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ABSTRACT 

Eighteen young adults were subjected to daily treatments of (a) 

30 minutes of either light negative and/or moderate to heavy positive work 

on a laddermill at 22»C followed by (b) 30 minutes of either 3.5 mph 

walk at 50*C/25°C db/wb room t<eg>-ratures or îittinç under thei¬ se .¿TD 

œnd^ions with additional radiant heat, tor 4 days. Iheir state of acclim¬ 

atization was tested by exposure, up to 120 minutes, to 50°C/25oC db/wb 

using the following sjr.cific criteria: tolerance time (t) to 3.5 rah 

^lh; elevation of heart rate (hr) and rectal terperature (rre) ; fall in 

mean skin terperature (Tsk) ; and change of sweating (s). Following the 4 

day treatments the acclimatization state improved but not always having readied 

its final stage. Compared to the final stage, it has reached on the average, 

91% of t, 72% of the decrease in HR, 56% of the decrease in Tre, 45% of 

the fall in Tsk, and no change in S. These changes were similar to those obtain 

on a group subjected to 4 days of standard heat exposure and carparcd 

favorably with those reported by others for the first 4 days of the con¬ 

ventional method of daily 100-120 minute exposures to work in the heat. 

A method of stints of exercise at room terperature followed by short heat 

exposures might prove an efficient method of acclimatization for large 

groups when time and hot spaces are wanting. 

rapid acclimatization. Laddermill exercise 



That acclimatization could be acquired as rapidly as within one 

v;eek by using daily one and a half to fojo hours exercise in the heat was 

noticed quite a while ago in this country (9, 14, 15) and abroad (4, 17, 

20, 21). ttyndham questioned the effectiveness of such short daily exposures 

when ar-elimatizaticn is required for workers engaged In prolonged daily 

i 'at exposures '21). However, his ¡earn did confirm the accoirplishment of 

..cclimatizauior. within days (2U). 

Exercise, under tenperate to cool ambient conditions, has been shown 

to be sanewhat s^Tiergistic to heat, in promoting acclimatization (5, 3). 

.This is explainable on ground of the apparent cccnmon responses to heat 

acclimatization and to acquisition of physical fitness, namely; the 

progressive irrprovement in the cardiovascular efficiency and, in the 

drive for sweating, in as much as body core and skin temperatures are 

elevated by the errployed exercise (16). 

The relationship between the drive for sweating (Sw) and the elevation 

in core body (Tc) and mean skin (Tsk) tarperatures above threshold levels 

("CO, Tsko) during exercise under a wide range of ambient air temperatures 

seems to be linear (16 19). 

Sw = A(Tc - Tco) + B(Tsk - Tsko) 

Where the A to B ratio is 3/2, indicating a smaller influence on the 

thermoregulatory responses from Tsk as Caspared to Tc. 

Since this Sw, Tc, Tsk relationships has been established errpiricallv 

we have theorized that exercise induced elevation in core trmperatere, 

outside a heated roan, followed by acute elevation in mean skin trrrerature 

inside a heated roan, might promote heat acclimatization by it’s effect 

on the drive for sweating. 

Also, it has been shown that at equal metabolic rates negative work 
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induce, higher ïsh, and ratos ^ ^ ^ 

as corrpared to positive wort (10,11,12,18). Constantly, it se3mad 

reasonable to ass^ that involv^t of native »rh in *e 

Phase could enhance the acclh.tisation process at a relatively 1» _ 

metabolic cost. 

in artier to r'>q- ¡-hai-ra , 
‘ ' -ypotneses w*- r^ve desîqn^j t-,lu r- ,. , 

- - î 0.1.j-owincf , _ L icj.i.c.owinç 

2 r3' ^°153 ''vhxCh' Wh¿le ha^ cardiovascular tracing effect 

ralSe ^ ^ — t arpera tures follet by 2. “ 

short acute heat exposure to elevate the mean skin ^.u. 
mean skin temperature; both 

oould influence the drive for sweating. 

Although, testing Aether the cotral thenroregulatory control 

ism could be effected by the surmation of metabolically elevated 

c and heat (external, elevated Tsk has its academic rerits, such a 

procedure is of practical inportance. Mancing the acclimatization 

process such that the daily and tnt*i h <- 
. y Dtal heat &Posures will be at minimum is 

app icable to industry and to the military, where present procedures 

are costly in terms of duration and riment for prolong use of 

neated work spaces. 

