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Abstract
Compression wear has recently exhibited some 

beneficial effects on swelling and leg shape, but its 
effects on human health and stress remain 
controversial. In this study, we examined how the 
perspiration rate is influenced by pressure applied 
underneath the bust. Two women aged 21 and 56 
years who placed their feet in a 42°C footbath for 30 
min for perspiration acceleration with an artificial 
climate room (room temperature, 28.0 ± 0.3 °C; 
relative humidity, 50% ± 0.5%; air current, 0.08 ± 
0.01 m/s).  They underwent application of pressure 
under the bust using an experimental band (inside-belt; 
comprising a band with a core material) that was 
shortened from 1% to 5%. Their rectal temperature 
(Tre), skin temperature (Tsk), and warm-cool 
sensation increased with the pressure stimulation. The 
younger subject perspired when she began to take a 
footbath, and her Tsk/Tre/warm-cool sensation
significantly decreased. She reported that the 1% to 
5% pressure stimulus was not tight, and her 
physiological response was normal; thus, the 
tightening rate was tolerable. However, the older 
subject had lower sweat gland activity than the 
younger subject, and perspiration was not promoted. 
Therefore, she felt hot, and her Tre increased at 1% 
constriction but decreased at 2% to 5% constriction. 
This decline was thought to be caused by continuation 
of the skin baroreflex at the 2% to 5% tightening rate, 
which was a physiological burden for the older 
woman. It is thus necessary to determine the clothing 
pressure tolerance level depending on age.

Introduction

Benefits of compression wear on the lower half of 
the body have recently been demonstrated in terms of 

decreased swelling and improved leg shape (Morooka 
et al. 1995, Nakahashi et al. 1999). However, the 
effects of compression wear on human health and 
stress remain controversial. According to Kikufuji et 
al. (2002), the menstrual cycle should significantly 
lengthen by wearing underwear for tight manipulation 
for a long time. The prevalence of diabetes is 
reportedly 30% higher among women with long 
menstrual cycles than those with short cycles 
(Solomon et al. 2001). We previously examined how 
autonomic nervous system functions, such as skin 
temperature and salivary secretion, change when 
pressure is applied to the body. Even with only 2 min
of slight pressure stimulation that the subject did not 
consider to be tight, both skin temperature (Mitsuno et 
al. 1998a) and salivary secretion (Mitsuno et al. 
1998b) significantly decreased. These findings 
indicate that accurate determination of the effects of 
pressure should involve consideration of not only the 
subject’s subjective feelings, but also various objective 
indices. In this study, we focused on perspiration for 
temperature control to determine how application of 
pressure under the bust affects perspiration. We aimed 
to identify the optimal clothing pressure load tolerated 
by the human body.

Table 1 Physical characteristics of subjects

Fig. 1 Experimental schedule

Subject    Age    
  (year)

Height 
   (m)

Weight       
(kg)

      BMI         
   (kg/ )

Basal body 
temperature( )

A 21 1.62 50.37 ± 0.05 19.19 ± 0.02 36.08 ± 0.19
B 56 1.59 57.99 ± 0.23 22.94 ± 0.09 36.21 ± 0.10

Time

climate room

Sensory test

Artificial
9:45

Measuring 
Pressure
Footbath

8:00 8:20 8:30 8:40 9:00 9:30
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M1M2M3M4M5M6M7M8M9
Skin temperature Thermocouple (T type) -
Skin humidity Hygrometer (TDK) -
Perspiration - - -
Pressure sensation - - - -
Warm-cold sensation - - - -
Core temperature Thermocouple (T type)

Clothing pressure

Weight Balancer (sartorius)

Measuring region

M10
Cross points between anterior
/posterior median lines and 3cm
outside lines, left and right
side/mammillary/scapula lines
and under bust girth

M9

Measuring item Measuring method
(Type)

Ratio scale

Hydrostatic pressure-
balanced method

Perspiration meter

Warm-cold sense

Pressure sense
Tight Very tight Pain Tough

0 1

Without
belt

0 1

Very cold

Very loose Loose Slightly loose Perfect fit Slightly tight

slightly cool Comfortable Slightly warm Warm Hot Very hotCold Cool

Fig. 2 Scale of warm-cold sensation (upper scale) and pressure sensation (lower scale)
                                                                                                             

Table 2 Items, methods, and regions of measurement

Measured regions: M1: head, M2: bust, M3: back, M4: upper 

arm, M5: forearm, M6: hand, M7: thigh, M8: lower leg, M9: 

whole body, M10: rectum

Experimental method

The subjects were two women aged 21 and 56 years 
(Subjects A and B, respectively). Their physical 
characteristics are given in Table 1. In an artificial 
climate room (Artificial Climate Experimental System 
of Shinshu University; room temperature, 28.0°C ± 
0.3°C; relative humidity, 50.0% ± 0.5%; air current, 
8.0 ± 0.1 cm/s; illumination, 827 ± 27 lx), the subjects 
soaked both lower legs and feet up to the knees in a 
42°C footbath for 30 min to cause perspiration. 

