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Abstract of Ph.D. Dissertation

Intervention Study of Home Insulation Retrofit and Blood Pressure

for the Prevention of Cardiovascular Diseases

Cardiovascular diseases (CVDs), the world's leading cause of death, cause 17.9 million deaths each year. Mortality
due to CVDs rises in winter, a phenomenon known as "Excess winter mortality (EWM)". The rise is especially sharp
in cold homes. EWM is partially explained by cold exposure-induced hypertension. Nevertheless, existing
countermeasures for the prevention of hypertension and CVDs place emphasis only on improving lifestyle habits.
While diet, physical activity, alcohol consumption, and smoking are included in existing policies, housing
environment is not because the scientific evidence is insufficient. Therefore, we aim to examine the preventive effects
of improving housing environment on the incidence of CVDs. In particular, this study focuses on the relationship
between thermal environment inside houses and blood pressure, which is a widely used risk factor for CVDs. This
dissertation consists of the 8 chapters summarized below.

Chapter 1 describes the background, motivations and objectives of the study.

Chapter 2 summarizes domestic and foreign policies and previous research on housing and health.

Chapter 3 introduces the field surveys which became the basis of the nationwide survey in the next chapter. The
results from the field surveys reveal 1) the impact of bedroom temperature on blood pressure variability in the early
morning, and 2) the causal correlation between a rise in room temperature and a drop in blood pressure when subjects
moved to houses with high thermal insulation. Issues associated with implementing the nationwide survey are
summarized according to these results.

Chapter 4 outlines the before-and-after insulation retrofit surveys conducted throughout Japan (SWH survey: Smart
Wellness Housing survey). The research question, study design, intervention, and measurement items are described,
and the ethical issues and online registration are summarized. Furthermore, the number of participants and baseline
characteristics of participants are summarized.

Chapter 5 describes findings on 1) the relationship between home blood pressure and room temperature, and 2) the
sensitivity of home blood pressure to changes in room temperature, obtained in the baseline survey (before insulation
retrofit). In addition, the nationwide survey was used to identify the areas with low indoor temperatures and the
attributes of the residents who live in cold homes.

Chapter 6 describes the results of comparative analysis between the "insulation retrofit group" and the "control
group". The results were used to determine the causal relationship between a drop in blood pressure and insulation
retrofit intervention.

Chapter 7 shows the results of comparative analysis of health exam data between warm houses (indoor temperature
>18°C) and cold houses (indoor temperature <18°C). A cross-sectional analysis is used to examine whether the risk of
"arteriosclerosis" and "electrocardiogram abnormality”, indices strongly related to CVDs, increases in cold houses.

Chapter 8 summarizes the achievements of the present research. In addition, this chapter suggests the need to

verify the long-term health effects of housing environment using a long-term cohort study.
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Chapter 1 | Introduction

1.1 Efforts to prevent cardiovascular diseases and hypertension around the world
Cardiovascular diseases (CVDs) are the number one cause of death globally [1] (Fig.1-1). An

estimated 17.9 million people died from CVDs in 2016, representing 31% of all global deaths. Of

these deaths, 85% were due to heart attack and stroke [2]. Estimations predict that deaths due to

CVDs will increase to 23.6 million in 2030 [3], making prevention of CVDs an urgent issue.
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Fig.1-1 | Global age-standardized death rates for males versus females, 2015 [1]

The World Health Organization (WHO) has issued various reports on the prevention of CVDs
(Table 1-1). These reports highlight four important risk factors for CVDs: (1) unhealthy diet, (2)
physical inactivity, (3) tobacco use, and (4) harmful use of alcohol. These inappropriate lifestyle
habits cause four intermediate risk factors: (1) hypertension (increase in blood pressure), (2) diabetes
(increase in blood glucose level), (3) hyperlipidemia (increase in blood lipids), and (4) obesity
(increase in body weight), which lead to CVDs. Based on these risk factors, the WHO depicted the
10-year probability of onset of CVDs in a risk chart (Fig.1-2). Additionally, in 2016, WHO launched
the "Global Hearts Initiative" and campaigns to promote changes to improve lifestyle habits such as

reducing salt intake (SHAKE [4]) and improving smoking habit (MPOWER [5]).

Chapter 1 | 17



Table 1-1 | Publications focusing on prevention of cardiovascular diseases by WHO
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Fig.1-2 | WHO and ISH cardiovascular risk prediction chart [8]
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Our knowledge of the risks associated with CVDs has improved following advances from early
research methods. In particular, the Framingham Heart Study [12], launched in 1948 in the town of
Framingham, Massachusetts, in the eastern United States, is considered the pioneer study in
cardiovascular clinical epidemiology around the world. The study aimed to prevent CVD, which
accounted for 80% of deaths in the United States at the time. It was the first study to bring
epidemiology, which was then regarded as an infectious disease research method, to the field of
CVD. This study is widely regarded as a representative epidemiological research study, and halved
the incidence of CVD in the United States in 30 years as a result of pursuing the cause of coronary
heart disease. Findings from this research are the basis for the reports in Table 1-1 and the
development of the risk chart for CVDs in Fig.1-2.

The Framingham Heart Study set the following 11 hypotheses [13]: 1) coronary heart disease
increases with age and occurs earlier and more frequently in males; 2) persons with hypertension
develop coronary heart disease at a greater rate than those who are normotensive; 3) elevated blood
cholesterol level is associated with an increased risk of coronary heart disease; 4) tobacco smoking is
associated with an increased occurrence of coronary heart disease; 5) habitual use of alcohol is
associated with increased incidence of coronary heart disease; 6) increased physical activity is
associated with decreased development of coronary heart disease; 7) an increase in thyroid function
is associated with decreased development of coronary heart disease; 8) a high blood hemoglobin or
hematocrit level is associated with an increased rate of developing coronary heart disease; 9) an
increase in body weight predisposes a person to coronary heart disease; 10) the rate of development
of coronary heart disease is increased in patients with diabetes mellitus; and 11) the incidence of
coronary heart disease is increased in patients with gout. By proving these hypotheses, the study
identified the risk factors of CVD, including age, high blood pressure, high cholesterol, and tobacco
smoking.

The relationship between CVD and high blood pressure based on 61 prospective observational
studies, including the Framingham Heart Study, is summarized in Fig.1-3. These studies indicate that
high systolic blood pressure is associated with a high incidence of stroke and ischemic heart disease

[14].
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Fig.1-3 | (a) Stroke mortality rate in each decade of age versus usual SBP. (b) Ischaemic

heart disease mortality rate in each decade of age versus usual SBP [14]

Among the four intermediate risk factors for CVDs (hypertension, diabetes, hyperlipidemia and
obesity) identified in these previous studies, management of hypertension is considered the most
important for preventing CVDs. Accordingly, WHO has released an independent report on the
prevention of hypertension [15]. This report highlights the main factors contributing to the
development of high blood pressure, with "housing" identified as a social factor. However, housing
was absolutely treated as "hotbeds of inappropriate lifestyles," and its direct impact on high blood

pressure has not been demonstrated (Fig.1-4).

Social determinants and drivers Behavioral risk factors Metabolic risk factors Cardiovascular disease
+ Globalization + Unhealthy diet + High blood pressure + Heart attacks
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* Income + Harmful use of alcohol - Raised blood lipids - Kidney disease

+ Education y

* Housing

Fig.1-4 | Main factors that contribute to the development of high BP and its complications
[15]
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1.2 Efforts to prevent cardiovascular diseases and hypertension in Japan
1.2.1 Medical and nursing care financial crisis

Japan is one of the first countries to be confronted with the problems associated with an aging
population. The number of people aged 65 years or older reached a record 34.59 million, or 27.3%,
among a total population of 126.93 million in 2016. The proportion of people aged 65 years or older
was 11in 10 in 1985, 1 in 4 in 2010, and is estimated to increase to 1 in 2.5 in 2060 [16] (Fig.1-5).

As a consequence of this increase, medical and nursing care expenditure are also increasing,
causing severe strain on government finances. Medical and nursing care expenses reached 37 and 8
trillion yen in 2010, and are expected to double to 68 trillion yen and triple to 24 trillion yen,

respectively, by 2025 [17—-19] (Fig.1-6).
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Factors associated with the medical and nursing care financial crisis can be identified by breaking
down medical costs reported in yearly surveys conducted by the Ministry of Health, Labour and
Welfare by age and disease (Fig.1-7). According to these surveys, the proportion of costs due to
CVDs is the largest among people aged 65 years or older, accounting for about a quarter of total
medical expenditure [20]. There is therefore concern that medical expenses will increase as the aging
population rises. Meanwhile, cerebrovascular disease and heart disease were the second and sixth
most prevalent among diseases that cause patients to require nursing care, respectively. Moreover,
among cases of dementia, the most prevalent disease to cause patients to require nursing care, 30%
were caused by cerebrovascular disease (Fig.1-8). These findings indicate that CVDs account for
more than a quarter of nursing care cases [21, 22]. Therefore, as suggested above, an effective

measure for the prevention of CVDs is needed to reduce these expenditures.
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Fig.1-7 | Breakdown of medical costs by age and disease (translated from [20])

0% 20% 40% 60% 80% 100%
I I

brova Alzheimer's Other
disease 50 % factors
0% 20 %

Cerebrovascular P Joint - Other factors
diseases z t ‘diseases 23,00,
16.6% 12 10:2% o
Heart diseases 4.3% | [ [ [ [
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Fig.1-8 | Breakdown of diseases that cause patients to require nursing care
(modified and translated from [21, 22])

Several studies have identified the risk factors for CVDs in Japan, which include hypertension,
diabetes, hyperlipidemia and tobacco smoking [23]. Among these, hypertension has the greatest
population-attributable risk ratio for the onset of CVDs and death from CVDs [23-25]. This
suggests that prevention of hypertension will lead to a reduction in the risk of death due to CVDs.
Some of the studies that have verified the relationship between CVDs and hypertension in Japan are

summarized below.
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(1) Hisayama Study

The Hisayama Study began with the aim of clarifying the actual state of stroke, which was the
leading cause of death in Japan in 1961 [26]. A prospective cohort survey was conducted in residents
over 40 years old in the town of Hisayama, Kasaya-gun, adjacent to Fukuoka City. The study is
characterized by a high follow-up accuracy, with a participation rate of 99% in the cohort survey.
Analysis of data from 588 males and females aged over 60 years who were followed for 32 years
suggested that high blood pressure was associated with a higher incidence of stroke, even after

adjusting for gender and age [27] (Fig.1-9).
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Fig.1-9 | Age- and sex-adjusted incidence of stroke by type according to BP category [27]
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(2) Ohasama Study

The Ohasama Study was a prospective cohort study started in 1986 on hypertension and CVDs in
residents in the town of Ohasama, Iwate Prefecture [28]. It was the world's first epidemiological
study to use blood pressure indices obtained in non-medical environments, such as 24-hour
ambulatory blood pressure and home blood pressure (self-measured blood pressure at home). These
results based on ambulatory blood pressure in 1,500 people and home blood pressure in 2,000 people
over the age of 40 years were recognized globally. The study was cited in a description on the
clinical significance of ambulatory blood pressure and home blood pressure in “The Sixth Report of
the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure [29]” in 1997, the “1999 WHO/ISH Guidelines for the Management of Hypertension [30]”
and the “2003 ESH - ESC guidelines for the management of arterial hypertension [31].”
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(3) NIPPON DATA
NIPPON DATA 80 was a follow-up study of subjects of the Third National Survey on Circulatory

Disorders, conducted in 1980. It examined the relationship between the risk factors for CVD and the
risk of death. Similarly, NIPPON DATA 90 was a follow-up study of subjects of the Fourth National
Survey on Circulatory Disorders, conducted in 1990 [32]. NIPPON DATA 80 followed 9,638 men

and women for 19 years, and their data were used to develop risk assessment charts of the 10-year

probability of death due to coronary heart disease, stroke and CVD. These risk charts have been

released as a health education tool to improve lifestyle habits [33] (Fig.1-10).
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Fig.1-10 | Risk assessment chart for 10-year probability of death due to all CVDs [33]
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(4) J-HOP Study

The J-HOP (Japan Morning Surge - Home Blood Pressure) Study began in 2005 as a prospective
observational study that evaluated the "prognostic ability of home blood pressure for cardiovascular
disease events" in about 4,500 people nationwide [34]. Blood pressure measurements were
conducted at home for 2 weeks. The results showed that blood pressure measured at home in the

morning was a better prognostic factor for stroke than that measured in the evening [35] (Fig.1-11).
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Fig.1-11 | Stroke and coronary artery disease risks according to morning or evening home

systolic blood pressure categories [35]
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(5) HONEST Study

The HONEST (Home blood pressure measurement with Olmesartan Naive patients to Establish

Standard Target blood pressure) Study was a prospective observational study started in 2009 which

aimed to examine the association between home blood pressure and CVD events during follow-up

[36, 37]. It is regarded as the world's biggest study of its kind, conducting follow-up surveys for over

2 years in 21,591 hypertensive patients who were administered antihypertensive drugs. The study

showed that blood pressure measured at home in the morning was associated with the risk of

cerebrovascular and heart disease [38] (Fig.1-12). In addition, even when clinical blood pressure was

controlled to <130 mmHg, the hazard ratio for CVD events increased to 2.47 when home blood

pressure was poorly controlled (145 mmHg or more) [39] (Fig.1-13).
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Fig.1-12 | HSBP and incidence rate of stroke and CAD events during follow-up [38]
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Fig.1-13 | Relationship between the primary end point (CVD events) and SBP divided into 9
categories [39]
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1.2.2 Policies for preventing cardiovascular disease

From 2000 to 2012, the Ministry of Health, Labor and Welfare in Japan set guidelines aimed at
improving strategies for the prevention of CVDs, such as "The first term of the National Health
Promotion Movement in the Twenty-First Century" (Health Japan 21 (the first term)). Health Japan
21 focused on "primary prevention: prevent diseases in advance" rather than "secondary prevention:
early detection and early treatment." Specific targets for 2010 were set for 80 items in nine fields,
namely nutrition, physical activity, rest, smoking, alcohol consumption, dental health, diabetes,
CVDs and cancer. One of the items under CVDs was improvement of hypertension, specifically to
reduce the average systolic blood pressure by 4.2 mmHg over the next decade [40].

Additionally, Health Japan 21 (the second term) was established in 2012 and set a target to
minimize the incidence of hypertension by reducing the average systolic blood pressure by 4 mmHg
over the next decade through lifestyle modification [41]. According to Healthy Japan 21 (the second
term), reducing the average systolic blood pressure (SBP) of Japanese aged 40 to 89 years by 4
mmHg (men: 138—134 mmHg, women: 133—129 mmHg) will prevent an estimated 14,000 deaths
from CVDs each year in Japan, including 9,300 deaths from cerebrovascular disease and 4,700 from
ischemic heart disease (Fig.1-14). Therefore, prevention of hypertension is considered critical to the

prevention of CVDs.
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diseases . ,
HPrevention effects M Prevention effects
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I I \
2.3 mmHg | 1.5mmHg ] 012mmHg| 0.17 mmHg |

o = = = ————— = —— = —ny

Fypetisemie{Smoing] Dibetes

Salt intake | Steps 1 Heavy alcohol Taking
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Boundaries of Health Japan 21 (second term)

Fig.1-14 | Hierarchical structure of Health Japan 21 (the second term) for prevention of
CVDs (translated from [41])
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1.2.3 Present status and efforts for preventing hypertension

A 2014 survey of hospital patients released by the Ministry of Health, Labor and Welfare
estimated that there were 10.11 million hypertensive patients in Japan [42]. However, because
hypertension is an asymptomatic disease, also known as a “silent killer”, a large number of patients
with hypertension do not visit a hospital. In fact, it is estimated that there are actually 43 million
hypertensive patients [43] (Fig.1-15), which is equivalent to about one-third of the population.
Moreover, the incidence of hypertension increases with age, suggesting that the number hypertensive

patients will increase with the aging population in the future.

Men years
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Fig.1-15 | Estimated number of hypertensive patients in Japan [43]

To prevent hypertension, the Japanese Society of Hypertension published "Guidelines for the
management of hypertension 2014 (JSH 2014)" [44]. The guideline lists "lifestyle modification items
for prevention of hypertension" (Table 1-2), and summarizes the "recommended grade" (Table 1-3)
and "evidence level: the strength of evidence obtained so far" (Table 1-4) for each item. Among the
lifestyle modification items, cold protection is classified under "Other". The guideline states that
cold temperatures raise blood pressure, which leads to a rise in blood pressure in winter months.
Moreover, mortality rate in winter due to CVDs rises sharply when heating or cold protection is
insufficient. Therefore, hypertensive patients should use heating during winter, including in toilets,
bathrooms, and changing rooms in Japan, which are often overlooked. Although these descriptions
indicate the importance of heating, including in non-living rooms, the evidence in support of this is
scarce, and has only been obtained from cross-sectional studies. The recommended grade was

therefore set as C and the evidence level as [Vb, indicating that scientific evidence is insufficient.
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Table 1-2 | Lifestyle modification items for prevention of hypertension (translated from [44])

Recommended Evidence

Item Goal
grade level
(1) Salt reduction Salt intake less than 6 g/day A |
Vegetables/ High consumption of vegetables and fruit
(2) Diet fruit T ) B I
Lipids Avoid intake of cholesterol and saturated fatty acids
High consumption of fish or fish oil
(3) Weight loss Body mass index (Weight [kgl/Height [m]?) less than A |
25.0
For hypertensive patients without CVD:
(4) Exercise periodic exercise by mainly doing aerobic exercise A |
(at least 30 minutes every day)
(5) Elimination of In men, less than 20-30 mL/day ethanol A |
alcoholism In women, less than 10-20 mL/day ethanol
(6) Elimination of Promotion of anti-smoking and prevention of passive A v
smoking smoking
Cold protection, management of emotional stress,
(7) Other Improvement in sleep, bathing in water that is not C \Y

too hot

Table 1-3 | Recommended grade for prevention of hypertension (translated from [44])

Recommended o
Description
grade

A There is strong scientific basis, it is strongly recommended.

B There is scientific basis, it is recommended.

C1 Although scientific basis is insufficient, it is recommended.

(074 Scientific basis is insufficient, it is not recommended.

D There is scientific basis, so it is not recommended.

Table 1-4 | Evidence level in medicine (translated from [44])

Evidence L
. Description
I Systematic reviews or meta-analysis of randomized controlled trials
Il Randomized controlled trials
" Non-randomized controlled trials, sub analysis or post hoc analysis of randomized
controlled trials
IVa Epidemiological research (cohort studies, meta-analysis of cohort studies)
Vb Epidemiological research (case-control studies, cross-sectional studies)
\% Descriptive study (case reports and case series)
VI Opinion of technical committees and experts
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1.3 Excess winter mortality

Excess winter mortality (EWM) is a phenomenon in which the mortality rate increases sharply in
winter [45—49] and is predominantly caused by cardiovascular and respiratory diseases [50—52]. A
paradoxical relationship in which EWM is higher in areas with milder winter climates has been
observed in Europe [53, 54] (Fig.1-16), the USA [55] and Asia[56, 57]. This is attributed to houses
in these areas being less prepared for the winter season, resulting in lower than recommended indoor
temperatures. In fact, lower indoor temperatures have been reported in areas with higher outdoor

temperatures [45], and EWM is higher in colder houses than warmer houses [49] (Fig.1-17).
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Fig.1-16 | Coefficient of seasonal variation in mortality in Europe [47]
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Fig.1-17 | Seasonal fluctuation in CVD mortality in cold and warm homes [49]
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This paradoxical relationship has been observed in Japan [58] (Fig.1-18), which experiences both
temperate and subarctic climates due to the orientation of the long axis of the Japanese landmass,
which extends north to south.

Studies on deaths inside houses indicate that CVDs, such as heart diseases and cerebrovascular
diseases, are the leading cause of death, despite being the second and fourth overall leading cause of
death after malignant neoplasm in Japan [59] (Fig.1-19). In particular, there is a substantial increase
in the number of deaths due to CVDs in winter, to a level more than twice that in summer. The
thermal environment inside houses may be associated with deaths due to CVDs because the increase
in the number of deaths in winter is greater in houses than in hospitals, which generally have

appropriate temperature control [59].
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Additionally, people in modern society spend between 60% and 70% of their time at home
[60—62]. This is even higher among elderly people, who have declining physiological function, and
children, whose physiological function is underdeveloped [63]. This indicates the importance of the
impact of the thermal environment inside houses on health. Moreover, Japan is aiming to establish
the Community-based Integrated Care System by moving from hospital-based- to region-based-style
care to enhance home medical care and home medical care support [64] (Fig.1-20). The importance

of housing conditions is therefore expected to continue to attract attention in the future.

-Primary care doctor * Attendant/visiting service
-Partnership hospital - Short-stay service
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-Rehab hospital Special nursing home
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To live healthily as long as possible...
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+Senior citizens’ clubs
*Community associations
*Volunteer

*Non-profitable organization

Fig.1-20 | Conceptualization of community-based integrated care systems in 2025
(modified and translated from [64])
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1.4 Necessity of improving the thermal environment inside houses in Japan

In 2017, there were a total of 60.63 million dwellings in Japan. The number of occupied dwellings
(places in which people usually live) was 52.10 million, accounting for 85.9% of the total number of
dwellings. Among occupied dwellings, 54.9% were detached houses, about 90% of which were
wood-frame houses. In contrast, 42.4% of occupied dwellings were apartment buildings, among
which 12.5% were wood-frame buildings and more than 70% were made of other materials such as
steel or reinforced concrete [65]. Uninsulated houses were estimated to account for 39% of existing
dwellings, and 37%, 19%, and 5% of houses complied with the 1980, 1992, and 1999 adiabatic level
standards, respectively [66] (Fig.1-21). Therefore, there are still many houses with low thermal
insulation in Japan.

Standards for the average heat transmission coefficient for the outer skin (Ua-value) and the heat
transmission coefficient for windows (Uw-value) have been compared internationally [67]. These
parameters are indicators of the adiabatic level, with lower values indicating lower transmission and
therefore higher heat retention. Findings indicate that even according to 2013 standards (current
standards), the Ua-value in Tokyo is about twice as high as that in the U.S. state of California, which
shares the same climate category as Tokyo (Fig.1-22). In addition, the Uw-value is 2.33 W/m’K in
Hokkaido and 4.65 W/m’K in Tokyo, which markedly exceeds the 1.0 to 2.0 W/m?K range of values

in European and American countries (Fig.1-23).

1999 standards
(current standards)
5%

Non-thermal-
insulated houses
39%

Fig.1-21 | Adiabatic level of existing dwellings in Japan (translated from [66])
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Fig.1-23 | Standards for the heat transmission coefficient for windows (Uw-value) of the main

countries (modified from [67])

Residential energy consumption in Japan is also very low compared to European and American
countries, with energy used for heating being only one-quarter of that in Western countries [68]
(Fig.1-24). This is because while intermittent heating in only the living room is standard practice in
Japan, European and American countries commonly perform continuous heating throughout the
entire building. As a result, room temperatures are lower in Japan than in other countries. A survey of
indoor environments in 602 houses throughout Japan indicated that the average room temperature in
winter was 17°C [69]. This is below the minimum room temperature of 18°C recommended by
WHO [70] and the UK government [71, 72], and there is concern that this may greatly affect health
(Table 1-5).
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Fig.1-24 | Annual national average of residential energy consumption of the main countries
[68]

Table 1-5 | Recommendations for minimum room temperature (modified from [71, 72])

Heating homes to at least 18°C (65°F) in winter poses minimal risk to the health of a sedentary person,

wearing suitable clothing.

For people over 65 years or with pre-existing medical conditions

Daytime ([The 18°C (65°F) threshold is particularly important. Having temperatures slightly above this threshold

may be beneficial for health.

Overnight |[Maintaining the 18°C (65°F) threshold overnight may be beneficial to protect the health. They should

continue to use sufficient bedding, clothing and thermal blankets or heating aids as appropriate.

For healthy people (aged 1—64 years)

Daytime ([The 18°C (65 F) threshold also applies to healthy people. If they are wearing appropriate clothing and

are active, they may wish to heat their homes to slightly less than 18°C (65 F).

Overnight |Overnight, the 18°C (65°F) threshold may be less important for healthy people if they have sufficient

bedding, clothing and use thermal blankets or heating aids as appropriate.
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1.5 Hypotheses on the effects of cold exposure on cardiovascular events

In the field of cardiovascular medicine, the synergistic resonance hypothesis proposes that

cardiovascular events occur when peaks in blood pressure fluctuations from various time periods

(yearly, seasonal, day-by-day, diurnal, and beat-by-beat) overlap and cause a dynamic surge in BP

[73] (Fig.1-25). Based on this hypothesis, we predict that there are main two effects of cold

temperatures: (1) acute effects, and (2) chronic effects. The specific questions these prediction raise

are: (1) Does blood pressure rise due to cold exposure and trigger cardiovascular events? and (2)

Does the state of hypertension due to chronic cold exposure damage vascular endothelial cells and

promote vascular aging? Given that a long time span is required to answer question (2), we will aim

to answer question (1) in this thesis.
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Fig.1-25 | Synergistic resonance hypothesis on blood pressure variability and the effects of
cold (modified from [73])

ABPM, ambulatory blood pressure monitoring; BPM, blood pressure monitoring; CV, cardiovascular; BRS,
baroreceptor sensitivity
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1.6 Purpose of this research and the structure of this thesis

The purpose of this research was to examine the preventive effects of improving housing
environments on the incidence of CVDs. In particular, surveys were conducted on blood pressure,
which is a widely used risk factor for CVDs, and the relationship between the indoor thermal
environment in houses and blood pressure was analyzed. This study was based on the hypothesis that
low room temperatures in houses with a poor thermal environment lead to high blood pressure and
large fluctuations in blood pressure (e.g. morning surge), while these outcomes are suppressed in
houses with a sufficient thermal environment, and that improving the indoor thermal environment
may contribute to the prevention of CVDs (Fig.1-26).

By quantitatively evaluating these relationships based on objective data, this study aims to show
the degree to which the incidence of CVDs can be reduced by improving the thermal environment
inside houses, and the importance of improving the indoor thermal environment. The main goals of
this study are:

(1) To collect data to enable the establishment of optimum room temperature recommendations for
the prevention of hypertension.

(2) To provide evidence for the incorporation of "housing environment" as a countermeasure for
the prevention of CVDs into domestic and international policies (Fig.1-27).

Ultimately, this research aims to improve Japan's adiabatic level, which is lower than that of

European and American countries.

M Low thermal insulation performance houses

Fig.1-26 | Hypothesis of Ph.D. dissertation
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Chapter 1 summarizes the motivations for preventing CVDs and the global problem associated
with EWM. The chapter also discusses the possibility of preventing CVDs by improving the thermal
environment inside houses. In addition, this chapter also describes the significance of preventing

hypertension, which is considered the main risk factor for CVDs, and the basis of this research.

Chapter 2 summarizes domestic and foreign policies on housing-health relationships. Examples
are mainly extracted from studies from the UK and New Zealand, which are leading countries in this
field. The chapter will also introduce clinical trials that examined the relationship between the living
environment and hypertension and CVDs, and studies that examined the relationship between room
temperature and blood pressure. The position of the present research will be clarified based on issues

identified in previous studies.

Chapter 3 outlines the field surveys conducted by several researchers from the Laboratory of
Toshiharu Ikaga, which became the basis of a nationwide survey. The results from measurements
conducted in the field surveys reveal 1) the impact of bedroom temperature on blood pressure
variability in the early morning, and 2) the causal correlation between a rise in room temperature and
a drop in blood pressure when subjects moved to high thermal insulation performance houses. Issues

associated with implementing the nationwide survey are summarized according to these results.

Chapter 4 outlines the before-and-after insulation retrofit surveys conducted throughout Japan
(SWH survey: Smart Wellness Housing survey). The research question, study design, intervention,
recruitment, determination of sample size, and measurement items are described and the ethical
issues and online registration in accordance with the International Committee of Medical Journal
Editors (ICMJE) recommendations are summarized. Furthermore, the number of participants and

baseline characteristics of participants and their homes are summarized.

Chapter 5 describes findings on 1) the relationship between home blood pressure and room
temperature, and 2) the sensitivity of home blood pressure to changes in room temperature, obtained
in the baseline survey (before insulation retrofit). These results are useful for determining optimum
room temperature recommendations for the prevention of hypertension. In addition, the nationwide
survey was used to identify the areas with low indoor temperatures and the attributes of the residents

who live in cold homes.
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Chapter 6 describes the results of comparative analysis between the "insulation retrofit group",
which conducted two measurements before and after insulation retrofit, and the "control group",
which conducted two measurements without insulation retrofit. The results were used to determine

the causal relationship between decreases in blood pressure and insulation retrofit intervention.

Chapter 7 shows the results of comparative analysis of health exam data from participants living
in warm houses (indoor temperature >18°C) compared to cold houses (indoor temperature <18°C). A
cross-sectional analysis is used to examine whether the risk of arteriosclerosis and abnormalities in
electrocardiogram findings, indices strongly related to CVDs, increases in participants living in cold

houses.
Chapter 8 summarizes the achievements of the present research. In addition, this chapter suggests
the need to verify the long-term health effects of housing environment using a long-term cohort

study.

The structure of this paper is shown in Fig.1-28.
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Chapter 2 | Domestic and international trends and research on housing and health

2.1 Efforts to prevent health injuries due to cold
Efforts related to housing and health are known to be particularly advanced in the UK and New
Zealand [74—76]. Therefore, in this chapter, I will introduce the efforts adopted in these two leading

countries in the field of housing and health, as well as the efforts in Japan.

2.1.1 Efforts in the UK
(1) Housing Health and Safety Rating System

The Housing Health and Safety Rating System (HHSRS) was introduced under the UK Housing
Act 2004, and is used to evaluate the health status and safety of housing in England and Wales [77].
The HHSRS was developed under the Ministry of Housing, Communities and Local Government
(formerly the Department for Communities and Local Government), with the Building Research
Establishment and the University of Warwick, and is currently being legislated. The HHSRS is an
evaluation tool for identifying potential risks to health and safety arising from poor housing and for
protecting residents. Its best feature is that houses that are found to be defective in an HHSRS
evaluation will receive injunctions and penalties for repair, closure, or demolition. To evaluate
defects and risks, 29 categories of hazards are classified into 4 groups: physiological requirements;
psychological requirements; protection against infection; and protection against accidents (Table

2-1). These are evaluated by inspectors from local governments that specialize in public health.

