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EFFECT OF INDOOR HEATING SYSTEM AND THERMAL ENVIRONMENT
ON SEDENTARY BEHAVIOR IN WINTER
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Katsuhiro MYONAI Toshiharu IKAGA, Maki ITO
and Hiroshi KOJIMA

Physical activity contributes to a variety of health benefits. Therefore, preventing sedentary behavior is critical for the promotion of physical activity in people of all
ages. This study was to clarify the relationship between sedentary behavior and the living environment. This study surveyed residents living in houses with adequate
insulation performance. In the cross-sectional survey; we examined the relationship between hiving environment and sedentary behavior at the daily and individual
levels, using multilevel analysis. In the intervention survey, we examined the relationship between changes in the indoor thermal environment and sedentary
behavior by requesting the active use of heating.
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Table 1 Overview

Cross-sectional Intervention
survey survey
Residents of houses with insulation
Participants efficiency of H11 standard or higher
(>20 years old)
Number of 199 people 202 people
participants (103 households) (103 households)
2 weeks 2 weeks
Measurement period | (Jan 2017 to Mar (Jan 2018 to Feb
2017) 2018)

Table 2 Measurement Survey Overview
Activity intensity, Activity time,
Measurement | Activity type

Physical item (Continuous measurement at 10-
activity or 60-s intervals)
Measurement | HJA-750C
equipment | (Omron Healthcare Company)

Temperature and relative
humidity (continuously measured
at 10-min intervals)
Measurement | Living room (1 m above the floor,
Temperature item near the floor, and on the floor
and humidity surface)
Bedroom, Dressing room, Hallway,
Toilet (1 m above floor)
Measurement | TR-72wf, TR-511, TR-71wf
equipment | (T&D Company)

Measurement | Personal attributes, amount of

Questionnaire item clothing worn, physical pain, etc.

Waking and sleeping times,
leaving and returning home times,
etc.

Measurement | Measurement
diary item

Cross-sectional survey
Participants:
199 people
|

Intervention survey
Participants:
202 people

I

“Missing questionnaire, measurement diary,
and physical activity data: 20 people

Missing temperature and humidity data:
19 people

———  Activity meter was worn <10 h: 655 days

— Spent <2 h of time at home: 324 days

Recorded valid measurements <4 days:
21 people

Subjects of physical activity analysis 341: people

Fig. 1 Participant flow
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Table 3 Participant characteristics

Convection Floor
Cross-sectional study heating heating P
(n=188) (n=144)
Age [years] 48.9+12.177|49.8+14.1| 0.551
Male 93 69
Sex Female 95 78 0.646
BMI [kg/m2] 21.9+2.8 22.5+3.0 | 0.053 7
Availability | Unemployed 57 51 0.402
of work employed 128 94 )
Annual ieﬁlsi(::rlllar;f 64 46
household M thy 5 0.595
income ore than 124 101
million yen
Number of people 3.7+1.2 3.6+1.1 | 0.340
living together [-]
Exercise No 133 110
habits Yes 55 37 0.406
No 63 45
Body Pain Slight pain 102 83 0.852
More than 923 19
moderate pain
Amount of clothing worn [clo] |  0.82 + 0.31 0.84 +0.30 0.490
Table 4 Additional heating systems
. Convection Floor
Cross-sectional study heating heating P
No 175 143
Use of kotatsu Yos 13 1 0.083
Use of heating No 146 117 0.669
in the dressing room Yes 42 30 )

Table 5 Indoor thermal environment (Cross-sectional study)

Cross-sectional study Conve_ction F109r p
heating heating

Living room temperature
1 m above the floor [°C] 184+2.2 1187+2.9) 0490
Living room temperature 15.9+2.9 [21.7 + 4.8 | <0.001%**
near the floor [°C]
Temperature difference
between 1 m above and near 3.0+£2.4 |-2.3+3.8/(<0.001%**
the floor in the living room [°C]
Temperature difference
between the living room and 54+24 | 4.3+3.0 0.011*
dressing room [°C]
Outside air temperature [°C] 6.0+4.0 | 5.8+4.0 0.187

Table 6 Indoor thermal environment (In

tervention study)
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Fig. 2 Sedentary behavior time
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Table 7 Sedentary behavior time

