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ABSTRACT

In Japan, many women complain of coldness, and suggestions for addressing the
problem are needed. This study derived a comfortable waking room temperature
based on bedroom and outdoor temperatures during waking hours and the associated
thermal sensations, which were measured over a period of 16 months for a participant
who experienced strong coldness. The basal body temperature remained biphasic but
varied seasonally. In addition, the thermal sensations changed during the year. From
winter to summer, the participant did not report being comfortable unless the bedroom
temperature reached 21.4 ◦C, whereas from summer to winter, the comfortable temper-
ature threshold was 17.3 ◦C. The bedroom had a desirable temperature of 20 ◦C without
adjustment in November and a comfortable enough temperature of 18 ◦C in December
and April and 17 ◦C in January to March. In summer, bedroom temperatures of 24 ◦C
(reduced by 2.5 ◦C) in July and 26 ◦C (reduced by 1 ◦C) in August would be sufficient
for the body to acclimatize to the heat.
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INTRODUCTION

In Japan, a person’s susceptibility to feeling coldness is not treated as a dis-
ease (Inaba et al., 2009) but considered as an indefinite complaint (Yamazaki
et al., 2023), and therefore no active medical treatment has been proposed.
However, many women complain of coldness (Nagashima et al., 2002), and
solutions to treating the problem are desired (Lopez et al., 2018). Character-
istics of people with a cold constitution are a large difference between central
and peripheral body temperatures and a slow recovery of the peripheral body
temperature, even in a warm environment (Kono et al., 2019).Much research
has been conducted on the causes of and solutions to such characteristics. We
previously reported that the daytime limb skin temperature is affected by the
bedroom temperature at waking (Mitsuno et al., 2008), but we did not exam-
ine the relationship between these temperatures in detail. In addition, it is not
easy to adjust the room temperature to an individual’s preferred temperature
during the day because people spend most of their time in public, whereas
the bedroom temperature can be adjusted frequently during hours of wak-
ing according to a person’s temperature and cold sensations. Therefore, this
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study derived a comfortable waking room temperature based on bedroom
and outdoor temperatures during waking hours and a person’s temperature
and cold sensations, which were measured on 479 consecutive days over a
period of 16 months.

EXPERIMENTAL METHODS

The participant was a 22-year-old woman who had a strong perception of
coldness. The study was conducted in the participant’s home in Nagano,
Japan, over a period of 6 months (479 consecutive days) from September
2020 to December 2021, when it was impossible to recruit participants and
conduct a study at a research facility owing to the COVID-19 pandemic.
The participant’s oral temperature (MC-172L,Omron, Japan), bedroom tem-
perature and relative humidity (DEWTEC, China), and warm/cold sensation
based on a ratio scale were measured by the participant herself upon waking
(7:30 ± 2:30 AM). The recorded outdoor temperature and humidity at the
time of the oral temperature measurement were those for the nearest observa-
tion site (Nagano, Japan) as announced by the Japan Meteorological Agency.
The discomfort index of the bedroom and outside air was calculated from
the ambient temperature and humidity using Equation 1.

Discomfort index = 0.81 temperature + 0.01 humidity
× (0.99 × humidity − 14.3)

+ 46.3 (1) (Japan Weather Association, 2023)

Thermal sensations were measured using a ratio scale (see Figure 1). Cold
sensory receptors are shallower than warm sensory receptors, and Asians,
who are used to high temperatures and humidity, are reported to be more
acutely sensitive to cold sensations. Therefore, two axes (evaluation axes 1
and 2) were used to evaluate hot and cold sensations. For the assessment of
hot and cold sensations felt by the participant upon waking each day, the
participant entered her sensations of hot and cold for the day on evaluation
axes 1 or 2 in either order.

Figure 1: Three evaluation axes for thermal sensation.
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For both axes 1 and 2, the left end was set to a sensation that was com-
fortable and the right end to a sensation that was very cold or very hot. In
addition, cold and slightly cold sensations were recorded on evaluation axis 1
and warm and hot sensations were recorded on evaluation axis 2. On evalua-
tion axis 3, the left end was set to a sensation that was very cold and the right
end was set to a sensation that was very hot, and a comfortable sensation was
plotted on the axis.

Figure 2: Conversion of the thermal sensation.

An example of the procedure for converting the warm and cold sensations
is shown in Figure 2. In plotting the results of evaluation axes 1 and 2 on
evaluation axis 3, the value for very hot was determined as the ratio of the
distance from very cold to comfortable and the distance from very hot to
comfortable on evaluation axis 3 in Figure 1, with very cold set at −1 and
comfortable set at zero. The hot value was obtained as +0.54. Incidentally,
the cold value on the day relevant to Figure 2 was −0.13. In this way, the
warm and cool sensations on day 479 were quantified.

