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ABSTRACT 

Heat acclimatization is acquired in men during repeated long 

term steady-state work in a heated environment. Physically conditioned 

men who are not environmentally heat acclimated have been reported to 

have some similar thermal responses to environmentally heat acclimated 

men (e.g. enhanced distribution of blood flow in the skin, increased 

sweating, and a lower accumulation of internal temperature). However, 

the mechanisms by which and the extent to which physical conditioning 

affects these temperature responses is unclear. The relationship of 

physiological variables commonly affected by conditioning (e.g., 

maximum oxygen consumption (VO max) and percent fat) to temperature 

responses is also obscure. 

Specific aims of this study were: 1) to identify the acute 

(non steady-state) exercise-induced thermal responses of men with 

different levels of physical conditioning; 2) to identify the signifi­

cant relationships between any differences found in these thermal 

responses and differences in other selected physiological responses 

of men with different levels of conditioning; and 3) to identify the 

applicability of the various mathematical formulae commonly used in 

the field of thermal stress to this study. 

In this investigation, 53 male subjects placed in groups by 

level of physical conditioning were studied. The three groups consisted 
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of 1) marathoners (men running greater than 50 miles per week), 2) 

joggers (men running 10-15 miles per week), and 3) sedentary men 

(men who were on no routine exercise program). Each subject was 

exercised according to the Bruce protocol. Cardiopulmonary function 

was closely monitored and thermal responses (rectal temperature and 

temperature at nine individual skin sites) were recorded at rest, 

during exercise, and for one hour post exercise. 

Several major points about thermal responses to exercise 

and their relationship to physical conditioning were identified: 

1) Differences in temperature responses of men with different 

levels of conditioning can be identified within a few 

minutes of acute exercise. 

2) Internal (rectal) temperature increases in all groups during 

exercise, but better conditioned individuals have lower rectal 

temperature and lower rates of heat accumulation at any given 

workload. 

3) Marathoners dissipate internal heat better than joggers or 

sedentary men. In general, joggers resembled sedentary men 

in their thermal responses more than they resembled marathoners. 

4) Physical conditioning affects skin temperature responses at 

selected sites during exercise and recovery. This is missed 

when using mathematical formulae derived for the purpose of 

identifying "total" body thermal response. 

5) Changes in body temperature responses with physical conditioning 

can be related with changes in maximum oxygen consumption and 

body fat. 
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These findings demonstrate that physical conditioning alone 

increases the ability to compensate against heat. The altered thermal 

responses which reflect this increased compensation can be identified 

during acute short-term exercise in a therraoneutral environment. 
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INTRODUCTION 

Most studies"^'^'^^*^^'"^^'^^'^^'^^'^^ of thermal response have 

addressed the combination of exercise-induced metabolic heat load 

and environmental heat load. These investigations have been directed 

toward repetitive exposures and steady state work rates in high heat 

environments. Many of these studies have also been directed at 

developing exposure indices, improved clothing, and better working 

environments for maximizing ability to compensate to high heat loads. 

33 77 91 

Since earlier investigators ' ' have reported that better con­

ditioned individuals adjust to environmental heat loads better than 

non-conditioned individuals, this study focuses on the early thermal 

responses of men with different levels of conditioning. 

The amount of acute exercise, or the amount of short term 

work, that an individual can accomplish is limited primarily by three 

factors: (1) How much blood is pumped to the working tissues; (2) How 

much oxygen (0.) is carried in that blood; and (3) How rapidly the 

oxygen is utilized by the working tissues. Conditioning markedly 

improves blood supply to working muscles and the ability of working 

tissue to utilize oxygen. 

The maximum oxygen consumption (VO max) or "aerobic power," 

expressed in ml of oxygen per kg of body weight per min (ml 0^ ' kg 

• min" ), is a reproducible physiological end point useful for quan­

tifying the level of conditioning. The VO^max increases with 

conditioning. This increase in VO max is due to a greater maximum 

cardiac output and the enhanced ability of working tissue to utilize 

oxygen. The greater maximum cardiac output in conditioned individuals 



is accompanied by an increased stroke volume and a decreased heart 

29 30 83 
rate at any given workload. ' ' The enhanced utilization of 

oxygen by the tissues is due in part to an increase in capillary 

19 
density. The increased number of capillaries per cross sectional 

area of working muscle decreases diffusion distance between the 

blood vessel and the muscle fibers thereby enhancing oxygen delivery. 

Oxidative potential of the muscles also increases. Pyruvate and 

fatty acids can be metabolized more rapidly because of an increase 

in the concentration and activity of mitochondrial enzymes with 

^ . . 19,51,86 training. 

These changes and the increased maximum 0. consumption 

allow the trained individual to work longer and harder aerobically. 

Therefore, the level of work where the metabolic demands of exercise 

can no longer be met totally aerobically is increased with training. 

20 Buskirk has recently presented a literature review on 

temperature regulation with exercise. The review clearly indicates 

that heat production during exercise is directly related to workload. 

69 Nielsen's classic work identified absolute work as the amount of 

oxygen consumption (liters • min ) necessary to accomplish the work 

° 4 

task. Astrand added that the expression of workload may be better 

identified as relative work, i.e., the percentage of VO max (ml 0 • 

kg • min ) used to accomplish the work task. Saltin and Hermansen 

studied seven subjects with different maximum oxygen consumptions to 

determine whether internal temperature is related to absolute workload 

or relative workload. Their research revealed three basic results. 

1) Rectal and esophageal temperatures of the subjects at comparable 

percentiles of their VO max, but different absolute work levels, 



were comparable. 2) Highly conditioned subjects produced more than 

twice as much heat as the less conditioned subjects. 3) Better 

conditioned individuals must, therefore, dissipate heat better 

than other subjects. 

When an individual exercises at a given workload he expends a 

corresponding given amount of energy, whether that workload is moving 

an external load or moving body weight. Of the total energy expended, 

only about 25 percent is used for accomplishing work while the rest is 

lost as heat. Both the energy utilized and the heat produced are 

thus directly related to the workload. This is true whether the 

energy is supplied aerobically, anaerobically or by a combination 

of the two. Although resting oral temperature varies from 35.8°C 

18 
to 37.5°C and resting rectal temperature is less than 1°C higher , 

the heat load generated by exercise may elevate rectal temperature 

to as high as 41.9°C.^^ 

During exercise, heat production and heat transfer are greater 

in those regions in which muscle activity is the greatest; for example, 

72 
in the lower extremities during running. The increased temperature 

in the large leg muscles with running is easily transferred to the 

pelvic region by the blood draining through the pelvic region and it 

is easily monitored by rectal temperature probes. Because of this, the 

T may be more related to lower extremity muscle temperature than to 
re 

total core temperature and its reliability as an indicator of general 

, , ^ 24,48,60,68 „ .̂  . 
internal temperature has been debated. However, it is 

the most widely used indicator of core temperature change with 

exercise. Another characteristic of rectal temperature response to 



exercise is the delay between the onset of exercise and increases 

36 
in T^^, This results from the delay in transfer of heat from 

working muscles in the legs to the rectal area. 

Tympanic membrane temperature (T ) has also been used to 

indicate internal temperature, or more specifically brain, tempera­

ture. Esophageal temperature (T ) at the level of the left atrium 
es 

is also often used as a measurement of internal temperature. How­

ever, due to the ease of placement of a rectal probe and the relative 

relationship of T with the other measures of internal temperature 
87 

(T. and T ), T has been the most conventional site for monitoring 
ty es re 

internal temperature during work. 

The "body thermostat" which is located in the preoptic region 

of the anterior hypothalamus responds to the temperature of blood 

flowing through the hypothalamus and to afferent neural impulses 

from the skin receptors. ' ' The warm and cold receptors of 

the skin respond to a combination of ambient temperature and the 

temperature of blood flowing through the skin. Temperature inputs 

from other regions of the body are also present, but the hypo­

thalamic "thermostat" sensitivity to these temperature inputs is 

minimal compared to its sensitivity to input from the hypothalamus 
20 and skin receptors. A sustained increase in internal temperature 

after exercise may be seen which may not be due solely to increased 

metabolic heat production during exercise. The body thermostat may 

be reset at a higher temperature and contribute to heat retention 

5,11,47,67,87,89 
after exercise. 

Heat is dissipated by three mechanisms: 1) radiation (R), 

2) conduction/convection (C), and 3) evaporation (E). Radiation is 



the giving off of heat as infrared rays. Conduction is the direct 

transfer of heat, including transfer of heat from the outermost 

layer of the skin to the adjacent layer of air. Conduction to the 

air stimulates convective currents which then carry heat away from 

the body. Conduction/convection is increased by increased movement 

of air across the skin by either movement of the air or movement of 

the body through the air. Evaporation cools the skin as heat is 

dissipated when sweat is converted to water vapor and evaporated. 

At rest in a comfortable thermal environment, the body loses approxi­

mately 60% of its heat by radiation, 15% by conduction/convection 

and 25% by evaporation. During exercise, the percentage of heat 

loss by all three mechanisms is altered. The largest fraction of 

heat is still lost by radiation and conduction/convection during 

acute exercise, but with prolonged exercise the greatest fraction 

of heat is lost by evaporation. 

At a thermal steady state, heat production is exactly 

97 
balanced by heat loss : 

M ± R ± C - E = 0 (M= metabolic heat load) 

However, with moderately high levels of exercise, especially in hot 

environments, heat accumulates and heat storage (S) occurs: 

M ± R ± C - E = S 

Heat storage during exercise results in a gradual increase 

in body temperature despite increases in the activity of heat dissi­

pation mechanisms. 

At the onset of exercise, blood is shunted to the working 

muscles by dilitation of vessels to those muscles and constriction 



of vessels to the skin and viscera. •̂ '̂-̂ '̂̂ '̂̂ ^ However, with accumu­

lation of heat, blood flow is returned intermittently to the periphery 

to prevent marked increases in body temperature.^^'^'^^ The shunting 

of blood to the skin efficiently transfers heat to the subcutaneous 

regions because of the high heat capacity of blood (each liter of 

blood shunted to the skin dissipates 4 kcals or more). ' This 

increase in peripheral blood flow is thought to be initiated by a 

vasoconstrictor inhibition impulse and/or vasodilator impulse to 

the cutaneous vasculature. ' The exact mechanism of this action 

has been an area of considerable controversy. •̂ '̂ '̂"̂ '̂̂ '̂ '̂ "̂ '̂  

Vasodilator metabolites such as bradykinin, which has been found in 

sweat, may also be involved in the increased cutaneous blood 

„ 31,45 flow. 

As internal temperature increases and skin temperature is 

increased by increased blood flow, the sweat glands are stimulated 

and evaporative cooling begins. ' Each milliliter of sweat 

evaporated dissipates 0.58 kcal (heat of vaporization of water). 