The experimental schedule is shown in Fig. 1, and 
the items, methods, and regions of measurement are 
shown in Table 2. The subjects slept for 7 h the night 
prior to the experiment, ate 2 h before the 
measurements, and entered the artificial climate room 
at 8:00. Before and after the experiment, the subjects’ 
body weight and clothing weight were measured using 
a balance. From 8:20, the rectal temperature, skin

temperature of eight body regions, and quantity of 
perspiration with perspiration meters (SKINOS, 
SKN-2000, KANDS, SS-100 ) of six body regions 
were measured every 10 s. Additionally, on a day to 
carry out pressure stimulation for 5 days when varied 
in the low body temperature phase of the subjects, we 
applied pressure under the subjects’ bust using a 
2.5-cm-wide experimental band at 8:30; the pressure 
was measured by a hydrostatic pressure balanced 
method (Mitsuno et al. 2010). The pressure 
measurement was finished at 8:40.

The rates of band tightening were 1%, 2%, 3%, 4%, 
and 5%; that is, we tightened their underneath bust by 
winding the experimental band shortened 1% to 5%. 
The subjects placed their feet into a 42°C footbath 
(BT-5N; Minato, Bithatizer) for 30 min from 9:00, 
removed their feet from the bath at 9:30, and rested in 
a sitting position for 15 min. A paired t-test was used 
to examine significant differences in the sweating rate 
and body temperature between the subjects and 
control; not tightened by band with only use of the 
footbath, when pressure was placed under the bust.

The scales used to examine pressure sensation and 
warm-cold sensation during the experiment are shown 
in Fig. 2. The subjects described their subjective 
sensations a total of seven times (every 10 to 15 min). 
Numerical values for the pressure feeling was obtained 
by supposing that the feeling without tightening had a 
score of zero and a perfect fit feeling had a score of 1 
(Mitsuno et al. 1997). In other words, the numerical 
value exceeded 1 if the subjects felt that the 
experimental band was tight and less than 1 if they felt 
that the band was loose. Numerical values for the 
warm-cold sensation were obtained by supposing that 
very cold feeling had a score of zero and comfortable 
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feeling had a score of 1. In other words, the numerical 
value exceeded 1 if the subjects felt hot, and less than 
1 if they felt cold. The correlation coefficients among 
the perspiration rate, clothing pressure, and 
subjectivity evaluation were also calculated.

Results

1) Perspiration rate
The perspiration rates starting at 10 s in each 

measurement region are shown in Figure 3. In Subject 
A, the upper arm (M4) perspired first, followed by the 
back/thigh (M3/M7). The perspiration response was 
faster in Subject A than B, and the relative 
perspiration rate was higher in Subject A than B. The 
conditions of perspiration were compared every 5 min 
as shown in Fig. 4. The relative perspiration rates at a 
band constriction rate of 1% increased in the head/bust 
regions (M1/M2), but the rate at the thigh decreased.

The significant differences in the regional 
perspiration rates between the control and pressure 
conditions in Subject A are summarized in Table 3.
The pressure stimulus was started at 15 min (shaded 
columns), and the footbath was used from 40 to 70
min (dark shaded columns). The increases and 
decreases in the perspiration rates are shown as “+” 
and “-” symbols, respectively. Greater numbers of 
symbols indicate greater statistical significance. The
1% constriction rate at M1/M2 was associated with a 
decrease in the perspiration rate (-), and use of the 
footbath was associated with an increase in the 
perspiration rate (+). Thus, body regions with 
increased and decreased perspiration rates coexisted 
during application of the pressure stimulus and 
simultaneous use of the footbath. The significant 
differences in the relative regional perspiration rate 
between the control and 1% to 5% pressure conditions 
are shown in Table 4. The regional perspiration rates 
were significantly higher in Subject A than B.