^is paper seizes the results of a series of tests in which 

Partial acclimatization has been induced by using stints of negative 

h^°r ^ °n a ^11 hy abort exposures to acute 

r-ETFiODS 

Subjects were paid volunteer student- u 
. stud^ts. T:ie number of participants, 

their age and physical characteristics ^ - 
eristic., averaged ror each treatment 

group, is given in Table 1. 

CíieMn, ww un-d as the rode of overci^ • • 
, , i--rci„.., utilizing a motor driven 
ladder (f,) , inclined 30 d-xrr^s tv 

oatr. s fioa too vertical with toe rvngs spaced 
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at 1 foot. Ml cliiibinj exercises were performed at room air temperature 

(21 Í 1°C). The different modes of climbing, sha^n for each group in Table 

1, involved: 30 minutos of downclimb only (group A) ; 30 minutes of upclirb 

only (group B) ; 15 minutes of downclimb followed by 15 minutes of upclbrb 

(group C) ; 30 minutes of upclinb only (group D). Group D lias been subjected 

to a different heat exposure as will be described below. 

Heat Exposure. Except for group D all heat exposures involved level 

walking at 5.6 km/hr (25 - 30% VO2 max) under hot dry ambient conditions of 

nii/v'B temperatures of 50/25°C; wind at Im/sec. These were the conditions 

for the 30 minute heat exposure that followed the 30 minute climbing exercise 

for groups A to C find for the standard heat challenge to test for state of 

acclimatization. For group D, the 30 minutes of heat exposure involved sitting 

at this ambient conditions with an addition of radiant heat from a set cf 

quartz lamps on a side wall, aimed at the profile of the sitting subject. 

Therefore, he turned around every 15 minutes. The globe température taken at 

the sitting place was 63.5°C. 

Standard test for state of acclimatization (groups A to D), and the acclim¬ 

atization procedure (group E) involved cor routine method of level walking in 

the above mentioned dry heat conditions for 120 minutes, if tolerated. 

Measurements. Oxygen uptake (VO2) was measured by the open circuit method; 

expired air was collected, usually for 1 minute, in Douglas bags; volume 

and O2 concentration measured respe<Ttively in a Tissot wet spirmeter and 

Beckman O2 analyzer. Heart rate (HR) urns continuously monitored on a tachometer 

using chest surface electrodes. Rectal tesrperature (Tre) was continuously 

monitored from a thermocouple in a probe, inserted 20 cm. Skin temperatures 

were measured every 10 minutes moving a thermocouple "bow" over the forehead, 

chest, bad: (scapula), left upper forearm, lower forearm and the two thighs. 



'I'ne averaged values were taken as the mean skin temperature (Talc). 

PROCEDURES 

Preliminary sessions were devoted to familiarization with the procedures, 

the equipment and for testing to estimate maximal aerobic capacity (VC>2 max). 

• # 

VO2 max was estimated from measurements of VO2 and HR, during submaximal 

work loads on the laddermill. Each subject climbèd up the laddermill at three 

successive speeds, for 5 minutes each, with 10 minutes rest inbetween. VO2 tax 

was calculated by extrapolation of the ïüV VO2 linear relationship (7) to the 

maximum age expected HR of 195. 

Each subject participated only in one of the groups li^ .a in Table 1,except 

for one subject who took part in series C and E with an inbetween time lapse of 

65 days during which he abstained from exposures to heat or exercise. Each 

subject was tested, in a post absorptive stale, at the same hour every day. 

Upon arrival to the laboratory he prepared himself, placing the chest 

electrodes, inserting the rectal probe and resting for 20-30 minutes. 

A series of tests for a group involved: one pretreatment standard test 

for state of acclimatization (pre-test) usually sustained less than the allo¬ 

cated 120 minutes; 3-1 weeks of inexposure to heat and physical activities, to 

ensure less of any effect of the one pretreatment heat exposure; 4 days of daily 

treatment of 30 minutes of the heat exposure; 3-4 days of repeated tests for 

state of acciimaLrzation each aimed at 120 minutes which also served to carplete 

the acclimitization process, if necessary. 

Evaluation of the state of acclimatization was based on the increased 

tolerance time above, and the fall in HR, Tre and Tsk below, the values ob¬ 

tained for the pretreatment standard test. Hence the consideration for full 

or partial acclimatization, using each of these criteria was as follows: a.) 

the difference between the end values for the last post treatment test and 
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tils pretreatment test was tcdcen as the value represenbincj full acclirrstization, 

b.) the difference between the first posttreatment test and the pretreatment 

test represents partial acclimatization c.) the ratio of b over a quantified 

the partial acclimatization. In other words the improvement towards acclimatization, 

tested immediately after the 4 days treatment, was expressed as percentage for 

each criteria from: 

Pretreatment value - First Posttreatment value 

-—--- . loo 
Pretreatment value - Last Posttreatment value 

Group E underwent 9 days of the standard acclimatization procedure 

only. The group's state of acclimatization was compared to that of groups 

A to D by treating the end values for day 1, day 5, and day 9, similar 

to respectively;the pretreatment, first posttreatment and last posttreatment 

days in group A to D. 

