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Abstract

The WHO Housing and health guidelines recommend a minimum indoor tempera-
ture of 18°C to prevent cold-related diseases. In Japan, indoor temperatures appear
lower than in Euro-American countries because of low insulation standards and use
of partial intermittent heating. This study investigated the actual status of indoor
temperatures in Japan and the common characteristics of residents who live in cold
homes. We conducted a nationwide real-world survey on indoor temperature for
2 weeks in winter. Cross-sectional analyses involving 2190 houses showed that aver-
age living room, changing room, and bedroom temperatures were 16.8°C, 13.0°C,
and 12.8°C, respectively. Comparison of average living room temperature between

prefectures revealed a maximum difference of 6.7°C (Hokkaido: 19.8°C, Kagawa:

Research members of the Smart Wellness Housing survey group are listed in Table S1.

Principal Investigator: Prof. Toshiharu lkaga.
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1 | BACKGROUND

In recent years, clear health disparities have been identified not
only between nations, but also within nations. These cannot be
ignored, and reducing them has become a global issue. The World
Health Organization (WHO), which promotes the concept of
“Health for all,” emphasizes the importance of the social determi-
nants of health!—namely the conditions in which people are born,
raised, work, live, and age—to correct these disparities.2 Even
in Japan, the National Health Promotion Movement in the 21st
Century (Health Japan 21 (the Second Term)) holds “reduction of
health disparities” and “establishment of a social environment” as
its key values and states that the “health of an individual is affected
by such social environment as family, schools, the community, and
workplaces.3” In particular, given that humans spend 60%-70% of
their time at home,*® and that elderly people with declining physi-
ological function or children with undeveloped physiological func-
tion spend even more time at home,” the living environment at
home is of great importance to health.

The WHO issued Housing and health guidelines in October
2018.8 One of the five priority areas of the guideline is “low indoor
temperatures and insulation.” The guideline shows evidence that
cold indoor temperatures have adverse consequences for health; as
an example, the number of excess winter deaths due to cold hous-
ing has been estimated at 38 200 per year (12.8/100 000) in 11 se-
lected European countries.” The guideline systematically reviewed
evidence and recommends a minimum indoor temperature of 18°C,
stating that “there is high certainty that taking measures to warm
cold houses will have significant health benefits and a minimum of
18°C is widely accepted.” While an investigation in the UK*®!! and
USA'? showed that the average living room temperature during win-
ter exceed 18°C, an investigation in Japan®® reported that the aver-
age living room temperature during winter was 17°C, indicating that
many houses did not achieve the recommended indoor temperature.
Accordingly, there is concern that indoor temperature may greatly
affect health, especially in Japan.

Why are indoor temperatures in Japanese houses lower than those

in European and American houses? The difference appears to be due

13.1°C). Compared to the high-income group, the odds ratio for living room tempera-
ture falling below 18°C was 1.38 (95% Cl: 1.04-1.84) and 2.07 (95% CI: 1.28-3.33)
for the middle- and low-income groups. The odds ratio was 1.96 (95% Cl: 1.19-3.22)
for single-person households, compared to households living with housemates.
Furthermore, lower room temperature was correlated with local heating device use
and a larger amount of clothes. These results will be useful in the development of

prevention strategies for residents who live in cold homes.

cross-sectional analysis, health disparity, housing, indoor temperature, socioeconomic status,

Practical implications

e |In modern society, humans spend 60%-70% of their time
at home; housing thermal environment is of great impor-
tance to health.

e We actually measured indoor temperature of 2190
houses throughout Japan for 2 weeks in winter.

e There were disparities in living room temperature within
Japan, and they related to socioeconomic status, sin-
gle-person households and clothing and daily lifestyle
habits.

e These housing disparities have the potential to cause
health disparities due to cold-related diseases.

e We expect these findings will be useful in the reduction

in health disparities.