The maximum sustainable sweat rate for a 70 kg man is 1 liter/hr, 

37 which represents approximately 600 kcals/hr. However, man can 

sweat as much as 3 liters/hr over short periods of time and quickly 

66 
become dehydrated. This rate of sweating cannot be sustained. 

Like skin blood flow, sweating activity is stimulated by hypothalamic 

^ . • . 10,20,63 . . ^ ^ A • X • 
and skin receptors. An increase in sweat rate during work is 

45 71 
primarily related to increased internal temperature. ' The rate 

of sweating increases as T increases between 36.8°C and 38.3°C. 

Above 38.3°C sweating rate is maximal. Below 36.8''C sweating is 

inhibited. Nadel, Stolwijk, and Mitchel ' recognized that various 



body regions have different sweat rates and different sensitivities 

to thermal stimulation of sweating. Each body region appears to 

have its own characteristic internal temperature threshold for 

initiation of sweating. 

Skin temperature (T ) is dependent on heat transferred to 
S K 

the skin by skin blood flow and conduction and heat lost to or gained 

from the external environment. Skin temperature can span a large 

range both at rest and during exercise, depending on the metabolic 

and environmental heat loads. Most studies evaluate "total body" 

skin temperature and thermal response rather than "specific body 

region" skin temperature and thermal responses. A number of 

mathematical formulae have been derived to express these total 

body thermal responses as accurately as possible. The mean skin 

temperature (T ) and other indices of total body thermal responses 

, . . . 21,49,64,67,75,80,81,97 

are frequently used in current literature. 

Mean skin temperature can be calculated by a number of mathematical 

formulae. The mean weighted skin temperature (MWST) is calculated 

by multiplying the surface temperatures of specific regions by the 

fraction of the body surface that that area represents and then adding 

the products to get the MWST. The percentage of the total body surface 

assigned to each body segment is generally derived by Dubois' "Linear 
Formula." The following are commonly used mean weighted skin 

temperature (MWST) equations: 

A. Burton'ŝ -̂  M^WST (3 points) 

M WST = (chest x 0.50)+(calf x 0.36)+(lower arm x 0.14) 

B. Newburgh and Spealman's M WST (4 points) 



M^WST = (chest x 0.34)+(thigh x 0.33)+(leg x 0.18)+ 

(lower arm x 0.15) 

C. Hardy and Dubois'^^ M WST (7 points) 

M WST = (forehead x 0.07)+(chest x 0.35)+(thigh x 0.19)+ 

(calf X 0.13)+(sole x 0.07)+(lower arm x 0.14)+ 

(palm X 0.05) 

The simple arithmetic mean of the skin temperature at several 

54 sites has also been used for quantifying the total skin temperature. ' 

17 73 2 

' Adams compared arithmetic mean skin temperatures with the 

Hardy and Dubois M WST formula in a variety of heat load studies. 

He found them to agree within 0.25°C and concluded that, because of 

the ease of computation, arithmetic mean may be used instead of the 

MWST to determine mean skin temperature. 
Another commonly used temperature response equation, mean 

22 '), incorporates both the T and the T , b re sk 
22 body temperature (T, ), incorporates both the T and the T 

(MWST): 

T^ = 1/3 T , + 2/3 T b sk re 

The f equation is frequently used to calculate the change in total 

22 
body heat content or heat storage (AS): 

AS = 0.83 • body mass • A f 

where 0.83 is the specific heat content of human tissue (kcal-kg 

°c" ) and body mass is expressed in kg. 

These various mathematical formulae, because they express 

"total" thermal responses, may miss more subtle thermal responses 

which vary by skin region. Further, the applicability of these 

equations to acute short-term (transient) exercise stress in thermo-

neutral environments, rather than to long-term steady-state work in 



thermally stressed environments, is uncertain. This study examines 

specific skin area responses to acute exercise and the applicability 

of various mathematical heat stress equations to this type of stress. 

On repeated exposure to high levels of environmental heat, 

, . ^ , , . ^ u ^ -,- -̂ -̂ 28,32,84,100,101 
subjects develop increased heat acclimatization. ' ' ' 

Approximately 90% acclimatization appearing in a week has been 

39 
reported. However, only about 52% acclimatization can occur 

when a high vapor pressure (relative humidity) is present and 

80-90% acclimatization is seen only when a low vapor pressure 

exists. Full acclimatization (100%) takes more than a week. ' 

In the heat acclimated individual, blood flow is believed to be more 

81 
efficiently distributed. Early skin vasodilator activity allows 

66 R1 
increased cutaneous blood flow. ' Acclimatization also increases 

the sweating response. ' ' Sweating in heat acclimated subjects 

begins at a lower internal temperature, the onset is more sudden, and 

the volume of sweat that can be produced is increased. An increase 

in sensitivity of the central drive (hypothalamus plus skin receptors) 

69 R~\ 
for sweating probably develops. ' As skin blood flow and sweating 

increase with acclimation, heat dissipation increases and internal 

temperature decreases. These cardiovascular and sweating changes 

allow an individual to perform a given workload in a heated environ­

ment longer than a non-acclimated individual with the same cardio­

vascular fitness. Similar physiological changes were found in 

well-conditioned individuals who were not environmentally heat 

acclimated.•^•^'^^'^^'^°'^° They had a lower T^^, a lower rate of , 

rise of T for a given heat load, an enhanced cutaneous blood 
re 



10 

flow, and an increased sweating response. It is unclear, however, 

to what extent physical conditioning affects these temperature 

responses. 

The specific aims of the present study were to address the 

following questions: 

1. What are the acute (non-steady state) exercise-induced 

thermal responses of men with different levels of 

physical conditioning? 

2. What relationships are there between any differences 

found in these thermal responses and differences in 

other selected physiological responses of men with 

different levels of conditioning? 

3. How applicable to the study of acute metabolic 

thermal responses are the equations used for 

evaluating the physiological responses to heat? 

The answers to these questions will add to our understanding 

of the physiological responses to heat generated by acute (transient) 

non-steady state work and to our understanding of the role of physical 

conditioning in the adaptation of these responses. 



MATERIALS AND METHODS 

Subjects 

Fifty-three men, categorized by level of conditioning, were 

used as test subjects. All subjects gave their informed consent to 

participate (see Appendix 1). Sixteen marathoners who were running 

more than 50 miles a week were considered highly conditioned. Seven­

teen joggers who were running 10-15 miles a week were considered 

moderately conditioned. Fifteen individuals who followed no routine 

exercise program were classified as sedentary. The three groups were 

matched as closely as possible according to age and height; matching 

for weight and percent body fat was also attempted. All subjects were 

non-smokers and had less than 25% body fat. Each subject was studied 

on a separate day following 12 hours of fasting and abstention from 

vigorous exercise. Subjects in each group were studied at various 

times of the year to decrease the influence of seasonal acclimitiza-

tion on the results (see Appendix 2). The study was conducted in a 

thermoneutral environment which was confortable for working men. The 

average laboratory (room) temperature and relative humidity of all 

subject test days was 23°C and 45% respectively in still air. 

History and Physical 

A medical evaluation (Standard Forms 93 and 88; Appendix 3 

and 4) and a 12 lead electrocardiogram were performed on each subject. 

Potential subjects with a history or physical evidence of significant 

medical problems that would limit their capacity to perform exercise 

or increase their risk of exercise were excluded from the study. 

11 
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Body Fat determination 

Percent body fat was determined by skinfold measurements 

78 
according to Pollack et al. (cf. equations p. 19). Measurements 

were taken with a skinfold caliper (Appendix 5) manufactured to give 

a constant pressure of 10 gm/sq mm and read to the nearest two tenths 

mm. The instrument was used by picking up a fold of skin and sub­

cutaneous tissue between the thumb and forefinger of the left hand 

and pulling it away from the underlying muscle. While continually 

holding the fold, the calipers were applied just below the fingers 

(Appendix 6). Full pressure of the caliper was exerted by removal 

of the fingers of the right hand from the trigger-lever. Measure-

meats at each location were repeated until three successive readings 

were within 0.2 mm. Skinfold measurements were taken at seven 

anatomical sites on the right side of the body (Appendix 7): 

1. Chest - a diagonal fold over the pectoralis major muscle 

midway between the nipple and shoulder crease. 

2. Subscapular - a diagonal fold just below the inferior 

border of the scapula. 

3. Triceps - a vertical fold midway between the acromion 

and olecranon processes. 

4. Abdomen - a vertical fold approximately 2.5 cm to the 

right of the umbilicus. 

5. Suprailiac - a horizontal fold just above the iliac 

crest. 
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6- Front thigh - a vertical fold midway between the greater 

trochanter and patella. 

7. Axilla - a vertical fold on the lateral side of the 

thorax, on a line bisecting the armpit and hip at a 

level equal to the xiphoid process. 

Electrocardiogram (ECG) 

The electrocardiogram (ECG) was monitored at rest, during 

exercise and during recovery using a Quinton Instrument Model 633 

3-Channel ECG recorder and monitor (Appendix 8). Lead II, AVF, 

and V5 were monitored continuously and heart rate was continuously 

displayed digitally. 

To attain proper conductance and transmission of electrical 

potential, the skin sites for electrode placement were abraded and 

cleansed with alcohol soaked gauze. When the skin was dry, tincture 

of benzoin was applied as an adhesive for placement of the pre-gelled 

electrodes. Electrodes were placed on the following sites: 

Limb leads (Appendix 9) 

a. Right and left arm - leads were placed in the right 

and left midclavicular lines just below the clavicle. 

b. Right and left leg - leads were placed on the right and 

left anterior abdomen just above the iliac crests, and 

on a line running between the umbilicus and the anterior 

superior iliac spine. 
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Chest Leads (Appendix 10) 

a. V^ and V were placed over the fourth intercostal space 

to the right and left margins of the sternum respectively. 

b. V, was placed over the fifth intercostal space in the 

midclavicular line. 

c. V was centered on a line connecting V and V,. 

d. V and V, were placed on a horizontal line from V,. 

V was placed at the anterior axillary line and V. at 

the midaxillary line. 

Respiratory and Metabolic Measurements 

Gas analyses were performed at rest, during exercise, and 

during recovery using a Beckman Metabolic Measurement Cart (MMC) 

(Appendix 11). The following measurements and calculations were 

made and recorded every 30 or 60 sec by the MMC: 

Minute Ventilation (V^) : The volume of gas exhaled by the 

subject in one minute, expressed in liters • min 

Respiratory Rate (F) : The frequency of breaths per minute. 

Tidal Volume (TV): The volume of gas exhaled by the subject 

in each breath, expressed as ml • breath 

Oxygen Consumption (VO ): Expressed in two forms; ml 0^ * 

rain and ml 0 • kg • min 

METS: A multiple of the theoretical resting rate of 

. r . , -, -2 ^ -l^ 66 
metabolism (1 met = 50 kcal • m • hr ). 