Table 2-1 | Profiles of potential health and safety hazards in dwellings in HHSRS [77]

Physiological Psychological Protection
requirements requirements against accidents
Damp & . Falls associated with
W 01 moulz growth 11 Crowding & space 19 Baths. etc.
. Falling
02 Excess cold 12 Entry by intruders R0
on level surfaces, etc.
03 Excess heat 13 Lighting 21 Falling on stairs, etc.
04 Asbestos & MMF 14 Noise 22 Falling between levels
05 Biocides 23 Electrical hazards
06 CO & fuel Protection ‘ 4 Fire

combustion products EIEERIgi{Eleifely!
Domestic hygiene,

Flames, hot surfaces,|

07 Lead pests & refuse 25 etc.

08 Radiation 16 Food safety 26 Collision & entrapment
Uncombusted Per.son.al hyglen.e 27 Explosions
fuel gas sanitation & drainage

10 VOCs 18 Water supply 28 Position & operability

of amenities, etc.
Structural collapse &
falling elements

MMF, manufactured mineral fibers; CO, carbon monoxide; VOCs, volatile organic compounds.
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(2) Cold Weather Plan for England

The Cold Weather Plan (CWP) for England was established in 2011 by Public Health England
(PHE) through collaboration with the National Health Service (NHS), the Local Government
Association (LGA), and the UK Met Office, and aims to protect health and reduce harm from cold
weather [72]. This plan provides warnings for health injuries due to the cold, a cold weather alert
system (Fig.2-1), recommendations for appropriate heating (minimum room temperature threshold
of 18°C), promotion of investment in insulation retrofit of houses, and distribution of coupons for
heating fuel to poor residents struggling with fuel costs. The collection of evidence that supports the
CWP for England, namely, “CWP for England, Making the Case: Why Long-Term Strategic
Planning for Cold Weather is Essential to Protecting Health and Wellbeing” [78], and simplified
versions of the CWP [79] have simultaneously been made publicly available to actively raise

awareness among citizens about preventing health problems due to cold houses.

Cold weather alert

INHS
H‘Em.wcm“m England
The Cold Weather Plan for England [ sstansreacress. Level 1 Levei2 Level 3 Levela T Jegorsl.
Protecting health and reducing harm [ P

Amber — Severe weather action
from cold weather - .

. Triggered by the Met Office when we are experiening weather which breaches any of the threshoids. This stage requires
B social and heshcare services 10 target specific actions at high-isk groups.

Level 2 | Severe winter weather is forecast — Alert and readiness
mean temperature of 2°C or less for a period of at least 48 hours and/or
widespread ice and heavy snow are predicted, with 60% confidence

Fig.2-1 | The Cold Weather Plan for England and cold weather alert system [72]
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2.1.2 Efforts in New Zealand
(1) Healthy Housing Index (HHI) Pilot Study

The Healthy Housing Index (HHI) measures the healthiness and safety of a house and the
potential occurrence of diseases and accidents due to housing factors. The measurements were
performed by He Kainga Oranga, a research organization affiliated with the University of Otago that
studies housing and health, and the Building Research Association of New Zealand (BRANZ) in a
pilot study with the following two objectives: (1) to develop an injury hazard index; and (2) to
measure the relationship between the developed index and injury outcomes [80].

The pilot investigation consisted of three phases. The first phase was the conceptual development
of HHI, which involved discussions with various stakeholders and a review of the literature on
housing and health (including the UK’s HHSRS). The second phase involved recruiting 259
residents in 102 households and collecting data on their housing status. The housing status data were
collected using a questionnaire, which investigated the physical condition of the houses, including
the (i) structural soundness; (i) validity of medical services; (iii) warmth and dryness; (iv) safety;
and (v) protection from external hazards. The third phase involved the development of the injury
hazard index and measurement of the relationship between the developed index and injury outcomes.
The researchers ultimately determined that an increase of 1 in the injury hazard index score
increased the probability of an injury occurring by 22% (95% confidence interval: 6—41%),
suggesting that measures to decrease the hazard index score may be effective for reducing injuries

(Table 2-2).

Table 2-2 | Healthy Housing Index hazards and odds ratios of reported injuries over three

years [80]
Parameter Estimate Standard error 95% Confidence limits Odds ratio P-value
Intercept -4.282 0.646 (-5.547, -3.016) 0.014 <0.001
sumhazards 0.199 0.073 (0.055, 0.342) 1.220 0.007

(2) Warm Up New Zealand: Heat Smart (WUNZ:HS) Programme

The Warm Up New Zealand: Heat Smart (WUNZ:HS) Programme was initiated in July 2009. It is
New Zealand’s largest-ever program to provide insulation retrofit and efficient and
environmentally-friendly heating equipment, having received NZ$340 million in funding from the
New Zealand government. The program was started based on more than 10 years of research
findings from He Kainga Oranga, and the results generated by WUNZ:HS are affecting policy.

To evaluate the costs and benefits of the program, WUNZ:HS was managed by the Energy
Efficiency and Conservation Authority (EECA), an organization that aims to improve energy

consumption in New Zealand. The New Zealand Ministry of Economic Development conducted the
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cost-benefit analysis. Households were selected as matched pairs of control and intervention
households with similar building age, scale, performance, and area. The sample size including both
the intervention group and control group comprised a total of 255,672 households and 973,710
residents. The main outcomes were: (1) the ratio of benefit to cost of the entire program; (2)
measurement of program costs; (3) changes to employment due to the program; (4) changes to
electricity and gas consumption due to the program; (5) changes to the hospitalization rate and
mortality rate due to the program; and (6) changes to hospitalization costs and costs of
pharmaceutical products per household due to the program.

As a result of the WUNZ:HS intervention, the mortality rate among participants aged 65 years and
older who were recently hospitalized for cardiovascular disease (CVD) decreased by 27%.
Additionally, the intervention led to a decrease in hospitalization costs associated with CVD,
respiratory diseases, and asthma of NZ$67.44, NZ$98.88, and NZ$107.52 per year per household,
respectively. Furthermore, the introduction of insulation materials significantly decreased the amount
spent on pharmaceutical products. When a final cost-benefit analysis was performed by combining
the amount of energy saved, the influence on industry and changes in employment, in addition to the
health impacts discussed above, the benefits of WUNZ:HS amounted to NZ$1,283 million
(energy-saving: NZ$17 million, health: NZ$1,266 million). Given that the cost was NZ$332 million,
the cost-benefit ratio was estimated to be 3.9:1 (Table 2-3).

This estimation has been summarized in four reports detailing the (1) overall impact [81]; (2)
health impacts (e.g., use of medical institutions, amount spent on pharmaceutical products, mortality
rate) [82]; (3) energy-saving impact [83]; and (4) influence on industry and changes in employment

[84] due to the WUNZ:HS intervention. Please refer to these reports for details.

Table 2-3 | Cost benefit analysis of the Warm Up New Zealand: Heat Smart Programme [81]

Costs Value (NZ$ million)
Admin costs 23
Deadweight costs of tax 51
CostBenefit Andlysisof Installations - insulation 173
el Installations - clean heat 85
Subtotal (A) 332
Benefits Value (NZ$ million)
Energy 17
Health 1,266
Subtotal (B) 1,283

Net benefit (B — A) 951

Cost benefit ratio (B:A) 3.9:1
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2.1.3 Efforts in Japan
(1) Comprehensive Assessment System for Built Environment Efficiency (CASBEE) Housing
Health Checklist

Following the trends in foreign countries, Japan has also actively conducted investigative research
on the relationship between the living environment and health in recent years. At the center of this
movement was the “Health Maintenance Promoting Housing Research Council and its Consortium,”
established under the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) between 2007
and 2013. Several investigative research studies have been conducted with the aim of promoting
health among citizens, and the most apparent product of these findings is the CASBEE Housing
Health Checklist [85]. The CASBEE Housing Health Checklist was compiled with reference to
examples, such as the UK’s HHSRS. This checklist serves as a simple self-diagnosis tool for
residents to identify problems in their houses that may affect their health. Points are accumulated
according to the room, place, and health elements, to obtain a score out of 132 (Table 2-4). This
checklist has been developed to provide residents the opportunity to check the health status of their
living environment, identify abnormalities related to health, and seek improvement. Although design
maps [86] and evidence collections [87] have been published as a result of this approach, from a
medical and public health perspective, there is currently insufficient evidence from CASBEE

Housing Health Checklist data on the impact of housing on health.

Table 2-4 | Categories of health and safety hazards in CASBEE Housing Health Checklist

[85]
Rooms and places Points Health elements Points
(1) Living room 21 (1) Thermal environment 36
BS\.MBT&
CASBEE ._1’:1’”7"“?: (2) Bedroom 21 (2) Acoustic environment 6
e (3) Kitchen 15 (3) Light environment 12
(4) Bathroom, dressing 21 (4) Hygiene 27
5 C ' room, and washroom

2 k% (5) Toilet 9 (5) Safety 45
(6) Entrance 9 (6) Security 6

(7) Corridors, stairs, 21

and storage
(8) Surroundings 15
(9) Optional —

Chapter 2 | 49



2.2 Review of previous research on housing and health
2.2.1 Clinical trials related to housing and health

The influence of housing on health has been summarized in numerous books and in the literature,

including reports from the WHO. There is a diverse variety of reports concerning the influence of

cold on health in general and on mental health, and the influence of air quality and dampness on

respiratory diseases [88—95]. Randomized controlled trials and observational studies related to

housing and health have been systematically summarized in a report by the National Institute for

Health and Care Excellence (NICE) [74] (Table 2-5).

Table 2-5 | Summary of findings on the effectiveness of clinical trials (modified from [74])

No. Study Country Design Setting Target Outcome
mBaseline
Partici t intai fortabl
articipants maln ained a com ortabl .e. room 146 healthy
Experiment of Assessor temperature in an accommodation facility articipants
1 > ; JPN | blinded, mintervention particip Ambulatory BP |
room heating ) . ) aged 18-60
simple RCT :Participants were randomly assigned to an cars
intensive room-heating group and a weak Y
room-heating group
mBaseline
Participants measured in a real-life setting 359
mintervention participants
HEIJO-KYO Stud JPN RCT Ambulatory BP
Hay Participants were instructed to set the timer of| aged 60 or mbulatory BP|
the heating device in their living room to start over
1 h before getting out of bed (n=186)
Intervention PedsQL (QOL
n
CHARISMA study Pragmatic . T : - 177 asthmatic score)t
2 Wales Housing modification to improve ventilation, )
Asthma RCT . children Absence from
and central heating if necessary (n=88)
school|
Heating costs|
mintervention Satisfaction with
RCT of ener Pragmatic Families
3 efficienc oy ENG R?CT : Households received an individually-tailored in fuel Iclavert home warmth?t
¥ package of improved heating and insulation P ¥ Self-reported
health—
;E;Iet:e:gzzm rogramme 3410 h'holds
Before-after y ) 9 prog 9,736 people
. . 1) Improving tenant access to healthcare o
NZ trial of healthy (within-person, . ) ) participating in Acute
4 . Nz 2) Reducing the risk of housing-related health e
housing crossover issues The Healthy hospitalization|
desi Housi
esign) 3) Providing a link to the appropriate social ousing
. . Programme
service agencies
131 dwellings
220 residents
WHO Frankfurt Controlled . (intervention
) ) ) mintervention
5 | Housing Intervention | GER | observational . . group) Thermal comfortt
. Insulation retrofit of houses )
Project study 104 dwellings
155 residents
(control group)
Energy
Community- consumption|
based, cluster, :mIntervention Self-rated health?
NZ study of seven low . . . . . 1,350 h’holds .
6 |. . NZ | single blinded :Installation of a standard retrofit insulation Wheezing|
income communities . (4,407 people)
randomized :package Colds and flu}
study A day off school or

work |,
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Table 2-5 | Summary of findings on the effectiveness of clinical trials (continued)

(modified from [74])
No. Study Country Design Setting Target Outcome
409 child A day off school
NZ study of mintervention a e‘(;i (IS ;ezn Visit:)tlooa ch'?oor tr
7 households with NZ RCT Installation of a non-polluting, more effective 9 . .
. . . . years with pharmacist for
asthmatic children home heater (heating intervention)
asthma asthma|, etc.
mintervention
- . . . Fuel costs|
8 Housing intervention sco RCT Replacement and upgrades to central heating| 178 patients Respiratory symptom
For COPD systems; installation of loft, under-floor and| with COPD P sco);ey P
cavity wall insulation !
mintervention Thermal comfortt
Controlled .
9 Warm Front ENG before-after Warm Front package Low income Stress|
Scheme comparison (insulation, heating repair or replacement,| households | Mental and physical
P draught proofing) health?
Ecological
g|A Comparison of the yearly excess winter
observational . . 25,000
Newham fuel stud mortality ratio for Newham and all of London residents
10 . . ENG Y from before and throughout the duration of the No clear evidence
poverty intervention (controlled ) aged 65 or
Warm Zone project (a government-led fuel
before-after . : over
. poverty reduction scheme in Newham)
comparison)
1,281 h’holds Self-reported
. ) that received | diagnosis of heart
A prospective controlled study in Scotland 2 )
) . " . new central disease|
. . Prospective icomparing participants who received new }
Domestic heating . . heating Self-reported
11 roaramme SCO controlled icentral heating devices under a devices diaanosis of high
[PEEEE study  publicly-funded initiative, and those that did 2 &
not and 1,084 blood pressure|
comparison General healtht
h’holds Physical healtht
Int ti 7 ject:
Controlled mintervention . . s subJe.c s Heating costs|
Glasgow thermal Two blocks of flats were upgraded from being| (intervention)
12 . SCO before-after . . BP|
quality study comparison cold, damp and mouldy to being comfortably| 40 subjects S s e
s warm, dry and mould-free throughout. (control) s
Th bined
Before-after . 119 © combine
. . ) mintervention ) asthma symptom
Watcombe Housing intervention . ) . . |council-owned
13 ENG Upgrading houses (including central heating, score|
Study study o o . . houses, about
N . ventilation, rewiring, insulation, and re-roofing) . General health—
(waiting list) 480 residents
Mental health—
52 homes
128
New Brunswick and Comparison of the test group and control| occupants Symptoms|
14 Nova Scotia energy CAN Controlled igroup. The test group was R-2000™ homes| (test group) (throat irritation,
efficient new homes comparison :built to preset and certified criteria for energy| 53 homes cough, fatigue and
study efficient ventilation and construction practices. 149 irritability)
occupants
(control)
. 72 children All respiratory
mintervention .
Cornwall home Before-after ) N with asthma symptoms|
15 ) ENG Installation of gas central heating in most| | . .
heating study study cases living in 59 | A day off school for
damp homes asthma|
997
- . households .
16 Longitudinal study of sco Before-after mlIntervention on an isolated Respiratory health—
housing and health study Improvement of heating system housing General health—
estate
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In the UK, randomized controlled trials [96—99], before-after interventional comparison studies
[100—105], and prospective studies [106] related to the impact of introducing insulation materials
and central heating systems on health (general health, mental health, and respiratory diseases
including asthma) have been conducted, and the CWP for England, described above, was formulated
based on findings from these studies. In New Zealand, an investigation on the changes to health
status (e.g., cold, insomnia, rate of absenteeism) in 4,407 residents in 1,350 households before and
after insulation retrofit [107] and an investigation on the influence of introducing heating devices
that do not pollute the air on the health of children [108] have been conducted based on randomized
controlled trial designs. However, the NICE report indicates that knowledge related to housing and
health remains insufficient because the evidence is subjective, suggesting the need for objective

evidence based on actual measurements [ 109].
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2.2.2 Clinical trials related to housing and hypertension/cardiovascular disease
(1) Experiment of room heating (Japan)

A randomized controlled trial was conducted in Japan to assess the influence of room heating on
blood pressure [110]. Baseline measurements were taken at accommodation facilities where the
temperature could be adjusted freely by participants depending on their bedding and clothing.
Measurements were retaken after randomly assigning the participants to laboratories set at either
12°C or 22°C. The results suggest that, in addition to a significant decrease in blood pressure in the
morning and evening, a morning blood pressure surge at the time of waking is suppressed in the

warmer condition (Fig.2-2).

—>—Intensive room-heating group (n=67)
[mmHg] —a&—\Weak room-heating group (n=73)

140 —

130

120 Systolic Blood Pressure
110
[c]
35 -
34 -

Mean Skin temperature
33

[’c
35

30 +

25 Bed temperature

24 W@—o—o——&o—@ﬂ—%@-@w
Indoor temperature

14 H*wa

rrrrrrrrr T T T F°T T T T TTTTTTTTTI
-120-90 -60 -30 0 30 60 90 120 90 -60 -30 O 30 60 80 120 [min]

N
N
|
Y

Evening Nighttime Morning
t 1
Go to bed Get out of bed
Fig.2-2 | Fluctuations in systolic blood pressure, mean skin temperature, bed temperature

and indoor temperature [110]
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(2) Housing Environments and Health Investigation among Japanese Older People in Nara,
Kansai Region: a prospective community-based cohort (HEIJO-KYO) study (Japan)

The HEIJO-KYO study was a large-scale prospective cohort study initiated in September 2010 to
investigate the influence of the living environment on health (1,127 participants). Researchers visited
the homes of participants aged 60 years or older and measured health indices (e.g., ambulatory blood
pressure, quality of sleep, depression, cognition, blood parameters) and living environment (e.g.,
temperature, light, noise) over 48 hours. The relationship between the living environment and health
indices was determined using epidemiological approaches to extrapolate the relationship to a
long-term prognosis. In doing so, they answered questions such as, “in what kind of living
environments do people live longer?” and “in what kind of living environments do people develop
stroke, ischemic heart disease or cancer?” This research focused on the biological rhythm (circadian
rhythm) and the living environment by measuring melatonin secretion, body temperature rhythm,
and levels of physical activity.

Among the HEIJO-KYO studies, a randomized controlled trial was conducted on the influence of
heating on blood pressure [111]. Participants in the intervention group were instructed by a doctor to
set their heating device to heat to 24°C one hour prior to getting out of bed. The room temperature
four hours after the participants had gotten out of bed rose 2.09°C, and their SBP and DBP decreased
by 4.42 and 2.33 mmHg, respectively (Fig.2-3).

Living room temperature ['C ] Baseline Qutcomes

18.01

16.0

14.04

12.04 -
== Intervention group (n=186)
—&— Control group (n=173)

10.0

-150-120 -90 -60 -30 30 60 90 120 150 180 210 240 -150-120 -90 -60 -30 30 60 90 120 150 180 210 240
Time after rising [min] Time after rising [min]

Systolic Blood Pressure [mmHg]

140 A

130 A

120 1
== Intervention group (n=186)
—— Control group (n=173)

110

-150-120 -90 -60 -30 30 60 90 120 150 180 210 240 -150-120 -90 -60 -30 30 60 90 120 150 180 210 240

Time after rising [min] Time after rising [min]

Fig.2-3 | Fluctuation of living room temperature, physical activity, and SBP [111]

Chapter 2 | 54



(3) Central heating programme (Scotland)

In Scotland, a program has been implemented to build new central heating units in households
(where the head of the household or spouse is 60 years or older) with inadequate or irreparable
central heating systems. The main purpose of the program is to improve the health of elderly people,
reduce the number of deaths during the winter season, decrease the incidence of cold-related
diseases, and reduce the burden on the UK NHS. The program was initiated after recognizing that
there was little research related to the effect of cold housing on health.

A prospective control study that compared participants with new central heating systems (1,281
households) to a control group (1,084 houscholds) investigated the incidence of heart disease,
cardiovascular disease, and hypertension using a questionnaire [106]. The study reported that a
diagnosis of heart disease and hypertension was less likely (odds ratios: 0.69 (95% CI: 0.52-0.91)
and 0.77 (95% CI: 0.61-0.97), respectively) among participants who lived in houses with new
central heating systems (Table 2-6).

Table 2-6 | Covariate-adjusted associations between "treatment group" membership

(heating recipients vs comparison group households) and health outcomes (2002-06) [106]

Measure Type Estimate (95%Cl) n p

Specific symptoms and health conditions

Whether respondent has ever been diagnosed with bronchitis, etc. 1.29 (0.97 to 1.72) 1,983 0.09

Whether respondent has ever been diagnosed with nasal allergy 1.52 (1.05t02.20) 2,136 0.03

Whether respondent has ever been diagnosed with heart disease 0.69 (0.52t0 0.91) 1,928 0.01

Whether respondent has ever been diagnosed with high blood pressure 0.77 (0.61t0 0.97) 1,340 0.02

Use of primary and secondary health services

Number of overnight hospital stays in past 12 months (one or more vs zero) P 0.74 (0.54 to 1.03) 2,309 0.08

Type: O = Odds ratio, P = Poisson regression coefficient
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(4) Glasgow thermal quality study (Scotland)

In Scotland, a study examined improvements to blood pressure due to installation of a housing
renovation package. In the mid-1980s, the Easthall Residents Association (ERA) and the Technical
Services Agency (TSA) investigated existing residences in Easthall and found that problems of cold
and condensation were caused by poor insulation materials. For this reason, the ERA and TSA
developed a renovation package, termed Heatfest, that involved double-skinning outer walls,
introducing insulation materials, doubling glass, and introducing a gas central heating system. They
conducted interventional studies with financial aid from the European Economic Community and the
Glasgow City Council [102]. Two blocks (36 houses) were selected as the intervention group and
two other blocks were chosen as the control group. Blood pressure, which is a risk factor for
coronary artery heart disease and stroke, was measured in these groups. The intervention group

showed significant improvements in blood pressure compared to the control group (Table 2-7).

Table 2-7 | Changes in blood pressure in intervention and control group [102]

Variable n Mean SD SE mean difi:rfe:ce pt\::lsute —li;;:zrded ::il:e
Intervention
Systolic BP
Before 27 14214 22.91 4.41 — 196 112
After 27 122.78 15.94 3.07 — Paired 148 100
Difference 27 —1936 14.51 2.79 —13.93to —25.41 0.000
Control
Systolic BP
Before 9  140.00 14.59 4.86 - 163 117
After 9 14278 18.51 6.17 - Paired 169 126
Difference 9 +278 9.30 3.10 +9.80to —4.37 0.396
Difference between intervention and control
Intervention 27 —194 14.5 2.8
Control 9 +2.78 9.30 3.1 Two sample
Estimated difference 22.14 13.77 to 31.12 0.000
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(5) Warm Up New Zealand: Heat Smart (WUNZ:HS) Programme (New Zealand)

The WUNZ:HS (described in Section 2.1.2) Programme provided participants with insulation
retrofit and effective and environmentally-friendly heating equipment and examined the risk of death
due to CVD in these households [112]. Survival analysis using the Kaplan-Meier method (Fig.2-4)
and Cox proportional hazard analysis (Table 2-8) were performed on a sub-cohort (3,287 participants
out of the more than 900,000 people who participated in WUNZ:HS) comprising residents over the
age of 65 years who were hospitalized in the past for CVD. The results clearly indicate that the
hazard ratio for deaths due to CVD was smaller in households that underwent insulation retrofit or

insulation retrofit and receipt of heating equipment than in the control group.
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Fig.2-4 | Kaplan-Meier survival estimates for the circulatory subcohort [112]

Table 2-8 | Adjusted cox proportional hazards model results: circulatory subcohort [112]

Variable HR (vs control) Robust SE z p<|Z| 95%Cl
Insulation only 0.673 0.079 —3.37 0.001 0.535 to 0.847
Heating only 1.348 0.293 1.38 0.169  0.881 to 2.064
Insulation and heating 0.581 0.150 —2.10 0.035  0.350to 0.964

Model controls for age, sex, ethnicity, NZDep 2006 score (Socioeconomic Deprivation Index), hospitalization-based

variables, dwelling risk score and climate zone.
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2.3 Review of previous research on temperature and blood pressure

A number of recent studies have systematically summarized research related to temperature and

blood pressure using meta-analysis [113] (Table 2-9). The meta-analyses indicate that the rise in SBP

due to decreases in indoor temperature (an increase of 3.8 mmHg when the indoor temperature

decreased by 10°C) is greater than that due to decreases in outdoor temperature (an increase of 2.6

mmHg when the outdoor temperature decreased by 10°C). Studies that examined the relationship

between indoor temperature and blood pressure are summarized below.

Table 2-9 | Summary of studies on ambient temperature and blood pressure in adults [113]

- Measurements Outcome
No. Author  iCountry Stail:tlgaal Target (age, years) (BP change
Metnod *| Blood pressure |Temperature®.  Range ['C] per 10°C reduction)
39 healthy
) SBP: 3.4 (2.2-4.7)
1 Wou et al. CHN | GLMM (SBP, DBP Min. 15.8 (0.9-25.4) undergraduate male
DBP: 3.6 (2.7-4.4)
students (mean: 20.1)
Lanzinger Ambulatory 30 type 2 diabetes SBP: 10.0 (5.0-14.0)
2 GER AMM Mean 10.9+17.3 .
etal. SBP, DBP, PP patients (66.616.4) DBP: 3.0 (1.0-6.0)
. 880 home-dwelling
Daytime
3 | Saekietal. | JPN LR Daytime SBP 2.2-271 men and women 2.2 (0-4.3)
indoor temp.
(72.17.1)
mBaseline
Baseline and 1,831 hypertensive SBP: 2.7 (1.8-3.5)
repeatedly patients DBP: 1.7 (1.3-2.2)
4 | Chenetal. i CHN LR Mean 1.0-30.0
measured (Male: 55.3£10.5, |mRepeatedly measured
SBP and DBP Female: 55.2+9.5) |SBP: 2.14 (2.06-2.22)
DBP:1.44 (1.39-1.49)
mMean (baseline)
SBP: 1.6 (1.2-1.9)
DBP: 1.0 (0.8-1.2)
mMean (repeat)
Baseline and SBP: 1.1 (0.7-1.6)
repeatedly Mean, 55,567 asymptomatic | DBP: 1.0 (0.77-1.2)
5 | Hongetal. | KOR GLM —
measured Max., Min. subjects (49.4+12.6) |mMin(baseline)
SBP and DBP SBP: 1.9 (1.5-2.2)
DBP:1.2 (1.0-1.4)
mMin (repeat)
SBP: 1.3 (0.9-1.7)
DBP: 1.0 (0.8-1.3)
mMean
SBP: 7.0 (4.0-9.0)
Mean: 2-18
Woodhouse Mean, 96 community citizens | DBP: 3.0 (1.0-4.0)
6 ENG LR SBP, DBP Indoor temp. .
etal. indoor temp. P (Median: 69) mIndoor temp.
’ SBP: 9.0 (4.0-14.0)
DBP: 4.0 (2.0-7.0)
819 (48.3+15.9)
9.8 SBP: 1.8 (0.8-2.8)
7 |Dashtietal.: USA LR SBP, DBP Mean - 610 normotensive
(—24.4-28.9) . DBP: 1.0 (0.4-1.6)
+ 209 hypertensive

2 GLMM: generalized linear mixed-effects model; AMM: additive mixed regression model; LR: multiple linear regression; GLM: generalized

linear model; BHM: Bayesian hierarchical model. ® Mean: daily mean outdoor temperature; Min.: daily minimum outdoor temperature;

Max.: daily maximum outdoor temperature
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Table 2-9 | Summary of studies on ambient temperature and blood pressure in adults

(continued) [113]
e Measurements Outcome
No. Author  :Country Stail:tlgaal Target (age) (BP change with
Metnod *| Blood pressure |Temperature®.  Range ['C] per 10°C reduction)
1,248 (57.247.6)
12.6 SBP: 2.3 (1.1-3.5)
8 |Dashtietal.: USA LR SBP, DBP Mean - 399 normotensive
(—14.4-31.1) ) DBP: 0.4 (0.2-1.0)
+ 849 hypertensive
Mean Summer: 25.5 23,000 individuals with
9 | Yangetal. | CHN LR SBP . . SBP: 6.2 (5.7-6.7)
(=5°C) Winter: 3.8 prior-CVD (52+11)
mMax
21,894 general
. . SBP: 1.3 (0.9-1.7)
. population without
10 | Kentetal. | USA LR SBP, DBP Max., Min. — . DBP: 0.5 (0.3-0.7)
previous stroke or TIA® .
sMin
(65.749.3)
SBP: 0.6 (0.3-0.9)
Kunutsor Morning: 28-34 574 general population
11 GHA LR SBP Indoor temp. SBP: 5.2 (1.0-13.0)
and Powles Afternoon: 39-43 (37.8+£14.0)
mMean
115,434 general
- Barnett et o P Mean, Mean: 1.6-20.4 lati SBP: 1.9 (1.1-2.6)
- . opulation
al. indoor temp. Indoor temp.: 18-24 p(§5 - alndoor temp.
SBP: 3.1 (1.9-4.4)
Madsen and 16,827 general
SBP: 2.0 (1.0-3.0)
13 | Nafstad et | NOR GLM |SBP, DBP Mean 6.2+7.5 population
DBP: 1.6 (1.0-2.0)
al. (30-76)
Quartiles (25th,
333 not hypertensive
14 | Jehnetal. | USA LR SBP Mean 50th, and 75th) SBP: 0.4 (0.1-0.8)
(45.1£10.4)
13,10, 21
mMean
SBP: 3.2 (1.0-5.4)
7,735 general
Mean.: 8.7+4.3 . DBP: 1.6 (2.0-3.0)
15 | Bruce etal. | ENG LR SBP, DBP Mean, Max. population
Max.: 12.3+4.86 mMax
(40-59)
SBP: 3.8 (2.0-5.6)
DBP: 1.8 (0.6-3.0)

2 GLMM: generalized linear mixed-effects model; AMM: additive mixed regression model; LR: multiple linear regression; GLM: generalized

linear model; BHM: Bayesian hierarchical model. ® Mean: daily mean outdoor temperature; Min.: daily minimum outdoor temperature;

Max.: daily maximum outdoor temperature. © TIA: transient ischemic attack
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(1) Saeki et al. (Japan)

In the HEIJO-KY O study, Saeki et al. measured ambulatory blood pressure over two days in 868
elderly people over the age of 60 years during the winter months between October and April, and
compared the influence of indoor temperature and outdoor temperature on blood pressure [114]
(Table 2-10). Multilevel linear regression analysis revealed that while the daytime outdoor
temperature had no significant influence on blood pressure, the indoor temperature significantly
influenced blood pressure, with the SBP rising by 2.2 mmHg when the indoor temperature decreased
by 10°C. Furthermore, the nocturnal blood pressure was influenced by the bed temperature, and the
rise in blood pressure at the time of waking (morning surge) was affected by the indoor temperature

at the time of waking.

