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Abstract

The reproducibility of a test of thermoregulatory function was examined. Active
male volunteers cycled at 70% \.IO2 max at 25°C, 20% relative humidity. Chest
sweat rate (ﬁ&w ), measured by resistance hygrometry, and Tes were recorded.
By plotting d&w as a linear function of Tes, Tes for onset of sweating (onset) and
increase of "Lw per OC rise of Tes (sensitivity) were ascertained. Tests were
performed daily at the same time on 3 consecutive days (n = 6); at 0800, 1000,
1200, 1400 and 1600 hours on 5 different days (n = 5); and at 0800, 1030, 1300 and
1530 hours on the same day (n = 5). Repeated measures analysis of variance for
each experimental protocol revealed no statistically significant differences for
onset or sensitivity. Test-retest coefficients of correlation for both onset and
sensitivity comparing any 2 test days or any 2 test times were in excess of 0.90
and 0.85, respectively. It is concluded that results from this test are
reproducible from day to day and are relatively insensitive to time of
administration (within the limits 0800 to 1600 hours). Moreover, prior testing on

the same day does not influence results obtained from testing later in the day.

Key words: sweat onset, sweat sensitivity, esophageal temperature, exercise,

reliability, circadian variation.
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Nadel et al. (6) have described a test to determine onset and sensitivity of
sweating as functions of increasing esophageal temperature during exercise in a
thermoneutral environment. Since this testing is conducted at thermoneutral
ambient temperature, it allows evaluation of sweating function independent of
degree of external heat stress and offers the potential for repeated testing at
short time intervals without the complicating influences of heat acclimatization.
Data relative to reproducibility of results from this test are lacking. Circadian
variations in results obtained have been suggested specifically for this test,
however comparisons were made only between experiments conducted at night
and during the day (9). The purposes of the present study were to evaluate the
day to day reproducibility (reliability) of the test; to determine the pattern of
circadian variations during a limited portion of the day (0800 - 1700 hours), a
time frame within which experimental testing is normally conducted; and to
determ.ine if prior testing on the same day influences results obtained from

testing later in the day.

Methods

Six active male volunteers, who were not heat acclimatized, served as
subjects for these experiments. Their mean +S.E. age, height and weight were
24.0 + 2.0 years, 177.4 + 3.1 cm and 73.4 + 2.7 kg, respectively. Each volunteer
was fully informed of the purposes, experimental protocol and procedures of the
experiments, as well as potential risk from participation; and each signed a
statement of informed consent.

Maximal oxygen consumption (\./O2 max) was determined for each subject

on the bicycle ergometer by an interrupted procedure similar to that described
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by McArdle et al. (3). Briefly, this procedure required the subject to cycle for
five minutes at three submaximal exercise intensities and to exhaustion (< 5 min)
at two maximal exercise intensities, with rest between each exercise period.
Oxygen consumption ({’02). heart rate (HR) were determined near the end of
each work period. The criterion for \.IO2 max was a plateauing of \.102,
concomitant with increased exercise intensity. Subjects breathed through a
Collin's Triple - J valve, and expired air passed through a mixing chamber and
turbine spirometer. Gases in the mixing chamber was continuously sampled for
determination of fraction expired O2 with a fuel cell 02 analyzer and for
fraction expired C02 with an infrared C02 analyzer. Appropriate corrections
for barometric pressure and temperature were made to calculate \.IE (STPD) and
Qoz was calculated by the Haldane formula. Heart rate was measured from
ECG tracings as ECG was monitored continuously throughout these tests. From
\.IQ2 measurements during submaximal exercise, relative intensities
approximating 70% \)02 max were derived for further experiments.

Prior to each test for onset and sensitivity of sweating, subjects rested in
the chamber at least 30 min before exercising. Subjects were attired only in
shorts, socks and tennis shoes. To establish esophageal temperature (Tes) for
sweating onset and change of sweat rate per OC rise of Tes (sensitivity), subjects
cycled for 8 to 15 min at approximately 70% ;'02 max. Mean ambient
témperature was 25°C (range 24 to 26°C); relative humidity was approximately
20%. Tes was measured at 30 sec intervals with a copper-constantan
thermocouple at heart level in the esophagus. Skin temperatures from the chest
(Tch), lateral upper arm (Tarm) and anterior thigh (Tth) were measured at 30 sec
intervals with copper-constantan thermocouples; mean skin temperature (fsk)

was calculated according to Roberts et al. (7) as:
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Tsk