to two factors—low insulation levels and differences in heating use.
According to an estimation by the Ministry of Land, Infrastructure,
Transport and Tourism, 39% of about 50 million existing houses in
Japan are not insulated and only 5% of those are relatively well insu-
lated to meet the 1999 standards (the highest thermal insulation stan-
dards in Japan).14 In addition, while continuous heating of the entire
building is the norm in Europe and the USA, partial intermittent heat-
ing in the living room only is the norm in Japan. As a result, energy
consumption in houses in Japan is minimal compared to that of other
countries, with energy used for heating only one-quarter of that used
in European and American countries.*®

Based on these background factors, we conducted a nationwide
survey named the “Smart Wellness Housing (SWH) survey” in Japan
which aimed to quantitatively evaluate the relationship between
housing and health. A previous report“’ from this survey revealed
that systolic blood pressure in the morning and evening increased by
8.2 mmHg and 6.5 mmHg per 10°C decrease in indoor temperature,
indicating that the risk of hypertension increased at low indoor tem-
perature. Therefore, it is considered useful from a population strat-

egy viewpoint to discover “who lives in a cold home (what are the
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common characteristics of residents who live in low indoor tempera-
ture environments) in real-world settings.” The present results were
therefore focused on the relationship between the characteristics of

residents and indoor temperature.

2 | METHODS

2.1 | Climate area classification in Japan

In Japan, a total of eight climate areas are defined under the law
based on the heating degree-days (HDD,g_,,) value (difference be-
tween indoor temperature of 18°C and daily mean outdoor tem-
perature, where the daily mean outdoor temperature is less than
18°C; Figure S1). The eight climate areas are shown in Figure 1. The
required insulation standards have been defined for each climate
area in Japan. The analysis in this paper examined this climate area
classification under the variable “climate area.” An approximate cli-
mate area classification at the prefectural level is shown in Table 1.
A detailed climate area classification at the municipal level has been
reported elsewhere.”

2.2 | Study design

The SWH survey was administered to households that had the inten-
tion of conducting insulation retrofitting of their homes. This survey
was conducted as a non-randomized controlled trial with groups
defined according to participants’ choice to actually conduct or not
conduct insulation retrofitting. The study protocol and informed
consent procedure were approved by the ethics committee of the

WILEY-

Hattori Clinic Institutional Review Board. All of the participants pro-
vided written informed consent to participate and to have their data
published.

Since we focused mainly on the health effects of insulation retro-
fitting in the SWH survey, inclusion criteria were (a) intention to con-
duct insulation retrofitting, (b) age over 20 years, and (c) pre-retrofitting
house did not meet S (Supreme) standards of the “Act on the Promotion
of Dissemination of Long-Lasting Quality Housing” in Japan.® A sum-
mary of the S standards is shown in Tables $S2-S4. For example, a house
with an average heat transmission coefficient for the outer skin (UA
value) of 0.87 W/m?K or less in Tokyo meets the S standards. A stan-
dard value of heat transmission coefficient for windows (U, value)
of 4.65 W/m?K or less in Tokyo is required to meet the S standards.
For reference, the prescriptive requirements of U, value in California,
which is located at about the same latitude as Tokyo, is 1.8 W/m?K,Y
while that of a notional dwelling in the UK is 1.4 W/m?2K.2°

Participants were recruited through construction companies
throughout all 47 prefectures of Japan (Figure S2). After the recruit-
ment of households, the Japan Sustainable Building Consortium, the
main body governing the research project, submitted a request to
conduct the investigation. Households that gave consent were sent
an investigation kit that included questionnaires, a thermo-hygrome-
ter and an HBP meter, with written instructions on how to use them.
The participants started the 14-day survey within 5 days of receiv-
ing the investigation kit. Two participants per household (generally a
husband and wife pair) were asked to conduct actual measurements.