Table 2-10 | Multilevel linear regression analysis of the association between ambulatory

blood pressure and temperature [114]

Dependent variable Predictor Adjusted B (95%Cl) AIC p
BP change per 1°C reduction
Daytime outdoor temp. 0.02 (—0.131t0 0.17) 13,194.3 0.812
Daytime SBP Daytime indoor temp. —0.22 (—0.43to —0.003) 13,160.9  0.047
Daytime ambient temp. —0.29 (—0.48to —0.10) 13,093.0 0.003
Night-time outdoor temp. 0.12 (—0.02 to 0.26) 13,257.9 0.096
Night-time SBP Night-time indoor temp. 0.05 (—0.14 to 0.24) 13,2120  0.617
Night-time bed temp. —0.19 (—0.36 to —0.02) 13,188.1  0.030
Morning outdoor temp. —0.10 (—0.29 to 0.08) 14,355.8 0.275
Sleep-trough morning BP surge Morning indoor temp. —0.33(—0.55t0 —0.11) 14,314.7 0.003
Morning ambient temp. —0.31(—0.51to —0.10) 14,257.4  0.003
Morning outdoor temp. —0.17 (—0.35t0 0.01) 14,190.0 0.059
Prewaking morning BP surge Morning indoor temp. —0.31(—0.52to —0.10) 14,154.4  0.004
Morning ambient temp. —0.29 (—0.49to —0.09) 14,101.3  0.004

Adjusted for age, sex, body mass index, current smoking, habitual drinking, diabetes, calcium channel blocker,
angiotensin-converting enzyme/angiotensin receptor blockers, other antihypertensives, evening administration, and

physical activity at BP measurement.
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(2) Woodhouse et al. (England)

Woodhouse et al. conducted home visits to measure the blood pressure of 96 subjects at
two-month intervals over a one-year period [115]. The relationship between indoor temperature and
blood pressure was examined using linear regression analysis, which revealed that blood pressure

increased by 9.0 mmHg when the indoor temperature decreased by 10°C (Table 2-11).

Table 2-11 | Regression analyses on the relationship between indoor temperature and SBP
(Woodhouse et al.) [115]

Adjusted B (95%Cl)
Dependent variable Predictor p
BP change per 1°C reduction

Living-room temp. —1.3(—1.8to —0.8) < 0.0001

Living-room temp.
(adjusted for mean daily outdoor temp.)

Mean daily outdoor temp. —0.8(—1.1to —0.6) < 0.0001

—0.9(—1.4to —0.4) 0.0004

Mean daily outdoor temp. 0.7(—09t0 —04) <0.0001

Systolic blood pressure (adjusted for living-room temp.)
Body mass index —0.4(—1.3t00.5) 0.4
No. of walks per week 0.2(—0.1t00.4) 0.3
Gardening —0.9(—3.7t01.9) 0.5
Physical leisure activities 3.7 (0.8 t0 6.6) 0.01

(3) Kunutsor and Powles (Ghana)

In the study by Kunutsor and Powles, trained staff measured the blood pressure of 574 subjects
from Ghana, aged between 18 and 65 years old [116]. When the relationship between indoor
temperature and blood pressure was examined using linear regression analysis, they found that blood

pressure increased by 5.2 mmHg when the indoor temperature decreased by 10°C (Table 2-12).

Table 2-12 | Regression analyses on the relationship between indoor temperature and SBP

(Kunutsor and Powles) [116]

Adjusted B(SE)
Dependent variable Predictor p
BP change per 1°C reduction

Constant 100.812 (13.096) 0.000

Age (years) 0.332 (0.062) 0.000

Waist circumference (cm) 0.411 (0.090) 0.000
Systolic blood pressure

Alcohol (yes or no) —3.003 (1.758) 0.088

Smoking (yes or no) —0.362 (2.832) 0.898

Temperature (°C) —0.521 (0.262) 0.047
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(4) Barnett et al. (16 countries)

The MONICA (Multinational MONItoring of trends and determinants in CArdiovascular disease)
Project conducted by the WHO between 1979 and 1996 measured blood pressure twice in 115,434
people aged between 35 and 64 years old from 16 countries [117]. Analysis of the relationship
between temperature and SBP using a Bayesian hierarchical model showed that blood pressure
increased by 3.1 mmHg when the indoor temperature decreased by 10°C, whereas the blood pressure

increased by 1.9 mmHg when the outdoor temperature decreased by 10°C (Table 2-13).

Table 2-13 | Models for mean SBP quantifying the effects of season and temperature [117]

Adjusted B (95%Cl)

No Dependent variable Predictor
BP change per 1°C reduction
Season (midwinter vs. midsummer) 1.93 (0.86 to 3.01)
1 Systolic blood pressure (n = 45,031)
Indoor temperature (°C) —0.31(—0.44 to —0.19)
Season (midwinter vs. midsummer) —0.36 (—1.86 t0 1.12)
Outdoor temperature (°C) —0.19(—0.26 to —0.11)
2 Systolic blood pressure (n=53,728)
Outdoor temperature x sex = male 0.05 (—0.02to 0.11)
Short-term temperature trend (°C) —0.96 (—3.0510 1.22)

All models used a random intercept and random slope for body mass index.

All models also included fixed effects for age (nonlinear), sex, agexsex, body mass indexxsex and type of sphygmomanometer.
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Chapter 3 | Field surveys on housing thermal environment and blood pressure

3.1 Outline of field surveys on housing thermal environment and blood pressure
(1) Areas, periods and ethics

The surveyed areas, periods and number of participants are shown in Fig.3-1. Surveys were
administered to adult residents (men and women aged 20 years and older) in four areas in Japan:
Tosa Town (Kochi Prefecture), Nagato City and surrounding areas (Yamaguchi Prefecture),
Yusuhara Town (Kochi Prefecture), and Uenohara City (Yamanashi Prefecture). In addition, surveys
were administered to the customers of construction companies located in Tohoku, Kanto, Chubu,
Kinki, Chugoku, Shikoku and Kyushu who moved to high thermal insulation performance houses.
The surveys were mainly conducted in winter, when deaths due to cardiovascular disease (CVD) are
most frequent. Surveys in summer were also conducted on the same participants in Yusuhara Town
and Uenohara City. The study included 228 households and 387 participants in winter, and 52
households and 63 participants in summer, with a total of 280 households and 450 participants.
Briefing sessions were held for the participants of the field surveys (Fig.3-2) and informed consent
was obtained. A survey protocol, which included ethical issues, was approved by the Bioethics
Committee of the Faculty of Science and Technology, Keio University (approval number: 24-11,

25-13,26-11).

Tosa Town 1, Nagato City, Yusuhara Town, Uenohara City,
Kochi Pref.* Yamaguchi Pref. Kochi Pref. Yamanashi Pref.

o ;” < 7 g A A | | : (
29 residents 115 residents 36 residents 31 residents
25 households) (56 households) (23 households) (31 households)
1] 3 1 mz 23 8l9 Lz L? (month)

2012 2014 2015

1 4 1.2—ﬁ (month)

Tohoku, Kanto, Chubu,
Kinki, Chugoku, Shikoku
and Kyushu

* We conducted surveys
on differentresidents
in TosaTown 1 and 2

61 residents
(33 households) (32 households)

Fig.3-1 | Surveyed areas, periods and number of participants of field surveys in 2012—-15
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v) Tosa Town 2, Kochi Prefecture vi) Uenohara City, Yamanashi Prefecture

Fig.3-2 | Series of briefing sessions for field surveys
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(2) Measurement items
(i) Actual measurements (Table 3-1)
m Temperature/humidity

Indoor temperature and humidity at 1.1 m above the floor were measured in the living room and
bedroom at 10-min intervals. Indoor temperature only at 1.1 m above the floor was measured in the
toilet and changing room (indoor temperature in the changing room was not measured in survey case
A).
m Ambulatory blood pressure

According to the "Guidelines for the clinical use of 24 hour ambulatory blood pressure monitoring
(ABPM)" (JCS 2010) [118], daytime (07:00-22:00) BP was automatically measured every 30
minutes, and nighttime (22:00-07:00) BP was measured at 1-hour intervals, with consideration for
sleep quality. Continuous measurement was performed for a total of 7 days, excluding during
bathing.
m Home blood pressure

Blood pressure was measured by participants twice daily: before getting into bed in the evening
and after getting out of bed in the morning, in accordance with the guidelines of the Japanese Society
of Hypertension [119]. The conditions for measurement after getting out of bed in the morning were
(1) within 1 hour after getting up, (ii) after urination, before breakfast and taking medication, and (iii)
after sitting for 1-2 minutes. The condition for measurement before getting into bed in the evening
was after sitting for 1-2 minutes. Home BP was measured in the living room. The specifications of

each measuring instrument are shown in Table 3-2.

Table 3-1 | Outline of actual measurements in 2012-15

Temperature and
Number Number i Ambulatory BP Home BP

relative humidity
(households) | analyzed | |

Period Period Period
A [Tosa 14 (13) 14 (13)  [2012.1.13-2.17 2012.1.13-1.19 [2012.1.20-2.17
Town 15 (12) 15(12)  [2012.1.27-3.2 2012.1.27-2.2  [2012.2.3-3.2
Nagato City,
B etcg ™ 15 (56) 82 (44)  [2012.11.14-12.15 - 2012.11.30-12.14
- [Tosa 24 (15) 20 (13)  [2013.1.17-1.30 - 2013.1.18-1.30
Town 35 (18) 33(18)  [2013.2.2-2.14 - 2013.2.3-2.13
D-1 [Yusuhara 36 (23) 33(22)  [2013.2.15-3.8 - 2013.2.17-3.7
D-2 [Town 33 (22) 33(22)  [2013.8.7-9.7 - 2013.8.9-9.7
E-1 |Uenohara 31 (31) 29(29)  [2014.2.2-2.16 - 2014.2.2-2.16
E-2 |[City 30 (30) 29 (29)  [2014.6.29-7.15 - 2014.7.1-7.15
Fq  [lohoku Kanto, ey 30 57(30)  [2014.1.25-4.2 - 2014.1.25-4.2
Chubu, Kinki,
Fp  [Chugoku Shikokulse o) 52(26)  [2014.11.28-2015. 1.19 - 2014.11.28-2015. 1.19
and Kyushu

* We also conducted temperature and humidity measurements for 334 participants (145 households) in case C.
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Table 3-2 | Specifications of instruments used for actual measurements in 2012-15

Temperature and
relative humidity *

Temperature Ambulatory BP Home BP

Instrument RTR-53A TR-51i TM-2431 HEM-7420
(Company) (T&D Corp.) (T&D Corp.) (A&D Co., LTD) (Omron Healthcare Co., LTD)
Temperature: 0-55°C L . BP: 0-300mmHg BP: 0-299mmHg

Range i1 midity: 10-95%RH Temperature: —40-80°C 15\ 34200 bpm PUL: 40-180 bpm
Temperature: Ave.+0.3°C . . BP: < +3mmHg BP: < +3mmHg
Aceuracy |y midity: £5%RH Temperature: Ave 0.5°C o ;) 159, PUL: < 5%
- Temperature: 0.1°C P BP: 1 mmHg BP: 1 mmHg
Resolution |} midity: 1%RH Temperature: 0.1°C PUL: 1 bpm PUL: 1 bpm
Method — — Oscillometric Oscillometric

* Other instruments: RTR-503, TR-72U
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(i1) Questionnaire

A questionnaire survey was conducted on the same participants who performed the actual
measurements (Table 3-3). The main purpose was to extract information such as the attributes and
health condition of residents, and the performance and environment of houses. The survey forms
consisted of "Personal factors" and "Housing" sections (Table 3-4). The details are as follows:
m Section 1: Personal factors

The survey items in this section were focused on "personal attributes" such as age, sex, and body
weight, and "lifestyle habits" such as diet, smoking, and alcohol consumption, which are considered
factors that affect blood pressure. The health status of residents was determined by focusing on heart
diseases and cerebrovascular diseases caused by hypertension; and diabetes, hyperlipidemia, and
kidney disease, which are related to hypertension. For each disease, participants chose from
responses of "healthy," "under treatment," or "cured". Survey case A to D also inquired about the age
at onset of hypertension.
m Section 2: Housing

Participants provided answers to "basic information" on housing (e.g. structure, total floor area,
building age) and "performance" of housing (e.g. presence or absence of insulation, window glazing,
window frame). In addition, participants answered questions on the frequency of health problems
occurring in each room in the house, according to the Comprehensive Assessment System for Built
Environment Efficiency (CASBEE) health checklist, by choosing from four answers on a scale from

"often" to "none."

Table 3-3 | Outline of questionnaire surveys for field measurements in 2012-15

Numbe Numb T .
Hmber Hmber Distribution Collection
(households) | analyzed
T ) .
A |08 29 (25) 27 (25)  [2012.1.20-3.2 Direct Direct
Town
Nagato City Indirect Indirect
B ’ 161 (67) 143 (65) 2012.11.15-12.11 (via survey (via survey
etc. cooperators) cooperators)
Tosa Indirect Indirect
c 483 (181) 387 (173)  |2013.1.18-2.13 (via survey (via survey
Town cooperators) cooperators)
D-1  |Yusuhara 38 (23) 38 (23) 2013.2.17-3.7 Direct Direct
D-2 [Town 32 (22) 32 (22) 2013.8.7-9.7 Direct Direct
E-1 |Uenohara 31 (31) 31 (31) 2014.2.2-2.16 Direct Direct
E-2 |[City 29 (29) 28 (28) 2014.6.29-7.15 Direct Direct
Indirect
F-1 [Tohoku,Kanto, |51 (32) 56 (30) 2014.1.25-4.2 Direct (via survey
Chubu, Kinki, cooperators)
Chugoku, Shikoku Indirect Indirect
F-2 |and Kyushu 56 (28) 52 (26) 2014.1.28-2015.1.22  |(via survey (via survey
cooperators) cooperators)
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Table 3-4 | Part of the questionnaire contents for field measurements in 2012-15

Section 1: Personal factors

Age ( ) years old
Sex 1) Male 2) Female
Height/Weight ( ) cm ( ) kg
Antihypertensive
1) None 2) Previously taken 3) Currently taking
drug
Smoking 1) None 2) Quit smoking 3) Smoking
Alcohol
1) None 2) 1-2 times weekly 3) 3-5 times weekly 4) 6+ times weekly
consumption
Taste preferences 1) Weak 2) Normal 3) Strong 4) On a bland diet
Feeling stress
Difficulty sleeping 1) Never 2) Not often 3) Sometimes 4) Frequently
Cold limbs
1) Healthy 2) Under treatment 3) Cured
Diseases [Cardiac disease/Cerebrovascular disease/Cancer/Osteoporosis/Diabetes/Hyperlipemia/Kidney

disease/Psychiatric disorders/Bronchial asthma/Allergic rhinitis/Dementia/Hypertension/Other]

Section 2: Housing

Structure 1) Detached house 2) Multi-unit housing
Total floor area () m?
Building age
/Duration of () yearsold () years
residence
Building frame 1) Wooden 2) Reinforced concrete  3) Steel 4)Other ()
Insulation 1) Present 2) Absent
Window glazing 1) Single 2) Double 3) Triple
1) Aluminum 2) Aluminum (double)  3) Insulation 4) Old wooden

Window frame

5) New wooden

6) Plastic
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(3) Blood pressure indices used for analysis

The average values from 24-hour blood pressure measurements conducted in Tosa Town (survey
case A) are shown in Fig.3-3 (n = 27). As indicated in the figure, blood pressure exhibits a circadian
rhythm such that it decreases during sleep, rises when a person wakes up, remains high during the
day, and decreases towards the night. The results of a previous study [120] on the number CVD
cases in 2-hour intervals across 24 hours are shown in Fig.3-4. Comparison of Fig.3-3 and Fig.3-4
reveals similar trends in the change in blood pressure and the number CVD cases, and suggests that
onset of CVDs is concentrated at the time of waking, when blood pressure rises sharply. These
results demonstrate a phenomenon known as "morning hypertension”, which underlies the widely
accepted importance of blood pressure management at the time of waking [121]. This chapter
therefore focused on home blood pressure after waking and ambulatory blood pressure from bedtime

to after waking.

150

Systolic blood pressure
140

130 Mvg M
120 / el \\ .
110 ‘/ '\

100

90
80 M

70 W Diastolic blood pressure

60

Blood Pressure [mmHg]

50 T T T T T T T T T T T T T T T T T T
0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00

Fig.3-3 | Circadian rhythm of blood pressure in survey case A
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Fig.3-4 | Time-specific onset number of cardiovascular diseases for 2-h intervals [120]
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3.2 Influence of indoor temperature on morning surge in blood pressure
3.2.1 Objective

In this section, I compared the morning surge in blood pressure of subjects on the day with the
highest indoor temperature and the day with the lowest indoor temperature, based on ambulatory
blood pressure monitoring over 24 hours for 7 consecutive days during winter. I aimed to show that
the indoor temperature, and not the outdoor temperature, affected the fluctuations in blood pressure

before and after waking [122].

3.2.2 Data analysis

Data was collected from 29 residents in Tosa Town 1 (Fig.3-5). The indoor temperature/humidity
and the participants’ ambulatory blood pressure over 24 hours were measured during winter and
these variables were analyzed. The mean age of participants was 63 years old, and women accounted
for approximately two-thirds of the participants. The mean body mass index (BMI) was 23 kg/m?,
and the participants generally had standard body types. Approximately 70% of the participants were
non-smokers and approximately 50% of the participants drank alcohol less than once a week. Six
participants had been taking antihypertensive drugs. For the following analysis, we included 21
participants who were elderly, had a high risk of developing CVD, and had a standard body type,

accounting for a large part of the population as an effective sample.

Tosa Town 1, Nagato City, Yusuhara Town, Uenohara City,
Pr Yamaguchi Pref. Kochi Pref. Yamanashi Pref.
%:%{z»w b
2
115 residents 36 residents 31 residents
25 households) (56 households) (23 households) (31 households)
13 1112 2|3 89 12 7 monny
| 2012 2013 2014 2015

m 1 4 Gﬁ (month)

* We conducted surveys Tosa Town 2, gﬁﬂ?kéhfga:;ﬁ’ gﬂlllj(zlliu
on different residents Kochi Pref.* " and Kvuéhu
in Tosa Town 1 and 2 FTER el A
\:%&%7 ‘”‘%ﬁ "“ (e 9 ,«J’/ \\’
Ty ¢ y g—\/é
e
59 residents 61 residents
(33 households) (32 households)

Fig.3-5 | Location, period and number of participants of the field survey in 2012
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3.2.3 Influence of indoor temperature on morning surge
(1) Comparison of morning surge by room

Analysis was conducted with a focus on the morning surge in blood pressure, which previous
research has suggested is involved in multiple CVDs [123, 124]. From of the seven-day
measurement period, the days with the highest and lowest bedroom temperatures at the time of
waking were extracted. The influence of indoor temperature on morning surge (defined as the
maximum SBP two hours after waking minus the minimum SBP during sleep), which is an indicator
of blood pressure fluctuations at the time of waking, was examined. Fig.3-6 shows the comparison of
the morning surge on the day with the highest indoor temperature to that on the day with the lowest
indoor temperature in each room, at the time of waking. The results clearly indicate that the morning
surge was significantly greater on the day with lowest temperature in the bedroom than on the day
with highest temperature. In contrast, there were no significant differences between the days with the
highest and lowest temperature in the living room or the days with the highest and lowest outdoor
temperature. The above results suggest that controlling the temperature in the room in which one
sleeps is important for reducing the morning surge. The subsequent analyses focused on the room

temperature in the bedroom.

(2) Comparison of morning surge according to time period

To examine the question, “what time period affects the morning surge in the bedroom?”, we
compared the morning surge in subjects on the day with the highest room temperature and the day
with the lowest room temperature in the bedroom (1) during sleep; (2) two hours before waking; (3)
at waking; and (4) two hours after waking (Fig.3-6). A significant difference in the morning surge
was observed between the day with the highest room temperature and the day with the lowest room
temperature at waking (condition (3)). Therefore, maintaining a high indoor temperature around the
time of waking may enable better control of the morning surge in blood pressure. An explanation for
why significant differences were not observed during sleep or two hours before waking (conditions
(1) and (2), respectively) is that the effect of the temperature in the bed may be more important than
that of the indoor temperature on the morning surge. Furthermore, an explanation as to why a
significant difference in morning surge was not observed two hours after waking (condition (4)) is
that subjects may not remain in the bedroom and may, therefore, be affected by the indoor
temperature in other rooms and temperature disparities between rooms as he or she moves among

rooms.
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Fig.3-6 | Morning surge on days with the highest/lowest temperature in each room (left).

Morning surge on days with the highest/lowest bedroom temperature according to time

period (right)

(3) Fluctuations in blood pressure before and after getting out of bed

The relationship between the bedroom temperature and morning surge was examined by

averaging the blood pressure of all participants, before and after waking, on the day with the lowest

room temperature and the day with the highest room temperature. Fluctuations in bedroom

temperature at the time of waking on the day with the highest room temperature and the day with the

lowest room temperature are shown in Fig.3-7. The average room temperature on the day with the

lowest room temperature was 3.6°C (range: 2.9—4.1°C) lower than that on the day with the highest

room temperature. Fluctuations in blood pressure are shown in Fig.3-8. Average blood pressure on

the day with the lowest room temperature was elevated relative to that on the day with the highest

room temperature, and the average difference was 6.3 mmHg (range: 1.1-15.5 mmHg). In addition,

there was a large difference in blood pressure after waking (average: 8.2 mmHg). One cause of these

differences, according to our analysis, is likely the indoor temperature.
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Fig.3-7 | Fluctuations in bedroom temperature before and after getting out of bed
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Fig.3-8 | Fluctuations in systolic blood pressure before and after getting out of bed
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3.3 Causal relationship between rise in room temperature and decrease in blood
pressure
3.3.1 Objective

This section aims to demonstrate the causal relationship between temperature in the home and
blood pressure, by considering temporal precedence, by comparing the blood pressure before and
after relocation of residents from a house with low insulation capacity to one with high insulation

capacity [125].

3.3.2 Data analysis

Sixty-one clients of construction companies across the country who relocated had temperature and
humidity measurements taken before and after relocation, and had blood pressure measurements
taken at home, and this data were analyzed (Fig.3-9). The number of participants according to the
areas described in “Standards of Judgment for Business Operators” was: Area 4: 6 people; Area 5: 26
people; Area 6: 27 people; and Area 7: 2 people. Areas 5 and 6, therefore, accounted for the majority
of participants.

Tosa Town 1, Nagato City, Yusuhara Town, Uenohara City,
Yamanashi Pref. ‘

29 residents 115 residents 36 residents 31 résidents
(25 households) (56 households) (23 households) (31 households)

A e e e
| 2012 2013 2018 2015
m 'T__:l 1.2—|_; (month)

* We conducted surveys Tosa Town 2, K-I.-Oh.°ku’ Kanto, Chubu,
. . \ inki, Chugoku, Shikoku
on different residents Kochi Pref.*

d Kyush
in Tosa Town 1 and 2 and Kyushu

59 residents 61 residents
(33 households) (32 households)

Relocation to houses
with high insulation

Fig.3-9 | Location, period and number of participants of field surveys in 2014—-15
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3.3.3 Comparison of attributes before and after relocation

Table 3-5 shows the cumulative results of the questionnaire related to individual factors before

and after relocation. The mean age of participants before relocation was 37 years old. The mean BMI

before and after relocation was consistently 23 kg/m?, and, on average, the participants had a normal

body type. There were slightly more women than men. Almost no participants were affected by

diseases or taking antihypertensive drugs. Evaluation of lifestyle habits indicated that there were

many participants who were eating salt cured products one to two times weekly, greasy food three to

four times weekly, and vegetables and fruit every day of the week. Furthermore, approximately two

thirds of the participants had normal taste preferences. Approximately 60% of participants were

non-smokers and non-drinkers. Both before and after relocation, approximately 80% of participants

lacked physical exercise.

Table 3-5 | Characteristics of participants before and after relocation

Before After Before After
Item Answer ) . p-value Iltem Answer A . p-value
relocation relocation relocation relocation
Personal attributes Lifestyle
Age 20s 9 5 ns. Taste Weak 7 5 ns.
30s 27 30 preference Normal 36 38
40s 14 15 Strong 11 11
50s 3 3 On a bland diet 0 0
60s 1 1
Sex Men 25 25 ns. Salt-cured None 9 13 1
Women 29 29 products 1-2 times weekly 35 29
3—-4 times weekly 4 11
5-6 times weekly 3 0
Everyday 3 1
BMI Leptosome (<18.5) 5 6 ns. Greasy food None 0 0 ns.
Normal (18.5-25.0) 36 37 1-2 times weekly 17 18
Obesity (>25.0) 13 9 34 times weekly 25 23
NA 0 2 5-6 times weekly 9 12
Everyday 3 1
Cardiac disease None 52 52 ns. Vegetables None 0 0 ns.
Under treatment 2 1 and fruit 1-2 times weekly 3 4
Cured 0 1 3—-4 times weekly 11 7
5-6 times weekly 13 13
Everyday 26 30
NA 1 0
Cerebrovascular None 54 53 ns. Alcohol None 29 26 n.s.
disease Under treatment 0 0 consumption 1-2 times weekly 8 9
Cured 0 1 34 times weekly 8 5
5-6 times weekly 4 8
Everyday 5 6
Diabetes None 53 53 ns. Smoking None 31 31 ns.
Under treatment 0 0 Quit smoking 10 10
Cured 0 1 Smoking 12 13
NA 1 0 NA 1 0
Hyperlipemia None 52 49 ns. Exercise Insufficient 28 26 ns.
Under treatment 2 5 Slightly insufficient 15 21
Cured 0 0 Almost enough 7 5
Enough 4 2
Kidney disease  None 54 54 ns. 1 p<0.10
Under treatment 0 0
Cured 0 0
Psychiatric None 53 51 ns.
disorders Under treatment 0 0
Cured 1 3
Hypertension None 49 50 ns.
Under treatment 4 4
Cured 1 0
Antihypertensive None 50 51 ns.
drug Currently taking 4 3
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Table 3-6 shows the cumulative results related to housing before and after relocation. Prior to
relocation, the majority of participants lived in apartments, and the majority of houses had wooden
or steel-frame structure. The average total floor area was 67 m? before relocation and 110 m? after
relocation, indicating that houses were significantly more spacious after relocation. While a large
number of houses prior to relocation had insulation material, the majority had single-layer glass
windows and aluminum sashes. We estimated the insulation performance of houses before relocation
in accordance with previous research [126], and found that there were only houses that complied
with pre-1980 standards or the 1980 standards. In contrast, the heat loss coefficient (Q-value) of
houses after relocation, as determined from data obtained from the questionnaire for construction
companies, was on average 1.9 W/m’K, and the Q-values of all houses complied with the 1999
standards. Furthermore, the average equivalent clearance area (C-value) was 0.4 cm?/m?, and the
C-value also complied with the 1999 criteria. Therefore, houses after relocation had very high
insulation performance.

Table 3-7 shows the cumulative results related to the heating devices used before and after
relocation. Prior to relocation, approximately 30% of households used petroleum fan heaters and
approximately 40% used kotatsu tables. After relocation, the proportion of households using fan
heaters or stoves decreased, while, conversely, the proportion of households using room air
conditioners increased. While many participants used heating continuously while at home prior to
relocation, after relocation, there was an increase in heating used “only in the morning and evening
in the living room” and “only in the evening in the bedroom”, according to questionnaire responses,
indicating that there was an increase in intermittent use of heating. Furthermore, there was no
significant change, before and after relocation, in the proportion of participants using heating in

non-living rooms like toilets and changing rooms.