RESULTS

The participant’s oral temperatures and the temperature and humidity of the
bedroom and environment are shown in Figure 3. The oral temperature of
the participant was biphasic across all months, and the participant’s basal
body temperature fluctuated with the participant’s menstrual cycle. The coef-
ficients of correlation between the oral temperature, bedroom temperature,
outdoor temperature, and the discomfort indices of the bedroom and out-
door air were thus calculated. Significant positive correlations (p < 0.001;
correlation coefficients ranged between 0.333 for the oral temperature and
bedroom temperature and 0.999 for the bedroom temperature and bedroom
discomfort index) were found for all combinations of the oral temperature,
bedroom temperature, bedroom discomfort index, outdoor temperature, and
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outdoor air discomfort index. Thus, on days when the external ambient tem-
perature was higher, the bedroom temperature and oral temperature were
higher, as was the bedroom and outdoor air discomfort index. In addition,
the basal body temperature was found to have remained biphasic but varied
seasonally.

Figure 3: Oral/bedroom/outside air temperatures and relative humidities across all
seasons.

Table 1. Coefficients of correlation between oral/bedroom/outside air temperatures
and discomfort indices.

Item
Correlation/Judgment

Oral
temperature

Bedroom
temperature

Disconfort
index (1)

Outside of
air

Dlsconfort
index (2)

Coefficient Judge Coefficient Judge Coefficient Judge Coefficient Judge Coefficient Judge

Oral temperature 0.333 ∗ ∗ ∗ 0.336 ∗ ∗ ∗ 0.344 ∗ ∗ ∗ 0.336 ∗ ∗ ∗

Bedroom
temperature

0.333 ∗ ∗ ∗ 0.999 ∗ ∗ ∗ 0.963 ∗ ∗ ∗ 0.958 ∗ ∗ ∗

Discomfort index (1) 0.336 ∗ ∗ ∗ 0.999 ∗ ∗ ∗ 0.962 ∗ ∗ ∗ 0.957 ∗ ∗ ∗

Outside of air
temperature

0.344 ∗ ∗ ∗ 0.963 ∗ ∗ ∗ 0.962 ∗ ∗ ∗ 0.998 ∗ ∗ ∗

Disconfort index (2) 0.336 ∗ ∗ ∗ 0.958 ∗ ∗ ∗ 0.957 ∗ ∗ ∗ 0.998 ∗ ∗ ∗

Discomfort index (1) is bedroom discomfort index whereas discomfort index (2) is the outdoor air
discomfort index.

Figure 4: Changes in thermal sensation across the season.

Figure 4 presents warm and cold sensations based on the ratio scale. In
addition to cold and slightly cold sensations on the same day, warm and hot
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Table 2. Coefficients of correlation between the thermal sensation and oral/bed-
room/outside air temperatures and discomfort indices.

Item
Correlation/Judgment

Oral temperature Bedroom
temperature

Disconfort
index (1)

Outside of
air

Disconfort
index (2)

Coefficient Judge Coefficient Judge Ciefficient Judge Coefficient Judge Coefficient Judge

Thermal sensation 0.382 *** 0.864 *** 0.862 *** 0.878 *** 0.876 ∗ ∗ ∗

Discomfort index (1) is the bedroom discomfort index whereas discomfort index (2) is the outdoor air
discomfortable index.

Figure 5: Relationship between the thermal sensation and bedroom temperature.

sensations were included from May 2021 because they were rarely felt in
2020. The coefficients of correlation between the sensations of warm and
cold in the bedroom upon waking and the oral, bedroom, and outdoor tem-
peratures and the bedroom and outdoor air discomfort indices are given in
Table 2. The significant positive correlations (p < 0.001) between the daily
waking temperature and the cold sensation and oral, bedroom, and outside
air temperatures and bedroom and outside air discomfort indices showed that
the bedroom temperature increased or decreased with the outside air tem-
perature, and a higher bedroom temperature corresponded to a higher oral
temperature and discomfort index. In addition, the cold, slightly cold, warm,
and hot sensations differed between summer and winter, with the interval
between warm and hot sensations decreasing from summer to winter, almost
reaching zero in winter. The warm and cold sensations thus varied seasonally.

The days and bedroom temperatures rated as comfortable from Febru-
ary to July (phase I) and from August to December (phase II) are shown in
Figure 5. The data are presented for the year 2021. A significant regression
line was obtained between the comfortable thermal sensation x and com-
fortable bedroom temperature. The comfortable bedroom temperature was
y1 = 0.04x − 0.852 (R2

= 0.771) in phase I and y2 = −0.035x + 0.601
(R2
= 0.526) in phase II.