Carbon Dioxide Production (VCO ): The volume of CO^ produced 

and expired, expressed in ml • min 

-2-" 2 
• 1 
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Respiratory Exchange Ratio (RQ): The ratio between VCO and 

VO^. 

Calibration procedures as outlined by the MMC manufacturer 

were conducted within 5 minutes of the start of the exercise test 

and within 5 minutes after completion of all respiratory measurements. 

A difference in calibration of less then one percent was considered 

acceptable. 

Temperature Monitoring 

Thermal responses at rest, during exercise, and during recovery 

were monitored by recording rectal temperature and skin temperature 

at nine different sites. Rectal temperature was monitored using a 

YSI series 400 rectal temperature probe inserted to 10 cm past the 

external anal sphincter and held in place using a harness and belt 

(Appendix 12). Skin temperatures were monitored using YSI series 

400 skin thermistors (Appendix 13) placed on the following skin 

sites and held in place by porous tape (Appendix 14). 

1. Center of the forehead 

2. Over the left pectoralis major muscle midway between 

the nipple and shoulder crease. 

3. Medial side of the left forearm midway between the 

wrist and antecubital fossa. 

4. Dorsal surface of the left hand. 

5. Left upper quadrant of the abdomen. 

6. Anterior portion of the left thigh (over the quadriceps 

muscles) midway between the greater trochanter and 

patella. 
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7. Posterior-lateral portion of the left calf (over the 

gastrocnemeus muscle) approximately 13 cm below the 

popliteal fossa. 

8. Slightly medial and posterior to the medial border of 

the left scapula. 

9. Left lumbar region just superior to the iliac crest. 

Temperature measurements were monitored and recorded from a YSI model 

46 Tele-thermometer (Appendix 15) with readability of ± 0,05°C. All 

thermistors were calibrated in a water bath before use and specific 

skin thermistors were designated for use at specific sites to insure 

accuracy and comparability of thermal data. Temperatures at rest and 

during exercise were recorded when subjects were standing and during 

recovery when subjects were recumbent. 

Blood Analyses 

Blood samples were drawn for analyses on each subject at rest, 

at the end of exercise, and one hour after exercise. Most analyses 

performed were for collaborative studies on blood chemistry changes 

with acute exercise in men. This study used only minimal amounts of 

the data. 

Rest 

Before the first blood sample was drawn, each subject 

remained in a blood donors chair approximately 15-20 minutes. 
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Exercise Protocol 

Subjects were exercised on a treadmill (Appendix 16) utilizing 

58 
the Bruce protocol. This protocol is a continuous multi-staged 

treadmill test with increases in speed and grade every three minutes. 

Bruce Protocol 

Elapsed 

Duration Time Speed Grade 

Stage (minutes) (minutes) m/sec (mph) (%) 

1 3 1-3 0.76 1.7 10 

2 3 4-6 1.12 2.5 12 

3 3 7-9 1.52 3.4 14 

4 3 10-12 1.89 4.2 16 

5 3 13-15 2.24 5.0 18 

6 3 16-18 2.46 5.5 20 

7 3 19-21 2.68 6.0 22 

Each subject exercised to their maximum. Criteria used to determined 

that subjects reached their maximum effort prior to temination of 

test were: 1) indication of exhaustion by subject; 2) plateauing 



18 

of heart rate; 3) minimal further increase in VO ; and 4) respiratory 

exchange ratio greater than 1. The ECG and MMC were monitored contin­

uously during the exercise. "Exercise" T and the 9 T , were recorded 

re sk 

every five minutes during exercise and "End" values were recorded at 

maximum exercise. 

Recovery 

After stepping off the treadmill, each subject was again 

seated in the blood donor chair and blood was drawn within 1 minute 

of the start of the recovery period. The ECG and MMC were monitored 

for the first 20 minutes of recovery. "Recovery" T and T , were 
re sk 

recorded every five minutes for 60 minutes of recovery. At one hour 

post exercise, a final recovery blood sample was drawn and the test 

was considered completed for that subject. 

Equations 

The following equations were used to define 19 thermal 

variables used in evaluating portions of the data collected on each 

subject (M; A; %F; M^AST, M^AST, M^WST and M^WST; M^AT^; M^WT^ and 

M.,,̂ ;̂ M^AH ^, M.WH , and M„ WH ,; M.AAS, M^AS, M, WAS, M WS; 
3WTb' 5 grad' 4 grad 3 grad' 5 5 4 4 

M WAS and M WS). 

35 
1. Metabolic energy cost (M) 

M = 1.5W + 2.0 (W+L) (L/W)^ + n (W+L) (1.5V^ + 0.35VG) 

where: M = metabolic rate, watt kcal/min 

W = Body weight, kg 

L = External load, kg 
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V = velocity (walking/running speed), m/s 

G = Grade [slope], % 

n = Terrain factor, (p = 1.0 for treadmill walking) 

Since the external load (clothes) was negligable for our subjects 

and n = 1 for treadmill walking, the metabolic energy equation was 

simplified as follows: 

M = 1.5 W + 1.5 W (V̂  + 0.35 VG) 

2. Surface Area (A) 

A = W°-^25^jj0.725^ 0Q^^3^ 

2 
where: A = surface area in m 

W = weight in kg 

H = height in cm 

3. Percent Body Fat (%F)^^'^^ 

a. Sum 7 = Sum of 7 skinfolds = 

Chest+Abdomen+Axilla+Subscapular+Suprailiac+Triceps+Thigh 

b. Body density = D = 1.112 - 0.00043499 (sum 7) + 0.00000055 

[(sum 7)^] - 0.00028826 (age) yrs 

c. Percent body fat = %F = [(4.95/D) - 4.5] x 100 

4. Mean Skin Temperature (T ^ 
^ ' S iC 

2 
a. Arthmetic Mean 7 point Skin Temperature (M AST) 

Forehead + Chest + Abdomen + Forearm + Hand + Thigh + Calf 
7 

b. Arithmetic Mean 5 point Skin Temperature (M AST) 

Forehead + Chest + Forearm + Thigh + Calf 
5 
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c. Mean Weighted Skin Temperature (4 points) (M.WST) 

(Chest X 0.34) + (thigh x 0.33) + (leg x 0.18) + 

(lower arm x 0.15) 

21 
d. Mean Weighted Skin Temperature (3 points), (M„WST) 

(Chest X 0.50) + (Calf x 0.36) + (Lower Arm x 0.14) 

>22 
5. Mean Bbdy Temperature (T, )' 

T̂ . = 1/3 T , + 2/3 T b sk re 

a. Mean 5 (Arithmetic) Body Temperature 

M^AT, =1/3 1, + 2/3 T 5 b sk re 

where: T , = M^ST 
sk 5 

b. Mean 4 (Weighted) Body Temperature 

M,WT^ = 1/3 f , + 2/3 T 4 b sk re 

where: T , = M.WST 
sk 4 

c. Mean 3 (Weighted) Body Temperature 

«3"^b = ^/^ ̂ sk ̂  2/3 T^^ 

where: T ^̂  = M^WST 

6. Heat Gradient 

H . = T - T , grad re sk 

a. Mean 5 (Arithmetic) Heat Gradient 

M^AH , = T - f 
5 grad re sk 

where: T . = M ST 
sk 5 

b. Mean 4 (Weighted) Heat Gradient 

M.WH J = T - T , 4 grad re sk 

where: T̂ ^̂  = M^WST 
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c. Mean 3 (Weighted) Heat Gradient 

M.WH , = T - f , 
3 grad re sk 

where: f , = M.,WST 
sk 3 

7. Change in Heat Content during a Time Interval (Heat Storage AS) 

22,41.42 

AS = 0.83 • Mass • A T,_ 
b 

where: 0.83 = specific heat of body tissue (kcal 'kg • °C ) 

mass = weight of subject in kg 

AT = change in mean body temperature at time t (T, „ - T ) 

where: T , = mean body temperature at start of time interval 

T, = mean body temperature at end of time interval. 
When f̂  = T, , i.e., initial resting mean body temperature, 

bl bto 

AS becomes accumulated heat storage (S). 

a. Mean 5 (Arithmetic) Change in Body Heat Content and Heat 

Storage 

M AAS = 0.83 • mass • A T^(t2-tl) ^^'^ 

M^AS = 0.83 • mass • AT̂ ^̂ ^̂ -to) 

where: f̂  is based on M^AST 
b 5 

b. Mean 4 (Weighted) Change in Body Heat Content and Heat 

Storage 

M.WAS = 0.83 • mass • A Tĵ ((-2-ti) ^^^ 

M4WS = 0.83 • mass • A T^^^^-to) 

where: f, is based on M.WST 



22 

c. Mean 3 (Weighted) Change in Body Heat Content and Heat Storage 

M.WAS = 0.83 • Mass • A f, ,,^ ,,, and 
3 b(t2-tl) 

M.WS =0.83 • mass • A 1 , ̂  
J b(.t2-to) 

where: T. is based on M.WST 
b 3 

Statistical Methods 

At the recommendation of the University's statistician, simple 

univariate statistics were used in the analysis of these data. This 

form of analysis is better for identifying broad relationships among 

many variables than is multivariate analysis which is more appropriate 

for the analysis of a relatively limited number of variables in much 

larger populations. To use multivariate analysis with a small 

population size and large number of variables, leads to hypothesis 

tests with little statistical power. 

Statistically significant changes in variables across time 

(between time points) were determined using the paired Student's 

t-test. Statistical analyses with unpaired Student's t-test were 

used to compare the differences between the subject groups. To 

insure that a type 1 error (a = 5%) was not exceeded using the 

Student's t-test for three groups of subjects instead of two, the 

93 
Bonferroni inequality method was applied. The Bonferroni procedure 

divides the commonly accepted level of significance (p < 0.05) by the 

number of groups compared (i.e., three for this study). This study 

thus used a level of significance near p < 0.02. 

Values in tables, results, and discussion are generally given 

as means ± standard deviations. 
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Pearson correlation coefficient analysis was used to test 

relationships between variables where underlying hypotheses suggested 

meaningful relationships might exist. Correlations were performed 

for each subject group and for the combination of all three groups. 



RESULTS 

Subjects 

General data on each group of subjects used in this study 

are presented in Table 1. Age, height, and lean body mass were not 

significantly different between the groups. However, the joggers 

and sedentary group had significantly greater body weight, body fat, 

and surface area than the marathoners. Length of time on the tread­

mill was greatest for marathoners. Oxygen consumption (VO ) (Table 

2) was significantly greater in marathoners at rest, at 5 min, 10 

min, and at the end of exercise. The VO max and VO at the end of 

exercise were different in all three groups. 

Rectal Temperature (T ) 
re 

Figure 1 shows that T increased with exercise in all three 
re 

groups following a five minute lag period. A significant value 

greater than end occurred within the first few minutes of recovery. 