Table 3-6 | Characteristics of housing before and after relocation

Before After Before After

— Ry relocation relocation prillis St Ay relocation relocation prollis
Specifications Performance
Structure Detached house 6 27 Insulating Absent 5 o *
Apartment 17 0 material Present 10 27
Mansion 5 0 Unknown 13 0
NA 1 0 NA 1 0
Building frame Wooden 11 27 Window glazing Single 19 0o *
Reinforced concrete 7 0 Double 7 27
Steel 10 0 Unknown 2 0
NA 1 0 NA 1 0
Total floor area <50 m? 9 o * Window frame  Aluminum 22 o *
50-100 m? 12 9 Insulation 1 27
100-150 m? 3 16 Unknown 2 0
2150m? 1 1 NA 4 0
NA 4 1
** p<0.01 Building age <10 years 9 27 **
10-19 years 9 0
20-29 years 3 0
230 years 4 0
NA 4 0
Thermal Pre-1980 standards 5 o *
insulation 1980 standards 16 0
performance 1992 standards 0 0
1999 standards 0 27
NA 8 0
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Table 3-7 | Characteristics of heating devices before and after relocation

Before After Before After
Item Answer . . p-value ltem Answer . . p-value
relocation relocation relocation relocation
Heating device Use of Heating
Petroleum Absent 21 26t Heating time All day 7 8 ns
fan heaters Present 8 1 in the living room  While at home 30 15
Morning and evening 14 22
Morning 0 2
Evening 2 3
No use 0 2
NA 1 2
Gas fan heaters Absent 27 25 ns. Heating time All day 2 3 ns
Present 2 2 in the bedroom While at home 1 0
Morning and evening 4 1
Morning 0 2
Evening 6 13
No use 31 33
NA 0 2
Petroleum/gas  Absent 25 27 ns. Heating device No installation 18 11 ns.
stove Present 4 0 in the restroom No use 1 1
Use 10 14
NA 0 1
Electric stove Absent 26 27 ns. Heating device No installation 26 24 ns.
Present 3 0 in the changing No use 0 0
room Use 3 2
NA 0 1
Kotatsu Absent 18 20 ns. 1 p<0.10
Present 11 7
Room-air Absent 8 3 ns.
conditioner Present 21 24

The results of subjective evaluations concerning the living environment before and after relocation
indicate that there was a significant decline in the frequency of participants experiencing coldness in
each room, with a particularly marked improvement in the corridor, changing room, and bathroom,
which are generally considered non-living rooms (Fig.3-10). In addition, there were also significant
improvements in conditions related to humidity in the bedroom (dry nose and dry throat when
waking up in winter), acoustic environment of the bedroom (sound and vibrations inside and outside
the bedroom are disrupting even when windows and doors are closed), and in the light environment

of the bedroom (inability to sleep at night due to the surroundings being too bright).
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Fig.3-10 | Conditions of each room before and after relocation
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3.3.4 Comparison of indoor temperature before and after relocation

The fluctuations in indoor and outdoor temperature across 24 hours before and after relocation are
shown in Fig.3-11. The mean daily temperature before relocation was 5.7°C and that after relocation
was 5.1°C, indicating that the temperature was similar although slightly lower after relocation. The
indoor temperature across 24 hours in each room was higher after relocation than before relocation,
and the indoor temperature in the toilet and changing room, which were regarded as non-living
rooms, was maintained at 15°C or higher after relocation. The disparity between temperatures in the
living room and non-living room (toilet) before and after relocation was 3.3°C and 2.5°C,
respectively, indicating that the disparity in indoor temperature decreased following relocation. In
addition, the difference between the living room temperature before and after relocation was large in
the morning. The difference in mean daily living room temperature before and after relocation was
1.0°C, while the difference in living room temperature at 6 a.m. was 2.0°C. The difference in
thermal insulation performance before and after relocation was assumed to have affected the
magnitude of the decrease in room temperature at night. The average, standard deviation (SD), and
maximum and minimum indoor temperature before and after relocation are shown in Fig.3-12. The
maximum temperature in each room decreased, while the minimum temperature increased after
relocation, indicating that the room temperature tended stabilize after relocation. These findings
indicate that relocation to a house with high thermal insulation had two main effects: (1) increasing

the room temperature and (2) stabilization of the room temperature.
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Fig.3-11 | Fluctuations in indoor and outdoor temperature before and after relocation
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Fig.3-12 | Comparison of temperatures before and after relocation

3.3.5 Comparison of blood pressure before and after relocation

Having identified significant differences in lifestyle habits or outdoor temperatures before and
after relocation in 8 participants, we assessed the average indoor temperature in the living room and
blood pressure (BP) in the morning, before and after relocation, in 46 participants (the initial &
participants were excluded from the analysis). The average number of measurements conducted by
the participants was 14 both before and after relocation (range: 9-15 times), and measurements were
taken for approximately 2 weeks.

In Fig.3-13, identity (ID) codes were assigned to the participants: IDs 1 to 16 denote participants
who experienced decreased living room temperatures after relocation (room temperature decreased
group), while IDs 17 to 46 denote participants who experienced increased room temperatures after
relocation (room temperature increased group). Average systolic blood pressure (SBP) of
participants in the room temperature decreased group increased after relocation, while average SBP
of participants in the room temperature increased group decreased after relocation (Fig.3-14).

A valid sample (n = 46) was used to examine the influence of changes in room temperature on BP
due to relocation. Fig.3-15 shows the relationship between changes in living room temperature and
BP in the morning by relocation. The horizontal axis shows five groups divided based on the change
in living room temperature due to relocation (room temperature after relocation — room temperature
before relocation) and the vertical axis shows the change in BP in the morning (BP after relocation —
BP before relocation). There was a significant dose-response relationship between room temperature

and SBP (Jonckheere-Terpstra test, p<0.05).
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3.4 Summary of chapter 3

This chapter introduced the results of field surveys (pilot study), which formed the basis of the
nationwide survey. To strengthen the evidence for the prevention of hypertension through
improvement of the indoor thermal environment of houses such that it is recognized even in the

fields of medicine and public health, the field surveys must address three main challenges:

(1) Relocation significantly changed factors other than the thermal environment.

Because relocation to a high-insulation home involved changing sites, it is highly likely that
factors other than the thermal environment also significantly changed. As such, it may be more
effective to use insulation retrofit as an intervention, which changes the thermal environment while

participants continue to live in the same house.

(2) There was no control group, and the study consisted of a single group compared before and after

the intervention.

Because a non-intervention group (control group) was not established, it is impossible to rule out
the possibility that the decrease in blood pressure was due to a factor other than relocation to
high-insulation housing. Therefore, it is necessary to establish both an “insulation retrofit group” and

a “control group” in the study design and to conduct comparisons between the two groups.

(3) The sample size was small.

In medicine and public health studies, sample sizes of 1,000 or more participants are accepted
globally, and such studies are cited as rationale for various guidelines and standard values, such as
those for blood pressure. For this reason, the scale of this investigation was too small to propose “a
recommended room temperature to prevent hypertension”. Therefore, the sample size needs to be

increased.

The next chapter will provide a summary of the survey entitled “Nationwide survey on changes in
residents' health by energy-saving retrofit of living space in Japan: Smart Wellness Housing survey

(SWH survey),” which takes into consideration the aforementioned challenges.
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Chapter 4
Outline of the before and after insulation retrofit survey

in Japan (SWH survey)
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Chapter 4 | Outline of the before and after insulation retrofit survey in Japan
(SWH survey)

4.1 Introduction

“Excess winter mortality” (EWM) is a global problem [45—49]. EWM is a phenomenon in which
the mortality rate increases sharply in winter, and is predominantly caused by cardiovascular and
respiratory diseases [50—52]. A paradoxical relationship in which EWM is higher in areas with
milder winter climates has been observed in Europe [53, 54], the USA [55] and Asia [56, 57]. This is
attributed to houses in these areas being less prepared for the winter season, resulting in lower than
recommended indoor temperatures. In fact, lower indoor temperatures have been reported in areas
with higher outdoor temperatures [45], and EWM is higher in colder houses than warmer houses [49].
As a consequence of these observations, research on housing and health has increased in recent
years.

The influence of housing on health is summarized in many papers, including a World Health
Organization (WHO) report which covers issues such as the influence of cold temperatures on
overall and mental health, and respiratory illness due to air quality or dampness [88—95].
Meta-analyses and systematic reviews have noted that the UK and New Zealand are leading the
research on housing and health [74—76].

In the UK, randomized controlled trials (RCTs) [96—99], before and after surveys [100—105], and
prospective surveys [106] have been used to evaluate the effects of the installation of insulation
materials and central heating systems on health. The “Cold Weather Plan for England”, developed in
2011, was based on the results of these studies. This policy has led to several initiatives, including a
recommendation for heating (room temperature of 18°C), promotion of investment in housing
insulation retrofit, and a “cutting the cost of keeping warm” strategy for households in fuel poverty.
In New Zealand, RCTs have been conducted by surveying 1,350 households and 4,407 participants
on changes in residential environment and health conditions before and after insulation retrofit[107]
and surveying the effects of introducing environmentally-friendly heating equipment on children’s
health [108].

Despite such research, knowledge of the effects of housing on health remains limited. Many
evaluations to date have used a subjective indicator, suggesting that objective evidence based on
actual measurements is needed [109].

The purpose of this study was to clarify the effect of insulation retrofit on residents’ health in

Japan based on an objective indicator. In this chapter, we describe the study profiles.
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4.2 Method
4.2.1 Ethics

The study protocol which included ethical issues and informed consent procedure were approved
by the ethics committee of the Hattori Clinic Institutional Review Board. This study was registered

at http://www.umin.ac.jp/ctr/ (trial registration reference number: UMIN000030601).

4.2.2 Study design

This survey was administered to households receiving subsidies for insulation retrofit as part of
the Model Project for Smart Wellness Housing (SWH) Promotion by the Ministry of Land,
Infrastructure, Transport and Tourism (MLIT). We collected data on the indoor environment and
health of participants before and after insulation retrofit. A control group comprising participants
who initially intended to conduct the renovation but, in the end, did not do so was used for
comparison. This non-RCT was designed to primarily verify the health effects due to insulation
retrofit. The study design is shown in Fig.4-1. The author took part in the discussion on the study
design, during which he took into consideration the challenges of the field surveys in Chapter 3. In
addition, the author played a major role in planning methods of statistical analysis and formulating
survey procedures (e.g. periods, questionnaire items for residents and experts on housing, diary

items, and instruments for actual measurements).
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Fig.4-1 | Overview of the before and after insulation retrofit survey in Japan (SWH survey)
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4.2.3 Recruitment

Participants were recruited by construction companies comprising 68 Model Project teams
throughout all 47 prefectures in Japan. Inclusion criteria were (1) participants over 20 years old, and
(2) participants whose houses before the renovation did not meet S (Supreme) standards of the “Act
on the Promotion of Dissemination of Long-Lasting Quality Housing” in Japan. We primarily
recruited participants eligible for subsidies for insulation retrofit as part of the Model Project. Two
participants per household (generally a husband and wife pair) were asked to conduct actual
measurements, and other family members who did not conduct measurements answered a

questionnaire. Each participant received a monetary incentive.

4.2.4 Sample size determination

Based on previous meta-analysis [113], systolic blood pressure decreases by 0.38 mmHg per 1°C
increase in indoor temperatures. An interim analysis showed that living room temperatures increased
by 2.7°C following insulation retrofit. We therefore assumed that insulation retrofit would decrease
systolic blood pressure by 1.0 mmHg (0.38 mmHg/°C X2.7°C). Assuming a standard deviation of 20
mmHg according to the National Health and Nutrition Survey [127], we calculated that a sample size
of 3,142 participants was required to obtain power >80% with a<0.05 (two-sided) in a paired t-test.
Assuming that about half of households would not participate in the retrofit, we set a target sample

size of 6,000 participants.

4.2.5 Intervention

The intervention was the thermal insulation retrofit of participants’ homes. Subsidies of up to 1.2
million yen were provided for insulation retrofit by the Project for Promotion of SWH, and
households using the subsidies were recruited to participate in this study. The adiabatic level after
insulation retrofit was required to satisfy the S standards (approximately equivalent to a long life
high-quality newly built house) or A standards (lower than S standards but constant performance
improvement is expected) of the “Act on the Promotion of Dissemination of Long-Lasting Quality

Housing” in Japan.
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4.2.6 Measurements

The SWH survey items are shown in Table 4-1 and Table 4-2. Data on the indoor thermal
environment and energy consumption of houses, and health conditions of residents were collected
from actual measurements using a questionnaire, diary and health exam, conducted in their
place/community of residence. Data collection was performed continuously, before and after
insulation retrofit. To investigate the design specifications of participants’ homes from the viewpoint
of experts, we administered questionnaires to not only residents but also the construction companies
that conducted the insulation retrofit. To determine preventive measures against heat stroke and
cardiovascular disease due to the indoor heat environment, we also administered optional summer
surveys. The specifications of instruments used for actual measurements are shown in Table 4-3.
Additionally, items of the questionnaire for residents, diary for residents, and questionnaire for

experts on housing are shown in Appendix 1 to 3 at the end of this thesis.
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Table 4-1 | Summary of subjective data collected in the Smart Wellness Housing survey

Questionnaire for residents

1) Health condition
SF-8 (MOS Short Form 8 Health Survey) [128-131]
GHQ (General Health Questionnaire)-12 [132]
2) Lifestyle
PSQI (Pittsburgh Sleep Quality Index) * [133, 134]
OABSS (OverActive Bladder Symptom Score) * [135]
WFun (Work Functioning impairment scale) * [136]
Salt Check Sheet [137], smoking, alcohol consumption *
3) Physical condition/Activity
Body aches, fitness habits, social capital
4) Symptoms/Disease
JRQLQ (Japan Rhinitis Quality of Life Questionnaire) * [138, 139]
Subjective symptoms *
Current hospital visits (e.g., ICD10)
Antihypertensive drugs *
5) Housing
CASBEE (Comprehensive Assessment System for Built Environment Efficiency)
Housing Health Checklist [85]
Lifestyle at home
Heating, bathing, clothing *, time at home *
6) Individual attributes
Age *, sex ¥, height and weight *, duration of residence, educational status,
household income, reason for renovation
7) Health condition of children
Age *, sex *, allergies *, asthma *
(head of household answered the questionnaire on their children's behalf)

Diary for residents

1) Sleep

Wake time *, bedtime *, quality of sleep *, sleep medication *
2) Wake

Time leaving and arriving home *, alcohol consumption *

Questionnaire for experts in housing

1) Housing attributes
Building age, total floor area, building type, structure, conditions of renovation,
central heating, adiabatic level

2) Insulation/design specification
Specifications of insulation in the walls, floor and ceiling
Specifications of window glass and window frame
CASBEE [140]

3) Interior
Wooden interior

4) Energy consumption
Electricity, gas, kerosene

*data collected in winter and summer
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Table 4-2 | Summary of objective data collected in the Smart Wellness Housing survey

Actual measurements (Winter: 2 weeks, Summer: 1 week)
1) Room air temperature and relative humidity * (TR-72wf (T&D Corp.))
Living room, bedroom, changing room ***

at 1 m above the floor at 10-min intervals
2) Room air temperature ** (RTR-501 (T&D Corp.))
Living room, bedroom, changing room ***
at 0 m above the floor at 10-min intervals
3) Home blood pressure (HBP) * (HEM-7251G (Omron Healthcare Co.))
SBP (systolic blood pressure), DBP (diastolic blood pressure), pulse
in the morning and evening
4) Physical activity (PA) * (HJA-750C Active style Pro (Omron Healthcare Co.))

Steps, intensity of PA, time spent in PA, calorie consumption

Health exam (optional survey)

1) Physical parameters
Height and weight, BMI (body mass index), abdominal girth
2) Blood pressure
SBP (systolic blood pressure), DBP (diastolic blood pressure)
3) Blood
White blood cell count, red blood cell count, hemoglobin content,
hematocrit, platelet count
4) Blood lipids
TC (total cholesterol), HDL (high-density lipoprotein) cholesterol,
LDL (low-density lipoprotein) cholesterol, neutral fat
5) Blood glucose
Blood glucose level, HbA1c (hemoglobin A1c), urinary sugar
6) Liver function
AST (GOT), ALT (GPT), ALP, y-GTP
7) Kidney function
Cr (creatinine), UP (uric protein), UB (uric blood)
8) Uric acid
Uric acid
9) Heart
ECG (electrocardiogram)
10) Lung
Chest X-ray

*Data collected in winter and summer, **data collected in winter since November 2015

***Bathroom in a typical Japanese home consists of two rooms: a changing room where you take off your
clothes, and the actual bathroom with a shower space and a deep bathtub.

AST, aspartate aminotransferase; GOT, glutamate oxaloacetate transaminase; ALT, alanine
aminotransferase; GPT, glutamate pyruvate transaminase; ALP, alkaline phosphatase; y-GTP,
gamma-glutamyl transpeptidase
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Table 4-3 | Specifications of instruments for actual measurements in the SWH survey

Temperature and

Item Temperature Home BP Physical activity (PA
relative humidity > i y (PA)
Image
Instrument TR-72wf RTR-501 HEM-7251G HJA-750C Active style Pro
(Company) (T&D Corp.) (T&D Corp.) (Omron Healthcare Co.) (Omron Healthcare Co.)
[Temperature: 0-55°C . AN_8N° BP: 0-299mmHg o
Range | imidity: 10-95%RH Temperature: —40-80°C 1}/ . 44180 bpm
Temperature: Ave.+0.5°C . . BP: < +3mmHg B
Accuracy Humidity: +5%RH Temperature: Ave.£0.5°C PUL: < 5%
. Temperature: 0.1°C P BP: 1 mmHg Steps: 1 step
Resolution |} midity: 1%RH Temperature: 0.1°C PUL: 1 bpm Intensity of PA: 0.1 METs
Method — Oscillometric 3D accelerometer

4.2.7 Statistical analysis

Data obtained from the SWH survey were statistically analyzed for the following: the relationship

between indoor temperature and home blood pressure (HBP), physical activity, symptoms (such as

shoulder stiffness, back pain, cold symptoms, headache), disease, and the results of the health exam

at baseline. Multivariate analyses including a multilevel model will be used to account for

confounders such as age, sex, and body mass index (BMI). HBP and physical activity after

insulation retrofit will be compared with baseline values using multivariate analysis to adjust for

differences in baseline characteristics due to the non-randomized controlled design. All statistical

tests will be two-sided with a significance level of 0.05.
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4.3 Results
4.3.1 Participant numbers and characteristics

Fig.4-2 and Fig.4-3 show the number of households and participants in winter and summer.
Results from the baseline questionnaire survey in winter were obtained from 2,137 households and
4,396 participants as of July 2018. Actual measurements of HBP and physical activity at baseline in
winter were conducted by 2,095 households and 3,775 participants, and 2,113 households and 3,793

participants, respectively.

Survey t Questionnairt R nfor attrition Actual measurements R nfor attrition
urvey type uestionnaire easonforattritio Home blood pressure Physical activity ceasontorattritio
Originally selected Attrition (994 participants) Originally selected Attrition (433 participants)
994 households & o 967 households A e
2,672 participants @ c EZ _ 352; 1,781 participants ' c {g ;254;
F——— b (n=95) ¥ D (n=45)
2014 Winter Sent investigation kits Yovalid Sentinvestigation kits | %valid
739 households response i/i 734 households response ¥/
(2014.11-20154) | | 1,678 participants | [Atrition (441 participants) :62.6% 1,348 participants | : 63.4% Attrition (233,219 participants)
E (n=199) T ) Ej (n=159,/159)
Valid data F (n=242) Vald data Valid data F o= # &
641 households %valid response ba 633 households 639 households

1,237 participants ® 1 46.3% 1,115 participants | 1,129 participants

Originally selected Attrition (936 participants) Originally selected Attrition (363 participants)
1,122 households A ngg)") 1,122 households . }; fg;
3,257 participants © C (n=41) 2,106 parTicipants ! C (n=28)
D (n=418) ) ¥ - D (n=335)
2015 Winter Sent investigation kits Yovalid .| Sentinvestigation kits Yovalid "
927 households response 927 households response
(2015.11-2016.4) 2,321 participants Attrition (549 participants) 171.3% 1,743 participants 171.8% Attrition (242,231 participants)
1 E (n=154) I3 3 E (n=116,/116)
Valid data F_(n=39%) Valid data Valid data F (o= I/,
861 households %valid response 9 830 hou_sgholds 844 hou_sgholds
1,772 participants ¢ 1 54.4% 1,501 participants ™ 1,512 participants "

Originally selected

Attrition (82 participants)
)

Originally selected

Attrition (4 participants)
(n=0)

214 households Q (0= 37 214 households Q o
586 participants © & EZ z og 397 pani?ipants ° o t; ;0;
D (n=5) o ¥ o D (n=4)
2016 Winter Sentinvestigation kits %valid Sentinvestigation kits | “evalid
211 households response P° | 211 households response ¥°
(2016.11—-2017.4) 504 participants Attrition (93 participants) 189.2% 393 participants :89.2% Attrition (39,739 participants)
E (n=5) I3 12 E (n=5/5
Valid data F_ (=88 Valid data Valid data F =7y
208 households %valid response 7 198 households 198 households
411 participants * 170.1% 354 participants P 354 participants 9
Originally selected Attrition (148 participants) Originally selected Attrition (0 participants)
473 households Q (n= 348) 473 households Q i fg)
1,293 participants 9 c EZ _ 0; 896 participants c i: ;0;
i D (n=0) o I . D (n=0)
2017 Winter Sentinvestigation kits %valid Sentinvestigation kits | Yevalid
473 households response *" | 473 households response '
(2017.11-2018.4) 1,145 participants Attition (201 participants) :89.8% 896 participants :89.1% Attrition (91,798 participants)
P E (n=0) 1 1 E (n=0/0)
Valid data F_(n=201) Valid data Valid data F (7456}
471 households %valid response "9 452 households 450 households
944 participants " 173.0% 805 participants * 798 participants

2018 Winter—

Reason for attrition

A: Ineligible age (under 20 years old)
D: Refusal of invitation

B: No intention of conducting insulation retrofit
E: Dropped out

C: Postponed until the following year
F: Ineligible response

Fig.4-2 | Flowchart of recruitment of participants for the Smart Wellness Health survey in

winter
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Actual measurements

Survey type Questionnaire Reasonfor attrition Home blood pressure Physical activity Reason for attrition
Originally selected Attrition (113 participants) Originally selected Attrition (0 participants)
211 households . gz = (1);3) 211 households g }Z fg;
599 par‘ticipants a c (=0 391 parlticipants 9 C (n=0)
v D (n=0) - ¥ I D (n=0)
2015 Summer Sentinvestigation kits Yovalid . |Sentinvestigation kits Yovalid )
211 households response’™ | 211 households | response’s
(2015.7-2015.9) 486 participants  |:Iatrition (99 participants) :68.8% 391 participants | :85.9% Attrition (122,55 participants)
¥ E (n=18) i3 5 E (n= 17./17)
Valid data F_(n=81) Valid data Valid data F (ESh02439)
202 households %valid response b2 153 households 191 households
387 participants © 1 64.6% 269 participants " 336 participants |
Originally selected Attrition (37 participants) Originally selected Attrition (3 participants)
71 households Q (n= g“) 71 households S i fg
215 participants © 5 EZ - 0; 132 participants e }2 z 0;
v D (n=3) - I3 - D (n=3)
2016 Summer Sentinvestigation kits %valid Sentinvestigation kits | %valid i
69 households response 69 households | response ')
(2016.7-2016.9) 178 participants Attition (39 paricipants) :84.1% 129 participants :83.3% Attrition (18,719 participants)
T n= T T E (n= 4/ 4)
Valid data F (=32 Valid data Valid data F 0= 178
67 households %vali dic 65 households 65 households
139 participants ¢ Yovalid response 111 participants ¥ 110 participants '

164.7%

2017 Summer
(2017.7-2017.9)

Originally selected
15 households
37 participants ©

Sent investigation kits
15 households
34 participants

Valid data
14 households
29 participants f

Attrition (3 participants)
(n=3)
B (n=0)
C (n=0)
D (n=0)

Attrition (5 participants)
E (n=0)
F (n=5)

Y%valid
response "m
:196.2%

Originally selected
15 households
26 participants ™

Sentinvestigation kits
15 households
26 participants

Yvalid
response °m
196.2%

Attrition (0 participants)
A (n=0)

B (n=0)
Cc (n=0)
D (n=0)

%valid response e
:78.4%

Valid data

14 households
25 participants "

Valid data

14 households
25 participants °©

Attrition (1,71 participants)
E (n=0,/0)
F (n=1/1)

2018 Summer—

Reason for attrition

A: Ineligible age (under 20 years old)
D: Refusal of invitation

B: No intention of conducting insulation retrofit
E: Droppedout

C: Postponed until the following year
F: Ineligible response

Fig.4-3 | Flowchart of recruitment of participants for the Smart Wellness Health survey in

summer
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4.3.2 Baseline characteristics of participants

Table 4-4 shows the characteristics of participants in the baseline survey in winter. The mean age
of the participants was 56 years, and 53.8% were women. The mean BMI was 22.7 kg/m?, which is
considered “normal weight” (18.5-24.9 kg/m?) according to WHO. More than 10% of participants
suffered from hyperlipidemia, hypertension, allergic rhinitis or back pain. About 70% of the
participants were non-smokers, and half of the participants did not drink.

Table 4-5 shows the results of actual measurements in the baseline survey in winter. The mean
home systolic blood pressure in the morning and evening was 130 mmHg and 123 mmHg,
respectively. These data show a general trend that BP is higher in the morning than in the evening.
The mean number of steps taken was 6,154 steps/day, which is lower than the recommended 8,000—

10,000 steps/day by the Physical Activity Reference 2013 for Health Promotion [141].
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Table 4-4 | Characteristics of the participants in the baseline survey

Number of participants (%)

Ceiogeny  RESEOTEO 2014 Winter 2015 Winter 2016 Winter 2017 Winter Total
Age 2029 62 (500 116 (65 23 (56) 45 (48) 246 (59)
30-39 123 (9.9) 192 (108) 42 (102) 92 (9.7) 449 (10.5)
40-49 210 (17.0) 285 (161) 70 (17.0) 118 (125) 683 (16.6)
50-59 305 (24.7) 428 (24.2) 95 (23.1) 203 (21.5) 1,031 (24.1)
60-69 288 (23.3) 463 (26.1) 99 (24.1) 296 (31.4) 1,146 (24.7)
70-79 180 (14.6) 188 (10.6) 56 (13.6) 128 (13.6) 552 (12.4)
80-89 61  (4.9) 81  (4.6) 18 (4.4) 52 (55) 212 (47)
90-99 4 (03 12 (0.7) 4 (10) 8 (08 28 (06)
100-109 0 (0.0) 101 0 (0.0) 0 (0.0) 1 (0.0)
Missing 4 (0.3) 6 (0.3) 4 (1.0) 2 (02 16 (0.6)
Ave. (S.D.) 561 (149) 551 (156) 560 (154) 57.8 (150) 561 (15.3)
Sex Men 572 (46.2) 819 (46.2) 189 (46.0) 431 (45.7) 2,011 (46.1)
Women 661 (53.4) 949 (53.6) 219 (53.3) 512 (54.2) 2,341 (53.6)
Missing 4 (0.3) 4 (0.2) 3 (0.7) 1 (0.1) 12 (0.3)
Body <18.5 9% (7.8) 131 (7.4) 30 (7.3) 61 (65 318 (7.3)
mass 18.5-25.0 856 (69.2) 1,247 (70.4) 294 (715) 684 (72.5) 3,081 (70.6)
index >25.0 269 (21.7) 376 (21.2) 80 (19.5) 195 (20.7) 920 (21.1)
Missing 16 (1.3) 18 (1.0) 7 (17) 4 (0.4) 45 (1.0
Ave. (S.D.) 227 (35) 228 (35) 225 (32) 227 (41) 227 (3.6)
Smoking  None 828 (66.9) 1243 (701) 279 (67.9) 708 (75.0) 3,058 (70.1)
Quit smoking 101 (8.2) 140 (7.9) 27 (6.6) 68 (7.2) 336 (7.7)
Smoking 188 (15.2) 259 (14.6) 70 (17.0) 101 (10.7) 618 (14.2)
Missing 120 (97) 130  (7.3) 35  (8.5) 67 (7.1) 352 (8.1)
Alcohol  None 501 (47.8) 799 (45.1) 197 (47.9) 471 (49.9) 2,058 (47.2)
Sometimes 311 (25.1) 509 (28.7) 97 (236) 245 (26.0) 1,162 (26.6)
Everyday 302 (24.4) 439 (24.8) 111 (27.0) 213 (22.6) 1,065 (24.4)
Missing 33 (2.7) 25  (1.4) 6 (1.5) 15 (1.6) 79 (1.8)
Anti None 904 (73.1) 1,311 (740) 311 (75.7) 659 (69.8) 3,185 (73.0)
hypertensive Currently 280 (22.6) 406 (22.9) 81 (19.7) 247 (26.2) 1,014 (23.2)
druguse  Missing 53 (43) 55 (31) 19 (46) 38 (40) 165 (3.8)
Hospital  Diabetes 63 (5.1) 116 (6.5) 28 (6.8) 70 (74) 277 (6.3)
visits Obesity 73 (59) 122 (69) 23 (56) 57 (60) 275 (6.3)
Hyperlipidemia 195 (15.8) 281 (15.9) 66 (16.1) 172 (182) 714 (16.4)
Mental illness 37 (3.0) 45  (2.5) 7 (17 29 (31) 118 (27)
Nervous system 50 (4.0) 81 (4.6) 17 (4.1) 30 (3.2) 178  (4.1)
disorder
Hypertension 270 (21.8) 369 (20.8) 81 (19.7) 248 (26.3) 968 (22.2)
Stroke 23 (1.9) 29 (1.6) 9 (22 19 (2.0) 80 (1.8)
Angina/MI 43 (3.5) 65 (3.7) 13 (3.2) 25  (2.6) 146 (3.3)
Allergic rhinitis 120 (97) 209 (11.8) 44 (10.7) 120 (127) 493 (11.3)
COPD 8  (0.6) 12 (07) 4 (1.0) 3 (0.3) 27 (0.6)
Asthma 34 @27 47 (27) 11 @7 24 (25 116 (27)
Skin disease 67 (5.4) 113 (6.4) 22 (5.4) 80 (85) 282 (6.5)
Arthropathy 95 (7.7) 162 (9.1) 33 (8.0) 72 (7.6) 362 (8.3)

Back pain 197 (15.9) 278 (15.7) 56 (13.6) 142 (15.0) 673 (15.4)

Osteoporosis 41 (3.3) 60 (3.4) 14 (3.4) 46 (4.9) 161 (3.7)
Kidney disease 12 (1.0) 24 (1.4) 7 (1.7 12 (1.3) 55 (1.3)
Fracture 9 (0.7) 22 (1.2) 6 (1.5) 17 (1.8) 54 (1.2)
Injury/ 18 (1.5) 36 (2.0 5 (1.2) 21 (2.2) 80 (1.8)
burn injury

Malignant 30 (2.4) 36 (2.0) 8 (1.9 25 (2.6) 99 (2.3)
neoplasm

MI, myocardial infarction; COPD, chronic obstructive pulmonary disease.
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Table 4-5 | Results of actual measurements in the baseline survey

Category Item Mean (SD)
2014 Winter 2015 Winter 2016 Winter 2017 Winter Total
HBP Systolic BP 131 (18) 129 (18) 129 (19) 131 17) 130 (18)
(morning)  (mmHg)
Diastolic BP 81 (11) 81 (11) 80 (11) 81 (10) 81 (11)
(mmHg)
Pulse 69 9) 69 9) 70 9) 68 9) 69 9)
(bpm)
HBP Systolic BP 124 (16) 123 (16) 123 (18) 124 (16) 123 (16)
(evening)  (mmHg)
Diastolic BP 75 (10) 75 (10) 74 (11) 75 (10) 75 (10)
(mmHg)
Pulse 72 (10) 72 9) 73 (10) 72 9) 72 9)
(bpm)
Physical Pedometer 779.7 (81.8) 7744 (80.8) 7695 (76.9) 7791 (77.4) 776.5 (80.1)
activity wear time
(minutes/day)
Steps 5,962 (3,020) 6,221 (2,908) 6,353 (2,876) 6,214 (2,990) 6,154 (2,958)
(steps/day)
Time in MVPA 89.2 (38.4) 94.1 (39.3) 93.1 (38.7) 91.3 (36.7) 91.9 (38.5)
(minutes/day)
Amount of MVPA 5.67 (2.67) 6.03 (2.76) 6.01 (2.79) 5.79 (2.54) 5.87 (2.69)

(MET-h/day)

HBP, home blood pressure; MVPA, moderate to vigorous physical activity; MET, metabolic equivalent of task
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4.3.3 Baseline characteristics of homes

Fig.4-4 to Fig.4-6 show the average and minimum temperatures in the living room, bedroom, and

changing room when participants were at home. The average temperature in the living room,

bedroom and changing room was 16.7°C, 12.6°C and 12.8°C, respectively. The minimum

temperature in the living room was below 18°C (the recommended minimum temperature by the

WHO and UK guidelines) in 91.6% of households.