In this paper, we performed a cross-sectional analysis of data
from the baseline (before insulation retrofitting) survey in the winter
seasons (November-March) of 2014 to 2019. We focused on data be-
fore insulation retrofitting to reflect the actual condition of houses

in Japan, most of which have a low insulation level.}

B Area 1 (4500 < HDD, 4 ;5)

B Area 2 (3500 < HDD .5 < 4500)
B Area 3 (3000 < HDD, ;4 < 3500)
[] Area 4 (2500 < HDD, ;4 < 3000)
[[] Area 5 (2000 < HDD, ;4 < 2500)
I Area 6 (1500 < HDD, 4,5 < 2000)
B Area 7 ( 500 < HDD, g4 < 1500)
B Area 8 (HDD,q ;4 < 500)

FIGURE 1 Eight climate areas in Japan
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TABLE 1 Climate area classification at the prefectural level
based on heating degree-days value

Prefecture in climate area

Area HDD1a-1sa [°’Cday] classification

1 4500 < HDD,g 44 Hokkaido
2 3500 < HDD,,.
15 <4500
3 3000 =< HDD, g Aomori, lwate, Akita
15 < 3500
4 2500 < HDD, 4. Miyagi, Yamagata, Fukushima,
15 < 3000 Tochigi, Niigata, Nagano
5 2000 =< HDD,4. Ibaraki, Gunma, Saitama, Chiba,
18 <2500 Tokyo, Kanagawa, Toyama,
Ishikawa, Fukui, Yamanashi, Gifu,
Shizuoka, Aichi, Mie, Shiga, Kyoto,
Osaka, Hyogo, Nara, Wakayama,
Tottori, Shimane, Okayama,
Hiroshima, Yamaguchi, Tokushima,
Kagawa, Ehime, Kochi, Fukuoka,
Saga, Nagasaki, Kumamoto, Oita
6 1500 < HDD, 4.
18 < 2000
7 500 < HDD,4. Miyazaki, Kagoshima
15 < 1500
8 HDD, g 45 < 500 Okinawa

?HDD,4 4 indicates heating degree-days.

2.3 | Indoor temperature and other measurements

Indoor temperature and relative humidity at 1.0 m above the floor
were measured in the living room, changing room (the room the
resident typically used to changed clothes), and bedroom at 10-min
intervals for 2 weeks (TR-72wf; T&D Corp.). The logger has the fol-
lowing specification: ranges of temperature and relative humidity
were 0-55°C and 10%-95%RH, accuracy of £0.5°C and +5%RH, and
resolution of 0.1°C and 1%RH. We chose the logger in consideration
of indoor temperature and humidity distributions in the previous
survey in Japan,'® which showed almost all data were within 0-30°C
and 10%-90%RH. There were two cautions regarding installation site
of the logger, namely that (a) it was not placed in direct sunlight and
(b) was far away from heating equipment or heat-generating devices
like refrigerators and televisions. Outdoor temperature (Tempg,)
was obtained from the closest local meteorological observatory to
each participant's house.

Participants were also asked to measure their home blood pres-
sure (HBP) in the living room, twice after getting out of bed in the
morning and twice before getting into bed in the evening (HEM-
7251G; Omron Healthcare Co., Ltd.). The clock time of the HBP mea-
surement was automatically stored with the HBP data and uploaded
to the internet via 3G mobile networks. We used the living room
temperature at the clock time of HBP measurement in the morning
in the analysis, on the basis that cardiovascular events frequently

occur in the morning.m'22

A questionnaire survey was conducted and enquired about in-
dividual attributes, such as age, sex, and weight; socioeconomic
status, such as household income, single-person household; and
lifestyle, such as kotatsu use (traditional Japanese local heating
device, Figure S3) and patterns of clothes worn. Household in-
come was chosen from multiple choices that defined the range of
household income (<0.5 million JPY, 0.5-1 million JPY, ..., 210 million
JPY) and classified as low (<2 million JPY), middle (2-6 million JPY),
and high (26 million JPY) in reference to the National Health and
Nutrition Survey, led by the Ministry of Health, Labour and Welfare.
Patterns of clothes were chosen from multiple-choice selections,
and the amount of clothes was calculated in accordance with ISO
7730:2005%° and ANSI/ASHRAE Standard 55-2013%* (Figure S4). A
diary survey was also conducted, in which participants provided de-
tails of their waking time, bedtime, and time spent at home on a daily
basis. These data were used for extraction of indoor temperature at

home and during sleep in the following analysis.