This reflected an overshoot from the preceding exercise period 

followed by a slow return toward resting levels during the remainder 

of the one hour recovery period. 

At rest and during the first ten minutes of exercise, the 

sedentary group had higher T than marathoners and joggers (Table 

3). During recovery, marathoners generally maintained the highest 

temperature until 50 minutes post exercise and the joggers and 

sedentary groups were not significantly different. 

24 
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As shown in Table 4, the sedentary group increased their 

rectal temperature more at 10 minutes of exercise than did the 

marathoners (p < 0.02). However, at end exercise the marathoners 

had increased their T more than either joggers or sedentary men 

(both p £ 0.001). Rectal temperature peaked at five minutes post 

exercise (5P) for the marathoners and the sedentary group and at 

ten minutes post (lOP) for the joggers. Marathoners had the 

greatest increase in rectal temperature after exercise. During 

the first half of recovery (5P-30P), the sedentary group had the 

greatest decrease in T of the three groups, while during the 

second half of recovery (30P-60P), marathoners had the greatest 

decrease. One hour after exercise the marathoners still had an 

elevated rectal temperature but the other two groups did not 

(p < 0.001). 

Figure 2 shows the relationship of T to relative aerobic 
re 

workload (VO ). At each five minute interval from rest to end 

exercise, marathoners had a greater VO , a lower percent of VO max 

and a lower T . Joggers had a greater VO than the sedentary group 

only at the end of exercise; however, T and percent of VO„max were •' re 2 

lower at each time point for joggers than for the sedentary group. 

Skin Temperature (T ) 
SK 

Skin temperature responses of different regions of the body 

during acute, short-term exercise and a one hour recovery period 

were different. During exercise, all three possible skin temperature 

responses occurred at various sites; 1) a decrease in temperature, 

2) no change in temperature, and 3) an increase in temperature. 
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During recovery, only two of the possible major skin temperature 

responses occurred. 1) A peak in temperature within the first few 

minutes of recovery, followed by a decrease in temperature during 

the first half of rcovery and an increase and/or plateauing of tem­

perature thereafter. 2) A rapid increase in temperature within the 

first few minutes of recovery, to reach a stable level significantly 

higher than the resting level. 

Forehead Skin Temperature 

Forehead skin temperatures (Tables 5 and 6 and Figure 3) in 

the groups were similar at rest and responded similarly to exercise. 

Following exercise, forehead temperatures peaked within the first 

few minutes of recovery and then decreased until 30 minutes post 

exercise. During the remaining 30 minutes of recovery, temperatures 

increased to slightly above resting levels. There were no significant 

differences between the groups at any time. 

Chest Skin Temperature 

Chest skin temperatures (Tables 7 and 8 and Figure 4) in all 

three groups were similar at rest, and responded similarly to exer­

cise. Chest skin temperatures in each group peaked within the first 

few minutes of recovery. Following this temperature peak, chest 

skin temperature of the marathoners declined significantly during 

the first half of the recovery period and then leveled off above 

resting levels in the second half of recovery. The changes in chest 

skin temperature during recovery in joggers and sedentary groups were 

not significant. 



27 

Abdomen Skin Temperature 

During exercise abdomen skin temperatures decreased in each 

group (Tables 9 and 10 and Figure 5). The joggers and sedentary 

men had greater decreases than the marathoners during the first ten 

minutes. Following exercise, temperatures in marathoners and 

sedentary men peaked within the first few minutes of recovery; the 

magnitude of the peaks was small and temperatures did not exceed 

resting levels. Following this peak, the marathoners' abdomen skin 

temperature decreased during the first half of recovery while the 

joggers and sedentary group did not change significantly. During 

the latter half of recovery, abdomen skin temperatures in each group 

increased significantly to levels near their resting levels. At 

rest and during exercise, marathoners had the highest abdomen skin 

temperature. However, except at the peak which occurred during the 

first five minutes of recovery, after their longer exercise period, 

abdominal skin temperatures of the marathoners were not significantly 

different from the other groups during recovery. 

Forearm Skin Temperature 

With exercise, forearm skin temperatures decreased signifi­

cantly in all groups (Tables 11 and 12 and Figure 6). During recovery, 

temperatures increased within the first few minutes in each group. 

Rather than falling subsequently, as forehead, chest and abdomen 

temperatures had, forearm skin temperatures in each group increased 

in the later stages of the recovery period to plateau 50 min after 

exercise. Except for marathoners having lower temperatures during 
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the first half of recovery, forearm temperatures among the groups at 

rest, during exercise, and during recovery were comparable. 

Hand Skin Temperature 

Hand skin temperature decreased with exercise in all groups 

(Tables 13 and 14 and Figure 7). During the first five minutes of 

recovery following exercise, hand skin temperature did not change 

significantly. However, during the first half of the recovery 

period, the temperatures increased in all groups to levels 

significantly higher than resting levels. During the latter 

half of the recovery period the temperatures plateaued at levels 

well above resting levels. At rest and during exercise, marathoners 

maintained the lowest hand skin temperatures. However, during 

recovery, there were no significant differences between the groups 

at any time point. 

Thigh Skin Temperature 

During the first five minutes of exercise, thigh skin tem­

peratures decreased in all groups (Tables 15 and 16 and Figure 8). 

During the remainder of exercise, thigh temperature in all groups 

began to return toward resting levels. Following exercise, the tem­

perature increased rapidly within the first five minutes of recovery. 

Subsequently, thigh skin temperatures plateaued at levels signifi­

cantly higher than resting levels. During the first five minutes 

of exercise, thigh skin temperatures decreased more in sedentary 

subjects than in joggers. During recovery, marathoners had the 
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greatest decrease from the 5 minute post exercise temperature 

during the first half of recovery. At all other times there were 

no significant differences between the groups. 

Calf Skin Temperature 

During exercise, skin temperature increased in all groups 

(Tables 17 and 18 and Figure 9). Following exercise, there was a 

significant increase in temperature to a peak at five minutes in 

the marathoners and joggers while the change in the sedentary 

group was not significant. During the first half of recovery, 

temperatures decreased significantly in all groups. During the 

latter half of recovery, temperatures continued to decrease 

significantly in the joggers and sedentary group, but not in 

the marathoners. By one hour after exercise the calf temperatures 

of the joggers and sedentary group had returned toward their resting 

levels; however, the marathoners' calf temperatures remained well 

above their resting level. 

Scapula Skin Temperature 

With exercise, scapula skin temperature decreased signifi­

cantly in all groups (Tables 19 and 20 and Figure 10). Marathoners 

had significantly higher temperatures at ten minutes and at end 

exercise than did joggers. 

Lumbar Skin Temperature 

There was no significant change in lumbar skin temperature 
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with exercise in any group nor was there a significant difference 

between the groups (Tables 21 and 22 and Figure 11). 

Mathematical Formulae: Mean Skin Temperature (T ) 
sk 

Mean Weighted Skin Temperature (3 points), (M WST) 

During exercise there was no significant difference between 

the groups in M^WST (Tables 23 and 24 and Figure 12). However, there 

were significant increases with exercise in M WST in the joggers 

(R-IOM) and sedentary group (R-END). Temperature peaked five minutes 

post exercise and then fell during the first half of recovery in each 

group. During the second half of recovery, the M WST of the joggers 

and sedentary group plateaued near resting levels and above resting 

levels, respectively. The M WST of marathoners increased during the 

second half of recovery to a level well above resting levels at one 

hour after exercise. There were no significant differences between 

groups in M WST at any time during recovery. 

Mean Weighted Skin Temperature (4 points), (M WST) 

At rest and during exercise there were no significant differ­

ences in M.WST or changes in M.WST between groups (Tables 25 and 26 

and Figure 13). During the first few minutes of recovery, M.WST 

peaked in each group. Marathoners subsequently decreased their 

M,WST but it remained higher than the resting level throughout 
4 

recovery. The M.WST in joggers and sedentary subjects plateaued 

after the initial peak and remained above resting levels throughout 

recovery. There were no significant differences between groups in 

M.WST during recovery. 
4 
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When M WST and M.WST are compared (Table 27), significant 

differences in these calculated mean skin temperatures are apparent. 

At rest, in marathoners and joggers, M WST was higher than M.WST; 

during exercise M WST was significantly higher than M WST in all 

groups. 

Arithmetic Mean 5 Point Skin Temperature (M AST) 

During exercise there was no significant change in Mj.AST in 

any group (Tables 28 and 29, Figure 14). M AST peaked within the first 

few minutes of recovery and remained above resting levels. There was 

no significant difference between groups in M AST at any time during 

rest, exercise, or recovery. 

Tables 30 and 31 compare M^AST with M.,WST and M.WST. M.WST 

5 3 4 3 

was lower than M AST at rest in the sedentary group, whereas M.WST 

was lower than M AST at rest in all groups. M WST was significantly 

higher at 5 and 10 minutes of exercise in marathoners. M.WST was 

significantly lower than M AST at most points during exercise in all 

groups. During recovery M WST was significantly lower than M,AST from 

20 to 60 minutes post exercise in the joggers and from 5 to 60 minutes 

post exercise in the sedentary group; M.WST was also significantly 

lower than M AST in the joggers and sedentary group during recovery. 

Marathoners' M WST and M AST or M^WST and M^AST were not different 

at any time during recovery. 

Arithmetic Mean 7 Point Skin Temperature (M AST) 

During exercise there was a significant decrease in M-,AST 

in all groups (Tables 32 and 33, Figure 15). During recovery the 
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M^AST increased rapidly in each group and then plateaued well above 

resting level. There were no significant differences between groups. 

At rest, during exercise, and during most of recovery M.WST 

and M^WST were significantly higher than M AST in marathoners (Tables 

34 to 35). M WST was higher than M AST during exercise and early 

recovery in joggers and sedentary subjects. M.WST was higher than 

M AST only at end exercise and early recovery in the joggers and 

sedentary group. 

Mathematical Formulae: Mean Body Temperature (f, ) 

Mean 5 (Arithmetic) Body Temperature (M̂ AT, ) 

During exercise M AT , which is 2/3 T + 1/3 M AST, increased 

at the end of exercise in each group (Table 36 and 37, Figure 16). 

During recovery, the M AT peaked during the first few minutes post 

exercise and subsequently decreased during the first half of recovery. 

During the second half of recovery, each group plateaued at a level 

significantly higher than their resting levels. Except for a greater 

M_AT, at 5M in the sedentary group as compared to the marathoners, 
5 b 

there were no significant differences between the groups at rest, 

during exercise, or during recovery. 

Mean 4 (Weighted) Body Temperature (M-WT, ) 

During exercise the M.WT, increased at end exercise in 

the marathoners and joggers (Tables 38 and 39 and Figure 17). 

