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IMPACTS OF BEDROOM TEMPERATURE ON BLOOD PRESSURE VARIABILITY 
IN THE EARLY MORNING, BASED ON AMBULATORY BLOOD PRESSURE MONITORING 

 
*  ** ***  **** 

Wataru UMISHIO, Toshiharu IKAGA, Kuniaki OTSUKA and Shintaro ANDO 
 

Although it has been recently noted that blood pressure variability is affected by the indoor thermal environment, these effects haven’t yet 
been studied in sufficient detail. Therefore, a field survey on ambulatory blood pressure and indoor temperature was conducted for 7 days in the 
winter month 2012. On the date that indoor temperature in the bedroom was lowest, morning blood pressure was higher and morning blood 
pressure surge was larger, compared to the date when temperature was highest. Furthermore, the blood pressure gap between the lowest day 
and the highest day was larger after getting out of bed than before. 

 
Keywords : Ambulatory blood pressure, Morning surge, Indoor thermal environment, Field survey, Elderly people, Hilly and mountainous area 
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Hypertension has become a serious problem in Japan, affecting one-third of the population. The Japanese 

government has set guidelines aimed at improving hypertension (e.g., “The first term of the National Health Promotion 
Movement in the Twenty-First Century” (Healthy Japan 21 (first term)). However, the improvement goal for 
hypertension, namely, a reduction in average systolic blood pressure by 4.2 mmHg, has remained unachieved for over a 
decade. This suggests a limit to the degree that hypertension can be prevented through lifestyle modification alone. 
Therefore, providing a healthy residential environment that is not affected by behavior changes is needed for health 
maintenance and promotion. 

Against this background, the effects of the indoor thermal environment on blood pressure have attracted attention. It 
has been noted that blood pressure variability, particularly morning blood pressure surge, is affected by the indoor 
thermal environment. However, studies on these effects are insufficient. The purpose of this study was therefore to 
clarify how temperature in various rooms and at various times affects morning blood pressure surge, and to quantify 
effects of room temperature on blood pressure changes before and after getting out of bed. 

A field survey on ambulatory blood pressure and indoor temperature was conducted in a hilly and mountainous area 
in Japan in winter month 2012. Ambulatory blood pressure was measured at 30-min intervals from 7 am to 10 pm and 
at 60-min intervals from 10 pm to 7 am for 7 days, in accordance with the “Guidelines for the clinical use of ambulatory 
blood pressure monitoring” of the Japanese Circulation Society, the Japanese Society of Hypertension, and the 
Japanese College of Cardiology. Indoor temperature at 1.1 m above the floor was measured in the living room, bedroom, 
bathroom, and outdoors at 10-min intervals. Additionally, a questionnaire on personal factors and housing was carried 
out. Details of the field survey are given in Section 2. 

Participants in this study were 21 older adults (mean age 68 years (54–74 years)) with average build. As shown in Fig. 
5, on the date when bedroom temperature was lowest (lowest day), morning blood pressure surge was larger by 8.1 
mmHg than on the date when bedroom temperature was highest (highest day, p<0.05). This tendency was not observed 
for living room temperature or outdoor temperature. In addition, bedroom temperature at the time of getting out of bed, 
not mean temperature while sleeping or 2 h before or after getting out of bed, affects morning blood pressure surge 
(p<0.05) (Fig. 6). 

Also, as shown from Fig. 10, the blood pressure gap between the lowest day and the highest day is larger after getting 
out of bed than before. This is likely because residents were covered by a blanket before getting out of bed, but were 
exposed to the colder environment after removing the blanket and getting out of bed. 

Older adults at high risk of cardiovascular events should maintain a bedroom temperature within an appropriate 
range at the time of waking. These ndings may have important implications for managing hypertension and 
preventing cardiovascular events. 

 
 

 

 

─ 874 ─ ─ 875 ─



[m
m
H
g]

6.2

9.6

50

70

90

110

130

150

170

190

210

230

-5 -4 -3 -2 -1 0 1 2
[ ]

7 7.4

[m
m
H
g]

3.2

7.1

50

70

90

110

130

150

170

190

210

230

-5 -4 -3 -2 -1 0 1 2
[ ]

7 5.1

[m
m
H
g]

4.1

7.2

50

70

90

110

130

150

170

190

210

230

-5 -4 -3 -2 -1 0 1 2
[ ]

7 4.9

[m
m
H
g]

0.8

4.4

50

70

90

110

130

150

170

190

210

230

-5 -4 -3 -2 -1 0 1 2
[ ]

7 2.5

[m
m
H
g]

6.0

8.3

50

70

90

110

130

150

170

190

210

230

-5 -4 -3 -2 -1 0 1 2
[ ]

7 7.4

[m
m
H
g]

1.7

7.1

50

70

90

110

130

150

170

190

210

230

-5 -4 -3 -2 -1 0 1 2
[ ]

7 4.1

[m
m
H
g]

9.0

11.9

50

70

90

110

130

150

170

190

210

230

-5 -4 -3 -2 -1 0 1 2
[ ]

7 11.1

[m
m
H
g]

3.4

7.1

50

70

90

110

130

150

170

190

210

230

-5 -4 -3 -2 -1 0 1 2
[ ]

7 5.1

[m
m
H
g]

4.0

8.1

50

70

90

110

130

150

170

190

210

230

-5 -4 -3 -2 -1 0 1 2
[ ]

7 5.7

[m
m
H
g]