2.4 | Statistical analysis

The relationship between characteristics of heads of households
and indoor temperature was analyzed by multilevel linear regression.
The dependent variable was living room temperature at the time of
HBP measurement in the morning. The model was developed with
random intercepts, consisting of two levels: repeatedly measured
day-level variables (TempOut) were nested within household-level
variables (age, duration of residence in the house, household income,
single-person households, kotatsu use, amount of clothes, and cli-
mate area). These variables were selected based on a univariate anal-
ysis of average living room temperature which showed differences
between groups at a two-sided P value < 0.05 (Table S5). The vari-
able “sex” was strongly correlated with single-person households
(r = 0.41) and was therefore excluded in consideration of multicol-
linearity. Multilevel logistic regression analysis was also performed
(dependent variable: living room temperature in the morning < 18°C
or not). Details of the model are shown in the online supplementary
file (Appendix S2). Day-level variables were centered around means
for individual households, while household-level variables were cen-
tered around the overall mean. Regression coefficients were esti-
mated using the maximum likelihood method. All P values were two
sided, and a two-sided P value less than 0.05 was considered statis-
tically significant. All analyses were performed using SPSS Ver. 25
(SPSS Inc, Chicago, IL, USA).

3 | RESULTS

3.1 | Baseline characteristics of residents and
indoor temperatures

Table 2 shows the characteristics of heads of households in 2190

houses. The average age was 59 years, and 81.5% were men. The
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average duration of residence in a house is 27 years. A national
census in Japan noted that the most frequent duration of resi-
dence was 20 years or more, so it is considered that this result
reflects actual conditions in Japan. The average amount of clothes
is 0.95 clo, which is approximately equivalent to underpants, shirt,
trousers, jacket, socks, and shoes (1.00 clo).?® About one-third of
households had high household income (26 million JPY); about
10% of households were single-person households; and about
40% of households used kotatsu. Area 6 is the most populated
area among the eight climate areas and was used as a reference
variable in the following analysis.

Figure 2-4 show the average and minimum temperatures in the
living room, changing room and bedroom when participants were at
home or during sleep (maximum temperature is shown in Figure S5).
The average temperature in the living room and changing room was
16.8°C and 13.0°C when participants were at home (excluding the

period during sleep), and the average temperature in the bedroom

TABLE 2 Characteristics of heads of households in the baseline
survey

Variable Mean SD
Age, years 59.4 13.3
Body mass index, kg/m2 23.5 3.6
Duration of residence in house, years 26.8 17.0
Amount of clothes, clo® 0.95 0.20
Variable Number %
Sex

Men 1784 81.5

Women 406 18.5
Household income

Low (<2 million JPY) 259 12.8

Middle (2-6 million JPY) 1041 51.3

High (26 million JPY) 730 36.0
Number of housemates

1 (single-person household) 213 9.9

22 1931 90.1
Kotatsu® use

None 1304 60.2

Currently used 862 39.8
Climate area

Area 2 69 3.2

Area 3 69 3.2

Area 4 250 11.4

Area 5 562 257

Area 6 1109 50.7

Area 7 130 5.9

2clo is a unit that represents the thermal resistance of clothes. 1

clo = 0.155(m2K)/W.

PTraditional Japanese local heating device, consisting of a low table with
an electric heater attached to the underneath surface and covered by a
thick blanket.

WILEY- %

was 12.8°C during sleep. The minimum temperature in the living
room, changing room, and bedroom was 12.6°C, 10.4°C, and 11.2°C
on average, and was below 18°C (the recommended minimum tem-
perature by the WHO guidelines) in more than 90% of households.