During recovery, M.WT peaked at five to 15 minutes post 

exercise and subsequently decreased, but remained higher than 

resting values at 60 minutes recovery. During exercise, there 
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were no significant differences between the groups. The only 

difference between the groups during recovery was the greater 

M^WT. at 5P and 15P in the marathoners. 

Mean 3 (Weighted) Body Temperature (MoWT, ) 

During exercise M.WT, increased significantly at ten minutes 

in the joggers and sedentary group and at end exercise in all groups 

(Tables 40 and 41 and Figure 18). There were no significant differ­

ences between groups during exercise. During recovery, in all 

groups, M_WT, increased to a peak within the first few minutes 

of exercise, decreased during the first half of recovery, and 

then plateaued during the second half of the recovery period. 

Marathoners, when compared with joggers, had a significantly 

higher M WT, during the first half of recovery and at 50P. 

Mathematical Formulae: Heat Content 

Mean 5 (Arithmetic) Change in Body Heat Content (M AAS) and 

Heat Storage (M^AS) 

M AAS was only slightly positive at the end of exercise (Table 

42). However, the amount of M AAS at end of exercise for marathoners 

and joggers was markedly greater compared to the sedentary group. 

From the end of exercise to the first few minutes of recovery, M^AAS 

increased significantly in all groups. During the first half of 

recovery all groups were comparable in the amount of decrease in body 

heat, and during the second half of recovery all groups maintained 

their level of body heat. 
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At the end of exercise M AS was only slightly positive, but 

it increased markedly in the early stages of recovery (Table 43 and 

Figure 19). There were no significant differences between groups 

during exercise. After the first 10 minutes of recovery heat 

storage decreased, but at one hour was still markedly elevated. 

The only significant difference in heat storage (M^AS) between the 

groups was at 60P, with the marathoners having a greater total body 

heat storage than the sedentary group. 

Mean 4 (Weighted) Change in Body Heat Content (M.WZiS) and Heat 

Storage (M,WS) 

M.WAS during exercise was similar to M AAS except marathoners 

did not have as great an increase at the end of exercise (Table 44). 

The marked increase of M.WAS during the first few minutes of recovery 

was also similar to M AAS, with the marathoners showing the greatest 

positive change. During the first half of recovery, all groups 

decreased in body heat but the sedentary group had much less of a 

decline than marathoners or joggers. During the second half of 

recovery M.WAS changed very little in all groups as did M AAS. 

During exercise and recovery M.WS was similar to M AS 

(Table 45 and Figure 20). However, M.WS was not different among 

the groups at 50P as was M AS. 

Mean 3 (Weighted) Change in Body Heat Content (M WAS) and Heat 

Storage (M^WS) 

By the end of exercise M.WAS was similar to M AAS, and M.WAS 

except for the sedentary group who showed a slight increase earlier 
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during exercise (Table 46). From end of exercise to the first few 

minutes of recovery, all groups expressed a marked increase in M.WAS 

with marathoners having the greatest positive change. During the 

first half of recovery, body heat as calculated by M.WAS decreased 

in all groups as it did when calculated by M AAS. However the 

sedentary group showed a greater decrease than marathoners or 

joggers. During the second half of recovery, body heat did not 

change markedly in any group. 

During exercise and recovery M WS was nearly identical to 

M AS and M.WS (Table 47 and Figure 21). However, M WS was greater 

in marathoners than in the sedentary group at 50P and 60P. 

Mathematical Formulae: Heat Gradient (H ,) 
grad 

Mean 5 (Arithmetic) Heat Gradient (M.AH ,) 
5 grad 

The M AH , was not significantly different at any time 
5 grad 

point when the groups were compared (Table 48). However, the change 

in M AH , from rest to the end of exercise (R-End) was greater in 
5 grad 

marathoners than joggers (Table 49). 

Mean 4 (Weighted) Heat Gradient (M4WH ^̂  

At rest, during exercise, and during recovery there were 

no significant differences in M^WH ^^^ between the groups (Tables 

50 and 51). However, the total change in M4WH ^^^ was greater 

in marathoners than in joggers from rest to the end of exercise. 
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Mean 3 (Weighted) Heat Gradient (M.,WH J 
3 grad 

The M3WH ^^^ was greater in sedentary subjects than in 

marathoners at rest, but there was no other significant difference 

between groups (Tables 52 and 53). 

Correlations 

T and T with VO„max sk re 2 

Tables A and B present those correlation coefficients with 

significant p-values for correlations between T , or T and VCmax 
sk re 2 

for the three groups combined. The most consistent correlation of 

temperature with VO max at rest, at each time point during exercise, 

and at each time point during recovery, was seen in the T and the 
re 

calf T , . The abdomen T . was fairly consistent at rest, during 
S K 5 K 

exercise (except for End), and up to 15 minutes post exercise. No 

other T , presented consistent correlations. 
S iv 

T , and T with Percent Body Fat 
sk re 

Table C presents those correlation coefficients with 

significant p-values for correlations between T or T and body 

fat for the three groups combined. The most consistent correlations 

(inverse) of temperature with percent body fat were seen in the 

chest and abdomen T , . The T correlations were less consistent. 
sk re 

During exercise the forearm and hand T , presented a consistent 
S K 

correlation which, however, was not the case during recovery. All 

other T , did not present consistent correlations and therefore were 
sk 

not considered to be equally related to percent body fat. 
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Blood Values 

Lactate Concentrations 

Lactate concentrations from analyses of blood collected at 

rest, end exercise, and at one hour post exercise in all three 

groups, increased markedly during exercise and were still 

considerably elevated at one hour post exercise (see Table D). 

However, there were no significant differences between groups at 

end exercise or at either of the resting measurements. 

Skinfold Measurements 

Table E presents the skinfold thickness measurements taken 

at seven skin sites prior to exercise on all subjects. Marathoners 

had significantly lower skinfold thickness at each site. 

Metabolic Energy Costs 

The energy cost of exercise expressed in watts and/or kcals 

was greatest in joggers and the sedentary subjects during equal time 

intervals during exercise (see Table F). However, by the end of 

exercise, marathoners had the greatest energy cost. 
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FIGURE 3. Graph of forehead skin temperature, °C response of 

subject groups versus time. 

Where: A = marathoners 

° = joggers 

o = sedentary group 

Shaded area = the exercise time period 

P = minutes post exercise 

Nonconnected symbols and the letter E 

represent the end of exercise time. 
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FIGURE 4. Graph of chest skin temperature, °C response of subject 

groups versus time. 

Where: A = marathoners 

• = joggers 

o = sedentary group 

Shaded area = the exercise time period 

P = minutes post exercise 

Nonconnected symbols and the letter E represent 

the end of exercise time. 
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FIGURE 6- Graph of forearm skin temperature, "C response of subject 

groups versus time. 

Where: A = marathoners 

D = joggers 

o = sedentary group 

Shaded area = the exercise time period 

P = minutes post exercise 

Nonconnected symbols and the letter E represent 

the end of exercise time. 
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FIGURE 10. Graph of scapula skin temperature, °C response of subject 

groups versus time. 

Where: A = marathoners 

a = joggers 

o = sedentary group 

Nonconnected symbols and the letter E represent 

the end of exercise time. 
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FIGURE 11. Graph of lumbar skin temperature, °C response of subject 

groups versus time. 

Where: A = marathoners 

O = joggers 

o = sedentary group 

Nonconnected s3nnbols and the letter E represent 

the end of exercise time. 
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DISCUSSION 

Subjects 

In choosing subjects for this study, a special effort was made 

to match groups by physical characteristics. It was difficult to find 

sedentary men who were healthy, nonsmokers and were also lean. It was 

also difficult to find highly conditioned runners with greater than 10 

percent body fat. Therefore, although sedentary subjects and joggers 

were comparable in percent fat and body weight, marathoners had sig­

nificantly lower body fat and body weight. The lower percent body 

fat and body weight, as well as the higher VO max, is undoubtably 

related to exercise training. Body fat, body weight, and VO max 

were all related to temperature responses in our subjects. This 

. 6,20,87,103 ,. ^ , . IS consistent with previous reports that a decreased 

percent body fat, decreased body weight, and increased VO max in 

conditioned subjects are related to improved heat dissipation. 

The total energy costs, i.e. the metabolic costs, of 

exercise on a treadmill can be calculated using a metabolic rate 

, 35,36 
equation which gives energy cost in watts during work. 

2 
1.5 X wt -̂  1.5 wt (velocity x 0.35 Velocity • Grade) 

This equation is a linear function of body weight (wt) and, 

thus, when used to calculate energy costs of exercise of these 

subjects on the Bruce protocol, it differentiates between the 

groups (Table F). Because the marathoners had a lower body 

weight (although their heights were comparable to heights of the 

other groups), they had energy expenditures that were only slightly 

higher than those of the joggers at end exercise. The maximum oxygen 

198 
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consumption also clearly reflects the differences between the groups. 

However, when VO^max is expressed in total ml of 0 per minute (see 

Table 2) the differences (expressed as percent; M>J 12.8%, M>S 23.3% 

J>S 12.0%) are less striking than when expressed in ml 0 per kg per 

minute (M>J 23.3%, M>S 33.1%, J>S 12.8%). The former values for 

VO^max (ml • min ) give a better representation of the increase in 

aerobic capacity that occurs with training because they are not 

influenced by weight loss which also often occurs with training.^^ 

Rectal Temperature (T ) 
re 

The rectal temperature (T ) response of subiects to the 
re -̂  

short-term (transient) acute work used in this study resembles the 

reported T^^ response seen in subjects exposed to long-term steady-

state work in a heated environment. ' ' ' The T response of better 
re ^ 

conditioned subjects also resembles the reported T response seen in 
environmentally heat acclimated subjects. ' ' The finding that T 

re 
is lower in better conditioned individuals for any given workload is 

77 92 

consistent with previous observations. However, Strydom et aĵ . 

criticized similar work on the grounds that the lesser T response 

was due to lower body weight and, therefore, a lower metabolic rate 

(heat production) at a given workload in better-conditioned individuals. 

° 4 87 
Reports by Astrand and Saltin and Hermansen suggest that 

T rather than being solely related to absolute metabolic rate, is 
re 

also closely related to the individuals' relative metabolic rate, 

i.e., the percent of VO max that a given metabolic rate represents. 

As the percent of VO max that a given V0„ represents increases during 

work, T increases correspondingly since more of the cardiac output 
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is required to deliver oxygen to the working muscles; thus increased 

demand for cardiac output should also have an effect on skin tempera­

ture. Therefore, a lower percent of VO max at a given workload 

corresponds to a lower T^^. A better conditioned individual with a 

higher VO^max requires a smaller percent of his max to perform a 

given workload, therefore his T is lower at that workload than a 

re 
less conditioned individual. The fact that the marathoners had a 

* 

greater VO^ than the joggers or sedentary groups at each time point 

only reflects that the marathoners derived more of the total energy 

production from aerobic means than from anaerobic means. Data in 

this study show a consistent inverse relationship between T and 

re 
VO max at each time point during exercise (Table A). This is in 

98 
agreement with similar findings discussed by Wyndham. 