Number of Cumulative Number of Cumulative
households Ave. frequency households Ave. frequency
16.7c 12.3c
250 - 100% 250 - 100%
Total Total )
2,094 - 90% 2,094 > 90%
households households 7 & 91 '6%
200 80% 200 80%
L 70% - 70%
150 - 60% 150 60%
60.6%
i - 50% B - 50%
100 40% 100 - - 40%
i - 30% - 30%
50 20% 50 20%
- 10% - 10%
0 5 e 0% 0 HH Rt 0%
0 3 6 9 12 15@21 24 27 30 0 3 6 9 12 15@21 24 27 30

Average living room temperature at home(°C)

Minimum living room temperature at home(°C)

Fig.4-4 | Average (left) and minimum (right) living room temperature at home
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Number of Cumulative Number of Cumulative

households Ave. frequency households Ave. frequency
12.6c 11.0-c
250 - 100% 250 - 100%
Total Total
2,090 - 90% 2,000 94.9¢, 90%
households _“‘| 90.4% households -
200 80% 200 80%
F 70% - 70%
150 60% 150 60%
L 50% - 50%
100 40% 100 - 40%
- 30% - 30%
50 20% 50 - - 20%
L 10% - 10%
O " Tt 0% 0 II T 0%

0 3 6 9 1215 @ 21 24 27 30 0 3 6 9 12 15 21 24 27 30
Average bedroom temperature during sleep(°C) Minimum bedroom temperature during sleep(°C)
Fig.4-5 | Average (left) and minimum (right) bedroom temperature during sleep
Number of Cumulative Number of Cumulative
households Ave. frequency households Ave. frequency

12.8¢ 10.2¢

250 - 100% 250 - 100%

Total Total _
2,091 - 90% 2.091 96.3% 90%

o, h holds £
200 households 88.9¢, 80% 200 | Nousend 80%
L 70% - 70%
150 60% 150 60%
F 50% - 50%
100 - 40% 100 - 40%
F 30% - 30%
50 - 20% 50 - 20%
L 10% - 10%

0 = 0% 0 Tt - 0%
0 3 6 9 1215 @21 24 27 30 0 3 6 9 12 15(18)21 24 27 30

Average changing room temperature at home(°C) Minimum changing room temperature at home(°C)

Fig.4-6 | Average (left) and minimum (right) changing room temperature at home
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4.4 Discussion
4.4.1 Present status of housing in Japan

The results of actual measurements of indoor temperature from approximately 2,000 houses
across Japan indicate that the average living room temperature in winter was 16.7°C. Similarly, an
investigation of the indoor environment of 602 houses across Japan reported the average living room
temperature during winter to be 17°C [69]. In contrast, according to the UK’s large-scale room
temperature survey, “The comprehensive English House Condition Survey (EHCS) 1996,” the
average living room temperature in winter in the UK was 18.1°C [142]. 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 18.1°C in December [143]. Furthermore, an
investigation that targeted apartments in New York, USA, reported an average living room
temperature in winter of 23.3°C [144].

Currently, 39% of existing houses in Japan are not insulated, which means that a larger proportion
of houses have low insulation performance [66]. The heat transmission coefficient for the window
(Uw value; the lower the Uw value, the better insulated the structure), which is an indicator of the
standard of insulation, is 1.0-2.0 W/m?K in European and American countries, compared to 2.33
W/m?K in Hokkaido and 4.65 W/m?K in Tokyo, indicating a significant lag in insulation standards in
Japan [67]. In addition, the energy consumption in houses in Japan is minimal compared to that of
other countries, with the energy used for heating being one-quarter of that used in European and
American countries [68]. This is because, while continuous heating of the entire building is the norm
in Europe and the USA, in Japan, partial intermittent heating is used in the living room only. Due to
the two factors mentioned above (low insulation performance and the difference in heating use), the
room temperature in Japan is considered to be of lower standard than that in European and American
countries. There is therefore a concern that the indoor temperature in Japan is declining and that such

housing effects may greatly impact health.

4.4.2 Strengths and limitations

To our knowledge, the SWH survey is one of the largest in the world to evaluate the health
impacts of insulation retrofit, based on objective indicators.

The strengths of the SWH survey are:
(1) Clarifying the influence of energy saving strategies, such as insulation retrofit, on health based
on an objective indicator

Hypertension, a major cause of cardiovascular disease, is known as the “silent killer [15]” because
it does not produce subjective symptoms. This highlights the importance of evaluating health based

on an objective indicator rather than a subjective indicator.
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(2) Studying the relationship between housing and health in Japan

The length of the Japanese archipelago stretches in a north to south direction, resulting in large
regional differences in climate and four distinct seasons. This study was designed to investigate the
effects in both winter and summer to comprehensively evaluate the health impact of living
environments. Moreover, conducting a survey in Japan, where the adiabatic criteria is far behind that
in European and American countries, is expected to improve institutional and regulatory
developments.
(3) Cross-cutting framework of architecture, medicine and public health, industry, government and
academia

The research team, composed of mainly experts in architecture, medicine and public health from
across the nation, aims to establish solid evidence of the relationship between housing and health.
This survey is the first of its kind in that it involves the Model Project team of construction
companies across all 47 prefectures in Japan, and government agencies.
(4) Dissemination of survey results

We have established a public awareness team and will actively disseminate and report the study
results to residents through approaches such as symposiums and newspapers. These findings will be
instrumental for determining the future of housing and will contribute to improving public health.

In contrast, the study has the following three unavoidable limitations:
(1) Comparison of before and after renovation was conducted only for households subsidized by the
Model Project for Promotion of SWH

Because this survey was conducted on households receiving subsidies for insulation retrofit, we
could not define the parent population. Therefore, our findings may not be applicable to the entire
Japanese population.
(2) Random allocation of intervention is impossible

Because it is unethical to randomly divide houses into renovation and non-renovation groups, this
survey was conducted as a non-RCT with groups defined according to participants’ choice to
conduct/not conduct insulation retrofit. Therefore, there may be differences in baseline
characteristics between the intervention and control groups. Consequently, we measured various
indicators that affect health outcomes, and adjusted these based on multivariate analysis to minimize
confounding.
(3) Health effects of insulation retrofit will be evaluated in a relatively short period of time

Determining morbidity rate as a health outcome is unrealistic in a relatively short period of several
years. Instead, this study was designed to verify changes in intermediate indicators relevant to the
outcomes such as home blood pressure and physical activity. Outcomes that need to be evaluated

long-term will be examined in a future cohort study.

Chapter 4 | 102



The National Health Promotion Movement in the 21st century “Health Japan 21 (the second term)”
was established in Japan in 2012, and countermeasures have put emphasis on primary prevention
such as improving lifestyle habits for public health promotion [145]. While diet, physical activity,
rest, alcohol consumption, and smoking are included in the policy, living environment is not. A clear
demonstration of the effect of living environment on health will aid policy development to improve
living environments for health and prevention of disease prior to the need for lifestyle improvement
or primary prevention. Additionally, because “housing is one of the social determinants of health and
plays an important role in reducing health inequalities” [146—148], improvement of home living

environments will contribute to reducing health inequalities promoted by WHO [149].
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Chapter 5
Relationship between indoor temperature

and home blood pressure
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Chapter 5 | Relationship between indoor temperature and home blood pressure

5.1 Introduction

Cardiovascular disease (CVD), the world's leading cause of death, causes 17.9 million deaths each
year (as of 2016), which accounts for 31% of deaths worldwide [2]. Studies estimate that deaths due
to CVD will increase to 23.6 million people per year in 2030 [3]. Prevention of CVD is therefore an
urgent issue.

The number of deaths due to CVD rises in winter, a phenomenon known as "excess winter
mortality (EWM)" [45—47]. The rise is especially sharp in cold homes [49]. The mechanism
underlying EWM suggests that it is partially explained by cold-induced high blood pressure (BP). To
maintain a constant core body temperature in low temperatures, blood vessels constrict to suppress
heat dissipation, leading to a rise in BP and CVD. In fact, many studies have shown that seasonal
fluctuations in blood pressure peak in winter [150—153]. Of note, people in modern society spend
between 60% and 70% of their time at home [60—62]. This ratio is higher in elderly people, who
have declining physiological function, and in children, whose physiological function is
underdeveloped [63]. These findings highlight the need to examine the effect of the indoor thermal
environment of houses on blood pressure.

This prospective intervention trial aimed to quantitatively evaluate the relationship between home
blood pressure (HBP) and indoor temperature. The study used multilevel linear regression analysis
and sensitivity analysis to analyze data from a baseline survey of participants who intended to
conduct insulation retrofit in their homes, defined as heat-insulation work such as those on the outer
walls, floor and/or roof, replacement of single-glazed windows with double-glazed windows, and

replacement of window frames.
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5.2 Method
5.2.1 Study design

The purpose and protocol of the Smart Wellness Housing (SWH) survey were described in
Chapter 4. The SWH survey was administered to households that received subsidies for insulation
retrofit as part of the Model Project for Promotion of SWH by the Ministry of Land, Infrastructure,
Transport and Tourism (MLIT). We collected data on the indoor environment and health of
participants before and after insulation retrofit. This survey was conducted as a non-randomized
controlled trial with groups defined according to participants’ choice to conduct or not conduct
insulation  retrofit, and is registered in the UMIN Clinical Trials Registry
(http://www.umin.ac.jp/ctr/index.htm; trial number: UMIN000030601). The study protocol and
informed consent procedure were approved by the ethics committee of the Hattori Clinic

Institutional Review Board.

5.2.2 Area classification in Japan

In Japan, a total of eight areas are defined based on the heating degree-day (HDD) value
(difference between a room temperature of 18°C and the average outside temperature on days where
the average outside temperature is less than 18°C) (Table 5-1). These area classifications are defined
according to the Standards of Judgment for Business Operators, and are commonly known as
energy-saving areas. In Japan, the required insulation performance standards have been defined for

each area [154]. The analysis in this paper examined these area classifications under the variable

“area”.
Table 5-1 | Area classification based on heating degree-day values [154]
Area HDD [°C day] Prefecture in area classification
1 4,500 < HDD ]
2 3,500 < HDD < 4,500 Fokkaido
3 3,000 < HDD < 3,500 Aomori, lwate, Akita
4 2,500 < HDD < 3,000 Miyagi, Yamagata, Fukushima, Tochigi, Niigata, Nagano
5 2,000 < HDD < 2,500 Ibaraki, Gunma, Saitama, Chiba, Tokyo, Kanagawa, Toyama,
Ishikawa, Fukui, Yamanashi, Gifu, Shizuoka, Aichi, Mie, Shiga,
6 1.500 < HDD < 2.000 Kyoto, Osaka, Hyogo, Nara, Wakayama, Tottori, Shimane,
’ ’ Okayama, Hiroshima, Yamaguchi, Tokushima, Kagawa, Ehime,
Kochi, Fukuoka, Saga, Nagasaki, Kumamoto, Oita
7 500 < HDD < 1,500 Miyazaki, Kagoshima
HDD < 500 Okinawa

HDD, Heating degree-day
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5.2.3 Home blood pressure and other measurements

Participants were asked to measure their HBP twice after getting out of bed in the morning and
twice before getting into bed in the evening while seated, in accordance with the guidelines of the
Japanese Society of Hypertension (JSH 2009) [119]. HBP was measured in the living room for two
weeks using an automatic oscillometric device (HEM-7251G; Omron Healthcare Co., Ltd.). To
avoid reporting bias, BP data were automatically stored and uploaded to the internet via 3G mobile
networks.

Indoor temperature and relative humidity at 1.0 m above the floor were measured in the living
room, bedroom, and changing room at 10-min intervals (TR-72wf; T&D Corp., measurement
accuracy: +0.5°C, +£5%). There were two conditions for the installation site, namely (1) that the
instrument was not placed in direct sunlight and (2) that the instrument was far away from heating
equipment or heat-generating devices like refrigerators and televisions. Outdoor temperature
(variable name: Tempoy) was obtained from the closest local meteorological observatory to each
participant’s house.

A questionnaire on individual attributes, lifestyle and housing was also conducted. The
questionnaire covered individual attributes, such as age, sex, and weight; and lifestyle indicators,
such as eating habits, smoking, alcohol consumption, and health conditions, focusing on diseases
associated with hypertension. As an indication of socio-economic status, questions about household
income and educational status were included in the questionnaire, as well as questions about the
presence or absence of co-habitants and the amount of clothing worn. With regards to heating in the
house, questions about floor heating, use of kotatsu tables, and use of heating prior to waking up
(timer-operated) were also included. A diary survey was also conducted, in which participants
provided details of their daily wake time, bedtime, quality of sleep and whether or not they

consumed alcohol.
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5.2.4 Statistical analysis

For continuous variables that formed a normal distribution, the results were presented as mean and
standard deviation. For continuous variables that formed a non-normal distribution, the results were
presented as median and interquartile range. For the former and latter distributions, differences
between groups were tested using the student’s t-test and the Mann-Whitney’s U-test, respectively.
Inter-group comparisons of the proportions were performed using the y-test.

To quantify the effect of indoor temperature on HBP, multilevel linear regression analysis was
conducted with random intercepts for each individual, consisting of individual-level parameters (age,
sex, body mass index (BMI), salt check sheet [137], vegetable consumption, exercise, smoking,
alcohol consumption, use of antihypertensive drugs, outdoor temperature) and repeatedly measured
parameters (HBP, living room temperature (variable name: Tempy,), temperature disparity between
the living room and bedroom (variable name: ATemp), quality of sleep, sleep duration, and alcohol
consumption the previous night). Tempr, and ATemp values determined at the time of HBP
measurements were used in the multilevel linear regression models. Tempr: and ATemp were added
to each sequential model beginning with the lowest degree, and the models were compared using a
goodness of fit index (Akaike's information criteria) to select the best-fitted model. The multilevel
linear regression models were as follows:

Day level:

HBP;jj = boj + bijx TempL, ij + bajxTemp ;> + bzjx TempL ij* + bajx ATemp i + bsjx ATemp jj 2 + bejx
Quality of sleep j; + bsjx Sleep duration j; + bgjx Alcohol consumption the previous night jj + rj;.
Individual level:

boj = Yoo + yo1x Age;j +yo2x Sex;j + yo3x BMI; + o4 x Salt check sheet; +yos x Vegetable consumption; +
vos % Exercisej + yo7 X Smoking; + yos X Alcohol consumption; + yoo X Antihypertensive drug use;j +
Yo1o * Tempout j + uoj

bij = yi0+v11 X Agej+ yi2 X Sex;

baj = v20, ..., bgj =780

where HBP;j; is the observed BP measurement for participant j on day i, be; is the random intercept,
bij-bsj are regression coefficients for each explanatory variable, yoo-yso are fixed effects, ug; is a

random effect, and r;; is the error for participant j on day i.

In addition, to analyze the relationship between indoor temperature, the residing area, and resident
attributes, a multi-level model was also applied, in which the objective variable was the living room
temperature at the time of the blood pressure measurement in the morning. The model was
constructed as a random intercept model. Individual-level variables, namely, energy-saving areas and
resident attributes (age, sex, BMI, household income, duration of residence, presence or absence of

co-habitants, amount of clothing worn, use of kotatsu tables, and use of a timed-heating device when
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waking up) were the input variables, and the day level variable (outdoor temperature) was nested
within the individual level variables. As the objective variable was continuous, multilevel linear
regression analysis was performed to calculate the fixed effect of resident area and attributes.
Furthermore, multilevel logistic regression analysis was performed by inputting room temperature as
a categorical variable (above or below 18°C, which is the minimum room temperature recommended
by the WHO [70] and the UK guidelines [71, 72]), and the odds ratio was determined.

Regression coefficients were estimated using the maximum likelihood method. All P values were
two sided, and a two-sided P value less than 0.05 was considered statistically significant. All

analyses were performed using SPSS Ver. 24 (SPSS Inc., Chicago, Illinois, USA).
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5.3 Results
5.3.1 Blood pressure indices used for analysis
As a preliminary step to verify the relationship between BP and indoor temperature, BP values

were compared with the presence or absence of current hospital visits due to cerebrovascular
disease and heart disease for each BP index to confirm the reliability of HBP as a predictor of CVD.
In addition to HBP in the morning and evening, clinic blood pressure (CBP), which was measured
in the health exam, was also used for the verification. Because the number of samples differed for
HBP and CBP, only the 1,866 participants with both HBP and CBP data were analyzed. The
relationship between HBP/CBP and cerebrovascular disease is shown in Table 5-2A. Although only
a few participants had cerebrovascular disease and there was no significant difference in incidence
(p > 0.05), there was a relatively large difference in morning SBP (p = 0.072) and evening SBP (p =
0.071). The relationship between HBP/CBP and heart disease is shown in Table 5-2B. Compared to
participants without hospital visits due to heart disease, participants with hospital visits had
significantly higher morning SBP (p = 0.001). In contrast, there was no significant difference in
CBP between participants with and without hospital visits due to CVD. According to previous
studies [155, 156], HBP is a better prognostic factor for CVD than CBP. In addition, guidelines for
the management of hypertension published in 2014 (JSH2014) [44] states that diagnosis by HBP is
given priority when the values of HBP and CBP differ. Subsequent analyses therefore focused on
HBP.

Table 5-2 | Relationship between home/clinic blood pressure and cardiovascular disease

A. Cerebrovascular disease

Hospital visit due to cerebrovascular disease

Classification BP index Yes (n = 24) No (n = 1,842) Difference p value
Mean + SD Mean + SD

Blood SBP at clinic, mmHg 128 + 18 123 + 17 5 0.151

pressure DBP at clinic, mmHg 76 £ 11 75+ 11 2 0.434
MSBP at home, mmHg 135+ 20 129 + 16 6 0.071
MDBP at home, mmHg 81+12 81+10 0 0.927
ESBP at home, mmHg 128 + 17 122 + 15 6 0.072
EDBP at home, mmHg 74 +9 74 + 10 0 0.818

B. Heart disease (angina/myocardial infarction)

Hospital visit due to heart disease

Classification BP index Yes (n =47) No (n = 1,818) Difference p value
Mean + SD Mean + SD

Blood SBP at clinic, mmHg 125+ 16 123 £ 17 1 0.640

pressure DBP at clinic, mmHg 74+9 75+ 11 0 0.903
MSBP at home, mmHg 136 + 16 129 + 16 8 0.001
MDBP at home, mmHg 82+9 81+ 11 1 0.655
ESBP at home, mmHg 126 + 16 122 + 15 4 0.066
EDBP at home, mmHg 74+9 75+ 11 0 0.754

MSBP, systolic blood pressure in the morning; MDBP, diastolic blood pressure in the morning; ESBP, systolic blood
pressure in the evening; EDBP, diastolic blood pressure in the evening.
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5.3.2 Patterns of participation in home blood pressure measurement

The SWH survey, which started in the winter of 2014, obtained data from a total of seven periods
as of October 2018: four winter periods (2014-2017) and three summer periods (2015-2017). A
summary of the number of participants who conducted HBP measurements is shown in Table 5-3,
and the participation pattern in the survey is shown in Table 5-4. There were a total of 3,811
participants (2,111 households), some of whom participated in the survey for six periods. A total of
3,809 participants (2,110 households) participated for more than one winter period, and 417

participants (238 households) participated for more than one period in both summer and winter.

Table 5-3 | Summary of the number of participants in home blood pressure measurements

Number of participations Number of participants Number of households

1 2,414 1,361
2 1,059 608
3 201 121
4 65 39
5 68 43
6 4 3

Total 3,811 2,111

Table 5-4 | Patterns of participation in home blood pressure measurements
Number of 2014 2015 2016 2017

participations Winter Summer Winter Summer Winter Summer Winter Total
6 periods _
(n=4) o ] ] o ] o 4
€] €] €] [¢) [¢) — — 57
. [¢) [©) [©) [¢) — [¢) — 7
5 periods o o o ° — — ° 1
(n=68) < — o o — < < 1
— €] €] [©) — €] [©) 2
€] €] €] [¢) — — — 33
[¢) [¢) [¢) — [®) — — 5
[¢) [¢) [¢) — — [¢) — 3
} €] €] €] — — — 9 1
4 periods ° ° — o 6} — — 8
(n=65) 5 = 5 ) 5 = = 6
— [¢) [¢) [®) [®) — — 2
— [¢) [¢) [®) — [¢) — 3
— — [¢) [¢) [®) [¢) — 4
[€) €] €] — — — — 85
[€) €] — — [©) — — 9
o — o o — - - 17
[¢) — [¢) — [®) — — 23
[¢) — — [®) [®) — — 2
3 periods — ° °© ° — — — 5
(n=201) — 3 6} 8 8 — — 315
— — €] [©) — €] — 4
— — [¢) [®) — — [®) 4
— — [¢) — [®) [¢) — 5
— — [¢) — — [¢) [®) 2
— — — — [©) €] [©) 9
[€] [€] — — — — — 36
o = 9 — — - — 253
[¢] — — — [¢) — — 48
[¢) — — — — — [®) 8
— [¢) [¢) — — — — 4
2 periods — ° — — o — — 2
(n=1,059) — — 8 = e — — ;190
— — [¢) — — [®) — 6
— - 0 — — - <] 130
— — — [®) [®) — — 2
= = = = [ — o 208
— — — — — €] [©) 3
[€] — — — — — — 509
1 period — °© = — — — — 2
(n=2,414) - - ° - 5 - - 5
— — — — — — [¢) 805
Total — 3,811
o, participated in the survey; —, did not participate in the survey
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The residential areas of the 3,811 participants in the HBP measurement are shown in Fig.5-1

(excluding 2 participants with unknown zip codes). The participants resided in 46 prefectures,

excluding Okinawa, and obtained samples were relatively evenly distributed throughout Japan, from

Hokkaido to Kyushu.
Niigata 98 S Tottori 11
| Hokkaido 145 Toyama 3B 3 Shimane 10
Ishikawa 69 2  Okayama o8]
Aomori 2 3 Fukui 57 5 Hiroshima 40
5 wate 23 2 _ Yamanashi 49 Yamaguchi 142
é M|y_ag| 72 O Nag‘ano 57 E Tokushima 30
K Akita 16 Gifu 68 2 Kagawa 16
Yamagata 196 Shizuoka 152 | = Ehime 26
Fukushima | 142 Aichi 129 @ Kochi 131
Ibaraki 46 Mie 50 Fukuoka 168
Tochigi 25 Shiga 198 Saga 59
) Gunma 49 Kyoto 89 2 Nagasaki 163
5 Saitama 69 £ Osaka 181 S _ Kumamoto [ 166
X Chiba 56 < Hyogo 14 < Oita 16
Tokyo 174 Nara 155 Miyazaki 7
Kanagawa 205 Wakayama 10 Kagoshima 40

Total: 3,809 participants* (2,110 households)
* Excluding 2 participants with unknown zip codes

%

Fig.5-1 | Residential area of participants conducting home blood pressure measurements

Circle size indicates
the number of participants

10
25
50
100

5.3.3 Comparison of home blood pressure between summer and winter

To determine the seasonal fluctuation in BP, the average HBP of all participants in each survey

period was determined and is shown in Fig.5-2. There was a clear seasonal difference in BP between

summer and winter. This seasonal difference was identified in both morning and evening HBP.

Comparison of the average HBP and coefficient of variation (CV) (standard deviation

(SD)/average) between summer and winter was conducted for data obtained from 320 of 417

participants. The average HBP was higher, and the CV during measurement was larger in winter than

in summer (Table 5-5). Therefore, subsequent analyzes focused on BP in winter, when BP is high

and the variation in BP is large and unstable.
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Fig.5-2 | Seasonal variation in home blood pressure and temperature

Table 5-5 | Comparison of BP and CV of BP between summer and winter

*

Variable Summer (n=320) Winter (n=320) Difference p value

Morning SBP

Average [mmHg] 123.5 1301 6.5 0.00

Cvt [] 0.062 0.072 0.010 0.00
Morning DBP

Average [mmHg] 77.3 80.6 3.2 0.00

Cvt [] 0.067 0.073 0.005 0.01
Evening SBP

Average [mmHg] 116.8 123.7 6.9 0.00

Cvt [] 0.067 0.082 0.015 0.00
Evening DBP

Average [mmHg] 70.0 73.7 3.8 0.00

Cvt [] 0.080 0.090 0.010 0.00

*Paired t test

SBP, systolic blood pressure; DBP, diastolic blood pressure; CV, coefficient of variation.
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Participants were grouped into the stable living room temperature group (living room temperature
in the morning >18°C in winter, <26°C in summer) and the unstable living room temperature group
(living room temperature in the morning <18°C in winter, >26°C in summer) for each period, and
average BP values were compared (Fig.5-3). The range of the seasonal fluctuation in BP was smaller
in the stable room temperature group than in the unstable room temperature group, suggesting that a

stable room temperature may stabilize BP.

=== Stable living room temp. group == Unstable living room temp. group
Morning systolic blood pressure at home

135
:E) 130 <\ =\ p
£
E
o 125
m
n
£
o
= 115

110
= 85 Morning diastolic blood pressure at home
T
£
E
o 80
8
> 75 ~—
€
o
2 70

30 Living room temperature and outdoor temperature in the morning
o
[
E 20 Living room
g . temperature
g— 10 ‘\" "‘ ." .:: 5 :-' L
2 o '0,0." . R ., OutIoor
0 < | | oo G tem perature
2014 2015 2015 2016 2016 2017 2017
(n in the stable Winter Summer Winter Summer Winter Summer Winter
room temp. group/ (302/805) (78/187) (792/1,560) (55/228) (467/627) (69/76) (381/901)

nin the unstable
room temp. group)

Fig.5-3 | Seasonal variation in home blood pressure and temperature in the stable/unstable

living room temperature groups

Stable room temp. group: living room temperature in the morning 218°C in winter, <26°C in summer.
Unstable room temp. group: living room temperature in the morning <18°C in winter, 226°C in summer.
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5.3.4 Attributes of participants in the winter survey

Fig.5-4 shows the flow for the selection of valid samples in the winter survey. A total of 2,095
households and 3,775 participants responded to the survey, and valid data were obtained from 2,007
households and 3,514 participants. Personal attributes are aggregated in Table 5-6. The average
systolic blood pressure (SBP) in the morning (130 mmHg) was significantly higher than that in the
evening (123 mmHg; p<0.001). The average age was 57 years for both men and women, and the age
range was 20 to 99 years. The ratio of men to women was approximately 1:1, although there were
slightly more women than men. The average BMI was 22.8 kg/m?, which is within the range for
“normal weight” (18.5-24.9 kg/m?). About 70% of participants had no exercise habit, and about 75%
of the participants ate vegetables frequently. About 70% of participants were non-smokers, and about
50% did not consume any alcohol. About 25% of participants took antihypertensive drugs.

The average living room temperature at the time of the morning and evening HBP measurements
was 15.1°C (range: 1.0-27.6°C) and 18.1°C (range: 2.7°C-29.0°C), respectively. The living room
temperature in the morning was significantly lower than that in the evening. Additionally, the
temperature in the bedroom and the changing room were lower than that in the living room,
indicating the presence of a temperature disparity between the living room and bedroom (3.0°C), and

living room and changing room (4.2°C).

2014 winter 2015 winter 2016 winter 2017 winter
Originally selected Originally selected Originally selected Originally selected
n=1,115 n=1,501 n =354 n =805
(633 households) (830 households) (198 households) (452 households)
Attrition | | Attrition | | Attrition | [ Atrition
n=97 n=88 n=8 n=46
| | Insulation | | Insulation | [ Insulation
retrofitted retrofitted retrofitted
n=7 n=10 n=5
Valid data Valid data Valid data Valid data
n=1,018 n=1,406 n =336 n=754
(596 households) (796 households) (187 households) (429 households)

|
Total valid data
n=3,514
(2,007 households)

B Reasons for attrition

1) After removing error data, data were obtained from less than 5 days either in the morning or evening
2) No data on living room, bedroom or changing room temperature

3) No data from questionnaire or diary

4) Mismatch between responses to the questionnaire and dairy

5) Under 20 years old

Fig.5-4 | Subject flow of valid samples

“Insulation retrofitted” indicates participants who completed insulation retrofit at the baseline survey.
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Table 5-6 | Characteristics of participants in the baseline survey in winter

Variable Mean + S.D. Variable Number (%)
HSBP, mmHg Sex
In the morning 130 + Men 1,658 (47.2)
In the evening 123 +16 Women 1,856 (52.8)
Missing 0 (0.0)
HDBP, mmHg Exercise
In the morning 81 + 1 Rarely 2,478 (70.5)
In the evening 74 +10 Regularly 1,003 (28.5)
Missing 33 (0.9)
Tempwr, °C Vegetable consumption
In the morning 151 4.3 Rarely 96 (2.7)
In the evening 18.1 +3.9 2-3 times/week 731 (20.8)
Regularly 2,658 (75.6)
Missing 29 (0.8)
o Smoking
Temper, °C None 2468  (70.2)
In the morning 121 4.3 . .
In the evening 14.0 +4.3 Quit smoklng 281 (8.0)
Smoking 483 (13.7)
Missing 282 (8.0)
Tempcr, °C Alcohol consumption
In the morning 10.8 +4.1 None 1,618 (46.0)
In the evening 13.2 4.0 Sometimes 904 (25.7)
Everyday 933 (26.6)
Missing 59 (1.7)
Tempout, °C Antihypertensive drug use
In the mornin 3.6 +3.3 None
In the evening 5.0 +3.5 Currently 2,543 (72.4)
Missing 851 (24.2)
120 (3.4)
Age, years 57 +13
BMI, kg/m? 22.8 +3.6
Salt check sheet, points 13.1 +4.3

HSBP, home systolic blood pressure; HDBP, home diastolic blood pressure; Tempir, living room
temperature; Tempsr, bedroom temperature; Tempcr, changing room temperature; Tempout, outdoor
temperature; BMI, body mass index.
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5.3.5 Relationship between indoor temperature and home blood pressure in winter

Multilevel linear regression analysis was performed using BP as an objective variable to verify the

relationship between indoor temperature and HBP. First, the model expressed as a linear function of

the living room temperature was used to compare the effect of indoor temperature on SBP and

diastolic blood pressure (DBP) in the morning and evening (Table 5-7). The model was developed

by adjusting for factors related to hypertension indicated in the JSH2014 [44] (detailed models in

Table 5-8). While there was little difference in the effect of living room temperature on DBP

between the morning and evening, the effect of living room temperature on SBP in the morning was

greater than that in the evening. Participants aged 57 years (mean age in this survey) had an average

increase in morning/evening SBP of 6.4/5.0 mmHg per 10°C decrease in living room temperature.