The average living room temperature in each prefecture is shown
in Figure 5, excluding prefectures with 5 households or less. Of 43
prefectures, temperatures exceeded 18°C in only 4 prefectures
(Hokkaido, Chiba, Kanagawa, and Niigata). Average living room tem-
perature was highest (19.8°C) in Hokkaido, where outdoor tempera-
ture is lower and houses have a higher thermal insulation level than
other areas. In contrast, average living room temperature was low-
est (13.1°C) in Kagawa, which is located in the southwestern area of
Japan and considered to have a mild climate.

3.2 | ldentification of residents living in low indoor
temperature environments

The results of multilevel linear regression analyses are shown in Table 3.
Regarding day-level variable, outdoor temperature was positively cor-
related with living room temperature (P < .001). A 1°C decrease in out-
door temperature was associated with a 0.33°C decrease in living room
temperature in the morning. Regarding household-level variables, living
room temperature in climate area 2 was significantly higher by 3.7°C
compared with area 6. In contrast, indoor temperature was significantly
lower by 1.2°C in area 4 compared with area 6. Lower household in-
come was significantly correlated with lower living room temperatures.
Compared to the high income (26 million JPY) group, living room temper-
ature in the morning was 0.5°C lower for the middle income (2-6 million
JPY) group and 1.1°C lower for the low income (<2 million JPY) group.
Single-person households lived in a 1.4°C lower environment than
households living with housemates. Kotatsu use was associated with
1.5°C lower living room temperature than non-kotatsu use. Moreover,
longer period of residence in the same house (0.4°C decrease/10 year
increase) and wearing larger amounts of clothes (0.3°C decrease/0.1clo
increase) were correlated with lower living room temperatures.

The results of multilevel logistic regression analyses are shown in
Table 4. Compared to the high income (26 million JPY) group, the odds
ratio for living room temperature falling below 18°C was 1.38 (95% Cl:
1.04-1.84) for the middle income (2-6 million JPY) group and 2.07 (95%
Cl: 1.28-3.33) for the low income (<2 million JPY) group. The odds ratio
was 1.96 (95% Cl: 1.19-3.22) for single-person households compared
to households living with housemates. Kotatsu use (odds ratio = 2.60;
P < .001) and wearing larger amounts of clothes (odds ratio = 6.86;

P <.001) were also correlated with lower living room temperatures.

4 | DISCUSSION
4.1 | Summary of findings

This study analyzed the relationship between living room temperature

in the winter season and the characteristics of residents based on a
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baseline (before insulation retrofitting) survey of 2190 households.
The cross-sectional analysis showed that (a) the average temperature
in the living room and changing room was 16.8°C and 13.0°C when
participants were at home (excluding the period during sleep), and the
average temperature in the bedroom was 12.8°C during sleep; (b) the
average living room temperature was highest (19.8°C) in Hokkaido,
where outdoor temperature is lower than other areas, but lowest
(13.1°C) in Kagawa, which is considered to have a mild climate; (c)
lower household income and single-person households were corre-
lated with lower indoor temperatures; and (d) use of a kotatsu (tradi-
tional Japanese local heating device) and wearing larger amounts of

clothes were correlated with lower indoor temperatures.
4.2 | Housing disparities between nations and
within Japan