An additional argument against the simplistic lower weight 

explanation is that joggers were not significantly different in body 

weight from the sedentary group, and thus had a similar absolute heat 

production. However, they did have a significantly higher VO max and 

therefore used a lower percent of that maximum at a given workload (i.e. 

had a lower relative heat production). Therefore, their T could be 

maintained at a significantly lower level than the sedentary group 

during exercise. However, as the joggers approached 70% of their 

VO max, their rate of heat accumulation appeared to increase rapidly 

and resembled the sedentary group; at the same point in time, the 

marathoners' rate of heat accumulation was still minimal because 

they were only at about 40-45% of their VO max as an effect of both 

their lower heat production (i.e. weight) and higher VO^max (i.e. 

physical conditioning) (see Figure 2). This suggests that joggers 
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lack comparable heat dissipation capacity compared with marathoners. 

The conclusion drawn is that joggers and marathoners acquire through 

conditioning a means to maintain a lower T for a given heat load 

re ° 

during acute short-term exercise in comparison to the sedentary group. 

However, joggers were not as adequately conditioned (i.e. they had a 

higher relative workload) and thus experienced a more significant heat 

accumulation than the marathoners. 

It appears, in view of the five minute lag time in T 

response to exercise, that internal body heat increases at about the 

same time during exercise in each of the three groups. The magni­

tude of response and rate of rise of T is dependent on both the 

absolute and the relative workload as well as on the rate of heat 

dissipation. While the lighter body weight of the marathoners would 

result in a lower heat production at a given point in time, their 

total heat production during exercise was greater (longer treadmill 

time). This would explain the higher peak temperature and higher 

temperature during most of the recovery period seen in marathoners. 

The significant increase (overshoot) in T in each group during the 

first few minutes of recovery also expresses the lag period of transfer 

. • 60 
of heat from the working muscle to the rectum during exercise. 

Skin Temperature (T , ) 

Skin temperature responses generally vary according to the 

level of physical condition of the individual. The decrease in skin 

temperature generally reflects either decreased skin blood flow or 

increased skin cooling due to evaporation of sweat. Early in exercise 

skin temperatures are primarily affected by skin blood flow since 
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sweating is not significant; vasoconstrictor reflex activity shunts 

blood away from the skin and to the working muscles during exercise 

12 

and thus decreases skin temperature. An increase in skin tempera­

ture indicates primarily enhanced skin blood flow. With cessation of 

exercise, vasoconstrictor activity decreases as the demand for blood 

to the working muscles decreases. Blood flow is then diverted back 

to the skin for cooling and thus skin temperature rises. Assumption 

of the supine posture after exercise also decreases the vasoconstrictor 

4:1 61 reflex. 

The decrease in skin temperature after an initial peak during 

the first half of recovery in many of the skin sites is probably due 

to increased sweating activity stimulated by the increased internal 

and skin temperature. In contrast to a notable absence of visible 

sweating during exercise, extensive sweating was noticeable in many 

subjects within the first few minutes of recovery, presumably as a 

result of the loss of the effective air motion generated during 

exercise in combination with the increase in skin temperature on 

cessation of exercise. As T fell below 37.2°C, sweating 

decreased. 

Forehead Skin Temperature 

The forehead skin temperature response to exercise and recovery 

is unique in three major ways. First, the forehead has very little 

vasoconstrictor activity.^^ Therefore, forehead skin blood flow would 

be expected to show little decrease with acute exercise. This is 

consistent with the observation that forehead skin temperatures did 

not decrease with exercise. Second, the forehead has a greater 
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67 number of warm skin receptors than other areas of the body.^^ Thus, 

when vasoconstrictor activity decreases after exercise, vasodilation 

is enhanced. This is consistent with the significantly greater 

increase in forehead temperature after exercise when compared with 

most other skin sites. Third, the forehead sweats more profusely 

than other areas of the body.^^ The significant fall in temperature 

after the early recovery peak in all three groups may be related to 

this third feature since earlier, more profuse sweating by the fore­

head would account for the greater fall in its temperature during the 

first half of recovery. The lack of differences in these responses 

between the groups indicates that forehead temperature response is not 

affected by physical conditioning. 

Chest Skin Temperature 

The lack of any significant change in temperature during 

exercise could indicate a limited vasoconstrictor reflex in the chest 

during exercise. The chest seems to have an increased skin blood 

flow during the first few minutes of recovery, but the temperature 

increase is not of the magnitude seen in the forehead. The lack of 

a significant decline in temperature in the joggers and sedentary 

group following the peak temperature and the higher temperature in 

the marathoners at 50 minutes after exercise may be related to a 

more rapid transfer of heat from their core because of decreased 

subcutaneous fat stores. Decreased subcutaneous fat thickness will 

53 enhance non-evaporative heat loss. This is consistent with the 
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inverse correlation found in this study between chest skin temperature 

and body fat (Table C). 

Abdomen Skin Temperature 

An inverse correlation was also found between abdomen skin 

temperature and body fat. Marathoners, with the least abdominal skin­

fold thickness and body fat, exhibited higher abdomen skin temperature 

during exercise and the first part of recovery than the joggers or 

sedentairy groups; their increased thermal gradient between the muscles 

20 and skin may also have modified their sweat gland activity. In other 

words, the decreased transfer of heat through the subcutaneous fat to 

the skin reduced sweating. This could explain the minimal decline in 

temperature from the early recovery peak in the joggers and sedentary 

groups. 

The lack of a significant change in abdomen skin temperature in 

the marathoners during exercise until the end of exercise, is consistent 

with what is known about the effects of conditioning on vasomotor con-

23 
strictor activity. The vasomotor constrictor activity varies according 

to relative intensity of exercise. With improved conditioning, heart 

rate and vasomotor constrictor activity are lower for any given level 

of subraaximal exercise. 

Forearm and Hand Skin Temperatures 

Forearm and hand skin temperatures responded similarly 

with exercise and recovery. They were the coldest sites evaluated. 

Compared to other body regions they have a greater surface area to 

mass ratio and, therefore, non-evaporative heat loss should be greater 
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in these regions. The vasoconstriction reflex in the forearm and hand 

13 
during exercise are known to be greater than in other area of the body. 

Hand skin temperatures were significantly lower in the better conditioned 

individuals. 

In the hand, as in the abdomen, the skin temperature response 

of the sedentary group suggests a greater early vasoconstrictor out­

flow (R-10), probably because of a greater requirement for internal 

blood flow (higher relative workload). Why this is not reflected in 

the forearm is unknown. However, there have been reports ' that 

the hand is more responsive to theirmal inputs and other vasodilation 

drives than other regions of the body. Additionally, well conditioned 

and heat acclimated individuals have lower thresholds for vasodilator 

activity. 

During recovery, heat dissipation should be occurring in 

both the forearm and hand. Lack of significant rise in forearm 

temperature during the first half of recovery suggests that heat 

is being dissipated during recovery, most likely by evaporation of 

sweat. When the sweating stimulus (T ) reaches its lower range 

(37.2 "C), forearm skin temperature increases significantly to its 

plateau temperature. This pattern is not seen in the hand. 

Data in this study indicates that the hand has better heat 

dissipation than the forearm during exercise but not during recovery. 

n . 66,79 _, , , r 
This is not consistent with earlier literature. The lack ot a 

significant increase in hand temperature during the first few minutes 

of recovery would indicate a possible delayed vasodilator activity in 

all groups. 
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Thigh Skin Temperature 

Initially with exercise, the vasoconstrictor reflex appears 

to decrease the skin temperature in the thigh as it did at other skin 

sites. However, since the thigh is one of the major working muscle 

groups during running, a large thermal load must be generated in this 

area. With a large thermal load, thermal sensitive vasodilation 

activity and subcutaneous shunting should begin sooner. This would 

explain the decrease in the amount of thigh skin temperature drop as 

exercise continued. As seen in the hand and abdomen, the vasodilator 

activity appears to be enhanced in the better conditioned groups, 

especially in the marathoners. Temperature responses during recovery 

in the thigh resemble those seen in the abdomen. The significant 

increase in temperature during the first few minutes of recovery 

resemble some of the other skin sites' activity, but the heat dis­

sipation activity is blunted. The skinfold thickness of the thigh, 

as for the chest and abdomen, is also large compared to a number of 

the other areas measured. Sweating may also be decreased in the 

64 
thigh since as Nadel showed, the thermal sensitivity coefficients 

of the chest, abdomen, and thigh are reduced as compared to the fore-

fsf\ 

head. Newburgh's review of Krause, Kuno, and Randall's work further 

emphasized the reduced sweating activity in these skin areas. There­

fore, the apparent lack of heat dissipation in the thigh during recovery 

could be a combination of 1) a high thermal load 2) a large amount of 

subcutaneous tissue, and 3) limited sweating activity. The fact 

that the marathoners had a significant decline in temperature during 

the first half of recovery as compared to the other groups may 
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indicate that the sweating activity that is present is greater 

in the better conditioned individuals, as noted for other skin 

regions. 

Calf Skin Temperature 

The calf skin site was the only skin site in each group 

to show an increase in temperature during exercise. In a walking/ 

running exercise that uses a inclined treadmill, the calf muscle 

would be expected to be the major working muscle. The subcutaneous 

fat of the calf, although not measured in this study, is small. 

These two factors and the finding that calf temperature is related 

to VO max at each time point would explain the increase in temperature 

during exercise. The significant increase in temperature for the 

sedentary group during the first five minutes of exercise again may 

represent a greater relative amount of work (i.e. % V0„max) in 

comparison to the other two groups. 
z: A /:/f 

Nadel and Newburgh reported that the calf's sweat gland 

numbers and thermal sensitivity are reduced as compared to other areas 

of the body, as are the thigh's. However, the finding of a significant 

decrease in temperature during the first half of recovery would suggest 

otherwise. Possibly, the reduced subcutaneous fat may allow a better 

reflection of the heat dissipation activity. The significant increase 

in temperature the first few minutes of recovery in the marathoners 

and joggers most probably reflects the higher accumulation of heat 

due to the longer treadmill times. The decrease in temperature to a 

comparable level with the sedentary group within 15 minutes post exercise 
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reflects an enhanced heat dissipation activity in the marathoners and 

joggers. The marathoners reached their post exercise plateau by the 

end of the first half of recovery. The joggers and sedentary subjects, 

on the other hand, had calf temperatures that continued to decline to 

reach a comparable level during the second half of recovery. This 

seems to indicate an even greater heat dissipation activity in the 

marathoners. 