RESULTS 

The conrbined stints of laddercliirib and short heat exposure is termed 

hereafter, the treatment. The mode of climbing the laddermill for the first 

30 minutes of the 4 days treatment differed for the 4 groups as shown in 

Table 1, groups A to D. Actually groups A and B, each involving 2 subjects, 

served as a pilot study designed to involve respectively downclimb (negative 

work) and upclimb (positive work). Although in terms of relative VO2, test 

A demanded less than B; 32% as compared to 55% V02 max, in terms of work load 

it was reversed 992 and 534 kg*m/min for tests A and B respectively. 

Since both, tests A and B were effective in inproving the state of 

acclimatization a third test (group C) was designed in which the 30 minutes 

of climbing were divided into 15 minutes of downclimb followed by 15 minutes 
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of upcliirb at the average of 30% and 65% V02 nax respectively. 

Typical examples of the HR and 'fre responses to treatments given 

to groups A and C eure sham in fig. 1. The data points represent the 

end values for the daily 30 minutes laddarmill clirrb as well as for the 

following 30 minutes of short heat exposure while walking on the treadmill. 

During the first day of the downclimb series, the HR continuously rose to 

reach high values at the end of the 30 minutes. However the rise in HR 

dropped upon the successive days of climbing and by the 4th day it leveled 

off within the first 10 minutes at a much lower level, as compared to 

the end value for the first day, which accounts for the sharp fall in the 

end values shown for the 4 days of the downclimb treatments (fig.l). 

This phenomena was less apparent in group C where only 15 minutes of downclimb 

were administered. 

In general, all 4 groups revealed sane cardiovasular training effect 

as well as some improved thermoregulatory responses in that, the end 

values of HR and Tre were lower on day 4 as compared to day 1 for both 

phases of the treatment; the exercise stints and the heat exposures. 

This is shown in Table 2. However none of the subjects in group D has shown 

the expected fall in HR due to the exercise stints, thus, the group's 

mean values on day 1 and day 4 were similar (Table 2, D). Tre was serrewhat 

lower on day 4 as compared to day 1 for the exercise stints as well as the 

heat exposure of the treatments for groups B, C and D. 

Tsk was measured on one, mostly the last day, of the treatments 

except for few subjects whose Tsk was measured daily. The few measurements 

did suggest a fall in Tsk from day 1 to day 4 for the heat exposure phase. 

However in general, the values for the exercise stints were at 33-34 C, 

which was similar, or slightly less than the resting value for each individual 

but the heat exposure resulted in a rise to 36-37°C for groups A, B and C, 



and up to 38°C in group D. 

Fig. 1 also shews tile end values of HR, Tre and Tsk for the heat challenge 

that has been used as the test for state of aoclinatisation. Ihe pretreahrenc 

standard test that has been given 3-4 weeks prior to the 4 days of the treatment, 

clearly showed a state of nonaccliiratization for all the participants. ïhis 

has been based on the folding criteria; heat exposure oould not be tolerated 

for the 120 minutes ¡the average endurance was 71 minutes) ; HR, Tre and Tsk 

continuously rose to the and of the tolerated exposure time. The test for state 

of acclimatization the day immediately after the 4 days treatment did reveal 

better adaptation to the heat challenge. As the typical examples in fig.l show, 

the end values of HR, Tre and Tsk were less than those obtained for the pre¬ 

treatment exposure. In addition, the tolerance time improved to the point that ' 

in most cases the vhole 120 minutes could be tolerated. But, the posttreatmant 

daily standard heat exposures that followed the first posttreataent test have 

indicated rurther improvements towards acclimatization in that; HR, Tre and 

Tsk continued to fall until days 3 or 4. 