The results of field measurements of indoor temperature from

2190 houses across Japan indicate that the average living room

temperature in winter was 16.8°C. Similarly, as described in the
background, the average living room temperature of 602 houses
across Japan was 17°C during winter.®® In contrast, a review of
measured indoor temperature in UK homes reported that the aver-
age living room temperature in winter was 18-21°C.X° In addition,
the Energy Follow-Up Survey 2011 involving 823 dwellings in the
UK revealed that the mean monthly temperature for the whole
house/apartment was 19.3°C during the heating season (October to
April).1! Furthermore, an investigation that targeted apartments in
New York reported an average living room temperature in winter of
23.3°C.*2 In the bedroom, the difference in indoor temperature was
more remarkable (12.8°C in the present survey in Japan and 18.9°C
in the survey in the UK.'Y) Therefore, there are clear housing dispari-
ties between nations in winter. This is because Japanese have histor-
ically focused on a hot and humid summer when they build houses. A
major medieval Japanese essay includes the description that “a house
should be built with the summer in mind. In winter it is possible to
live anywhere, but a badly made house is unbearable when it gets

hot.” A second factor in housing disparity between Japan and other
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countries is the stereotypical idea among Japanese that the value
of a house declines year after year from the time of construction.
Construction practices and inputs are based around this percep-
tion, resulting in a society-wide focus on low-performance, low-cost
houses. A survey conducted by the Ministry of Land, Infrastructure,
Transport and Tourism revealed that the value of a wooden house is
essentially zero at 20 years after construction in Japan.25

The present analysis also showed that there is a major dispar-
ity in indoor temperatures even within Japan. Comparison of indoor
temperature between prefectures revealed a maximum difference
of 6.7°C (average living room temperature in Hokkaido minus that in
Kagawa). In addition, the results of multilevel analysis showed that
the living room temperature in climate area 2 (which mostly consists
of Hokkaido) was significantly higher—by 3.7°C—compared with that

03 6 912151

8212427 3033 0 3 6 91215182124 273033

Minimum bedroom temperature during sleep (°C)

in area 6 (which accounts for the majority of Japan, including Tokyo)
after adjusting potential confounders. Even in Japan, continuous
heating of the entire building is uniquely widespread in Hokkaido,
because the comparatively high thermal insulation level in Hokkaido
provides high heating efficiency. Thus, a regional difference in at-
titude toward heating was a contributory factor to these housing
disparities within Japan.

WHO has emphasized the risk of low indoor temperature to
health in its guideline.® Consistent with this, concern has been
raised that housing disparities between and within nations have
the potential to cause health disparities.?®?” In the UK, a guideline
on the recommended minimum indoor temperature of 18°C was
issued,?® while in the northeastern states of the USA, the mini-
mum room temperature is regulated by law (eg, between 6 AM and
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TABLE 3 Multilevel linear regression model of living room temperature in the morning
Univariate model Multivariate model
P
Explanatory variable B (95%Cl) P value Adjusted g (95%Cl) value
Level 1: Day-level variable
Tempg,,, [°C] 0.33 (0.33,0.34) <0.001 0.33 (0.33,0.34) <0.001
Level 2: Household-level variable
Age [years] -0.05 (-0.06, -0.03) <0.001 0.01 (-0.01, 0.03) 0.336
Duration of residence [years] -0.06 (-0.07, -0.05) <0.001 -0.04 (-0.05, -0.03) <0.001
Household income
High (26 million JPY) ref. - - ref. - -
Middle (2-6 million JPY) -0.78 (-1.22,-0.33) <0.001 -0.51 (-0.94, -0.09) 0.018
Low (<2 million JPY) -1.75 (-2.44, -1.07) <0.001 -1.10 (-1.78, -0.41) 0.002
Number of housemates
22 ref. - - ref. - -
1 (single - person) -1.38 (-2.12, -0.64) <0.001 -1.37 (-2.08, -0.67) <0.001
Amount of clothes [clo]® -4.06 (-5.10, -3.02) <0.001 -2.85 (-3.87,-1.83) <0.001
Kotatsu® use
None ref. - - ref. - -
Currently used -2.13 (-2.54,-1.71) <0.001 -1.50 (-1.91, -1.10) <0.001
Climate area
Area 6 ref. - - ref. - -
Area 2 4.01 (2.80, 5.22) <0.001 3.66 (2.50,4.83) <0.001
Area 3 -1.05 (-2.28,0.18) 0.094 -0.59 (-1.76,0.58) 0.323
Area 4 -1.80 (-2.46, -1.15) <0.001 -1.21 (-1.84, -0.58) <0.001
Area 5 -0.81 (-1.30, -0.32) 0.001 -0.62 (-1.09, -0.16) 0.009
Area 7 -0.31 (-1.18, 0.55) 0.478 -0.04 (-0.86,0.78) 0.926
Intercept 15.03 (15.11, 15.68) <0.001 16.36 (15.97,16.76) <0.001