Scapula and Lumbar Skin Temperatures 

Data for the scapula and lumbar regions were recorded only 

during exercise because during recovery the subjects while recumbent 

were laying on the thermistors. This eliminated any further recording 

of natural recovery skin temperature in those two areas. Unless the 

subjects were required to stand during the one hour recovery period, 

it would have been difficult to record temperature in these areas 

74 
any other way. Olsen and Fanger reported using a chair with 

plastic strips to reduce this influence on the person's heat loss 

to the environment. The possibility of using a similar apparatus 

in future studies is worth considering. 

The significant decrease in temperature in the scapula region 

during exercise would indicate pronounced vasomotor constrictor 

activity similar to that seen in other regions; the lumbar region 

seems to exhibit no vasomotor constrictor activity. Similar findings 

in the lumbar region have not been reported before. It is apparent 

that the thermal responses of the upper and lower posterior torso 

regions are not comparable with the thermal responses of the upper 

and lower anterior torso regions. Without recovery temperatures to 
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analyze, it is difficult to discern any effect of conditioning for 

these anatomical sites. 

Findings in this study have shown that during acute short-term 

exercise in a thermoneutral environment the skin temperatures among 

the different body regions vary considerably, reflecting differences 

in perfusion, subcutaneous fat, sweating and convection. Also, the 

skin thermal responses vary considerably among groups of individuals 

with different levels of conditioning. Before this study began it was 

suspected that some changes and such differences would occur. It was 

also felt that use of mathematical formulae to express thermal 

responses in terms of mean body temperatures as heat storage and 

especially those lumping individual skin temperatures into a single 

mean skin temperature (f . ) , and the further complication of the use 
SIV 

of a number of different formulae for mean skin temperature, would 

obscure these changes and differences. The following discussion of 

the analysis conducted during this study on the various mathematical 

formulae used to express thermal response, confirms these suspicions. 

Mathematical Formulae 

Mean Skin Temperature (T , ) 

Goldman's presentation of the relationships between different 

mean weighted skin temperatures acknowledged that statistical signifi­

cant differences could be established. However, he felt that when 

the distribution of temperature over the body was not of primary 

interest, the values of MWST were acceptable. The reverse of this, 

in part, is the point that is presented in this comparison study. 

Skin temperature is affected by a variety of variables; for example, 



210 

by underlying muscle activity, vascularization, skin blood flow, sub­

cutaneous tissue amount, environmental conditions, sweating activity, 

and the state of physical conditioning to name but a few. Thermal 

and sweating sensitivity is unevenly distributed in the human skin. 

The present findings, demonstrating that the thermal and sweating 

sensitivity are also affected at different skin sites by physical 

conditioning, increases the complexity of characterizing skin thermal 

responses. It is contended that in order to best identify the skin 

thermal responses in a man exposed to a given heat load, his level of 

conditioning must be recognized and a variety of individual skin sites 

must be monitored. Use of such mathematical formulae as mean weighted 

skin temperature and arithmetic mean values obscure valuable informa­

tion. Findings during this study indicate that the statistically 

significant differences between the various MWST formulae, and 

between the MWST and arithmetic T formulae should be a primary 
S K 

concern. It appears that the skin sites chosen for use in the 

weighted formulae may, themselves, be causing significant differences. 

In the M WST formula (equation 4d) one of the three skin sites used, 

the chest, is weighted 50 percent. In the M.WST (equation 4c) the 

chest is weighted 34 percent. Figure 12 (M WST) and Figure 13 

(M.WST) can be seen to look like Figure 4 (chest). Even though 
4 

individual skin sites are being weighted to equal a total surface 

area of one (1.00), weighting one site with such a large percentage 

is going to weight the results toward that particular sites' thermal 

activity. The uniqueness of M WST during exercise, showing an 

increase in temperature where others did not change, or decreased, 

can be explained by the use of the calf skin site which is weighted 
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36 percent in the formula. Analysis of the individual skin sites' 

data revealed the calf to be the only skin site with an increase in 

temperature during exercise (Figure 9). 

The arithmetic means not only fail to represent the individual 

skin sites accurately, but they are significantly different from the 

MWST formulas. Lack of proportionality to the skin sites surface area 

would contribute to this difference. Increasing the number of skin 

49 

sites as Hardy and Dubois did, would still not prevent some represen­

tation of the most weighted area's thermal response, probably the chest 

since its surface area will always be the largest. 

To continue the comparison study further, three related mean 

body temperature formulae (T ) (equations 5a, 5b, and 5c) were 

evaluated. Since the value of T, consists of one third of the T , 
b SK 

value it was felt that T, would be inadequate to identify properly 
D 

the thermal responses of the different conditioned groups of subjects. 

Although not completely consistent with the differences found between 

groups and between equations using different T . formulae, it was not 

surprising to find significant differences using the different T^ 
98 

formulae. As early as 1947, Winslow and Gagge reported concerns 

for the validity of T,_ when the body was exposed to a vasoconstricting 
b 

stimulus. They were referring to a cool environment, but the vasocon­

strictor reflex in exercise may also affect its validity. 
Since f, misses the more subtle, skin area specific, thermal 

b 

responses, it was anticipated that the body heat storage and change in 

body heat content (equations 7a, 7b, 7c) would have a similar problem 

and this proved to be the case (Tables 42-47, and Figures 19-21). 

Body heat storage (S) does present (especially graphically) an over-
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all representation of when body heat was changing the most. The 

accuracy per group, because of the T, use, is questionable. However, 

it provides us with "general" information that 1) total body heat 

and its change is minimal during acute short-term exercise, 2) there 

is an apparent marked increase in body heat during the first few 

minutes of recovery, 3) there is a marked decrease in body heat 

during recovery and 4) body heat is still markedly elevated even 

after one hour of recovery in all subjects. This is consistent 

with the overall results of T and individual T , responses. 

re sk 

At the beginning of this study it was felt that if T could 

be used accurately to characterize the thermal responses in different 

groups of subjects at all, it would be in the heat gradient equation 
(H ,) (equations 6a, 6b, and 6c). The principle of a heat gradient 
grad 

equation is that the difference in temperature between T and T , 
* re S K 

would give an indication of heat dissipation activity. Since heat 

dissipation is affected by the level of physical conditioning, H ̂ ^^ 

should reflect the level of conditioning. As body heat accumulates, 

skin blood flow increases, thereby presenting a higher T̂ ĵ  which would 

produce a smaller H ,. The enhanced skin perfusion would allow an 

increase in heat loss and thereby reduce T . However, data indicate 

that group differentiation was generally not demonstrated (see Tables 

48 to 53). The individual T and T suggest that more differentiation 
rc SK 

should have been present. Therefore, H ^ ^^ probably not a good 

indicator of such complex thermal responses. 

The conclusion from this comparison study of the different 

mathematical formulae is that they cannot adequately discribe the 

thermal responses of individuals during an acute short-term exercise 
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stress in a thermoneutral environment. The validity of any of these 

formulae is questionable because of their marked differences in 

characterizing a single state. The thermal responses of men with 

different levels of conditioning are extremely variable within each 

group and, indeed, within each individual as evidenced by the varying 

responses of the different skin sites. An attempt to use a given 

temperature variable or combination of them to identify accurately a 

"true" thermal response is misleading. A variety of thermal variables 

must be monitored and addressed and then a combination of the results 

may be used to accurately express that individual's thermal state. 

Statistical Procedures 

Despite the statistical significance of many of the Pearson 

Correlation Coefficient Analysis in this study, the relative strength 

2, 
o f the relationship (i.e., r ) were generally quite low, e.g., an 

r value of 0.5 when attempting to identify the relationship of VO max 

2 
and T would imply that the VO_max could only explain 25% (0.5 ) 

re 2 

of the associated temperature response, leaving the other 75% to be 

accounted for by other factors. Considering the multiple causes 

of large variability in human subjects, including inherent error, 

experimental error, and the small sample size, a 0.3 to 0.6 

correlation was considered to be of practical importance. The 

expressed p-value defines the probability that one would observe a 

correlation as large or larger than the one that was observed if the 

true correlation was "0." In other words, a significant p-value 

indicates that the variables are not statistically independent and 

therefore the two variables are related. Correlations which were 
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consistent at a majority of the time points analyzed and had a value 

of p < 0.05, indicating a dependency of the variables, were considered 

to show a pattern of notable importance. Correlation coefficients 

with probability (p) less than 0.05 were considered statistically 

significant regardless of whether the coefficient of determination 

2 
(r ) indicates that the correlation accounted for only 4% of the 

relationship (i.e., r = 0.2 ) or 90% (r = 0.95). 



SUMMARY AND CONCLUSION 

This study shows that with an acute (non-steady state) exercise-

induced heat load in a comfortable thermoneutral environment, the body 

temperature changes of men with different levels of physical fitness 

as a result of conditioning are different (see Figure 22). 
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The rectal temperature (T ) responses to exercise in the 
re 

three groups of subjects resemble the reported temperature responses 

of individuals exposed to long-term steady state work in a heated 

environment. With exercise, T increases, peaks within a few minutes 

re •̂  
of recovery, and then slowly decreases during a one hour recovery 
period. The better conditioned groups, the marathoners, had T 

re 

responses similar to those reported of individuals that are 

environmentally heat acclimated. 

Skin temperature responses of subject groups varied during 

exercise and recovery. Physical condition status seems to affect 

each skin site except for the forehead. The thermal responses of 

the skin sites suggest that better conditioned individuals dissi­

pate heat better. This may be related to increased skin blood flow, 

increased sweating activity, and/or decreased insulation from the 

inner body with less subcutaneous fat. 

The relationship of body temperature with VO max and percent 

body fat appears to be quite significant in the study. Highly condi­

tioned subjects had both high maximum oxygen consumption and low body 

fat. The higher the VO^max, the lower the T maintained during 

exercise. Even though the better level of conditioning allows 

for a greater work time, the increased total heat load accumulated 

is dissipated at a greater rate than in less fit indviduals. A larger 

percent of body fat appears to blunt the thermal responses of the skin 

and increased subcutaneous fat reduces heat dissipation. This effect 

is most pronounced in the chest and abdominal regions where skinfold 

thickness was greatest. 
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Although some of the T and T responses of the moderate con­

ditioned group (joggers) in this study resembled the well-conditioned 

group (marathoners), overall they resembled the sedentary group in 

thermal response. With few exceptions, all significant differences 

between the groups in thermal response were seen between the mara­

thoners and joggers or between the marathoners and the sedentary 

group. There was minimal difference between the joggers and the 

sedentary group. 

While energy cost and heat production are directly related to 

workload, and are minimally influenced by level of physical training, 

the ability to dissipate heat is clearly related to physical condi­

tioning. This study has added support to the finding that non environ­

mentally heat acclimated individuals who are well-conditioned have 

temperature responses resembling those who are environmentally heat 

acclimated. This study has identified that conditioning affects the 

temperature response of different skin regions differently and the 

pattern is different in less conditioned individuals. This is missed 

when using mathematical formulae derived for the purpose of identifying 

a mean skin temperature (T ) and a mean total body temperature (T^). 