Table 3 surrmarizes the mean percent improvement towards complete 

acclimatization (see procedure) derived from the 4 day treatment, for each group, 

separately for each criteria. It can be seen that sore improvement has beat 

derived in each of the 5 groups. However the degree of improvement differed for ead 

criteria. This was the case for each individual. For exaxple in one subject 

the respective percent improvement for HR, Tre, Tsk and tolerance time were 

83 , 55, 25, and 100 and in another they were respectively 45, 0, 75, and 

100. The wide individual differences are reflected in the large standard 

deviation fron the means, except for the tolerance time which was tore 



hcnogenous; except for 3 individuals all subjects revealed 100% iirproved 

tolerance tine due to the treatments. Finally it can be seen that all 5 

groups were similar in the degree shown for their inproved state of acclimatization 

following the 4 days of treatment, including the conventional method admin- 

isterea to group E. Analysis of variance to test for differences arrong 

the 5 groups indicated no significant differences. 

Table 4 provides the mean hourly sweating rates for each group during 

the following : pretreatment test; day 1 and day 4 of the treatments; the 

first and last posttreatment tests. It shows that a) within the 4 days 

of treatment the hourly sweating rate did not change (values for day 1 did 

not differ fron those for day 4) ; b) the sweating rate was, for all practical 

purposes, the same for all the standard heat exposures. Although a trend 

towards higher srveat rates due to acclimatization can be noticed, stat¬ 

istically as well as a practically the sweating rate did not differ for 

the pretreatment (nonacclimatized state) as compared to the first and 

last posttreatment (partially and fully acclimatized states). 

DISCUSSION 

Acquisition of acclimatization to heat can be safely tested during 

winter when the surrmer's natural acclimatization has ebbed. Therefore 

the tests described in this paper have been carried out during the last 

2 winters. Indeed, the subjects were in a nonacclimatized state as evidenced 

by the pretreatment standard exposure to moderate work in the heat. Further¬ 

more, one of the participants in series C who returned, elfter 65 days 

of inexposure to heat, to take part in series E did reveal the expected 

non-acclimation responses as judged by his tolerance time and elevation 

of HR, Tre and Tsk. In addition, it was assumed that minimal physical 

activity and inexposure to heat for 3-4 weeks will abolish any partial 

acclimation that the one heat exposure could accrue. 

HaMMdttirfMiMifliaitfkiaiMiii 



Although relative to the mechanical load prolonged negative work demands 

little in 02 cost (3, 6), it provokes "training-effect which is reflected in 

HR fall (2, 8). Consequently, our fobservation of day to day substantial fall 

in HR during the downclimb was not unexpected, for group A. Moreover, the 

HR which revealed a continuous rise during the 30 minutes of the first day 

of the downclimb, not only fell to lower levels but also tended to show 

consequent leveling off, which by the fourth day appeared within the first 

10 minutes. These changes in rise of, and leveling off of, the HR accounted 

for the substantial daily drops shown in fig. 1, for the end values. Further¬ 

more, high HRs existed during the heat exposure that followed the negative 

work. Hence, the substantial differences between day 1 and day 4 were also 

seen for the second heat exposure phase of the treatment (table 2, group A). 

Although less than in group A, a fall in HR during the 4 days treatment vas 

also apparent in groups B and C, indicating seme training effect due to both 

the climbing outside and the walking inside the heated roan. The treatment 

for group D involved high relative work load outside, but sitting resting, 

inside the heated roan. The fact that no fall in HR was witnessed during the 

4 days of treatment for this group, seem to indicate that the walking in the 

heat vas a contributing factor to the "training" effect, observed in the other 

groups. 

Evidence for the effectiveness of the 4 days treatment could also be 

found in the day 1 to day 4 drop in the Tre, during the exercise stint, as 

well as the heat exposure. Tsk however, hardly changed fron its resting level, 

dur .mg the exercise phase but, rose sharply during the walking and resting 

m the heat. Nevertheless, the treatments were effective in inducing sore 

improvement towards the acclimatization sought in this experiment. 
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Actually, all the criteria used here as evidence for acclimatization 

did shew same degree of improved adjustment, to the heat when the first 

pcsttreatment responses ware compared to those of the pretreabrent standard 

heat challenge test. Thus, an intensity duration threshold has been exceeded 

during ti.a treatments, to tire ortent that tira needed, adaptation for acclimation 

was provided. However, the percentage of improvement differed for each criteria 

on any one subject, and showed wide individual differences among the subjects 

for each criterion, which probably accounted for the observed insignificant 

differences between the treatment groups and between them and group E, in tire 

state of acclimation,acheived after 4 days. 