Note: n = 22 518 observations (1701 households x ave. 13 observations/household) Cl indicates confidence interval; Tempg, outdoor temperature.

2clo is a unit that represents the thermal resistance of clothes. 1 clo = O.155(m2K)/W.

PTraditional Japanese local heating device, consisting of a low table with an electric heater attached to the underneath surface and covered by a thick

blanket.

10 PM, at least 20.0°C (68°F), between 10 PM and 6 AM, at least
16.7°C (62°F) in New York State).?” Referring to these examples
of best practice from other countries, there may still be scope for
an improvement in insulation standards in Japan, and there is a
need to establish indoor temperature standards. We expect that
our present results about disparities of indoor temperature will
contribute to regulatory developments in Japan and a reduction
in health disparities.

4.3 | Residents at high risk of hypertension and
cardiovascular disease

Our previous analyses'® indicated that indoor temperature is
strongly related to blood pressure and that hypertension occurs
in low room temperature environments. Furthermore, hyper-

tension during the winter season can lead to the development of

cardiovascular diseases (CVDs) and has been known to cause excess
winter deaths.3%3! In other words, residents living in low room tem-
perature environments have a high risk of hypertension and CVDs.
Studies of the determinants of room temperature conducted in the
UK3233 suggest that resident attributes such as house composition and
employment status significantly affect room temperature. Our pres-
ent analysis showed that low household income, single-person house-
holds, and lifestyle factors such as the use of heating and amount of
clothes worn were also associated with the indoor temperature. Low
household income may force residents to limit the use of heating or to
live in housing with low insulation level. Recent research has shown
that fuel-poverty households exist in Japan34: A certain number of fu-
el-poverty households are unable to afford heating expenses and ac-
cordingly live in cold homes.3> Our data also confirmed that the indoor
temperature is lower in single-person households. A previous study®
suggested that people living alone have a higher risk of hypertension,

and low room temperature is hypothesized to be a contributing factor.
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TABLE 4 Odds ratio for living room temperature in the morning falling below 18°C

Univariate model

Multivariate model

Explanatory variable Odds ratio (95%Cl)
Level 1: Day-level variable
Tempg,,, [°C] 0.83 (0.82,0.84)
Level 2: Household-level variable
Age [years] 1.02 (1.02, 1.03)
Duration of residence [years] 1.03 (1.03, 1.04)
Household income
High (26 million JPY) ref. -
Middle (2-6 million JPY) 1.38 (1.07,1.77)
Low (<2 million JPY) 2.36 (1.60, 3.49)
Number of housemates
22 ref. -
1 (single-person) 1.76 (1.17, 2.64)
Amount of clothes [clo]? 10.41 (5.95, 18.22)
Kotatsu® use
None ref. -
Currently used 3.51 (2.78, 4.43)
Climate area
Area 6 ref. -
Area 2 0.08 (0.04,0.15)
Area 3 1.34 (0.68, 2.63)
Area 4 1.73 (1.19, 2.52)
Area 5 1.47 (1.12,1.93)
Area 7 1.38 (0.86, 2.24)
Intercept 3.90 (3.48, 4.37)