Substituting y1 = 0 and y2 = 0 into the respective equations gives
x = 21.4 ◦C in phase I and x = 17.3 ◦C in phase II. The mean oral and bed-
room temperatures were respectively 36.3 and 20.7 ◦C in phase I and 36.1
and 18.1 ◦C in phase II, with the former temperatures being significantly
greater than the latter temperatures.
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In phase I, the participant did not report being comfortable unless the
bedroom temperature reached 21.4 ◦C, whereas in phase 2, the participant
did not report being comfortable unless the bedroom temperature reached
17.3 ◦C. In other words, the participant judged a comfortable bedroom
temperature after a hot day to be lower than the average annual bedroom
temperature but that after a cold day to be higher than the average annual
bedroom temperature. Thus, because humans judge their current comfort
based on the environmental temperature information stored in their bodies
after spending several months in an environment, temperature information
accumulated for several months should be considered to create the current
comfortable bedroom temperature.

DISCUSSION

We found that the bedroom temperature and oral temperature changed sig-
nificantly (p < 0.001) with the temperature of the external environment. In
addition, the judgment of whether the bedroom temperature was comfort-
able related to the accumulation of temperature information over previous
months. The study investigated when and by how much the room tem-
perature needs to be adjusted to create a more comfortable waking room
temperature.

The relative number of days of hot and cold thermal bedroom sensa-
tions at waking by month, broken down by rating, is shown in Figure 6.
From December 2020 to March 2021 and from November and December
2021, not a single day was rated as being comfortable. A hot sensation was
recorded only on a few days in July and August 2021. The monthly bedroom
comfort temperatures and actual bedroom temperatures and their differences
are shown in Figure 7. An approximate prediction curve was obtained from
the monthly average of the comfortable bedroom temperature data (Septem-
ber/October 2020 and April–August 2021); i.e., the predicted comfortable
bedroom temperature was 0.28m2

− 3.24m + 26.36 (R2
= 0.850). This

shows that in winter, the bedroom temperature should be increased by 4.5 ◦C
in December and January, 4 in November and February, and 3 ◦C in March
to be comfortable. In summer, a reduction of 2.5 ◦C in July would create a
comfortable waking environment.

According to Fukai et al. (1993), the neutral temperature range of Japanese
office hours is approximately equal between summer and winter (22 – 26 ◦C).
However, according to Kubo et al. (1993), the difference of comfortable room
temperature occurred between summer (22 – 30 ◦C) and winter (20 – 28 ◦C).
We previously reported that a bedroom temperature of 20 ◦C set 30 minutes
before waking to increase the skin temperature of the limbs kept the skin
warm during the day. The predictive equation obtained in this study showed
that the bedroom has a desirable temperature of 20 ◦Cwithout adjustment in
November and comfortable enough temperatures of 18 ◦C in December and
April and 17 ◦C from January to March. In summer, bedroom temperatures
of 24 ◦C (reduced by 2.5 ◦C) in July and 26 ◦C (reduced by 1 ◦C) in August
would be sufficient for the body to acclimatize to the heat. Incidentally, in
the present study, the bedroom temperatures in May, June, September, and
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October were 19.7, 23.6, 23.8, and 20.4 ◦C, respectively, and would not have
required adjustment. Thus, if the room temperature was adjusted 30 minutes
before waking from December to March and in July, every day could be
spent in comfort. However, the comfortable bedroom temperature at waking
time in this study differed by 4.1 ◦C between 21.4 ◦C (winter-summer) and
17.3 ◦C (summer to winter). From the perspective of the SDGs, it is important
to avoid unnecessary energy use. Further research is needed to increase the
number of participants in the future.

Figure 6: Ratios of the numbers of days of bedroom thermal sensations by month.

Figure 7: Predicted comfortable bedroom temperature.

CONCLUSION

In Japan, many women complain of coldness, and suggestions for addressing
the problem are needed. This study derived a comfortable waking room tem-
perature based on bedroom and outdoor temperatures during waking hours
and the associated thermal sensations, which were measured over a period
of 16 months for a participant who experienced strong coldness. The basal
body temperature remained biphasic but varied seasonally. In addition, the
thermal sensations changed during the year. From winter to summer, the par-
ticipant did not report being comfortable unless the bedroom temperature
reached 21.3 ◦C, whereas from summer to winter, the comfortable temper-
ature threshold was 17.2 ◦C. The bedroom had a desirable temperature of
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20 ◦C without adjustment in November and a comfortable enough temper-
ature of 18 ◦C in December and April and 17 ◦C in January to March. In
summer, bedroom temperatures of 24 ◦C (reduced by 2.5 ◦C) in July and
26 ◦C (reduced by 1 ◦C) in August would be sufficient for the body to accli-
matize to the heat. Thus, the preferred waking room temperature changed as
the outdoor/bedroom temperatures changed over the annual cycle.
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