When Subject A underwent a 1% to 5% increase in the 
pressure stimulus, her perspiration rate increased in most 
measured regions. In Subject B, the perspiration rate 
under the 1% pressure condition increased in all regions
except M7; at 2% to 5%, however, perspiration at M1 
and M7 decreased while that at M4 and M5 increased.

The total and relative perspiration rates of the whole 
body are shown in Figure 5. The total perspiration rate of 
Subject A (upper figure) was significantly higher than 
that of Subject B. The relative perspiration rates of both 
subjects (lower figure) were higher than those of the 
control condition when the constriction was applied 
under the bust.

Fig. 3 Perspiration rates starting at 10 s in each 
measurement region
M1–M7: measurement regions described in Table 2.

Fig. 4 Relative perspiration rates starting at 5 min.
M1–M7: measurement regions described in Table 2.

Fig 4 Relative perspiration rates starting at 5 min
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Table 3 Significant differences in regional perspiration 
rates between control and pressure conditions (Subject 
A)

M1–M7: measurement regions described in Table 2. Increases

and decreases are shown as + and -, respectively. + (-): p <

0.05, ++ (--): p < 0.01, +++ (---): p < 0.001.  

Table 4 Significant differences in regional perspiration 
rates between control and 1% to 5% pressure
conditions

M1–M7: measurement regions described in Table 2. Increases

and decreases are shown as + and -, respectively. + (-): p <

0.05, ++ (--): p < 0.01, +++ (---): p < 0.001.  

Fig. 5 Total and relative perspiration rates starting at
five min 

2) Body temperature
The rectal temperatures (Tre) of both subjects are

shown in Fig. 6. In Subject A, the Tre with 1% to 5% 
constriction was significantly lower than that in the 
control condition (Four % data was lost with the sensor 
trouble.). In Subject B, the Tre with 1% constriction
significantly increased, but with 2% and 4% constriction,
it significantly decreased. Thus, the younger subject’s
core temperature always decreased with the constriction 
stimulus, but the older subject’s core temperature did not 
consistently change with the rate of constriction.

3) Skin temperature
The relative skin temperature (Tsk), Tre, skin humidity 

(Hsk), and perspiration rate of Subject A while not
wearing the band are shown in Fig. 7. The Tre and Tsk
slightly increased while using the footbath. About 10 min 
after placing her feet in the footbath, her Hsk rose, 
perspiration began, and her Tsk fell. Her Tre was almost
the same from the start to the end of the experiment.

The correlation coefficients between Tre and Tsk of 
both subjects are shown in Table 5. Negative correlations 
between Tre and Tsk were noted at M2, M4, and M5 of 
both subjects. The Tre rose, but the Tsk on their chest 
and arms fell. Subject A showed this negative correlation 
at M2 to M5, but not M7. Her Tre rose, but her regional 
Tsk fell, resulting in regional perspiration. However,
Subject B showed a positive correlation between Tre and 
Tsk at M1, M3, and M7. Both Tre and Tsk rose when she 
used the footbath because her perspiration rate was low; 
thus, her body temperature rose (see Fig. 5).

Fig. 6 Relative rectal temperature starting at five min

Subject A 1% 2% 3% 5% Subject B 1% 2% 3% 4% 5%
M1 ++ +++ +++ +++ M1 +++ -- -- --- ---
M2 ++ +++ ++ +++ M2 N N N N N
M3 N N +++ ++ M3 + +++ N N ++
M4 +++ N ++ +++ M4 +++ N +++ +++ ++
M5 +++ ++ +++ +++ M5 +++ + +++ +++ +++
M7 +++ +++ +++ +++ M7 --- --- --- --- N

***: p <0.001
***: p <0.001

th

***: p <0.001
***: p <0.001
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Fig. 7 Relative skin temperature/rectal temperature, 
relative skin humidity/perspiration rates (Subject A)

Table 5 Correlation coefficients between rectal 
temperature and skin temperature

A -0.040 -0.990 *** -0.464 *** -0.452 *** -0.441 ** 0.209
B 0.760 *** -0.243 * 0.319 ** -0.455 *** -0.257 * 0.303 **

M4 M5 M7
Subject

Skin temperature
Items

M10

M1 M2 M3

*: p <0.05, **: p <0.01, ***: p <0.001

4) Sensory test
The warm-cold sensation of both subjects is shown in 

Fig. 8, and their pressure sensation is shown in Fig. 9. 
The warm-cold sensation of Subject A increased when 
she used the footbath and decreased when she got out of 
the footbath; however, the sensation of Subject B did not
change substantially even when using the footbath.
Conversely, the pressure sensation of Subject B increased 
when the band was tightened under her bust and 
decreased until the end of the experiment. This indicates 
that she became accustomed to the tightening of the 
band. The sensation of Subject A did not substantially 
change.

