-0.63) 162 (0.87-2.55)
American football [62) Summer training (males) 214 [1.1-3.18) 142 (0.57-2.54) 1.7 kg (1.5%) [0.1-3.5 k)
Tennis [15) Summer competition (males) 16 (0.62-2.58) ~11 13 (+0.3-2.9)
Summer competition (females) [0.56-1.34) ~09 0.7 [+09-23)
Tennis [14) Summer competition 260 [1.79-3.41) 16 (0.80-2.40)
(cramp—prone males)
Squash [18) Competition (males) 2.37 (1.49-3.25) 098 1.28 kg (0.1-2.4 k)
Half marathon running [21] Winter competition (males) 149 [0.75-2.23] 015 [0.03-0.27] 242 [1.30-386]
Cross-country running [62] Summer trining (males) 1.77 [0.99-2.55) 057 (0-1.3) ~18
[ronman triathlon [133) Temperate competition
(males & females)
Swim leg 1ka (+0.5-20 kg)
Bike leg 081 (0.47-1.08) 089 (0.60-1.31) 0.5 kg (#3.0-10 kg)
Run leg 102 (0.4-1.8) 063 (0.24-1.13) 2kg (#1.5-35 kg)
Total race 0.71 (0.42-0.97) 5% (#2.5-6.1 %)

& = @ain in BM; *not corrected for change in BM that occurs in very nr\o/lonued events due to factors other than fluid loss (e.q. metabolic fuel losses).

MSSE 2007
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The Heat Equation

When the body is unable
to coal itself through
sweating, serious heat
illnesses may ocour.

The most severa
heat-induced illnesses are
heat exhaustion and

heat stroka. If left tntreated,
heat exhaustion could
progress to heat stroke and
possible death,

Source: LLS Departmant of Lahor

Cecupational Safety and Healti Administatan

Relative
humidity
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High Temperature + High Humidity + Physical Work = Heat lliness
Temperatura
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Heat Exhaustion and Dehydration as

Causes of Marathon Collapse

Robert W. Kenefick and Michael IN. Sawka
US Army Research Institute of Environmental Medicine, Watick, Massachusetts, 1S.A

Abstract This article reviews causes of marathon collapse related to physical exhaus-
tion, heat exhaustion and dehydration. During severe exercise-heat stress (high
skin and core temperatures). cardiac output can decrease below levels observed
during exercise in temperate conditions. This reduced cardiac ocutput and vasodi-
lated skin and muscle can make it difficult to sustain blood pressure and perhaps
cerebral blood flow. Dehydration can accentuate this cardiovascular strain. In
contrast, excessive heat loss to the environment during cold weather may result in
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Lorenzo S. Halliwill JTR. Sawka WIN., Minson CT. Heat acclimation
improves excrcise performance. J Appd Physiol 109: 11401147, 2010. First
published August 19, 2010; doi:10.1152applphysiol.O0495.2010.—This

study examined the impact of heat acclimation on improving exercise
s

performance in cool and hot environments. Twelve trained cycli
performed tests of maximal acrobic power 1 rial por—
formance. and lactate threshold. in both cool [l’iDC 30% relative
humidity (RH)] and hot (38°C. 30% RH) environments before and
after a 10-day heat acclimation (—50% VOzmax in 407°C) program. The
hot and cool condition VOsmax and lactate threshold tests were both
preceded by either warm (41°C) water or thermoneutral (34°C) water
immersion to induce hyperthermia (0.8 —1.0°C) or sustain normother-
mia, respectively. Eight matched control subjects completed the same
execrcise tests in the same environments before and after 10 days of
identical exercise in a cool (13°C) environment. Heat acclimation
increased WVOzmax by 5% in cool (668 =+ 2.1 ws. 702 += 2.3
ml-kg  '-min ', P = 0.004) and by 8% in hot (55.1 = 2.5 vs. 59.6 =
2.0 ml-kg 'min ', P = 0.007) conditions. Heat acclimation im-
proved time-trial performance by 6% in cool (879.8 &= 48.5 wvs. 9347 =
509 kKJ, P = 0.005) and by 8% in hot (718.7 = 423 wvs. 776.2
509 kJ, P = 0.014) conditions. Heat acclimation increased power
output at lactate threshold by 59 in cool (3.88 = 0.82 vs. 4.09 = 0.76
Wikg., £ = 0.002) and by 5% in hot (3.45 *= 0.80 vs. 3.60 = 0.79
Wikg, P < 0.001) conditions. Heat acclimation increased plasma
volume (6.5 == 1.5%) and maximal cardiac output in cool and hot
conditions (9.1 = 3.4% and 4.5 *= 4.6%, respectively). The control
group had no changes in VOzmax. time-trial performance. lactate
threshold, or any physiological parameters. These data demonstrate
that heat acclimation improves aerobic exercise performance in tem-
perate-cool conditions and provide the scientific basis for employing
heat acclimation to augment physical training programs.

maximal oxygen uptake: time-trial performance: lactate threshold:
plasma volume: cardiac output: hot environment: cool environment

effect”™ (24. 36). Heat acclimation is documented to induce
numerous physiological adaptations that theoretically could
improve aerobic exercise performance in cool-temperate con-
ditions. These physiological adaptations from heat acclimation
include reduced oxygen uptake at a given power output (32,
42). muscle glycogen sparing (7. 42), reduced blood lactate at
a given power output (42). increased skeletal muscle force
zeneration (21), plasma volume expansion (2, 38), improved
myocardial efficiency (14), and increased wentricular compli-
ance (16). Therefore, it is reasonable to postulate that heat
acclimation, similarly to *“live high-train low.,” might improve
exercise performance capabilities in temperate-cool conditions.

The purpose of this study was to determine the impact of
heat acclimation on maximal aerobic power. time-trial perfor-
mance., and lactate threshold. in a cool (13°C) environment.
We hypothesized that heat acclimation would improve exercise
performance capabilities in cool conditions and therefore pro-
wvide a relatively convenient means to augment exercise capa-
bilities in trained athletes.

METHODS

Subjecrs. Before participation, cach wvolunteer gave written in-
formed consent as set forth by the Declaration of Helsinki. All
protocols were approved by the Institutional Review Board of the
University of Oregon. Twelve highly trained endurance cyclists (10
men. 2 women). age 24 = 6 (SD) yr. completed the heat acclimation
protocol (height 175 = 6 cm. weight 67.7 = 8.1 kg. body mass index
221 = 3.9 kg/m™). Eight subjects (7 men, 1 woman), age 26 == 4 yr,
completed the control protocol (height 174 = 6 cm, weight 70.2 = 4.1
kg. body mass index 23.1 = 3.1 kg/m?). Of these cight controls, four
subjects completed the heat acclimation program after completing

their control experiments. The heat acclimation group and control
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