Intervention study First k Second
(Intervention group) 1wt wee week p
]fIX:‘;%jszTh‘;eEﬁrﬁ%lfe 19.6+2.4 19.4+2.3| 0.067
ﬁ;‘;ntghreog?o:e[?&erat“re 20.1+3.7 [20.3+4.2| 0.283
Temperature difference
between 1 m above and near -0.4+4.1 |-0.7+4.9| 0.029*
the floor in the living room [°C]
Temperature difference
between the living room and 3.0+3.2 | 4.1+3.4 [<0.001%**
dressing room [°C]
Outside air temperature [°C] 8.6+4.2 | 5.7+1.8 [<0.001***
Intervention study First k Second
(Non-intervention group) 1wt wee week P
]flr‘l':‘;%ggzrzlh?frﬁiirﬁ%l]re 18.7+ 2.6 | 19.0 + 2.5 | <0.001%%*
ﬁ;‘;ntgh?gz‘o;e[?&erat“re 185+5.1 [18.7+4.7| 0.235
Temperature difference
between 1 m above and near 0.6+4.7 | 0.4+4.1 0.329
the floor in the living room [°C]
Temperature difference
between living room and 52+29 | 4.6+2.6 [<0.001%***
dressing room [°C]
Outside air temperature [°C] 3.6+1.6 | 5.4+2.8 [<0.001%*

Cross-sectional survey Conve.ctlon Flo9r p
heating heating
Amount of sedentary
behavior at home 209.5 + 137.0 | 207.1 £ 137.0 | 0.904
[min/day]
Intervention survey Convection Floor
(Usually using) heating heating P
Amount of sedentary
behavior at home 199.7 +132.5 | 193.8 £ 147.3 | 0.517
[min/day]
Intervention survey Convection Floor
(Actively using) heating heating P
Amount of sedentary
behavior at home 200.2 + 131.7 | 205.3 + 159.6 | 0.592
[min/day]
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Table 8 Relationship between major heating systems and sedentary behavior time

Objective variable: Time for sedentary behavior at home [min/day]

Level Explanatory variable Exp(8 95%CI p
Whether it is a holida Holiday 1.04 1.00, 1.08 0.029*
Day v ref. Weekday ) o )
level Outing
Whether you go out ref. No outing 1.03 0.92, 1.16 0.584
Age Continuous value [years old] 1.00 1.00, 1.00 0.254
Sex Female 0.80 0.77, 0.83 <0.001%**
ref. Male
BMI Continuous value [kg/m?] 1.01 1.01, 1.02 0.021%
Availability of work Employed 1.14 1.09, 1.19 <0.001%%*
ref. Unemployed
. More than 6 million yen
Individual Annual household income ref. less than 6 million yen 1.00 0.96, 1.04 0.879
level Number of people living together | Continuous value [-] 0.99 0.98, 1.01 0.359
Amount of clothing worn Continuous value [clo] 1.09 1.03, 1.16 0.005%*
Exercise habits Yes 1.03 0.99, 1.07 0.152
ref. No
Body pain Slight or more than moderate pain 1.03 1.01, 1.04 <0.001%%*
ref. No
. . Floor radiation heating «
Major heating systems ref. Convection heating 0.96 0.92, 0.99 0.024
Valid sample: 336 [peoplel, 2,769 [people x day] AICC: 8,980.875
Offset term: Stay-at-home time
Table 9 Relationship between indoor thermal environment and sedentary behavior time (convection heating)
Objective variable: Time for sedentary behavior at home [min/day]
Level Explanatory variable Exp(8 95%CI p
Living room temperature Continuous value [°C] 0.99 0.97,1.01 0.303
1 m above the floor
Day level Temperature difference between
cmperatu W Continuous value [°C] 1.01 0.99,1.03 0.345
living room and bedroom
Living room temperature . o
Individual |1 m above the floor Continuous value [°C] 1.02 1.00,1.03 0.051 1
level | Temperature difference between | .05 value [°C] 1.01 0.99,1.02 0.543
living room and bedroom

Valid sample: 188 [peoplel, 1,516 [people x day] AICC: 1,903.304
Control variable: Whether it is a holiday, Whether you go out, Age, Sex, BMI, Availability of work, Annual household income, Number of
people living together, Amount of clothing worn, Exercise habits, Body pain
Offset term: Stay-at-home time

HL~LDOA 7%y MHEIZ

WA LT, @RI

[EShApE I
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Table 10 Relationship between indoor thermal environment and sedentary behavior time (floor heating)

Objective variable: Time for sedentary behavior at home [min/day]

Level Explanatory variable Exp(8 95%CI p
Living room temperature Continuous value [°C] 0.99 0.97, 1.01 0.364
1 m above the floor
Day level Temperature difference bet n
omperature Qterence bEEWeen | o, tinuous value [°C] 1.04 1.02, 1.06 0.001%*
living room and dressing room
Living room temperature . o
Individual |1 m above the floor Continuous value [°C] 1.00 0.98, 1.02 0.982
level i .
eve Temperature difference between | v 111045 value [°C] 0.99 0.98, 1.01 0.515
living room and dressing room