5) Clothing pressure of experimental band
The clothing pressures where the experimental band 

(CP) was constricted under the bust are shown in Figure 
10. The CP increased as the rate of band tightening 
increased. Ordinarily, if a rigid body and the same 
materials are used, CPs increased along with the increase 
in the band ratio (Mitsuno et. al 1991a).

Fig. 8 Warm-cool sensation

Fig. 9 Pressure sensation

Fig. 10 Clothing pressure of band constricted under 
bust  

Fi 7 R l ti ki t t / t l t t/
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The CP differed although the band constriction was 
the same ratio. Nevertheless, Subject B showed rather 
higher pressures than Subject A (see Figure 7). The 
difference in the CP resulted from the hardness of the 
body; lower pressures occurred in softer regions, but 
higher pressures were obtained in harder regions 
(Mitsuno et. al 1991b). The CP was thought to be 
lower in Subject B because she was an older woman 
with more subcutaneous fat and greater radial 
curvature; thus, her body was softer than that of the 
younger woman.

Discussion

The CP changes with respiratory movements; 
higher and lower values occur in association with 
inhalation and exhalation (Mitsuno 1991). Thus, the 
correlation coefficients between the CP and 
perspiration rate, core temperature, pressure sensation, 
and warm-cold sensation were calculated from the CP 
on inhalation (maximum value) and on exhalation 
(minimum value) and are shown in Table 6.

A positive correlation was shown between pressure 
sensation and the CP in both subjects; they reported a 
tight sensation when the pressure was high. 
Additionally, although pressure was only applied 
under the bust, Subject B reported tightness in her 
whole body and thigh. The core temperature and CP 
were negatively correlated in both subjects, so their 
Tre decreased along with the increased in the band 
ratio. Even Subject A and B, is the cause that core 
temperature fells to the same reason as expected?

The correlations of the perspiration rate and 
warm-cold sensation with the constriction condition 
were reversed between the older and younger subjects 
(see Fig. 5). In the younger woman, the correlation 
between the perspiration rate and CP was positive, 
while that between the warm-cold sensation and CP 
was negative; thus, the perspiration rate increased and 
warm-cold sensation decreased during tightening of 
the constriction under the bust. That is, with 
constriction under the bust, the younger woman’s 
warm-cold sensation rose once (see Fig. 6); however, 
finally cooled by perspiration, and she reported feeling 
cold. Conversely, these correlations were reversed in 

Table 6 Correlation coefficients between clothing 
pressure and perspiration rate, core temperature,
pressure sensation, and warm-cold sensation

*p < 0.05, **p < 0.01, ***p < 0.001

the older woman; during the constriction under her 
bust, she did not perspire, so she reported feeling hot. 
This may have occurred because the sweat gland 
activity reportedly decreases with age (Inoue et. al 
1998).  

In this way, both the Tre and Tsk rose with pressure 
stimulation, the warm-cool sensation rose together. 
However, because Subject A perspired after the 
constriction under the bust, she showed a significantly 
decreased Tsk and Tre, and her warm-cool sensation 
significantly decreased. This young woman estimated 
that a 1% to 5% pressure stimulus under the bust was 
not tight, and the responding physiological 
phenomenon was normal. This was therefore a 
tolerable tightening rate.

Conversely, in the older woman, perspiration was 
not promoted by pressure stimulation, although she 
felt hot. As mentioned above, older persons are 
thought to have lower sweat gland activity than 
younger persons. The older subject’s Tre rose with 1% 
constriction because perspiration was not promoted. If 
perspiration is not promoted, the Tsk and Tre should 
rise together; however, the Tre significantly decreased 
(see Fig. 6). This decline was thought to be caused by 
continuation of the skin baroreflex at the 2% to 5% 
tightening rate.

Therefore, the 2% to 5% tightening rates appeared 
to be physiological burdens for the older woman in 
this study. The present results suggest that under 
conditions of accelerated perspiration, it is necessary 
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to determine the CP tolerance level based on age 
because perspiration rates differ with age. Future 
studies with greater numbers of subjects of different 
ages are necessary to clarify this issue.
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