P
P value Odds ratio (95%Cl) value
<0.001 0.82 (0.81,0.83) <0.001
<0.001 1.00 (0.98, 1.01) 0.622
<0.001 1.02 (1.01, 1.03) <0.001
- ref. - -
0.014 1.38 (1.04, 1.84) 0.026
<0.001 2.07 (1.28, 3.33) 0.003
- ref. - -
0.006 1.96 (1.19, 3.22) 0.008
<0.001 6.86 (3.45, 13.64) <0.001
- ref. - -
<0.001 2.60 (1.98, 3.43) <0.001
- ref. - -
<0.001 0.08 (0.04,0.17) <0.001
0.398 1.35 (0.60, 3.05) 0.470
0.004 117 (0.76, 1.81) 0.467
0.005 1.33 (0.97,1.83) 0.077
0.184 1.16 (0.67,2.02) 0.595
<0.001 2.24 (1.71,2.92) <0.001

Note: n = 22 518 observations (1701 households x ave. 13 observations/household) Cl indicates confidence interval; Tempg,s outdoor temperature.

2clo is a unit that represents the thermal resistance of clothes. 1 clo = O.155(m2K)/W.

PTraditional Japanese local heating device, consisting of a low table with an electric heater attached to the underneath surface and covered by a thick

blanket.

Households using kotatsu had lower indoor temperatures. Kotatsu is a
form of local heating which does not allow heating of an entire room
or house. Similarly, wearing more clothes was correlated with lower
indoor temperatures, which suggests that some residents attempt to
brave the cold by using kotatsu or wearing more clothes.

The method used in this study allowed the identification of res-
idents who live in cold homes after adjusting for outdoor tempera-
ture and climate areas. We expect that these results will be useful in

the development of prevention strategies for these residents.

4.4 | Strengths and limitations

The strengths of this study are following three points. First, this is
one of the largest surveys on the relationship between the character-
istics of residents and indoor temperature in winter, involving 2190

households in Japan. Second, participants were recruited throughout

all 47 prefectures of Japan. Since the results were not obtained from
asample in a specific area, the risk of bias appears low, and the results
are likely highly generalizable. Third, field measurements on indoor
temperature have been conducted for 2 weeks in real-world settings.
This objective data for a certain period of time may reduce observa-
tional bias.

This study has the following limitations. First, the sample in the
SWH survey was skewed toward households which had a relatively
low thermal insulation level. However, in Japan, the majority of
existing houses have low insulation level,'* so the present results
may represent well the “big picture” of actual conditions in Japan.
Second, we determined a target sample size based on “the effect of
insulation retrofitting on HBP,” which is main theme of the SWH sur-
vey, so the sample size was small in some climate areas. This might
explain why the difference due to climate area classification was not
observed in some areas in the multilevel model. Thus, more precise

detection of housing disparities within Japan will require an increase
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in sample size in these areas. Third, we were unable to survey details
of the design specifications of participants’ houses because few res-
idents had retained design drawings of their house, and they were
generally unfamiliar with the installed insulation. We took the age
of the house into consideration by adding the duration of residence
into the multilevel model as an independent variable. However, it is
necessary to consider floor area, house structure, and so on for more
detailed analysis. We therefore suggest that future research should
be done in cooperation with housing experts. Fourth, we focused
on the relationship between characteristics of residents and indoor
temperature in winter in the present analysis because excess cold
causes cardiovascular and respiratory diseases. Given that excess
heat in summer causes heatstroke inside the house,®” however, it is
also necessary to conduct analyses on indoor temperature through-
out the year. Finally, although indoor air quality is closely associated
with health,%®%? we could not measure household air pollutants in
this survey. Further studies on total indoor environment factors such
as indoor temperature, humidity, and air pollutants are needed to

clarify ideal housing environment.

5 | CONCLUSIONS

This real-world survey involving 2190 households in Japan showed
that the minimum indoor temperature in winter was below 18°C (the
recommended minimum temperature by the WHO guidelines) in more
than 90% of households. Also, there were disparities in living room
temperature within Japan, and they related to socioeconomic status,
single-person households, and the way of living. These housing dis-
parities have the potential to cause health disparities. We expect these
results will be useful in the development of prevention strategies for
residents who live in cold homes and the reduction in health disparities.
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