An accurate appraisal of an individual's thermal response and his level 

of conditioning can be used to predict his resistence to heat stress. 

This could be of significant value in assessing individuals for 

sports, industry, and military operations. 
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APPENDIX 1 

VOLUNTEER AGREEMENT - Homeostatic and Hematologic Alterations with 
Exercise (laboratory studies) 

This study is designed to assess blood clotting and other changes in 
the blood and blood elements with exercise and physical conditioning. 
These changes will be compared with changes in the cardiovascular 
(heart) and respiratory (breathing) systems and in the body's ability 
to handle heat stress with exercise and physical conditioning. 

We will check blood samples before, during, and after exercise (total of 
3 or 4 samples times). Not more than 50 ml (about 3 tablespoons) of 
blood will be drawn from a vein in your arm during each sample period. 
This may cause some discomfort or bruising of your arm. You will be 
exercised on a treadmill or bicycle ergometer (stationary bicycle). 
The duration of exercise will probably be between 15 and 45 minutes 
depending on your degree of physical conditioning. 

You will be given a medical evaluation before entering this study. You 
will be watched during exercise and a physician will be in attendance. 
Your heart rate and blood pressure will be recorded during exercise. 
Your body temperature will be monitored by thermistors (small 
instruments used to measure temperature) taped to your body, a 
thermistor in your rectum and a thermistor in one ear. You will be 
breathing into a machine which will analyze oxygen consumption and 
other changes with exercise. 

DoD will provide medical care for DoD eligibles (active duty, dependents, 
and retired military) for physical injury or illness resulting from 
pariticipation in this research. Such care may not be available to 
other research participants. Compensation may be available through 
judicial avenues to non-active duty research participants if they are 
injured through negligence (fault) of the Government. 

If you believe that you have suffered any injury or illness as the 
result of participating in this research, please contact the Office 
of Grants Management, 295-3303, at the University. This office can 
review the matter with you and may be able to identify resources 
available from the University's Legal Counsel, 295-3028. 

Your name will not be used in the publication of this data, nor will 
your personal data be released without your consent. 

The testing procedures have been reviewed by 
and all my questions about the study have been satisfactorily answered. 
1 understand the nature of this experiment and volunteer to participate 
in it. While the study is designed for research purposes and not to 
directly benefit me, I understand that some of the information may be 
of interest and medical significance to me. If I have any additional 
questions, I understand that I may contact Dr. Earl Ferguson at the 
Uniformed'services University of the Health Sciences, Bethesda, Maryland 
and he will discuss the study and the results of my tests with me. 



zzu 

It is my understanding that I may withdraw my consent to participate in 
this study at any time without prejudice to future contacts with USUHS. 

PRINTED NAME 

SIGNATURE 

WITNESS 

DATE 
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APPENDIX 3. Report of Medical History, Standard Form 93. 

Completed by all subjects at physical examination 

prior to exercise testing. 



STANO«n rnpuma«, 
REV O C T U U I K " ^ 
GSA FPMR I O l - n . 8 APPENDIX 3 OFFICE OF MANAGEMENT AND BUDGET No, ?9-RU191 

REPORT OF MEDICAL HISTORY 
(THIS tNrORMATION IS FOR OFFICIAL AND MEDICMlT-CONnDENTIAL USE ONLT AND WIU NOT BE REL£ASa> TO UNAJTHOfllZED PEJSONS) 

I . LAST NAME—FIRS r NAME—)iillODl.£ MAME 

3. H O M E ADDRESS fNo. i t r M t of RFD, erty or towm. Stf, »n<S ZIP COOEJ 

5. PURPOSE OF EXAMINATION 6. DATE OF EJIAMINATION 

2. SOCIAL SECURITY OR IDENTIFICATION NO. 

4. POSITION (title, gr»d9. component) 

7. EXAMINING FACILITY OR EXAMINER. AND ADDRESS 
rlncluda ZIP CodaJ 

8. STATEMENT OF OCAMINEE'S PRESENT HEALTH AND MEDICATIONS CURRENTLT USED fFoJIow by ducr lpt ion of pttt hlitory, it complaint »Mi»t») 

9. HAVE YOU EVER ( P I O M * cA*ck MCh Ifmt 

YES NO (Cftacii much itom) 

Uv»d with anyona who had tubaiculoala 

CouBhad up blood 

Blad axcaamivaly aftar Injury or tooth axtractlon 

Attamptad luic ida 

Baan a slaapwalfcar 

10. 0 0 YOU rPlaata chvcli aac/i itamJ 

YES NO (ChacK »ach itamJ 

Waar glaaaaa or contact lansaa 

Hava uUlon in both ayas 

Waar a haaring aid 

Stuttar or i tammar habitually 

Waar a braca or bacK supoort 

n . HAVE YOU EVER HAD OR HAVE YOU NOW (Pl»mam ehtek X f«/t of *acJi ttom) 

YES NO 

1 

L 

13. 

D O N T 
KNOW (CJi ack aach ItamJ 

Scarlat (avar, aryalpalaa 

Rhaumatic favar 

Swollan or painful ^Irrta 

Fraquant or lavara haadach* 

DIzz lna* ! or falnt lnc t p a l l * 

Eya troubia 

Ear. noaa. or throat troubia 

Haaring loia 

Chronic or fraquant coldi 

Savara tooth or sum trouble 

SInui l t l * 

Hay Favar 

Haad Injury 

SKIn dl iaasaa 

' Thyroid troublo 

; 

Tubarculoala 

Axthma 

Shortnois of braath 

Pain or praatura In chast 

1 Chronic couKh 

1 Palpitation or poundint hAart 

' Haart troubia 

1 High or low blood pratsura 

1 i 
r j — 

YES NO 
D O N T 
KNOW 

i 

(CJiack «acl) itamJ 

Crampa In your lags 

Fraouont indicaatlon 

StomacJi. tiMr. or intaitinil Inubla 

Call blaOdar l iwbU or i i l l i H a * 

Jaundlca or napalltis 

JUtvaraa raactlon to sarum. drug, 

or madlcina 

Brokan bonaa 

Tumor, f rowth , cyst, cancar 

Ruptura/hamla 

Pllaa or ractal diaaata 

Fraquant or painful urination 

Sad watting i lnea a«a 12 

KIdnay stono or blood In urina 

Sugar or albumin In urina 

VO—Syphllla, gonorrhaa, ate. 

Rcoant gain or lo * * of walght 

jyrthniU, Rh«uni«titni. or Bunitii 

Bona, joint or othar daforrnlty 

Lamanaaa 

Loaa of flntfar or toa 

Ptinhll or "tilcli" ilMuldar n tibom 

Racurrant back pain 

WHAT IS YOUR USUAL OCCUPATION? 

YES NO 
D O N T 
KNOW (Ctitcli lach itam) 

'Tr ick" or lockad knaa 

Foot t n u b i a 

Naurit l i 

Paralyait (Includa infantlla) 

Egilapay or fits 

Car. train, sas or air sicknaaa 

Fraquant troubia alaaping 

Oapraailon or ucaaaiva worry 

Loai of mamory or amnasia 

Narvou» troubia of any sort 

Parioda of unconicJouinaaa 

12. FEMALES ONLY: HAVE YOU EVER 

[liMll IrMtcd lor i fimala liiurllir 

Had t chiiiga in manttniil oattam 

14. ARE YOU fChacIc onaj 

1 j Right handad j Laft handad 

93-102 
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. 0 . EVERY ITEM CHECKED YES MUST BE FULLY EXPLAINED IN BLANK SPACE ON RIGHT 

15. Have you been refusad employmant or 
baen unable to tioltf a job or stay in 
school because of; 
A. Sensitivity to chemicals, dust, sun­

light, etc. 

B. Inability to perform certain motions. 

C. inability to assume certain positions. 

D. Other medical reasons (If yes. give 
reasons.) 

16. Have you ever been treated for a mental 
condition? flf yes, (pacify whan, where, 
and give dacailsj. 

17. Hava you ever bean denied life insur­
ance? I'lf yti. state reason and give 
details.! 

18. Have you had, or hava you been advised 
to have, any operations? tit yes, describe 
and give age at which occurred.) 

19. Have you ever baen a patient in any type 
of hospitals? ttt yes. specrty when, where, 
why. and name of doctor and complete 
address of hospital.J 

20- Have you ever had any illness or injury 
other than those already noted? (If yea, 
apaeify whan, where, and give details.) 

21 . Have you consulted or been treated by 
clinics, physicians, heaters, or other 
practitioners within the past 5 years for 
other than minor illnesses? (tl yes. gi^a 
complete address oi doctor, hocpitai, 
climc. end detai l : ) 

22. Have you ever been rejected for military 
service because of physical, mental, or 
other reasons? (If yes, give data and 
reeson for refaction.) 

23. Have you ever been discharged from 
military service because of physical, 
mental, or other reasons? (If yai. give 
data, reason, and type of diacharga: 
whether nonorable, other Chan honarabi; 
tor unhtnais or uncuitability.J 

24. Have you ever received, is there pending, 
or have you applied for pension or 
compensation tor existing disability? iff 
yet, apecify what hind, granted by whom. 
and what amount, when, why.) 

I certify that I hava reviewed the foregoing Information supplied by me and that it is true and complete to the bast of my knowledge. 
I authorize any of the doctors, hospitals, or clinics mentioned above to furnish the Government a complete transcript of my medical record for purposes 

of processing my application for this employment or service. 

TYPED OR PRINTED NAME OF EXAMINEE SIGNATURE 

NOTE; HAND TO THE DOCTOR OR NURSE, OR IF MAILED MARK ENVELOPE ' T O BE OPENED BY MEDICAL OFFICER ONLY." 
25. Phy»lcian's summary and elaboration of all pertinent data (Physician ahall comment on all positive answers In items 9 through 24. Physician may 

develop by interview any additional madioal history he deems important, end record any significant findings here.) 

TYPED'OB PRINTED NAME OF PHYSICIAN OR 
EXAMINER 

DATE SIGNATURE NUMBER OF 
ATTACHED SHEETS 

REVERSE OF STANDARD FORM 93 
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APPENDIX 4. Report of Medical Examination, Standard Form 88. 

Completed by examining physician on all subjects 

prior to exercise testing. 
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APPENDIX 6. Skinfold measurement technique using skinfold caliper. 

Selected skinfold site depicted in this appendix is the 

triceps. 
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APPENDIX 8. Quinton Instrument Model 633 3-channel electrocardiogram 

(ECG) recorder and monitor. 
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APPENDIX 11. Beckman Metabolic Measurement Cart (MMC). Used for 

Respiratory gas analyses on all subjects. 
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