Table 5-7 | Multilevel model of the relationship between living room temperature and BP in

the morning and evening

Univariate model

Multivariate model*

\?abrjiggtlge E;(E;%T:tory B (95%Cl) p value Adjusted B (95%CIl) p value

Moming SBP  Tempwr [°C] (70_7_0%;6748.579) 0.000 (— 0 G%Sf”f 060s) 0000
Morning DBP  TempLr [*C] (—o. ;0%3_68.323) 0.000 (o0 %g?ﬁ 0334  0.000
Evening SBP  Tempr [°C] (70_5*5(5’-’4786‘. 413) 0.000 (— 0 5%??10. se1) 0000
Evening DBP  TempLr [*C] 0336 0.000 (o0 %g“‘f 0321y  0.000

(—0.382,—0.289)

*Adjusted for age, sex, BMI, salt check sheet, vegetable consumption, exercise, smoking, alcohol
consumption, antihypertensive drug use, outdoor temperature, quality of sleep, sleep duration, alcohol
consumption the previous night or tonight
Cl, confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure
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Table 5-8 | Multilevel model of the relationship between living room temperature and BP in

the morning and evening (detailed models of Table 5-7)

Objective variable*

Morning SBP Morning DBP Evening SBP Evening DBP
Sl vl Adjusted p Adjusted p Adjusted p Adjusted p
B value B value B value B value
Level 1: Day level
Temptr [°C] —0.636 0.000 —0.355 0.000 —0.501 0.000 —0.348 0.000
Sleep duration [hours] —0.204 0.000 —0.098 0.000 0.166 0.000 0.085 0.003
Quality of sleep 0) Bad (ref.) 0 — 0 — 0 — 0 —
1) Good —0.860 0.000 —0.659 0.000 —0.086 0.497 —0.203 0.018
Alcohol 0) None (ref.) 0 — 0 — 0 — 0 —
consumption** 1) Drinking —0.539 0.000 —0.305 0.001 —3.468 0.000 —3.505 0.000
Level 2: Individual level
Age [years] 0.543 0.000 0.117 0.000 0.357 0.000 0.058 0.000
Sex 0) Men (ref.) 0 — 0 — 0 — 0 —
1) Women —2.637 0.000 —2.178 0.000 —2.108 0.000 —0.493 0.231
BMI [kg/m?] 1.295 0.000 1.045 0.000 1.586 0.000 1.155 0.000
Exercise 0) Regularly (ref.) 0 — 0 — 0 — 0 —
1) Rarely 0.535 0.352 0.426 0.287 0.005 0.993 0.062 0.875
Salt check sheet [points] 0.357 0.000 0.210 0.000 0.255 0.000 0.112 0.008
Vegetable 0) Regularly (ref.) 0 — 0 — 0 — 0 —
consumption 1) 2-3 times/week 2.405 0.000 1.520 0.001 2.380 0.000 1.404 0.001
2) Rarely 2.876 0.068 2.167 0.048 3.809 0.015 2.651 0.014
Smoking 0) None/Quit 0 - 0 - 0 — 0 —
smoking (ref.)
1) Smoking 3.074 0.000 1.195 0.022 5.218 0.000 2.384 0.000
Alcohol 0) None (ref.) 0 — 0 — 0 — 0 —
consumption 1) Sometimes 0.073 0.907 0.774 0.073 —1.193 0.053 —0.382 0.370
2) Everyday 3.580 0.000 3.324 0.000 —1.488 0.024 —1.668 0.000
Antihypertensive  0) None (ref.) 0 — 0 — 0 — 0 —
drug use 1) Currently 5.040 0.000 1.604 0.000 2.900 0.000 0.520 0.247
Tempout [°C] —0.007 0.924 —0.041 0.440 0.095 0.192 0.039 0.436

* n = 64,109 observations (2,902 participants x Ave. 22 observations/participant) in the morning
n = 66,443 observations (2,901 participants x Ave. 23 observations/participant) in the evening

** Alcohol consumption the previous night for morning SBP and DBP. Alcohol consumption tonight for
evening SBP and DBP.
SBP, systolic blood pressure; DBP, diastolic blood pressure; Tempv:, living room temperature; Tempout,
outdoor temperature.
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Given evidence indicating that CVD occurs frequently in the morning [120, 157-159] and that
SBP provides important prognostic information about CVD [14, 160, 161], the final model of SBP in
the morning was developed by adjusting for factors related to hypertension (JSH2014) [44] (Table
5-9). Focusing on the fixed effects of personal attributes, the analysis showed that 1) SBP increased
by 5.4 mmHg per 10 years of age, 2) SBP of women was 2.6 mmHg lower than that of men, 3) obese
residents with higher BMI had higher SBP, 4) residents who consumed excess salt or did not eat
vegetables had high BP, and 5) drinkers and smokers had high BP. These findings are similar to
relationships identified in previous studies [44]. Therefore, these results confirmed that the subjects
of this survey were not outliers. Focusing on the indoor temperature, the analysis showed that SBP
increased as the living room temperature decreased. Further, it became clear that the relationship
between living room temperature and SBP was not linear but was instead a cubic relationship. The
same relationship was found for other BP indices (SBP in the evening, DBP in the morning and
evening). The temperature disparity between the living room and bedroom also affected SBP
independently of the living room temperature.

Fig.5-5A shows the relationship between SBP and living room temperature for each 10-year age
group in men, calculated by inputting the average values for men into the final model (Table 5-9).
The data showed that, for example, when the living room temperature dropped from 20°C to 10°C,
morning SBP increased by 4.1 mmHg in 30-year-old men, 7.8 mmHg in 60-year-old men and 10.3
mmHg in 80-year-old men. This indicates that the indoor temperature had a stronger effect on SBP
in older residents. Fig.5-5B shows the results in women. Women showed low SBP but high
sensitivity to changes in indoor temperatures. When the living room temperature dropped from 20°C
to 10°C, morning SBP increased by 5.4 mmHg in 30-year-old women, 9.1 mmHg in 60-year-old

women, and 11.5 mmHg in 80-year-old women.
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Table 5-9 | Multilevel model of morning SBP

Explanatory variable

Univariate model

Multilevel model

B p value Adjusted B p value
Level 1: Day level

TempLir [°C] —0.643 0.000 —0.829 0.000
Tempu? [°CP? 0.046 0.000 0.009 0.050
Tempw® [°CP? —0.004 0.000 0.003 0.000
ATemp [°C] —0.197 0.000 0.250 0.000
ATemp? [°CP? 0.036 0.000 0.006 0.071
Sleep duration [hours] —0.216 0.008 —0.218 0.000
Quality of sleep 0) Bad (ref.) 0 — 0 —

1) Good —0.864 0.000 —0.817 0.000
Alcohol consumption 0) None (ref.) 0 — 0 —
the previous night 1) Drinking —0.621 0.036 —0.555 0.000
Age x Temprr [years]x[°C] — — —0.012 0.000
Sex (Women) x Temprr  [-]x[°C] - - —0.127 0.000

Level 2: Individual level

Age [years] 0.595 0.000 0.542 0.000
Sex 0) Men (ref.) 0 — 0 —

1) Women —8.652 0.000 —2.642 0.000
BMI [kg/m?] 1.792 0.000 1.296 0.000
Exercise 0) Regularly (ref.) 0 — 0 —

1) Rarely —2.318 0.000 0.530 0.357
Salt check sheet [points] 0.622 0.000 0.355 0.000
Vegetable consumption  0) Regularly (ref.) 0 — 0 —

1) 2-3 times/week 2.023 0.000 2.397 0.000

2) Rarely 3.661 0.000 2.888 0.067
Smoking 0) None/Quit 0 — 0 —

smoking (ref.)

1) Smoking 4.375 0.000 3.090 0.000
Alcohol consumption 0) None (ref.) 0 — 0 —

1) Sometimes —1.266 0.000 0.083 0.894

2) Everyday 6.580 0.000 3.579 0.000
Antihypertensive drug 0) None (ref.) 0 — 0 —
use 1) Currently 14.025 0.000 5.046 0.000
Tempout [°C] —0.205 0.000 —0.004 0.961

* n = 64,025 observations (2,902 participants x Ave. 22 observations/participant)
Tempr, living room temperature; ATemp, temperature disparity between the living room and bedroom;
Tempout, outdoor temperature.
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A: Average model for men in each age group in the SWH survey
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B: Average model for women in each age group in the SWH survey
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Fig.5-5 | Relationship between living room temperature and morning SBP

A: Average values for male participants were inputted into the final model: vegetable consumption=regularly,
exercise=rarely, current smoking status=non-smoker, alcohol consumption=every day, antihypertensive
drug use=none.

B: Average values for female participants were inputted into the final model: vegetable
consumption=regularly, exercise=rarely, current smoking status=non-smoker, alcohol consumption=none,
antihypertensive drug use=none.
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The relationship between the living room and bedroom room temperatures and SBP (average
models for men and women in this survey) is shown in Fig.5-6A and Fig.5-6B. This analysis found
that, for example, when the indoor temperature in the living room and bedroom were both 18°C (the
minimum temperature recommended by the WHO [70] and UK guidelines [71, 72]), the average
morning SBP in men was 130 mmHg. When only the bedroom temperature dropped to 10°C, the
average morning SBP in men was 132 mmHg. This relationship was similarly observed for the

changing room (Fig.5-6C, D), indicating the importance of warming the entire house, not just the

living room.
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Fig.5-6 | Relationship between living room/bedroom/changing room temperature and

morning SBP
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5.3.6 Sensitivity analysis of the effect of indoor temperature on home blood pressure

To collate data that would be useful for determining optimum room temperature recommendations
for the prevention of hypertension, sensitivity analysis was conducted to verify the effect of changes
in indoor temperature on HBP according to the odds associated with morning SBP increasing to
>135 mmHg (diagnostic threshold for hypertension or normotension [44]). First, sensitivity analysis
was conducted using unadjusted raw data, the results of which are shown in Fig.5-7A. In both men
and women, the proportion of SBP data points with SBP >135 mmHg tended to be higher at low
room temperatures. Based on multilevel logistic regression analysis, sensitivity analysis was
conducted after adjusting for personal attributes and lifestyle habits. For the objective variable in this
analysis, SBP >135 mmHg and <135 mmHg were two-valued variables, and explanatory variables
were the same as those used in multilevel linear regression analysis in the previous section. After
confirming fitness, the model was developed as a linear function model of the living room
temperature and the temperature disparity between the living room and bedroom.

The results of this model are shown in Fig.5-7B. The living room temperature at which there was
<50% odds of the SBP increasing to >135 mmHg was >14°C for 60-year-old men, >20°C for
70-year-old men, and >24°C for 80-year-old men; and >11°C for 70-year-old women, and >17°C for

80-year-old women.

A: Summary of raw data

Percentage of SBP data above 135mmHg [%]

Number of

Living room temperature in the morning
measurements

10°C 11°C 12°C 13°C 14°C 15°C 16°C 17°C 18°C 19°C 20°C 21°C 22°C 23°C 24°C 25°C

A,
VWomer

60s 12,665 40 44 43 42 42 41 40 40 40 40 40

70s 5,684 57 60 60 59 58 57 57 57 57 57 57

80s 1,992 69 74 74 72 71 70 70 69 69 69 69

Total 86,302 37 42 41 40 39 39 38 38 38 38 38
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B: Results of multilevel logistic regression analysis

Odds ratio of SBP data above 135mmHg [-]

Age Living room temperature in the morning

10°C 11°C 12°C 13°C 14°C 15°C 16°C 17°C 18°C 19°C 20°C 21°C 22°C 23°C 24°C 25°C

40 16 15 13 12 1 10 9 8 7 7 6 6 5 4 4
50 32 30 27 25 23 21 19 17 15 14 13 11 10 9 8
e 60 54 51 47 44 41 38 35 32 29 27 24 22 20 18 16
70 74 7 69 65 62 59 56 52 49 45 42 38 35 32 29
80 88 86 84 82 80 77 74 71 68 65 61 58 54 50 47
30 2 2 2 2 1 1 1 1 1 1 1 1 1 0 0
40 5 5 4 4 3 3 3 2 2 2 2 1 1 1 1
50 12 11 10 B 7 7 6 5 4 4 3 3 3 2 2
Women
60 26 23 20 18 16 14 12 11 10 8 7 6 6 5 4
70 46 42 38 35 31 28 25 22 19 17 15 13 1 10 9
80 68 64 60 56 52 47 43 39 35 32 28 25 22 19 17

Fig.5-7 | Sensitivity analysis of changes to morning SBP due to changes in living room

temperature

A: The chart indicates that 55% of SBP data points from men in their 60s was =135 mmHg when the living
room temperature was below 10°C. Meanwhile, 44% of SBP data points from women in their 60s was =135
mmHg when the living room temperature was below 10°C.

B: The participants’ average values were inputted into the multilevel logistic regression model. The chart
indicates that, after controlling for other variables (ATemp, quality of sleep, sleep duration, alcohol
consumption the previous night, BMI, salt check sheet, vegetable consumption, exercise, smoking, alcohol
consumption, antihypertensive drug use, TempOut), at a living room temperature of 10°C, the odds of the
SBP of 60-year-old men increasing to 2135 mmHg was 57%.
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5.3.7 Identification of residents living in low room temperatures

The results of the previous section suggest that the indoor temperature affects BP. In this section,
to capitalize on the strengths of the nationwide survey, we analyzed the residential area and the
attributes of residents living in low-temperature environments. First, the average living room
temperature at the time of HBP measurements in the morning in each prefecture was determined
(Fig.5-8). Only the morning living room temperature in Hokkaido, which has a higher adiabatic level
than other areas, exceeded 18°C (the minimum temperature recommended by the WHO [70] and UK
guidelines [71, 72]), while that in all other prefectures was below 18°C. In addition, prefectures in
the southwestern area of Japan, which is considered to have a mild climate, had
low-room-temperature environments. Mountainous areas with high altitudes had low room

temperatures, while flat areas at sea level tended to have higher room temperatures.

Living room temperature
in the morning
I <«12c
| 12-14C
- 14-16°C
| 16-18°C

_ 18°C<

Excluding 5 prefectures with 10 samples or less
‘.o Ve (Aomori, Wakayama, Shimane, Miyazaki and Okinawa)

Fig.5-8 | Average living room temperature in the morning in each prefecture
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Subsequently, living room temperature in the morning was compared among the residents’
personal attributes (Table 5-10). The findings suggest that elderly residents and those with low
household incomes or low educational status may be more likely to live in low-room-temperature
environments. The living room temperature differed depending on the presence or absence of
housemates and the duration of residence. Additionally, the living room temperature differed
depending on the heating method used. The room temperature was high in the houses of residents
who set the timer on a heater before getting up in the morning, but was low in the houses of those
who used kotatsu tables. Furthermore, although room temperature did not differ depending on the
amount of clothing worn during sleep, it did differ depending on the amount of clothing worn while

awake.

Table 5-10 | Average living room temperature in the morning for each personal attribute

. Difference
Variable n Mean i——— p value

Age

<40 years (ref.) 381 15.9 - -

40-49 years 572 16.0 0.1 0.999

50-59 years 917 14.9 -1.0 0.001

60-69 years 1,021 14.7 -1.2 0.000

70-79 years 466 14.6 -1.3 0.000

>80 years 157 14.9 -1.0 0.147
Sex

Men (ref.) 1,658 15.2 - -

Women 1,856 14.9 -0.3 0.068
BMI

Leptosome (<18.5) (ref.) 244 15.6 - -

Normal (18.5-25.0) 2,519 15.0 -0.6 0.080

Obesity (>25.0) 751 15.0 -0.6 0.150
Household income

Low (<2 million JPY) (ref.) 373 14.3 - -

Middle (2—-6 million JPY) 1,636 14.9 0.7 0.015

High (=6 million JPY) 1,224 15.6 1.3 0.000
Educational status

Junior high school (ref.) 251 14.2 - -

High school 1,324 14.8 0.6 0.228

Technical/vocational/junior college 805 15.2 1.0 0.006

College/graduate college 962 15.5 1.3 0.000

Other 19 14.7 0.5 0.990
Housemate

Living together (ref.) 3,237 15.1 - -

Living alone 183 13.9 -1.2 0.001
Duration of residence in house *

<25 years (ref.) 1,788 15.9 - -

>25 years 1,656 14.1 -1.8 0.000
Set the timer of heating device before getting up

None (ref.) 2,318 14.9 - -

Currently 1,102 15.4 0.6 0.001
Kotatsu table** use

None (ref.) 2,057 15.9 - -

Currently 1,427 13.8 2.1 0.000
Amount of clothing during sleep *

<0.75 clo (ref.) 2,948 15.1 - -

20.75 clo 459 15.1 0.0 0.944
Amount of clothing while awake *

<1.00 clo (ref.) 1,050 15.9 - -

>1.00 clo 2,354 14.7 -1.2 0.000

* Divided into two groups based on the average value
** Small table with an electric heater underneath and covered by a quilt
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Given that these findings suggest that the residential area and various personal attributes may
influence room temperature, multilevel analyses were performed (Table 5-11). The objective
variable was the living room temperature at the time of HBP measurements in the morning, and the
explanatory variables were sex and BMI, as basic attributes, and variables that showed significant
differences in Table 5-10. Multilevel logistic regression analysis was also conducted. The objective
variable in this analysis was living room temperature in the morning >18°C (the minimum
temperature recommended by the WHO [70] and UK guidelines [71, 72]). Compared with
energy-saving area 6, which accounts for the majority of Japan, the room temperature in area 2 was
significantly higher by 3.5°C. In contrast, the room temperature was significantly lower in area 4 and
5 than in area 6. Regarding personal attributes, high household income was significantly correlated
with higher room temperatures. In addition, use of heating from before getting up in the morning
was correlated high room temperatures, indicating the importance of heating methods. In contrast,
longer periods of residence in the same house and having no housemates were correlated with low
room temperatures. Moreover, use of kotatsu tables and wearing large amounts of clothes while

awake were correlated with lower room temperatures.

Table 5-11 | Multilevel model of living room temperature in the morning

Univariate model Multilevel model
Explanatory variable Adjusted Odds
B p value p value .. pvalue
B ratio
Level 1: Day level
Tempout [°C] 0.329 0.000 0.335 0.000 1.253 0.000
Level 2: Individual level
Age [years] —0.033 0.000 0.008 0.257 1.003  0.640
Sex 0) Men (ref.) 0 — 0 — 1 —
1) Women —0.263 0.068 —0.309 0.047 0.820 0.097
BMI [kg/m?] —0.023 0.250 —0.021  0.312 0.984 0.320
0) Area 6 (ref.) 0 — 0 — 1 —
1) Area 2 3.974 0.000 3.529 0.000 17.966 0.000
Energy-saving 2) Area 3 —0.792 0.051 —0.717 0.114 0.744  0.405
area 3) Area 4 —1.751 0.000 —1.437 0.000 0.698 0.053
4) Area 5 —0.884 0.000 —0.724 0.000 0.696 0.008
5) Area 7 —0.302 0.323 —0.174  0.592 0.808 0.388
Household 0) <2 million JPY (ref.) 0 — 0 — 1 —
income 1) 2—6 million JPY 0.681 0.005 0.339 0.182 1.246  0.268
2) 26 million JPY 1.312  0.000 0.735 0.006 1.686 0.012
Duration of [years] —0.062 0.000 —0.046 0.000 0.971  0.000
residence
Housemate 0) Living together (ref.) 0 — 0 — 1 —
1) Living alone —1.210 0.000 —1.591 0.000 0.394 0.001
Heating timer  0) None (ref.) 0 — 0 — 1 —
use 1) Currently 0.555 0.000 0.704 0.000 1.727  0.000
Kotatsu use 0) None (ref.) 0 — 0 — 1 —
1) Currently —2.103 0.000 —1.453 0.000 0.339 0.000
Clothing [clo] —2.968 0.000 —2.003 0.000 0.176  0.000

* Objective variable: living room temperature in the morning 218°C
n = 72,899 observations (2,952 participants x Ave. 25 observations/participant)
Tempout, outdoor temperature.
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5.4 Discussion
5.4.1 Nonlinear relationship between indoor temperature and blood pressure

Although many studies have reported on the relationship between the thermal environment and BP,
the majority of these studies examined the relationship between the outdoor air temperature and BP,
while research focusing on the relationship between indoor room temperature and BP is limited.
Woodhouse et al. [115] surveyed 96 individuals aged 65 to 74 years, and determined that SBP
increased by 9.0 mmHg per 10°C decrease in indoor air temperature. However, the small sample size
and inclusion of elderly patients only in this study make it difficult to determine whether or not the
findings are generalizable.

The MONICA Project established by the World Health Organization (WHO) is a global survey
that aims to monitor trends in cardiovascular diseases. As part of the MONICA Project, Barnett et al.
[117] analyzed BP measurement data from 115,434 men and women aged 35 to 64 years, and
revealed that SBP increased by 3.1 mmHg per 10°C decrease in indoor air temperature. However,
this survey did not examine BP measured inside participants’ homes, but rather, participants
generally measured BP at a comfortable indoor temperature ranging from 18 to 24°C. Therefore, a
survey of BP measurements in a cold environment has not been conducted. The present study
obtained data from indoor temperatures ranging from 1.0 to 29.0°C, and showed that SBP increased
by 5.0 (evening) or 6.4 mmHg (morning) per 10°C decrease in indoor air temperature. Therefore, the
increase in SBP in this survey was larger than that reported by Barnett et al. This is presumably
because the effect of indoor temperature on SBP is reduced at high room temperatures, given that the
present findings suggest that SBP is a function of the cube of the living room temperature.

Saeki et al. [114] conducted a survey of SBP measured inside participants’ homes. Among 880
elderly people with an average age of 72 years, daytime SBP increased by 2.2 mmHg per 10°C
decrease in daytime indoor air temperature. This smaller effect of indoor temperature on SBP
compared to the present findings may be due to differences in the compared parameters: Saeki et al.
analyzed the relationship between average indoor temperature and average SBP values during
daytime hours while the present study examined the relationship between raw measured values.

The above research and others on the relationship between indoor temperature and BP have been
systematically summarized in recent meta-analyses [113]. These meta-analyses highlight the need to
use a suitable sample size and nonlinear model to overcome problems encountered by previous
research. In the present study, analysis based on about 64,000 data points from 2,900 residents
showed that there was a cubic relationship between indoor room temperature and BP. That is, the
effect of room temperature on SBP was reduced at low and high room temperatures. This
relationship may be the result of behavioral thermoregulation such as wearing or removing clothes at
low or high room temperatures, and a limitation of thermo-physiological reactions such as

vasoconstriction or vasodilatation. That is, BP fluctuates greatly when an individual is in a room
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temperature zone in which it is difficult to feel cold. Studies on EWM [46] indicate that the number
of deaths in 13 countries including Japan is much greater when the outside temperature is
moderately cold than when it is extremely cold. This may be related to the increase in BP
fluctuations in a room temperature zone in which it is difficult to feel cold. This evidence suggests

that room temperature should be maintained even when the room temperature is not extremely low.

5.4.2 Impact of the living room and bedroom temperature disparity

While previous studies [162] that examined the variability in BP due to room temperature
disparities were conducted based on subject experiments, the present study showed that SBP in the
morning increased when the actual measured temperature disparity between the living room and
bedroom increased in the participants’ houses. The Japanese traditionally use partial heating (e.g.,
heating only in the living room) while Europeans and Americans use central heating, increasing the
possibility of a larger temperature disparity between rooms in Japan compared to European and
American countries. The results of this survey therefore suggest that traditional Japanese heating

methods are unfavorable for preventing hypertension.

5.4.3 Recommendations for home temperature

WHO [70] and Public Health England (PHE) in the UK [71, 72] recommend a minimum indoor
temperature of 18°C. However, this recommendation from WHO is based on the effect of low room
temperature on respiratory diseases, without focus on CVDs, another key factor for EWM.
Additionally, a report on minimum room temperature thresholds issued by PHE is based on data
presented in 20 papers. However, these 20 papers are very heterogeneous and provide weak evidence
to support the threshold. Therefore, there is still insufficient evidence for determining optimum home
temperature recommendations. The present study revealed that the effect of living room temperature
on SBP in the morning was greater than that in the evening, and indoor temperature had a stronger
effect on SBP in older residents and women. Accordingly, optimum home temperature
recommendations should be decided with reference to time zone and the characteristics of the
residents themselves. Therefore, sensitivity analysis was performed to show the probability of
morning SBP increasing to >135 mmHg (diagnostic threshold for hypertension or normotension
[44]) at various living room temperatures according to age and sex. We expect that these results will
send the clear message that it is important to manage indoor temperature in the morning, and that
indoor room temperature management is particularly important for the health of elderly individuals.
Furthermore, we also expect that they will be useful for determining optimum home temperature

recommendations to prevent morning hypertension and CVD.
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5.4.4 Residents at high risk of hypertension and cardiovascular disease

Our analyses in this chapter indicate that the indoor temperature is strongly related to blood
pressure, and that hypertension occurs in low room temperature environments. Furthermore,
hypertension during the winter season can lead to the development of CVD and has been known to
cause EWM. In other words, residents living in low room temperature environments have a high risk
of hypertension and CVD.

Studies related to the determinants of room temperature have been conducted in the UK [163,
164]. These studies suggest that, in addition to housing properties like the age of the building and
house type, resident attributes like house composition and employment status also significantly
affect the room temperature. Our analysis similarly showed that, in addition to low household
income, the duration of residence in the house, single-person households, and way of living, such as
the use of heating and amount of clothing worn, also affect the room temperature. Low household
income may force residents to limit the use of heating or to live in housing with low performance
insulation. The correlation between the duration of residence and lower room temperature may be
due to familiarity discouraging residents from heating their rooms. Our data confirmed that the
indoor temperature is lower in single-person households. A previous study [165] suggested that
people living alone have a higher risk of hypertension, and low room temperature is hypothesized to
be a contributing factor. Households using kotatsu tables, which are unique to Japan, had lower
indoor temperatures. Kotatsu is a form of local heating and therefore does not allow heating of the
entire space. Similarly, wearing more clothes was correlated with lower room temperatures, which
suggests that some residents attempt to brave the cold by wearing more clothes.

This analysis also revealed that there is a major disparity in indoor temperatures within Japan.
Comparison between prefectures revealed a maximum difference of 7.9°C, with only houses in
Hokkaido exceeding the minimum recommended room temperature of 18°C provided by the WHO
and the UK. Furthermore, the results of multilevel analysis showed that houses in energy-saving
areas 4 and 5 had lower room temperatures than those in the majority of Japan. This suggests that the
insulation standards in these areas are inadequate.

This method allowed the identification of high-risk residents that require active intervention to
prevent hypertension and CVD. This result is expected to lead to the adoption of a high-risk

approach used in public health interventions for the implicated area and residents.
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Chapter 6

Effect of insulation retrofit on home blood pressure
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Chapter 6 | Effect of insulation retrofit on home blood pressure

6.1 Introduction

Hypertension is the main cause of cardiovascular disease (CVD) [14, 166], the leading cause of
death worldwide [1]. It is also known to be related to kidney diseases [167, 168] and dementia
[169—172]. According to the Global Burden of Diseases, Injuries, and Risk Factors Study 2015 [173],
hypertension is the risk factor that most affects a person’s disability-adjusted life years. Because the
number of people affected by hypertension increases with age, the number of cases of hypertension
is expected to continue to increase as our society ages [43, 44]. Therefore, prevention of
hypertension is an imminent challenge.

Because hypertension has almost no subjective symptoms, it is often referred to as the “silent
killer” [15]. A systematic analysis [174] of 968,419 adults from 90 countries showed that 31.1% (one
in three people) had hypertension as of 2010, of whom, approximately less than half (46.5%) were
aware of their hypertension. Among those with hypertension, 36.9% received treatment in the form
of antihypertensive agents, but only 13.8% were able to control their blood pressure within the
normal range (SBP <140 mmHg, DBP <90 mmHg) [44]. The current situation wherein a large
number of hypertensive patients are not receiving antihypertensive treatment and blood pressure is
not well controlled indicates the inadequacy of the high-risk approach of using antihypertensive
agents alone. There is therefore a need for a population approach that shifts the blood pressure of the
entire population in the appropriate direction.