Valid sample: 148 [peoplel, 1,253 [people x day] AICC:1,559.004
Control variable: Whether it is a holiday, Whether you go out, Age, Sex, BMI, Availability of work, Annual household income, Number of
people living together, Amount of clothing worn, Exercise habits, Body pain
Offset term: Stay-at-home time
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Table 11 Effects of changes in indoor thermal environment due to the active use of convection heating on sedentary behavior time

Objective variable: Percentage of sedentary behavior time at home during the second half of the week

Explanatory variable )i 95%CI p
Intervention | Active use of convection heating 0.000 ~0.045,0.046 0.987
method ref. usual use of convection heating
. Change in living room temperature 1 m above the floor [°C] 0.017 0.006,0.027 0.002%*
Change in
room
temperature | Change in temperature difference between living room and dressing room [°C] 0.015 -0.002,0.032 0.092 T

Valid sample: 169 [people], Log-likelihood: 129.262

Control variable: Age, Sex, BMI, Availability of work, Annual household income, Number of people living together, Amount of clothing

worn, Exercise habits, Body pain

Offset term: Percentage of sedentary behavior time at home during the first half of the week

D ORI &Y —ELL EoWrEEsE

IZBWTEENIREREE

S5 3

Table 12 Effects of changes in indoor thermal environment due to the active use of floor heating on sedentary behavior time

Objective variable: Percentage of sedentary behavior time at home during the second half of the week

Explanatory variable b 95%CI )4
Intervention | Active use of floor heating _ _
method ref. usual use of floor heating 0.006 0.049,0.087 0.774
. Change in living room temperature 1 m above the floor[°C] -0.007 —0.020,0.007 0.327
Change in
room
temperature | Change in temperature difference between living room and dressing room [°C] 0.018 0.001,0.035 0.033*

Valid sample: 133 [peoplel, Log-likelihood: 134.741

Control variable: Age, Sex, BMI, Availability of work, Annual household income, Number of people living together, Amount of clothing

worn, Exercise habits, Body pain

Offset term: Percentage of sedentary behavior time at home during the first half of the week
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In recent years, the number of patients with lifestyle-related diseases in Japan has been increasing, and a response is
urgently needed. The health benefits of physical activity are well established, but efforts to promote physical activity
have so far been inadequate. To promote physical activity in the entire population, it is necessary to consider
environmental factors (population approach). Therefore, we focused on the residential environment where people spend
much of their time and conducted a survey in winter, when the amount of activity tends to decrease. This study focused
on houses with adequate insulation performance, which is expected to become more commonplace in the future. The
survey was conducted over 2 years and comprised two parts: one survey asked participants to use heating normally for
2 weeks, and the other asked participants to use heating normally during the first week of the survey and to actively
use heating during the second week of the survey. We performed actual measurements of temperature, humidity, and
physical activity and conducted a questionnaire survey of personal attributes and living style for all 401 participants.
We carried out an intervention to reduce sedentary behavior across generations and analyzed the activity time under
1.5 metabolic equivalent of task units, as determined by activity meters.

The room temperature near the living room floor was significantly lower in houses where the main heating system was
convection heating (air conditioning) compared with houses where the main heating system was floor heating (floor
heating). Similarly, the temperature difference between the living room and dressing room in air-conditioned houses
was significantly higher than in floor heating homes. However, there was no significant difference in the room
temperature 1 m above the living room floor between the two heating approaches.

The results of the multilevel analysis revealed that the floor heating group engaged in significantly less (0.96 times)
sedentary behavior time at home compared with the air conditioning group, which is equivalent to a difference of 8.4
min/day. On days when the temperature difference between the living room and dressing room was 1°C smaller, the
sedentary behavior time at home was also significantly shorter (0.96 times) for participants in the floor heating group,
which is equivalent to a difference of 8.0 min/day between the average room temperature difference of 4.3°C and 3.3°C
(=1°C).

The results of the intervention analysis revealed that the percentage of sedentary behavior time at home increased by
4.1% in the air conditioning group when the room temperature at 1.1 m above the living room floor increased by 1°C
due to the active use of heating. This is equivalent to an increase of 8.2 min/day of sedentary time at home. Also, it was
confirmed that the percentage of sedentary behavior time at home increased by 4.5% in the floor heating group when
the temperature difference between the living room and dressing room increased by 1°C due to the active use of heating,
which is equivalent to an increase of 8.7 min/day of sedentary time at home.

These results suggest that it may be possible to prevent people from sitting too much at home by the state where only

the living room is warm and reducing the difference in temperature among rooms in winter.

(2021 4 10 9 HIEAGS2HE, 2022 4F 3 7 16 HERAPE)
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