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THE IMPACT OF INDOOR TEMPERATURE ON HOME BLOOD PRESSURE  
BASED ON A MULTILEVEL MODEL 

A field survey on the effect of indoor thermal environment on blood pressure in winter (Part II) 
 

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

 
This study aimed to clarify the compositional and contextual effects of indoor temperature on blood pressure (BP). These effects are 

respectively defined as the increase in BP per 1°C decrease in indoor temperature on a particular day and the increase in BP per 1°C decrease 
in average indoor temperature of houses based on a multilevel model. Measurement data were collected through field surveys in winter 
(2012–2014). Both effects were significant, and the sum of the effects was 0.57 mmHg/°C for morning systolic BP and 0.43 mmHg/°C for 
morning diastolic BP. Also, the interaction between age and temperature was significant. 

 
Keywords : Home blood pressure, Indoor thermal environment, Field survey, Multi-level model, Repeated measurement, Contextual effect 
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According to Healthy Japan 21 (Second Term), reducing the average systolic blood pressure (BP) by 4 mmHg would 

prevent an estimated 14,000 deaths from cardiovascular disease (including 9,300 deaths from cerebrovascular 
disease and 4,700 deaths from ischemic heart disease) each year in Japan. Accordingly, reducing average BP is one of 
the country’s major public health goals. Moreover, it is recognized that individual efforts alone, such as lifestyle 
modification, cannot be relied on to achieve this goal. Measures are therefore needed that involve large numbers of 
people, such as environmental improvement (e.g., home renovation). 

Against this background, some studies have looked at the effects of the indoor thermal environment on BP. Most 
BP data are obtained from repeated measurements in particular individuals, so an appropriate statistical method 
such as multilevel modeling should be applied to the data. 

This study aimed to clarify the relationship between indoor thermal environment and home BP based on a 
multilevel model. By using this model, it is possible to elucidate both compositional and contextual effects of indoor 
temperature on home BP. These effects are respectively defined as the increase in BP per 1°C decrease in indoor 
temperature on a particular day and the increase in BP per 1°C decrease in average indoor temperature of houses.  

Data were collected through field surveys in Tosa Town and Yusuhara Town, Kochi Prefecture; Nagato City, 
Yamaguchi Prefecture; Uenohara City, Yamanashi Prefecture; and some other areas around Japan. The surveys were 
conducted in winter (2012–2014). Home BP was measured by participants twice daily: before getting into bed in the 
evening and after getting out of bed in the morning. Indoor temperature at 1.1 m above the floor was measured in the 
living room, bedroom, bathroom, and dressing room at 10-min intervals. During the survey periods, participants 
recorded the wake time and bedtime each day in a diary. Questionnaire surveys on personal factors and housing were 
also distributed. 

In developing the model of BP, residents who had lived in their present house for >10 years were screened and 
selected. The model was assumed to have a hierarchical structure in which day-level variables obtained from field 
measurements (e.g., BP, indoor temperature) were nested within resident-level variables obtained from 
questionnaire surveys (e.g., age, sex, body mass index). The objective variables were systolic BP and diastolic BP in 
the morning (n=3,331). Explanatory variables were the day-level and resident-level variables mentioned above. 

Both compositional and contextual effects on morning BP were found to be significant. The sum of the effects was 
0.57 (= compositional effect + contextual effect: 0.38 + 0.19) mmHg/°C for morning systolic BP and 0.43 (=0.20 + 0.23) 
mmHg/°C for morning diastolic BP. The interaction of age and temperature was significant, and indicated that the 
effect of indoor temperature on BP was stronger in older residents. One possibility is that the higher BP was caused 
not only by cold exposure on a particular day but also by ongoing residence in a cold house. 

Lifestyle diseases such as hypertension result from the cumulative effects of various risk factors. The results of this 
study suggest that hypertension might result from the cumulative effect of coldness. Thus, maintaining an 
appropriate indoor temperature is important not just for older residents, who are sensitive to changes in indoor 
temperature and at high risk of cardiovascular events, but also for younger residents. These ndings may have 
important implications for managing hypertension and preventing cardiovascular events. 
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