A population approach, rather than improvements to individuals’ lifestyle habits, is necessary to
improve the living environment in a way that is independent of individual efforts. The focus of such
improvements to living environments is on improving housing, which is where people spend most of
their time. In recent years, there has been an abundance of research on the relationship between the
thermal environment inside houses and the blood pressure of residents [113—117]. However, much of
this research has used cross-sectional methods, while evidence based on longitudinal studies remains
limited. Therefore, this study used insulation retrofit of housing as an intervention and aimed to
elucidate the cause-and-effect relationship between insulation retrofit and the blood pressure of

residents by comparing residents’ blood pressure before and after the intervention.
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6.2 Method
6.2.1 Procedures

Participants were recruited by construction companies that constitute 68 Model Project teams
across all 47 prefectures of Japan. The recruitment criteria were: (1) participants aged 20 years or
older and (2) houses prior to renovation not meeting Criteria S of the “Act on the Promotion of
Dissemination of Long-Lasting Quality Housing.” Recruitment was performed mainly among
households that were scheduled to receive subsidies for insulation retrofit as part of the Model
Project. For the recruitment of households by construction companies, the Japan Sustainable
Building Consortium (JSBC), the main body governing the research project, put in a request to
conduct the investigation. The households that gave consent were sent an investigation kit that
included questionnaires, a thermos-hygrometer, a home blood pressure meter, and an activity meter.
The participants started the 14-day baseline survey (investigation prior to insulation retrofit) within 5
days of receiving the investigation Kkit.

After completing the baseline survey, the participants’ houses were retrofitted by the construction
companies. After completing the insulation retrofit, the construction companies submitted a
Certificate of Conformance with Energy-Saving Standards to the MLIT to indicate that the
performance of the house met the pre-determined standards. After the insulation retrofit, the
participants completed the post-retrofit survey in the same manner as the baseline survey.
Participants who completed both surveys without receiving the insulation retrofit, despite being
scheduled to do so, were included in the analysis as control group participants.

Table 6-1 shows the patterns of participation in home blood pressure measurement and Fig.6-1
shows the recruitment process. Out of the 3,775 participants (2,095 households) who completed the
baseline survey, 1,253 participants (714 households) completed 2 or more measurements, and 1,083
participants (652 households) were selected as valid samples. Of these, 975 participants (588
households) comprised the intervention group, while 108 participants (68 households) comprised the

control group.
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Table 6-1 | Patterns of participation in home blood pressure measurements

Number of

2014 2015

2016 2017

Group participations Winter Winter Winter Winter Total
3 periods Before 15t Before 2nd  After 15t — — 2

(n=93) Before 18t Before 2n — After 18t 90
Before 18 Before 2n — — After 13t 1

Before 15t After 1st — — — 248

Intervention Before 13t — — After 13t — 66
(insulation retrofit) Before 15t — — — After 1t 8
(n=1,123) 2 periods — Before 15t  After 15t — — 2
(n=1,030) — Before 2M — After 13t — 1

— Before 15t — After 13t — 355

— Before 15t — — After 13t 135

— — — Before 15t After 15t 215
3 (ie:cf);;s Before 18t Before 2n — - — 6

(’?2”;';0(')) 2 poriods _Before 1% Before 210 — - — 118
(n = 124) — Before 1t — — Before 2 4
— — Before 15t Before 2nd 2

* “Before” indicates that the survey was completed before insulation retrofit. “After” indicates that the survey
was completed after insulation retrofit. “15” and “2"9” indicate residents’ n' participation in home blood
pressure measurements before and after insulation retrofit.

Originally selected
n=1,253
(714 households)

Attrition
n=170

Valid data
n=1,083

Intervention group

Participants who completed
insulation retrofit of their houses

> n=975
(588 households)

Control group
n=108

(652 households)

Participants who did not conduct
insulation retrofit of their houses

(68 households)

M Reasons for attrition

1) Afterremoving error data, data were obtained from less than 5 days either in the morning or evening
2) No data on living room, bedroom or changing room temperature

3) No data from questionnaire or diary

4) Mismatch between responses to the questionnaire and dairy

5) Under 20 years old

6) Mismatch between responses for birth date/sex in the questionnaire before and after insulation retrofit
7) Changes in the conditions of antihypertensive drug use

Fig.6-1 | Flow of participants through the before and after insulation retrofit study
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6.2.2 Statistical analysis

To examine the influence of insulation retrofit on home blood pressure (HBP), analysis of
covariance (ANCOVA) was used to compare blood pressure after the intervention (the objective
variable). Because this investigation was conducted as a non-randomized controlled trial, there were
potential differences in the baseline characteristics. Therefore, in addition to the baseline blood
pressure, we adjusted for factors that affect blood pressure such as age, sex, body mass index (BMI),
use of antihypertensive agents, salt intake, vegetable intake, exercise, smoking, drinking, sleep,
living room temperature (Tempi:), outdoor temperature (Tempou), and household income to
minimize any potential differences in baseline characteristics. Participants’ salt check sheet score
[137] was used as a measure of salt intake, while the Pittsburgh Sleep Quality Index questionnaire
score [133, 134] was used as a measure of sleep. Furthermore, to account for changes in weather
conditions before and after the intervention in the intervention and control groups, changes in the

outdoor temperature before and after the intervention were adjusted for in the analysis.
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6.3 Results
6.3.1 Attributes of participants in the intervention group and control group

The attributes of participants in the intervention group and control group at baseline are shown in
Table 6-2 and Table 6-3. The average SBP in the morning was 128 mmHg in both groups. The
average SBP in the evening was 121 mmHg in the intervention group and 122 mmHg in the control
group. DBP was 80 mmHg in the morning and 74 mmHg in the evening in both groups. There was
no significant difference in SBP or DBP between the intervention group and the control group in the
morning or evening. There was no significant difference in room temperature for any indices,
although the outdoor temperature was significantly lower in the control group than in the
intervention group. The average age of participants in the intervention group was significantly higher,
at 58 years, compared to 54 years in the control group. The average BMI was within the “normal
weight” (18.5-24.9 kg/m?) range according to WHO. The salt check sheet score was significantly
higher in the control group. The ratio of men to women was about 1:1 in both groups, although there
were slightly more women. There was no significant difference in exercise, vegetable consumption,
smoking or alcohol consumption. Although not significant, participants in the intervention group had

a higher tendency to use antihypertensive drugs.

Table 6-2 | Characteristics of participants in the intervention and control groups (mean +SD)

Variable I,\r;lt:;e;tlsog Mg:nn:oSID Difference p value *

HSBP, mmHg

In the morning 128 17 128 17 0 0.782

In the evening 121 +16 122 + 13 0 0.888
HDBP, mmHg

In the morning 80 + 11 80 +10 0 0.878

In the evening 74 +10 74 9 0 0.973
Tempvr, °C

In the morning 15.2 +4.3 15.9 + 45 —0.7 0.103

In the evening 18.1 +3.9 18.4 + 4.0 —0.3 0.451
Temper, °C

In the morning 12.5 4.1 12.9 + 4.8 —0.4 0.457

In the evening 14.4 4.1 14.4 + 4.1 0.1 0.837
Tempcr, °C

In the morning 11.3 +4.1 11.8 + 48 —0.5 0.266

In the evening 13.5 +3.9 13.6 + 4.6 —0.2 0.734
Tempout, °C

In the morning 3.8 +3.5 2.8 +3.3 1.0 0.007

In the evening 5.2 +3.7 3.8 + 3.3 1.4 0.000
Age, years 58 +13 54 +14 3 0.009
BMI, kg/m? 22.8 +3.6 23.1 +3.2 —0.4 0.324
Salt check sheet, points 13.1 +4.3 14.2 +4.2 —1.0 0.022
* t test

HSBP, home systolic blood pressure; HDBP, home diastolic blood pressure; Tempwr, living room
temperature; Tempsr, bedroom temperature; Tempcr, changing room temperature; Tempout, outdoor
temperature; BMI, body mass index.
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Table 6-3 | Characteristics of participants in the intervention and control groups (number, %)

. Intervention Control . N
Variable Number (%) Number (%) %Difference p value
Sex
Men 454  (46.6) 52  (48.1) —1.5 0.833
Women 521 (53.4) 56 (51.9) 1.5
Exercise
Rarely 695 (71.9) 70 (65.4) 6.5 0.193
Regularly 271 (28.1) 37 (34.6) —6.5
Vegetable consumption
Rarely 17 (1.8) 2 (1.9) —0.1 0632
2-3 times/week 204  (21.1) 27  (25.0) —3.9 '
Regularly 748  (77.2) 79  (73.1) 4.0
Smoking
None 694  (78.1) 74 (71.2) 6.9 0193
Quit smoking 66 (7.4) 8 (7.7) —0.3 '
Smoking 129  (14.5) 22 (21.2) —6.6
Alcohol consumption
None 441 (45.9) 54  (50.0) —4.1 0643
Sometimes 259 (27.0) 25  (23.1) 3.8 ’
Everyday 260 (27.1) 29  (26.9) 0.2
Antihypertensive drug use
None 711 (75.1) 83  (83.0) —7.9 0.102
Currently 236 (24.9) 17 (17.0) 7.9

* Chi-squared test
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6.3.2 Changes in indoor temperature due to insulation retrofit

We examined the influence of insulation retrofit intervention on room temperature. The change in
room temperature in the living room, bedroom and changing room before and after the intervention
is shown for the intervention group and the control group in Fig.6-2. In the control group, the
outdoor temperature was higher after the intervention, and the room temperature rose in all rooms. In
contrast, in the intervention group, although the outdoor temperature decreased, the room
temperature rose in all rooms after the intervention.

The room temperature the day before and after the intervention is shown for each room in Fig.6-3.
In the control group, the outdoor temperature was 1.8°C higher, and the room temperature was 1.0°C
higher in the living room, 1.4°C higher in the bedroom, and 1.3°C higher in the changing room after
the intervention. In the intervention group, despite a drop in the outdoor temperature by 0.9°C, the
room temperature was 1.4°C higher in the living room and 1.0°C higher in the bedroom and the
changing room after the intervention. The rise in room temperatures against the decline in outdoor

temperature is likely a direct effect of the insulation retrofit intervention.
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Fig.6-2 | Changes in indoor/outdoor temperature throughout one day
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Fig.6-2 | Changes in indoor/outdoor temperature throughout one day (continued)
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Fig.6-3 | Indoor/outdoor temperature before and after intervention
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6.3.3 Causal relationship between insulation retrofit and home blood pressure

The average blood pressure in the intervention and control group before and after the intervention
is shown in Fig.6-4. In the control group, all blood pressure indices increased after the intervention.
In contrast, in the intervention group, SBP in the morning and evening decreased after the
intervention. The increase in BP in the control group after the intervention may be a result of aging
because there was a period of one or two years between the surveys before and after intervention.

In Section 6.3.1, there was a difference in baseline characteristics between the intervention group
and the control group. Therefore, to adjust for the baseline characteristics, multivariate analysis was
conducted to verify the effect of the insulation retrofit intervention (Table 6-4). The objective
variable was the blood pressure in the follow-up survey, and the explanatory variables were factors
related to hypertension (JSH2014) [44] at baseline and changes in outdoor temperature before and
after the intervention and the blood pressure in the baseline survey. The analysis showed that
insulation retrofit significant reduced SBP (—3.53 mmHg (95%CIl: —5.26, —1.80)) and DBP (—
1.49 mmHg (95%CI: —2.75, —0.23)) in the morning.

A: HSBP in the morning

*p <0.05, **p <0.01

B: HDBP in the morning

*p <0.05, **p <0.01
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Fig.6-4 | Average blood pressure of intervention and control groups before and after

intervention
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Table 6-4 | Effect of insulation retrofit on home blood pressure in the morning and evening

Univariate model Multivariate model *

Objective variable 8 (95%Cl) p value AdjL;gsted (95%Cl) p value
HSBP, mmHg

In the morning —1.95 (—3.46, —0.44) 0.012 —3.583 (—5.26, —1.80) 0.000

In the evening —1.06 (—2.58, 0.47) 0.173 —1.49 (—3.31, 0.33) 0.109
HDBP, mmHg

In the morning —1.13 (—2.17, —0.10) 0.032 —1.49 (—2.75, —0.23) 0.020

In the evening —0.77 (—1.83, 0.29) 0.153 —0.85 (—2.16, 0.46) 0.204

*Adjusted for BP, age, sex, body mass index, salt check sheet score, vegetable consumption, exercise,
smoking, alcohol consumption, Pittsburgh Sleep Quality Index, antihypertensive drug use, household
income, living room temperature, outdoor temperature at baseline, and change in outdoor temperature
between before and after intervention.

Cl, confidence interval; HSBP, systolic blood pressure at home; HDBP, diastolic blood pressure at home.
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6.4 Discussion
6.4.1 Previous intervention studies on housing and blood pressure

Clinical trials examining the relationship between housing and blood pressure have started in
Japan and other countries.

In Scotland, Walker et al. [106] examined this relationship in a program that built new central
heating systems in the households of elderly individuals with inadequate or irreparable central
heating facilities. They conducted a prospective control study that compared the diagnosis of heart
diseases and hypertension in a central heating-introduced group (1,281 households) and control
group (1,084 households). They found that the odds ratio for receiving a diagnosis of hypertension
was 0.77 (95% CI: 0.61-0.97) for the central heating-introduced group, thereby confirming the
positive effect of using central heating. However, given that the diagnosis of hypertension was based
on self-reports using a questionnaire, this result was based on subjective data.

The two randomized controlled trials by Saeki et al. [110, 111] are examples of studies based on
objective data. One was an interventional study in which participants were randomly assigned to
conduct measurements in either a laboratory set to 12°C or one set to 22°C. The other was an
interventional study conducted in participants’ actual living environments, where a doctor instructed
the participants to turn on their heating to a set room temperature of 24°C one hour before getting
out of bed. Both studies reported a significant decrease in SBP in the group with the higher
temperature setting at the time of waking. The interventions examined in these studies were related
to the way heating is used, while the long-term effects of these interventions remain unclear. These
studies recommended that insulation retrofit may be necessary in the future.

An example of a study that used insulation retrofit as an intervention was that by Lloyd et al.
[102], which examined the improvement in blood pressure through provision of home renovation
packages in Scotland. A housing renovation package was developed and included double-skinning
the outer walls, introduction of insulation material, doubling glass on windows, and introduction of
gas central heating systems, which were conducted in the interventional study. Two blocks (36
houses) were chosen as the intervention group, while two other blocks were chosen as the control
group. The participants’ blood pressure, a risk factor for coronary artery heart diseases and stroke,
was measured. The intervention group alone showed significant improvements in blood pressure.
However, because the size of the final analysis sample was very small, with only 27 participants in
the intervention group and 9 participants in the control group, it is difficult to conclude that the
results are universally applicable.

Building on the results of these studies, our study examined the effect of insulation retrofit on
HBP in 1,083 participants living in 652 households across Japan. Given that the occurrence of

cardiovascular disease events concentrates around the time of waking, numerous sources have
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emphasized the importance of blood pressure control at this time. Based on the above, the decrease

in HBP in the morning due to home insulation retrofit in this study is likely clinically meaningful.

6.4.2 Estimated preventive effect of housing improvement on cardiovascular
disease

Health Japan 21 (the second term) is a policy established to prevent CVD in Japan [41]. This
policy estimates that a decrease in average SBP of Japanese aged 40 to 89 years by 4 mmHg (men:
138—134 mmHg, women: 133—129 mmHg) will lead to a corresponding decrease of
approximately 9,300 deaths a year due to cerebrovascular disease, approximately 4,700 deaths a year
due to ischemic heart disease, and approximately 14,000 deaths a year due to CVD as a whole in
Japan (Table 6-5). This investigation showed that insulation retrofit led to a 3.5 mmHg decrease in
SBP at the time of waking. Using these results and the formula below, insulation retrofit is estimated
to lead to a decrease of approximately 4,800 deaths a year due to CVD in Japan (Fig.6-5).

Decrease in the number of deaths due to CVD = AP x Ax x 1/3 x 1.175

where AP denotes the decrease in the number of deaths due to CVD for every 1 mmHg decrease in
systolic blood pressure (14,000 people/4 mmHg), Ax denotes the decrease in blood pressure due to
insulation retrofit (3.5 mmHg), 1/3 is a coefficient that represents the winter period within one year
(December—March) [47, 175], and 1.175 is a coefficient that represents the proportion of excess
winter deaths in Japan (17.5%) [58] (Fig.1-18).

The heating intervention study by Saeki et al. in participants’ actual living environments [111]
showed that SBP at the time of waking decreased by 4.4 mmHg. Therefore, an intervention that
combines insulation and heating is expected to further reduce blood pressure and prevent CVD. As
such, while the accuracy of the value from a simple estimation is unclear, it is likely that the effect of

improving the living environment will be considerable.

Table 6-5 | Estimation of decreases in CVDs due to decreases in average SBP
(translated from [41])

Cerebrovascular disease Ischemic heart disease

Age [years] 40-59 60-69 70-89 Total 40-59 60-69 70-89 Total
Decrease in Men 4 4 4 — 4 4 4 —
average SBP
[mmHg] Women 4 4 4 — 4 4 4 —
Decrease in the number Men 862 783 4,469 6,113 506 834 1,185 2,525
of deaths due to CVD
[people/year] Women 371 386 2,482 3,239 25 194 1,958 2,177
Number of deaths Men 5,349 8,483 54,952 68,784 4,947 8,040 34,166 47,153
due to CVD in Japan
[people/year] Women 2,322 3,793 49,967 56,081 1,008 2,273 26,918 30,199
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Chapter 7 | Relationship between indoor temperature and biomarkers of CVD

7.1 Introduction

Excess winter mortality (EWM) is a phenomenon in which the mortality rate, particularly due to
cardiovascular disease (CVD), rises sharply in winter [50—52]. EWM is known to be particularly
profound in cold houses [49]. According to estimations by the WHO, at least 30% of EWM is caused
by low indoor temperatures at home [176]. Previous studies indicate that part of the mechanism of
EWM is explained by a rise in blood pressure due to cold exposure, and findings related to the
relationship between indoor temperature and blood pressure are accumulating [113]. Aside from
hypertension (raised blood pressure), CVD is associated with three interim risk factors: (1) diabetes
(raised blood glucose level); (2) hyperlipidemia (raised blood lipids); and (3) obesity (raised body
weight) [8, 9]. However, there is very limited evidence on the relationship between biomarkers of
CVD like blood glucose, blood lipids, and body weight and indoor temperature. As such, data
collected from participants who did and did not undergo insulation retrofit of housing across Japan
were analyzed for these biomarkers in this chapter. Specifically, data from the health exam obtained
through the baseline survey were used to analyze the relationship between cardiovascular biomarkers

and the indoor temperature at home.

7.2 Method
7.2.1 Measurements

Participants were asked to submit their results for basic items in the health exam. Table 7-1 shows
the items of the health exam, the standard range for each item, and suspected diseases if the
measured value deviated from the standard range [177].

Participants were asked to measure their home blood pressure (HBP) twice after getting out of bed
in the morning and twice before getting into bed in the evening while seated, in accordance with the
guidelines of the Japanese Society of Hypertension (JSH 2009) [119]. HBP was measured in the
living room for two weeks using an automatic oscillometric device (HEM-7251G; Omron
Healthcare Co., Ltd.). Indoor temperature and relative humidity at 1.0 m above the floor were
measured in the living room, bedroom, and changing room at 10-min intervals (TR-72wf; T&D
Corp.). Outdoor temperature was obtained from the closest local meteorological observatory to each
participant’s house.

In addition, a questionnaire on individual attributes, lifestyle and housing was also conducted. The
questionnaire covered individual attributes, such as age, sex, and weight; and lifestyle indicators,
such as eating habits, smoking, alcohol consumption, and health conditions, focusing on diseases
associated with hypertension. As an indication of socio-economic status, questions about household

income and educational status were included in the questionnaire.
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Table 7-1 | Health exam items and standard ranges [177]

Diseases suspected when

Classification ltem Standard range outside the standard range
Physical BMI 18.5-24.9 kg/m?  Obesity
parameters Abdominal girth Men: <85 cm
Women: <90 cm
Blood SBP <140 mmHg Hypertension, arteriosclerosis
pressure DBP <90 mmHg heart disease, cerebrovascular disease
Blood White blood cell count 4,000-9,000 /uL Bacterial infection, inflammation, tumor
Red blood cell count  Men: 450-560 10%uL  Polycythemia
Women: 380-520 10%/uL
Hemoglobin content  Men: 13—17 g/dL (below standard range)
Women: 12-15 g/dL iron-deficiency anemia
Hematocrit Men: 40-54 % (above standard range)
Women: 35-47 % Polycythemia, dehydration
(below standard range)
iron-deficiency anemia
Platelet count 15-50 10%uL  (above standard range)
thrombocythemia, iron-deficiency anemia
(below standard range)
aplastic anemia, cirrhosis of liver
Blood Total cholesterol 130-220 mg/dL  (above standard range)
lipids arteriosclerosis, abnormality of lipid metabolism,
familial hyperlipidemia
HDL cholesterol 40-80 mg/dL  (below standard range) arteriosclerosis
LDL cholesterol 60-140 mg/dL  (above standard range) arteriosclerosis
Neutral fat 35-150 mg/dL  (above standard range) arteriosclerosis
Blood Blood glucose level <110 mg/dL  Diabetes, pancreas cancer, hormone abnormality
glucose Hemoglobin A1c <6.5 % Diabetes
Urinary sugar Negative — Diabetes
Liver AST (GOT) 10-40 1U/L Acute hepatitis, chronic hepatitis, fatty liver, liver
function ALT (GPT) 5-40 1U/L cancer, alcoholic hepatitis
ALP 110-340 IU/L
y-GTP Men: 5-80 IU/L Alcohol liver disease, chronic hepatitis,
Women: 5-70 1U/L hepatopathy
Kidney Cr (creatinine) Men: 0.8-1.2 mg/dL  Decline in renal function
function Women: 0.6-0.9 mg/dL
UP (uric protein) Negative — Nephritis, diabetic nephropathy
UB (uric blood) Negative — Renal glomerulus nephritis, urolithiasis
Uric acid Uric acid Men: 3.0-8.3 mg/dL  Hyperuricemia, gout
Women: 2.5-6.3 mg/dL
Heart Electrocardiogram — — Irregular heartbeat (bradycardia, tachycardia,
premature contraction), cardiomegaly, atrial
fibrillation
Lung Chest X-ray — — Pneumonia, pulmonary tuberculosis, lung cancer,

emphysema, pleural effusion, pneumothorax

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; AST, aspartate aminotransferase;

GOT, glutamate oxaloacetate transaminase; ALT, alanine aminotransferase; GPT, glutamate pyruvate transaminase; ALP,

alkaline phosphatase; y-GTP, gamma-glutamyl transpeptidase
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7.2.2 Statistical analysis

For continuous variables that formed a normal distribution, the results were presented as mean and
standard deviation. For continuous variables that formed a non-normal distribution, the results were
presented as median and interquartile range. For the former and latter distributions, differences
between groups were analyzed using the student’s t-test and Mann-Whitney’s U-test, respectively.
Inter-group comparisons of the proportions were performed using the y-test.

To examine the influence of indoor temperature on health exam parameters, analysis of covariance
(ANCOVA) was conducted with health exam parameters as the objective variable. The analysis was
adjusted for the participants’ basic characteristics such as age, sex, body mass index (BMI), use of
antihypertensive agents, salt intake, vegetable intake, exercise, smoking, drinking, sleep, outside
temperature, and household income. The salt check sheet score [137] was used as a measure of salt
intake, while the Pittsburgh Sleep Quality Index questionnaire score [133, 134] was used as a
measure of sleep.

Furthermore, logistic regression analysis was performed by inputting health exam parameters as a
categorical variable (whether or not each item in the health exam was within the standard range), and

the odds ratio was determined.
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7.3 Results
7.3.1 Relationship between health exam data and self-reported hospital visits
Initially we analyzed the relationship between health exam parameters and the presence or
absence of hospitalization due to each disease related to cardiovascular disease (Table 7-2). The
LDL/HDL ratio and total/HDL ratio, which were calculated from biomarker data, are known risk
indicators with greater predictive power of cardiovascular disease than each biomarker alone. We
therefore also used these indicators [178]. Among the obesity parameters, participants who visited
the hospital had significantly greater BMI and abdominal girth than those who did not. For
hypertension, various indices of BP were significantly higher in participants who visited the hospital
than those who did not. For hyperlipidemia, there were significant differences in relevant biomarkers
and indices between those who were and were not hospitalized. For diabetes, all relevant indices
were significantly higher in participants who visited the hospital than those who did not. These

findings indicate that health exam parameters are useful indicators with relevance to disease.

Table 7-2 | Relationship between health exam data and self-reported hospital visits
A. Obesity

Hospital visits due to obesity

Classification Item Yes No Difference p value
Mean + SD Mean + SD

Physical BMI, kg/m? 274+27 225+ 3.1 5.0 0.000

parameters Abdominal girth, cm 94.4 + 8.0 80.8 + 8.7 13.7 0.000

B. Hypertension

Hospital visits due to hypertension

Classification Item Yes No Difference p value
Mean + SD Mean + SD
Blood SBP at clinic, mmHg 134 + 15 120 + 16 14 0.000
pressure DBP at clinic, mmHg 80+ 11 7311 7 0.000
MSBP at home, mmHg 141+ 13 126 + 16 14 0.000
MDBP at home, mmHg 85+10 80+ 10 5 0.000
ESBP at home, mmHg 131+ 14 120 + 15 10 0.000
EDBP at home, mmHg 77 £10 7310 3 0.000

C. Hyperlipidemia

Hospital visits due to hyperlipidemia

Classification Item Yes No Difference p value
Mean + SD Mean + SD
Blood Total cholesterol, mg/dL 206 + 38 205 + 34 1 0.814
lipids HDL cholesterol, mg/dL 61+ 15 65+ 17 —4 0.000
LDL cholesterol, mg/dL 125+ 34 123 £ 31 2 0.344
Neutral fat, mg/dL 136 + 87 106 + 93 30 0.000
LDL/HDL cholesterol 2.16 2.04 0.12 0.004
Total/HDL cholesterol 3.59 3.37 0.22 0.003
D. Diabetes
Hospital visits due to diabetes
Classification Item Yes No Diffgrence or p value
Mean + SD or Mean + SD or %Difference
Number (%) Number (%)
Blood Blood glucose level, mg/dL 134 + 40 95+ 13 40 0.000
glucose Hemoglobin A1c, % 6.9+0.9 56+04 1.3 0.000
Urinary sugar 0.000
Negative 102 (78.5) 1,816 (98.7) —20.2
Positive 28 (21.5) 23 (1.3) 20.2
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7.3.2 Comparison of health exam data between warm houses and cold houses

First, cold houses and warm houses were defined. The changes in indoor/outdoor temperature
throughout one day are shown in Fig.7-1. The living room temperature was lowest at 5 am. Given
that the UK guidelines recommend maintaining the minimum room temperature above 18°C [71, 72],
we defined warm houses as those with a living room temperature at 5 am >18°C and cold houses as
those with a living room temperature at 5 am <18°C. To match the sample size of cold and warm
houses, we also defined warm houses as those with a living room temperature at 5 am >12.5°C
(median of living room temperature at 5 am) and cold houses as those with a living room
temperature at 5 am <12.5°C.

Health exam and HBP measurement data of participants living in warm houses (>12.5°C) and cold
houses (<12.5°C) are shown in Table 7-3. ANCOVA showed that there was no significant difference
between these groups in physical parameters, blood, liver function, kidney function or uric acid. In
contrast, there was a significant difference in blood pressure, blood lipids and blood glucose. For
blood lipids, LDL cholesterol, and total/HDL ratio were significantly higher in participants living in
cold houses than warm houses.

Subsequently, logistic regression analysis was performed and the results are shown in Table 7-4.
In this analysis, whether or not blood lipid and blood glucose parameters were outside the standard
range and the presence or absence of an abnormality in electrocardiogram or chest X-ray findings
were used as two-valued objective variables. Compared to those living in warm houses (>12.5°C),
the probability that total cholesterol and LDL cholesterol exceeded the standard range was 1.6 times
and 1.3 times higher in participants living in cold houses (<12.5°C), respectively. Furthermore, there
was a significant difference in the presence of an abnormality in electrocardiogram findings between
participants living in warm and cold houses. Compared to those living in warm houses (>12.5°C),
the probability of an abnormality in electrocardiogram findings was 1.5 times higher in participants

living in cold houses (<12.5°C).
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Fig.7-1 | Changes in indoor/outdoor temperature throughout one day

Chapter 7 | 155



Table 7-3 | Health exam data of participants living in warm houses (=12.5°C) and cold
houses (<12.5°C)

Unadjusted Adjusted *
Classification Item Cold Warm  Differ- Cold Warm  Differ-
p value p value
houses houses ence houses houses ence
Physical BMI, kg/m? 22.7 22.8 —0.1 0.397 22.8 22.8 0.0 0.838
parameters Abdominal girth, cm 81.4 81.7 —0.3 0.554 81.4 81.6 —0.2 0.440
Blood SBP at clinic, mmHg 124 123 2 0.012 122 123 0 0.714
pressure DBP at clinic, mmHg 75 74 1 0.202 74 75 0 0.647
MSBP at home, mmHg 131 128 3 0.000 130 128 2 0.000
MDBP at home, mmHg 82 81 1 0.023 82 81 1 0.028
ESBP at home, mmHg 124 122 2 0.008 122 121 1 0.186
EDBP at home, mmHg 75 74 1 0.114 74 74 0 0.384
Blood White blood cell count, /uyL 5,579 5,593 —14  0.866 5,639 5,611 28 0.763
Red blood cell count, 104uL 460 460 0 0.821 464 461 2 0.207
Hemoglobin content, g/dL 14.0 141 —0.1 0.39%4 14.2 141 0.0 0.479
Hematocrit, % 42.3 42.5 —0.2 0412 42.6 42.6 0.0 0.822
Platelet count, 10%/uL 25.9 24.4 1.5 0.303 27.5 23.9 3.6 0.055
Blood Total cholesterol, mg/dL 208 203 5 0.011 208 203 4 0.063
lipids HDL cholesterol, mg/dL 64 64 1 0.406 64 64 0 0.870
LDL cholesterol, mg/dL 125 122 3 0.012 125 122 4 0.024
Neutral fat, mg/dL 113 111 3 0.523 117 110 7 0.148
LDL/HDL cholesterol 2.08 2.06 0.03  0.466 2.10 2.04 0.05 0.137
Total/HDL cholesterol 3.46 3.38 0.07 0.194 3.51 3.37 0.14 0.020
Blood Blood glucose level, mg/dL ~ 98.5 96.9 1.6 0.068 97.6 95.7 1.8 0.037
glucose Hemoglobin A1c, % 5.70 5.68 0.02 0.599 5.68 5.66 0.02 0.533
Liver AST (GOT), IU/L 23.4 22.9 0.4 0.288 23.2 22.9 0.3 0.560
function ALT (GPT), IU/L 215 21.5 0.0 0.979 21.9 21.8 0.1 0.919
ALP, IU/L 212 204 8 0.038 209 204 5 0.253
y-GTP, IU/L 33 34 —1 0.494 33 34 —1 0.600
Kidney Cr (creatinine), mg/dL 0.78 0.78 0.00 0.964 0.80 0.79 0.01 0.674
function
Uric acid Uric acid, mg/dL 5.3 5.6 —0.3 0.136 5.3 5.6 —0.4 0.156

*Adjusted for age, sex, body mass index, salt check sheet score, vegetable consumption, exercise, smoking, alcohol
consumption, Pittsburgh Sleep Quality Index, antihypertensive drug use, household income

MSBP, systolic blood pressure in the morning; MDBP, diastolic blood pressure in the morning; ESBP, systolic blood
pressure in the evening; EDBP, diastolic blood pressure in the evening.