5.3

7.8

50

70

90

110

130

150

170

190

210

230

-5 -4 -3 -2 -1 0 1 2
[ ]

7 6.6

ID: 10 ID: 12 ID: 13 

ID: 14 ID: 16 ID: 17 

ID: 09 ID: 08 ID: 07 

[m
m
H
g]

-0.4

3.0

50

70

90

110

130

150

170

190

210

230

-5 -4 -3 -2 -1 0 1 2
[ ]

7 1.4

[m
m
H
g]

6.2

8.8

50

70

90

110

130

150

170

190

210

230

-5 -4 -3 -2 -1 0 1 2
[ ]

7 7.6

[m
m
H
g]

3.4

7.7

50

70

90

110

130

150

170

190

210

230

-5 -4 -3 -2 -1 0 1 2
[ ]

7 5.0

ID: 18 ID: 19 ID: 20 

ID: 21 

 
 
 

IMPACTS OF BEDROOM TEMPERATURE ON BLOOD PRESSURE VARIABILITY 
IN THE EARLY MORNING, BASED ON AMBULATORY BLOOD PRESSURE MONITORING 

 
Wataru UMISHIO*, Toshiharu IKAGA**, Kuniaki OTSUKA*** and Shintaro ANDO**** 

 
* Kajima Corporation, M. Eng. (Graduate Student, Graduate School of Science and Technology, Keio Univ.) 

** Prof., Faculty of Science and Technology, Keio Univ., Dr. Eng. 

*** Prof. Emeritus, Tokyo Women’s Medical Univ., M.D. 

**** Lecturer, Faculty of Environmental Engineering, The Univ. of Kitakyushu, Dr. Eng. 

 

 
Hypertension has become a serious problem in Japan, affecting one-third of the population. The Japanese 

government has set guidelines aimed at improving hypertension (e.g., “The first term of the National Health Promotion 
Movement in the Twenty-First Century” (Healthy Japan 21 (first term)). However, the improvement goal for 
hypertension, namely, a reduction in average systolic blood pressure by 4.2 mmHg, has remained unachieved for over a 
decade. This suggests a limit to the degree that hypertension can be prevented through lifestyle modification alone. 
Therefore, providing a healthy residential environment that is not affected by behavior changes is needed for health 
maintenance and promotion. 

Against this background, the effects of the indoor thermal environment on blood pressure have attracted attention. It 
has been noted that blood pressure variability, particularly morning blood pressure surge, is affected by the indoor 
thermal environment. However, studies on these effects are insufficient. The purpose of this study was therefore to 
clarify how temperature in various rooms and at various times affects morning blood pressure surge, and to quantify 
effects of room temperature on blood pressure changes before and after getting out of bed. 

A field survey on ambulatory blood pressure and indoor temperature was conducted in a hilly and mountainous area 
in Japan in winter month 2012. Ambulatory blood pressure was measured at 30-min intervals from 7 am to 10 pm and 
at 60-min intervals from 10 pm to 7 am for 7 days, in accordance with the “Guidelines for the clinical use of ambulatory 
blood pressure monitoring” of the Japanese Circulation Society, the Japanese Society of Hypertension, and the 
Japanese College of Cardiology. Indoor temperature at 1.1 m above the floor was measured in the living room, bedroom, 
bathroom, and outdoors at 10-min intervals. Additionally, a questionnaire on personal factors and housing was carried 
out. Details of the field survey are given in Section 2. 

Participants in this study were 21 older adults (mean age 68 years (54–74 years)) with average build. As shown in Fig. 
5, on the date when bedroom temperature was lowest (lowest day), morning blood pressure surge was larger by 8.1 
mmHg than on the date when bedroom temperature was highest (highest day, p<0.05). This tendency was not observed 
for living room temperature or outdoor temperature. In addition, bedroom temperature at the time of getting out of bed, 
not mean temperature while sleeping or 2 h before or after getting out of bed, affects morning blood pressure surge 
(p<0.05) (Fig. 6). 

Also, as shown from Fig. 10, the blood pressure gap between the lowest day and the highest day is larger after getting 
out of bed than before. This is likely because residents were covered by a blanket before getting out of bed, but were 
exposed to the colder environment after removing the blanket and getting out of bed. 

Older adults at high risk of cardiovascular events should maintain a bedroom temperature within an appropriate 
range at the time of waking. These ndings may have important implications for managing hypertension and 
preventing cardiovascular events. 

 
 

 

 

IMPACTS OF BEDROOM TEMPERATURE ON BLOOD PRESSURE VARIABILITY  
IN THE EARLY MORNING, BASED ON AMBULATORY BLOOD PRESSURE MONITORING

Wataru UMISHIO＊, Toshiharu IKAGA＊＊, Kuniaki OTSUKA＊＊＊ 
and Shintaro ANDO＊＊＊＊

＊ Kajima Corporation, M. Eng.
(Grad. Stud., Graduate School of Science and Technology, Keio Univ.) 

＊＊ Prof., Faculty of Science and Technology, Keio Univ., Dr. Eng.
＊＊＊ Prof. Emeritus, Tokyo Women’s Medical Univ., M.D.

＊＊＊＊ Lect., Faculty of Environmental Engineering, The Univ. of Kitakyushu, Dr. Eng.

（2014 年 10 月 9 日原稿受理，2015 年 7 月 13 日採用決定）

─ 874 ─ ─ 875 ─