Sweating was continuously recorded by resistance hygrometry from a 12 cm

= 0.43 Tch + 0.25 Tarm + 0.32 Tth
2
sweat capsule on the chest over the seventh and eighth ribs in the mid-clavicular
line. This site was marked with a pen to aid in maintaining the site of sweating
measurements constant for all of the testing. This procedure, described in detail
by Nadel et al. (4), consists of passing an air stream (constant water coﬁtent and
flow rate) over the encapsulated area of the skin and measuring the change of
water content of the air. Sweat rate (rh ), in mg/min + cmz, was calculated at
30 sec intervals as:
dy,, = £<0.01 A RH < /D +1/12 cm?, where
k= rate of air flow through capsule (ml/min)
4 RH = difference in relative humidity between air entering and leaving
capsule (%), and
D= density of saturated steam at RH measurement temperature
(mg/ml).

From linear plots of rfgw as a function of Tes, Tes for sweating onset was
derived as the 0 ﬁLw intercept and sweat sensitivity as the slope of the line.
Heart rate was measured at 5 min intervals from ECG tracings, as ECG was
monitored periodically throughout these tests.

; To ascertain the reliability of this test, subjects performed the test daily
for three consecutive days; each subject pérformed the test at the same time
each day. To determine circadian variations, subjects performed the test once
daily on five different days at 0800, 1000, 1200, 1400 and 1600 hours. To

determine if prior testing on the same day influences results from testing




performed later in the day, subjects performed the test at 0800, 1030, 1300 and
1530 hours on the same day.

Results

The mean +S.E. \.IOZ max for the six subjects tested in this study was 3.61
+ 0.50 liters/min or 49.1 +1.8 ml/kg  min; mean +S.E.maximal HR was 185 +3
beats/min. For the sweating tests, bicycle exercise wzas performed a.t a mean
+S.E. intensity of 975 + 45 KPM/min. Estimated {'02 for this exercise was 2.56
liters/min this corresponds to a mean relative exercise intensity of 71% \:'Oz
max. One subject withdrew from the study following reliability testing; the
means and S.E. of the previous parameters were not altered by his withdrawal.

Table | depicts results from sweating tests performed daily on three
consec;uive days. In this and subsequent tables, Heart Rate is the mean for all
subjects measured at 5 min, while Tsk is the mean for all measures of Tsk
throughout the exercise. One-way repeated measures analysis of variance
revealed no statistical differences for any of the measures during the three test
days. Test-retest coefficients of correlations for sweat onset and sensitivity
comparing any two combinations of test days were in excess of 0.90.

Results from tests performed at different times on different days are
presented in Table 2. One-way repeated measures analysis of variance revealed
nc; statistical differences for any of the measures for any time of day. Although
not statistically different, Tes for sweat onset was lower at 0800 than at any
other time. Test-retest coefficients of correlation for sweat onset and sensitiv-

ity comparing any two combinations of test times were in excess of 0.85.
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Finally, Table 3 presents comparative results from tests performed at
different times on the same day. Again, no statistical differences for any of the
measures for any time of day were indicated by one-way repeated measures
analysis of variance. Again, although not statistically cifferent, Tes for sweat
onset was lower at 0800 than at any other time. Tes:-retest coefficients of
correlation for sweat onset and sensitivity comparing any two combinations of

test times were also in excess of 0.85.

Discussion

Nadel et al. (6) have described a method to determine threshold and
sensiti‘{ity for sweating as a function of increasing esophageal temperature
during exercise in a thermoneutral environment. This method is sensitive to both
physical training and heat acclimatization and offers some distinct advantages
over the more commonly used methods (heat exposure with or without exercise)
for evaluating sweating responses. The time to administer the test is quite
short, requiring only about 30 minutes. Procedures are relatively simple,
requiring equipment of minimal sophistication. Testing is conducted at thermo-
neutral ambient temperature (25°C) allowing evaluation of thermoregulatory
function independent of degree of external heat stress and offering the potential
for repeated testing at short time intervals without the complicating influences
of heat acclimatization.

It is cur intent to use this test as a primary criterion for prediction of
exercise performance in the heat in large populations. As such, we were
especially concerned with the reproducibility of results obtained from naive

subjects. In previous studies, in which this test, or some facsimile thereof, was




utilized, reliability was either assumed and a single test performed (5), or
duplicate tests were performed (6,7,9). We considered a formal evaluation of the
day to day reproducibility of results obtained from this test was warranted. Our
results indicate that Tes for onset of sweating and sweat sensitivity were
reproducible from day to day.