To further verify the usefulness of the exercise stints plus tire short 

heat exposure, in inducing acclimatization we have compared our results, 

pooled for groups A to C, to those reported by others who used the routine 

prolonged heat exposure. The oonparison shown in fig.2, in the form of histograms, 

was based on the relative improvement reported for day 5 as ooirpared to day 

8 or 9 of the acclimatization, and presented either in graphical form (9, 

14, 15) or in a table (20). It can be seen that our method conpares favorably 

with those used by the others. Although s.d. could not be conputed from these 

reports, it should be mentioned that the graphical presentations (14, 15) did 

show wide individual differences for each criteria. Roughly, the range of 

improvement towards acclimatization, for the data by Robinson eh al (15) wor^y 

50-100% for HR; 40-300% for Tre and; 30-100% for Tsk. Indeed the authors have 

mentioned that 2 out of the 5 subjects tested, have reacted slower to the 

heat exposures and practically "never reached as complete a state of acclimatization, 

as the other three." Such inter individual differences should be taken into 

account in the practical application if enhanced acclimatization, and a nethrxi 

to screen the less acclimatizable subjects should be designed. 



Since tlie hot ambient conditions csrployed in this study were not 

humid, the nonsignificant trend twoards higher ff.veating was ejected. Hov?e\ 

the drop in Tre during the 4 days treatment and the resulting improved 

state of acclimatization can be taken as an indicator that sweating got 

to be more efficient, probably due to it's earlier onset at lower Tsk 

an^1 Tre (1). 

The; partial success with the pilot study on groups A and 3 encouraged 

us to pursue the idea of exercising outside the heated room prior to 

the short heat exposure, with an attempt to intensify the exercise stints. 

Since there is a limit to the speed at which downclimb can be performed 

without additional strain, unless specially trained (6), a limit of 60 

steps/min was set for the downclimb, and the intensification of the exercise 

was based on increasing the positive work load (group C). In order to 

stay within a reasonable non-< xhaustive range of exercise, a combined 

negative and positive work has been designed; the first served as the 

least strenous exercise that nevertheless could effectively stimulate 

the thermoregulatory systems; the second served to continue these stimule 

and in addition be effective in taxing the cardiovascular system. 

rIhe incorporation of stints of negative work was based on the ooser- 

vations made in several laboratories that at equal metabolic requirement, 

compared to positive work, negative work was expected, to dr. ve the 

physiologic responses towards higher Tsk and sweating rates (10, 11, 12) 

possibly towards higher Tre (10, 18) for at least the first 2 days (2) 

.md elicit higher HRs. Prolonged negative work results in muscle soreness 

(3), for at least the first 2 days, which indeed was the complaint of 

the subjects in group A of this study. However, group C did not witness 

such soreness presumably because of the shorter period (15 minutes) Ol 

their downclimb. 

Since resting in the heat has been designed for group D, higner 

relative work load could be performed outside of the heated room. Hcroevei 



it seems that this method was not effective in inducing cardiovascular 

training. 

In surrmary, exercise stints could be effective in driving the physio¬ 

logical responses towards acclimatization, provided short heat exposure 

follows each exercise session. In practical terms this method could save 

in time and heated spaces particulary when a large number of persons have 

to be acclimatized. Vhether additional few days of similar treatment or 

other method of intensified exercise and/or heat exposure could accomplish 

the acclimation process remains to be tested. 
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Toole 1: Age, physical characteristics, laddemill cliirb 

u'forra tioa, its O2 cost (Vo2) and relativo aereóle cost 

(I VO2 rux), for each group. 
Vcc.iaiT i n’Tr'f rr HLiarr laddstmiu, cr^a 

kg 
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.2 
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82.2 

14 
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182.5 

.7 

131 

10 
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1.79 

174.8 

3.0 
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a) t-do-vTiclirb, t-upclirto 

b) vertical clirb 

c) 15 minutes dcwnclirb followed by 15 minutes loclúrb 
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Table 3: Percent inprovcreent towards acclimatization, 

due to the four days treatment, as evidenced by each 

criteria. Me¿in and ranges are given for each tested group 

GIOJP 

A 

B 

C 

D 

E 

mean 
range 

HEART RATE 

bpm 

62.5 
54-71 

RECTAL TEMP. 

°C 

63 
54-75 

¿KIN TEMP. 

°C 

38.5 
13-64 

TOLERANCE 

minutes 

60 
20-100 

mean 
range 

83.5 
71-96 

65 
64-66 

55.5 
47-64 

100 

mean 
range 

67.5 
74-95 

54.5 
37-76 

47.6 
14-88 X)93 

62x -100 

mean 
range 

68.8 
45-100 

38.2 
0-74 

40 

0-75 
100 

mean 

range 
79.2 

55-100 
68 

54-90 
43 

0-65 ,x)89-2 
57x;-100 

X) obtained on one subject while all the rest shaded 100¾ improvement:. 
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