Previous investigators (1,2,8) have reported that during early morning
exposures to heat without exercise, subjects began sweating at lowér rectal,
tympanic or mean body temperatures than during the same exposure in late
morning, afternoon or evening. For the specific test which we evaluated Wenger
et al. (9) observed Tes for sweat onset to be lower between 0400 and 0530 hours
as compared to that observed between 1200 and 1630 hours. No difference in
sweat sensitivity was observed between early morning and afternoon. Our
interests were in reproducibility of results within a time frame which we
normally conduct experimental testing. Our results indicate that Tes for onset
of sweating and sweat sensitivity were insensitive to time of day within the
limits 0800 through 1600 hours. This was true whether tests were administered
on different or the same day, as prior testing on the same day did not influence
results obtained from testing later in the day. It should be noted that Tes for
onset of sweating tended to be lower at 0800 and, as a precaution, it is

recommended that testing not be conducted prior to 0990 hours.
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|
|
|
|
|
|
|




3.

5.

References
Crockford, G.W., C.T.M. Davies and J. S. Weiner. Circadian changes in

sweating threshold. J. Physiol., London 207:26-27p, 1970.

Fox, R. H., G.W. Crockford, I F.G. Hampton and R. MacGibbon. A
thermoregulatory function test using controlled hyperthermia. J. Appl.

Physiol. 23:267-275, 1967.

McArdle, W.D., F.l. Katch and G.S. Pechar. Comparison of continuous and

discontinuous treadmill and bicycle tests for max VOz. Med. Sci. in Sports

5:156-160, 1973.

Nadel, E.R., R.W. Bullard and J.A.J. Stolwijk. Importance of skin

temperature in the regulation of sweating. J. Appl. Physiol. 31:80-87,

197 1.

Nadel, E.R., J.W. Mitchell, B. Saltin and J.A.J. Stolwijk. Peripheral

modifications to the central drive for sweating. J. Appl. Physiol. 31:828-

833, 1971.

Nadel, E.R., K. B. Pandolf, M.F. Robérts and J.A.J. Stolwijk. Mechanisms

of thermal acclimation to exercise and heat. J. Appl. Physiol. 37:515-520,

1974.




Roberts, M.F., C. B. Wenger, J.A.J. Stolwijk and E.R. Nadel. Skin blood
flow and sweating changes following exercise training and heat acclima-

tion. J. Appl. Physiol.: Respirat. Environ. Exercise Physiol. 43:133-137,

1977.

Timbal, J., J. Colin and C. Boutelier. Circadian variations in the sweating

mechanism. J. Appl. Physiol. 26:554-560, 1969.

Wenger, C.B., M.F. Roberts, J.A.J. Stolwijk and E.R. Nadel. Nocturnal

lowering of thresholds for sweating and vasodilation. J. Appl. Physiol.

41:15-19, 1976.




Day 1
Day 2
Day 3

Table 1.
Heart
Rate
Beats/min
142 + 3 32.4
144 + & 32,7
44+ 4 32.5

Sweat Onset and Sensitivity (Mean + S.E.) for
Tests Performed at the Same Time on Three
Consecutive Days (n = 6 )

0.2
002
0.3

Sweat

Onset
“c

37.26 + 0.13

37.27 «+

0.12

37.34 0.13

I+

Sweat

Sensitivity

mg/cm2

0.82 '+ 0.1l
0.78 + 0.12

0.76 0.11

I+

« min/°C

10




Time

0800
1000
1200
1400
1600

Table 2.
Heart
Rate
Beats/min
146 + 2 32.5
143 + 3 32.4
146 + 5 32.3
l46 + 3 32.5
l46 + 3 32.6

SweatOnsetand Sensitivity (Mean +S.E.)for Tests
Performed at Different Times on Different

Days (n = 5).
Sweat Sweat
Tsk Onset Sensitivity
e c ms/cm2- min/°C

i+

0.2 37.13 + 0.09  0.68 + 0.07

+ 0.2 37.25 + 0.09 070 + 0.09
$ 81 B3 .01 08 . 0.0
+ 0.2 37.27 s+ 0.08  0.68 + 0.10
+ 03 3729 « 0.09 070 + 0.10

i1




12
: Table 3. SweatOnsetand Sensitivity (Mean+S.E.)for Tests
: Performed at Different Times on the Same Day
(I'I = 5)0
Heart Sweat Sweat
: Rate Tsk Onset Sensitivity
Time Beats/min o . o mg/cm2~ min/°C

0800 144 s 2 32.5 & 0.2 3.3 s+ 0.9  0.68 s+ 0.07
1 1030 145

1300 146

I+

2
3 83 502 P26 o+ 0.0 071 o« 0.08
3

1530 148 32.4

I+

82 BB + 0.0 072 « 0.0

1+
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