Table 7-4 | Cold houses (<12.5°C) and odds ratio of being outside the standard range

Unadjusted Adjusted *
Classification Item Ofidi (95%Cl) p value Ogdi (95%Cl) p value
ratio ratio
Blood Total cholesterol 1.585 (1.238,2.029)  0.000 1.565 (1.167,2.100)  0.003
lipids HDL cholesterol 0.756 (0.512,1.115)  0.158 0.866 (0.526, 1.425)  0.570
LDL cholesterol 1.243 (1.029, 1.502)  0.024 1.271 (1.013,1.595)  0.039
Neutral fat 1.020 (0.824, 1.263)  0.855 1.072 (0.823,1.396) 0.606
Blood Blood glucose level 1.386 (1.063, 1.807)  0.016 1.264 (0.892, 1.791)  0.188
glucose Hemoglobin A1c 0.955 (0.648, 1.407) 0.816 1.019 (0.613, 1.693)  0.942
Urinary sugar 1.026 (0.591,1.779)  0.928 1.095 (0.568, 2.113)  0.786
Heart Electrocardiogram 1.368 (1.085,1.726)  0.008 1.455 (1.094, 1.934)  0.010
Lung Chest X-ray 0.995 (0.749,1.323) 0.974 0.936 (0.667,1.314)  0.704

*Adjusted for age, sex, body mass index, salt check sheet score, vegetable consumption, exercise, smoking, alcohol
consumption, Pittsburgh Sleep Quality Index, antihypertensive drug use, household income
** vs warm house (212.5°C)
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As in the case when threshold was defined as 12.5°C, ANCOVA showed that there was a
significant difference in blood pressure and blood lipids between participants living in cold (<18°C)
and warm houses (>18°C) (Table 7-5). For blood lipids, total cholesterol, LDL cholesterol, and
total/HDL ratio were significantly higher in participants living in cold houses than warm houses.

The results of logistic regression analysis are shown in Table 7-6. Compared to those living in
warm houses (>18°C), the probability that total cholesterol and LDL cholesterol exceeded the
standard range was 2.6 times and 1.6 times higher in participants living in cold houses (<18°C),
respectively. Furthermore, compared to those living in warm houses (>18°C), the probability of an
abnormality in electrocardiogram findings was 1.9 times higher in participants living in cold houses
(<18°C).

Table 7-5 | Health exam data of participants living in warm houses (=18°C) and cold houses

(<18°C)
Unadjusted Adjusted *
Classification Item Cold Warm  Differ- Cold Warm  Differ-
p value p value
houses houses ence houses houses ence
Physical BMI, kg/m? 22.7 22.9 —0.2 0441 22.7 22.9 —0.2 0.092
parameters Abdominal girth, cm 81.6 81.3 0.3 0.714 81.5 81.5 0.0 0.993
Blood SBP at clinic, mmHg 124 122 2 0.203 123 123 0 0.802
pressure DBP at clinic, mmHg 75 75 0 0.944 74 75 0 0.808
MSBP at home, mmHg 130 127 4 0.002 129 127 2 0.060
MDBP at home, mmHg 81 80 1 0.059 81 80 2 0.032
ESBP at home, mmHg 123 122 1 0.270 122 122 0 0.946
EDBP at home, mmHg 74 74 0 0.943 74 74 1 0.490
Blood White blood cell count, /uL 5,558 5,861 —303 0.024 5610 5797 —187 0.216
Red blood cell count, 104/uL 460 462 —2 0.606 463 461 2 0.571
Hemoglobin content, g/dL 141 141 0.0 0.776 14.2 14.2 0.0 0.974
Hematocrit, % 42.4 425 —0.1 0.667 42.6 42.6 0.0 0.967
Platelet count, 10%/uL 254 23.0 2.5 0.308 26.0 23.1 2.9 0.341
Blood Total cholesterol, mg/dL 206 198 8 0.035 206 197 9 0.034
lipids HDL cholesterol, mg/dL 64 63 1 0.435 64 64 0 0.948
LDL cholesterol, mg/dL 124 118 6 0.017 124 117 7 0.021
Neutral fat, mg/dL 112 114 —2 0.808 114 106 8 0.314
LDL/HDL cholesterol 2.07 2.02 0.05 0.359 2.08 1.96 0.12 0.057
Total/HDL cholesterol 3.42 3.36 0.07  0.495 3.46 3.21 0.25  0.020
Blood Blood glucose level, mg/dL ~ 97.6 98.5 —0.9 0.557 96.5 97.7 —1.2 0438
glucose Hemoglobin A1c, % 5.7 5.7 0.0 0.778 5.7 5.7 —0.1 0.150
Liver AST (GOT), IU/L 23.1 23.5 —0.4 0.561 22.9 23.8 —0.8 0.322
function ALT (GPT), IU/L 21.3 23.1 —1.7 0.078 21.7 235 —1.8 0.118
ALP, IU/L 208 213 —6 0.376 206 213 —8 0.302
y-GTP, IU/L 33 36 —3 0.230 33 37 —4 0.145
Kidney Cr (creatinine), mg/dL 0.78 0.78 0.01 0.827 0.79 0.79 0.00 0.972
function
Uric acid Uric acid, mg/dL 5.4 5.3 0.1 0.713 5.5 5.3 0.1 0.784

*Adjusted for age, sex, body mass index, salt check sheet score, vegetable consumption, exercise, smoking, alcohol
consumption, Pittsburgh Sleep Quality Index, antihypertensive drug use, household income

MSBP, systolic blood pressure in the morning; MDBP, diastolic blood pressure in the morning; ESBP, systolic blood
pressure in the evening; EDBP, diastolic blood pressure in the evening.
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Table 7-6 | Cold houses (<18°C) and odds ratio of being outside the standard range

Unadjusted Adjusted *
Classification ftem O(.jdi (95%Cl) p value O(.jdi (95%Cl) p value
ratio ratio

Blood Total cholesterol 2.300 (1.374, 3.852)  0.002 2.616 (1.397,4.901)  0.003
lipids HDL cholesterol 1.165 (0.496, 2.734)  0.726 1.592 (0.647,3.920) 0.312

LDL cholesterol 1.434 (0.950, 2.165)  0.086 1.590 (1.045,2.419)  0.030

Neutral fat 0.922 (0.606, 1.403)  0.705 1.008 (0.640, 1.587)  0.973
Blood Blood glucose level 0.943 (0.609, 1.461)  0.792 0.841 (0.461,1.536) 0.574
glucose Hemoglobin A1c 1.194 (0.591,2.414)  0.622 1.318 (0.449, 3.872) 0.616

Urinary sugar 1.251 (0.446, 3.507) 0.671 1.101 (0.313, 3.875)  0.880
Heart Electrocardiogram 2.190 (1.227,3.911)  0.008 1.915 (1.061, 3.456)  0.031
Lung Chest X-ray 1.956 (0.994, 3.848)  0.052 1.669 (0.837,3.329) 0.146

*Adjusted for age, sex, body mass index, salt check sheet score, vegetable consumption, exercise, smoking, alcohol
consumption, Pittsburgh Sleep Quality Index, antihypertensive drug use, household income
** vs warm house (218°C)
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7.4 Discussion
7.4.1 Ambient temperature and biomarkers of cardiovascular disease

Several previous studies have investigated the relationship between ambient temperature and
cardiovascular biomarkers. The relationship between cardiovascular biomarkers and outdoor
temperature was examined by Sartini et al. [179], who showed that SBP/DBP, total cholesterol, and
LDL cholesterol increased as the outdoor temperature decreased. Hong et al. [180] also confirmed
that SBP/DBP, platelet count, and LDL cholesterol increased and HDL cholesterol decreased as the
outdoor temperature decreased.

Examples of studies that examined the relationship between indoor temperature at home and
cardiovascular biomarkers are those by Saeki et al. [181] and Shiue et al [182]. Saeki et al. showed,
in a study of 1,095 elderly participants, that the platelet count increased in participants living in
houses with low room temperatures. Shiue et al. analyzed the relationship between indoor
temperature and biomarkers during nurses’ interviews among 7,997 participants and showed that
residents living in houses with indoor temperatures below 18°C had high blood pressure and high
cholesterol levels. However, because this relationship was observed at one point in time — during the
nurses’ interviews — it is not possible to extrapolate the long-term relationship between biomarkers
and indoor temperature, to which the participants are exposed on a daily basis.

In the present survey, the relationship between the indoor thermal environment and health exam
data was examined by accounting for the daily indoor temperature to which the participants were
exposed, based on actual measurements taken across two weeks in winter. The analysis identified a
significant relationship between indoor temperature and abnormal cholesterol levels and
electrocardiogram findings. These findings suggest that the relationship between the indoor thermal

environment in a house and CVD biomarkers is not temporary.

7.4.2 Cholesterol level and risk of cardiovascular disease

Many clinical trials have examined the relationship between blood cholesterol levels and CVD,
and a causal relationship has now been established [183—188]. Through the review of previous
studies, a guideline has been issued on how to reduce cholesterol levels, with improvements to
lifestyle habits being a recommended measure [189—192]. However, because improvements to
lifestyle habits must be conducted and maintained by the individual, these measures place limitations
on the population level effect of such improvements. While evidence on health education
interventions to promote the establishment of healthy lifestyle habits has accumulated, in practice,
these interventions have not been sufficiently effective in long-term studies [193] or community
interventional studies [194], thereby highlighting the difficulty of promoting lifestyle changes at the
individual level. It may therefore be more effective to improve the environment in which individuals

interact in their daily life. However, at present, the guideline mentioned above does not address
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improvements to the living environment, such as in housing and protection from the cold. In the
future, evidence on the relationship between environmental factors inside the house and cholesterol
levels is expected to accumulate, which will likely prompt the inclusion of interventions related to
environmental factors in the guidelines, rather than depending on lifestyle habit changes for

intervention.

7.4.3 Cold homes and arteriosclerosis

Progression of arteriosclerosis, which is a known risk factor of CVD, occurs as vascular
endothelial cells become damaged or injured due to high blood pressure, and cholesterol
accumulates on these injuries. When cholesterol accumulates and blood vessels become constricted,
a vicious cycle arises leading to further increases in blood pressure [195—197].

The present analysis identified a significant relationship between high cholesterol levels and
residents living in houses with low room temperatures. Similarly, low room temperature
environments increase blood pressure, as shown in Chapter 5. As such, residents of cold houses
likely experience the vicious cycle that leads to increasingly high blood pressure, such that the speed
of arteriosclerosis progression is greater than in residents living in warm houses.

The present analysis additionally showed a significant relationship between living in low room
temperature housing and the arteriosclerotic index, although this was based on a cross-sectional
study. In the future, the relationship between arteriosclerosis progression and housing should be
clarified by comparing a cold housing group with a warm housing group in long-term follow-up

studies.
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Chapter 8

Conclusions and future studies
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Chapter 8 | Conclusions and future studies

This study examined the effect of improving housing environment on the prevention of
cardiovascular disease (CVD). In particular, field measurements were conducted to measure blood
pressure, which is a widely measured risk factor of CVD, and the relationship between the thermal
environment inside the house and blood pressure was analyzed and discussed. Furthermore, data
from health exams were collected to examine the relationship between cold homes and biomarkers

of CVD. The following is a summary of the conclusions drawn in this thesis.

8.1 Relationship between indoor temperature and home blood pressure

This study analyzed the relationship between room temperature and home blood pressure (HBP)
and was based on data obtained in a baseline survey of 2,095 households and 3,775 participants
conducted before insulation retrofit in the SWH survey. The analysis showed that 1) the effect of
living room temperature on SBP in the morning (6.4 mmHg increase/10°C decrease) was greater
than that in the evening (5.0 mmHg increase/10°C decrease); 2) there was a cubic relationship
between living room temperature and SBP; 3) indoor temperature had a stronger effect on SBP in
older residents and women; and 4) SBP in the morning increased when the temperature disparity
between the living room and bedroom increased, suggesting the importance of warming the entire
house rather than just the living room.

To make the above results applicable at the individual level, sensitivity analysis was conducted to
demonstrate the odds of morning SBP increasing to >135 mmHg (diagnostic threshold for
hypertension or normotension) at various living room temperatures (10-25°C) according to age and
sex. The results of this analysis can be used as basic data for a proposed recommended room

temperature to prevent hypertension.

8.2 Identification of residents living in low room temperature environments

With the significant influence of indoor temperature at home on blood pressure now clear, we
made use of the strengths of the nationwide survey to identify residents who were living in low room
temperature environments. It was clear that houses in area 4 of the energy-saving criteria had low
room temperatures. Although insulation standards have been established for each energy-saving area
classification in Japan, these findings suggest that the insulation standards of area 4 may be
inadequate. In terms of resident’s attributes, factors like low income status, duration of residence in
the house and living alone were significantly related to low room temperature. Furthermore, ways of
living, such as the use of heating and the amount of clothes worn, were also related to room

temperature. This method allowed the identification of high-risk residents that require active
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intervention to prevent hypertension. This result is expected to lead to the adoption of a high-risk

approach used in public health interventions for the implicated area and residents.

8.3 Effect of insulation retrofit on home blood pressure

To demonstrate causality in the significant relationship between indoor temperature and blood
pressure identified in the baseline survey, analysis was conducted to compare the blood pressure of
residents before and after intervention in those who received home insulation retrofit (intervention
group) and those who did not (control group). Even after adjusting for differences in baseline
characteristics between the intervention group and the control group, the analysis showed that
insulation retrofit significantly reduced SBP and DBP in the morning.

Currently, preventive measures for hypertension, provided by WHO reports and Health Japan 21
(the second term), include suggestions for improving lifestyle habits, such as diet, exercise, and
alcohol consumption and the use of antihypertensive agents. However, many studies have clearly
shown that there are limitations to suggestions for individual improvement of lifestyle habits, which
is dependent on individuals’ efforts. This study showed the efficacy of insulation retrofit for
decreasing blood pressure, and we believe that in the future, measures that include improving the

living environment, such as insulation retrofit, will be necessary to prevent hypertension and CVD.

8.4 Relationship between indoor temperature and biomarkers of CVD

Progression of arteriosclerosis, which is a known risk factor of CVD, occurs as vascular
endothelial cells become damaged or injured due to high blood pressure and cholesterol accumulates
on these injuries. When cholesterol accumulates, and blood vessels become constricted, a vicious
cycle arises leading to further increases in blood pressure.

This analysis identified a significant relationship between high cholesterol levels and residents
living in low room temperature houses. Furthermore, as this study additionally showed that low
room temperature environments increase blood pressure, the abovementioned vicious cycle likely
occurs in residents of cold houses such that the speed of arteriosclerosis progression is greater than
in residents living in warm houses. In fact, this analysis showed that residents living in cold houses
had a poor arteriosclerotic index.

Furthermore, logistic regression analysis indicated that low room temperature was significantly
related to abnormal electrocardiogram findings, even after adjusting for the influence of age, sex,
and lifestyle habits. Based on the above, we propose that, in addition to blood pressure, indoor
temperature affects biomarkers of CVD and that indoor temperature may be an important risk factor

in the development of CVD.
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8.5 Conclusions

In recent years, there have been clear health disparities not only between nations, but also within
nations. These cannot be ignored, and reducing these health disparities has become a global issue.
The WHO, which promotes the concept of “Health for all,” emphasizes the importance of social
determinants of health [198], conditions in which people are born, raised, work, live, and age, to
correct the disparity [199]. Even in Japan, 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” [145]. In particular, given that humans spend 60-70% of their time at home
[60—62], and elderly people with declining physiological function or children with undeveloped
physiological function spend even more time at home [63], the living environment at home is of
great importance to health.

This study focused on excess winter mortality (EWM), where the number of deaths, particularly
due to CVD, surges during winter [45—47], and examined the relationship between the thermal
environment inside houses, hypertension, and CVD from various perspectives. The results suggest
that the influence of the thermal environment inside the house on hypertension and CVD is
significant and cannot be ignored. A resident’s health is affected by the quality of the housing in
which they live. Therefore, to improve the public health of citizens and to reduce the health disparity,
it is important to provide appropriate housing facilities.

In the field of public health, not only high-risk approaches but also population approaches are
important. Unlike improvements in lifestyle habits, interventions that improve housing have the
potential to indirectly change the distribution of risk factors (e.g., blood pressure) at the population
level in a positive direction. In the future, strategies for preventing risk factors by improving living
environment (primordial prevention) prior to disease prevention by improving lifestyle habits
(primary prevention) is likely to garner a lot of attention. Furthermore, in addition to “lifestyle
diseases”, hypertension and CVD will likely be known as “life-environment diseases” in the future

(Fig.8-1).
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Why are Japanese houses cold inside? I surmise that a hint appears in three major medieval
Japanese essays; ‘The Pillow Book (The Makura no soshi),” ‘Essays in Idleness (The Tsurezuregusa)’
and “Visions of a Torn World (The Hojoki).” One reason is that there are clear four seasons in Japan.
At the beginning of the ‘The Pillow Book,’ the Lesser councilor Sei (Sei Shonagon) described the
attractiveness of the four seasons in Japan as “In spring, the dawn (...). In summer, the night —
moonlit night, of course, but also at the dark of the moon, it’s beautiful when fireflies are dancing
everywhere in a mazy flight. And it’s delightful too to see just one or two fly through the darkness,
growing softly. Rain falling on a summer night is also lovely. In autumn, the evening (...). In winter,
the early morning — if snow is falling, of course, it’s unutterably delightful, but it’s perfect too if
there’s a pure white frost, or even just when it’s very cold, and they hasten to build up the fires in the
braziers and carry in fresh charcoal” [200]. Despite the cold winter climate (noted above), in the
‘Essays in Idleness,’” the Buddhist priest Kenko (Kenko Hoshi) stated 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” [201]. Thus, the second reason is the adverse effect of attitudes to
housing in Japan, in which an excessive importance is attached to summer, rather than winter.
Moreover, at the beginning of ‘Visions of a Torn World,” Kamo-no-chomei described the
impermanence of housing as “The flowing river never stops and yet the water never stays the same.
Foam floats upon the pools, scattering, re-forming, never lingering long. So, it is with man and all

his dwelling places here on earth” [202]. In fact, the lifespan of Japanese houses is less than half that
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of houses in European and American countries, and the notion that the value of a house declines year
after year from the time of its construction (yearly depreciation) is widely spread. Therefore, the
third reason is that Japanese have a stereotyped idea of yearly depreciation of houses, and
accordingly construct low-performing houses at low cost.

As described above, considering from the three major essays of Japan, possible causes of the
coldness of Japanese houses are (1) the Japanese climatic characteristics with four distinct seasons,
(2) the emphasis of inhabitants on summer, and (3) the perceptions of the real estate value of houses
in Japan. However, since ancient times it has been said that “coldness can lead to more serious
illnesses,” and this study also revealed the effect of cold on hypertension. Therefore, it is necessary

for houses in Japan to place emphasis on winter.
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8.6 Future prospects

This research showed the influence of indoor temperature on blood pressure through
cross-sectional studies and a relatively short-period interventional study that compared participants’
blood pressure before and after intervention. However, at present, it is difficult to conclude whether
the decrease in blood pressure due to the rise in room temperature is a temporary or long-term effect.
To resolve this question, this study intends to follow up with the participants who received insulation
retrofit of housing (insulation retrofit group) and those who continued to live in low-insulation
housing (control group) in the future.

The present thesis suggests that arteriosclerosis may be more advanced in residents living in cold
houses compared to residents living in warm houses. Therefore, there may be a measurable effect of
continuing to live in a cold house for a long period of time. We hypothesize that residents of cold
houses and warm houses will exhibit a different trend in blood pressure changes with age. This
hypothesis will need to be examined in a long-term cohort study (Fig.8-2). In such a long-term
cohort study, we will examine the second hypothesis described in chapter 1: chronic effects.
Specifically, we will examine whether the state of hypertension due to chronic cold exposure

damages vascular endothelial cells and promotes vascular aging (Fig.8-3).
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Fig.8-2 | Overview of the long-term cohort study in Japan (SWH survey)
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If the long-term cohort study indeed reveals that cold has long-term chronic effects, we then
intend to model the human circulatory system with consideration to both the acute and chronic
effects of cold (Fig.8-4). The human circulatory system [203, 204] is made up of components similar
to those a building circulation system such as (1) a pump (the left ventricle): supplies blood to
peripheral vessels, (2) a closed chamber (the aorta): adjusts vascular compliance and pressure in the
blood vessels, and (3) a proportional solenoid valve (peripheral vessels): adjusts heat dissipation by
vasoconstriction and vasodilatation. The role of each of these components is similar to those in the
building circulation system: (1) a pump: supplies chilled/heated water to air conditioners at the pipe
end, (2) a closed expansion tank: adjusts pressure in the pipe, and (3) a proportional solenoid valve:
adjusts heat dissipation from air conditioners. Therefore, the blood pressure of humans under diverse
environments may be predicted using the analogy between the human circulatory system and the
building circulation system. In the building circulation system, the operational point (pressure/flow)
of the pump is determined by the intersection point of the performance curve for the pump and the
resistance curve for the pipe (Fig.8-5A). The performance curve changes due to deterioration of the
pump function, and the resistance curve for the pipe changes due to aging of the pipe and valve
opening/closing. By applying these relationships to the human circulatory system and identifying the
parameters that represent the change in the performance curve with the decrease in cardiac function,

the change in the resistance curve due to the chronic effect of cold exposure (vascular aging) and the
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building circulation system may be applicable to the human circulatory system (Fig.8-5B). As

acute effect of cold exposure (vasoconstriction), the mechanism of pressure determination in the
described above, the ultimate goal of this research is to develop a model that integrates the two

effects of cold exposure in the hypothesis summarized in Fig.§8-3.
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Fig.8-4 | Analogy between building and human circulation systems
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YANAGISAWA, Field survey on effect of indoor environment in summer on sleep: Comparison
of at home and at model house, Proceedings of AlJ annual conference at Kobe University,
40056, pp.125-126, 2014.9 (in Japanese)

(33) *k Eri HONDA, Toshiharu IKAGA, Noboru OHIRA, and Wataru UMISHIO, Field survey on the

effect of energy saving consciousness on energy conservation and sleep in summer, Proceedings
of AlJ annual conference at Kobe University, 41153, pp.305-306, 2014.9 (in Japanese)

(34) * Shintaro ANDO, Toshiharu IKAGA, Tanji HOSHI, Megumi YANAGISAWA, and Wataru
UMISHIO, A baseline study on indoor thermal environment and occupants' health in rural
village, Technical papers of annual meeting, the Society of Heating, Air-Conditioning and
Sanitary Engineers of Japan at Akita University, C-11, pp.41-44, 2014.9 (in Japanese)

(35) %k Chika OHASHI, Toshiharu IKAGA, Shintaro ANDO, Wataru UMISHIO, and Megumi

YANAGISAWA, Questionnaire survey on residents’ sleep quality affected by relocation to
highly insulated house, Technical papers of annual meeting, the Society of Heating,
Air-Conditioning and Sanitary Engineers of Japan at Akita University, E-31, pp.121-124,
2014.9 (in Japanese)

(36) * Eri HONDA, Toshiharu IKAGA, Noboru OHIRA, and Wataru UMISHIO, Effect of thermal

environmental control in summer on sleep latency and arousal during sleep in house, Technical
papers of annual meeting, the Society of Heating, Air-Conditioning and Sanitary Engineers of
Japan at Akita University, C-7, pp.25-28, 2014.9 (in Japanese)

(37) * Chika OHASHI, Toshiharu IKAGA, Shintaro ANDO, Mai URATA, Wataru UMISHIO, and

Megumi YANAGISAWA, Field survey on the influence of indoor thermal environment in
summer on sleep, Proceeding of Architectural Research Meetings, Kanto Chapter, Architectural
Institute of Japan at Nihon University, 4028, pp.109-112, 2014.2 (in Japanese)

(38) *k Eri HONDA, Toshiharu IKAGA, Yukiko MATSUOKA, Noboru OHIRA, Mai URATA, and

Wataru UMISHIO, Subject experiment on the effect of air conditioning on energy consumption

and sleep in houses, Proceeding of Architectural Research Meetings, Kanto Chapter
Architectural Institute of Japan at Nihon University, 4028, pp.109-112, 2014.2 (in Japanese)
(39) * Toshiharu IKAGA, Shintaro ANDO, Wataru UMISHIO, and Megumi YANAGISAWA,

Evaluation of housing and community for promotion of health and well-being, Proceedings of
the 43th Heat Symposium, Architectural Institute of Japan at National Institute of Advanced
Industrial Science and Technology Tokyo Waterfront, 2013.10 (in Japanese)
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(40) *k Megumi YANAGISAWA, Toshiharu IKAGA, Shintaro ANDO, Mai URATA, and Wataru
UMISHIO, Multivariate analysis on physical activity of inhabitants affected by the quality of
housing and community, Technical papers of annual meeting, the Society of Heating,
Air-Conditioning and Sanitary Engineers of Japan at Shinshu University, H-6, pp.217-220,
2013.9 (in Japanese)

(41) * Toshiharu IKAGA, Tanji HOSHI, Yasuyuki SHIRAISHI, Shintaro ANDO, Wataru UMISHIO,

and Megumi YANAGISAWA, Action research on creation of housing and community for
healthy aging, Proceedings of AlJ annual conference at Hokkaido University, 40540,
pp-1095-1096, 2013.8 (in Japanese)

(42) *k Reina OKAMURA, Toshiharu IKAGA, Shintaro ANDO, Wataru UMISHIO, and Megumi

YANAGISAWA, Quantitative evaluation of the impact of lignifications interior on the residents'
health, Proceedings of AlJ annual conference at Hokkaido University, 40503, pp.1021-1022,
2013.8 (in Japanese)

Total 42 papers

6. Other publications

(1) >k Wataru UMISHIO, Effects of insulation retrofit of houses on residents’ health based on the

Smart Wellness Housing Survey (2): Home blood pressure and room temperature, /BEC, No.226,
pp.19-26, 2018.6

Total 1 paper
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7. Awards

(M

@

3)

“)

®)

(6)

(M

®)

Wataru UMISHIO, Award for promotion of the Society of Heating, Air-conditioning and
Sanitary Engineers of Japan (for university students), Air-Conditioning and Sanitary Engineers
of Japan, Verification of living environmental factors affecting home blood pressure in winter
(Graduation thesis of Keio University), 2013.3

Wataru UMISHIO, Toshiharu IKAGA, Kuniaki OTSUKA, Shintaro ANDO, Takashi
SHINOZUKA, and Reina OKAMURA, Reviewed research report, Kanto Chapter, Architectural
Institute of Japan, Effect of indoor thermal environment on home blood pressure in winter based
on field survey, Proceeding of Architectural Research Meetings, 2013.5

Wataru UMISHIO, Encouraging Prize for excellent presentation, the Society of Heating,
Air-conditioning and Sanitary Engineers of Japan, Field survey on home blood pressure of
residents affected by indoor thermal environment of houses in winter, 2013.10

Wataru UMISHIO, Toshiharu IKAGA, Kuniaki OTSUKA, and Shintaro ANDO, Excellent
research report, Kanto Chapter, Architectural Institute of Japan, Field survey on the effect of
indoor thermal environment on morning hypertension, Proceeding of Architectural Research
Meetings, 2014.3

Wataru UMISHIO, Excellent Presentation Award for young researchers, Kanto Chapter,
Architectural Institute of Japan, Field survey on the effect of indoor thermal environment on
morning hypertension, 2014.3

Wataru UMISHIO, Excellent Master's Thesis Award, Architectural Institute of Japan, Effect of
improving indoor thermal environment on controlling blood pressure and blood pressure

variability in winter (Master's thesis of Keio University), 2015.9

Wataru UMISHIO, Excellent Presentation Award for young researchers, Environmental
engineering committee, Architectural Institute of Japan, Home blood pressure and indoor air
temperature: Results of a baseline survey: Nationwide survey on insulation retrofit of housing
and resident's health impact, 2018.1

Wataru UMISHIO, Best Presentation Award, Pulse of Asia 2018, Impact of indoor temperature
on morning home blood pressure in winter: Baseline data from a non-randomized controlled
trial in Japan, 2018.5

Total 8 awards
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Appendix

Appendix 1: Questionnaire for residents

Qo0 Which of the following describes your living situation at the time of completing this questionnaire?
COT U — NEEETZRNE. FROWTIUIEY LETH,
1) Living in a house where renovation or new construction has been implemented in the previous two years
2ELNOBIE ) FEHiFEHOHIRIZAE LT 2IR%E
2) Living in a temporary house because renovation work or new construction is under way
Wt CBrED) LHFMEH O, RAEZWICER L TR
3) Living in a house before a planned renovation or new construction
WE ) OFETH LA, BE ) EfaTOEZITEEL TV 2 IRE
4) Other
£ DAl
Part.] Health condition HFEFEIKAE

Introductions: Q1-Q8 ask for your views about your health. This information will help you keep track of how you feel and how

well you are able to do your usual activities. Answer every question by selecting the answer as indicated. If you are unsure about
how to answer a question, please give the best answer you can. For each of the following questions, please mark an [x] in the one
box that best describes your answer.

B 1~ 813, BB THAOREZ LD LS ICEATW I EB I RN T 265D T,
UFoZERZROEMIZONT, —FILK D TUTED bDITHZ ST TS,

Q1 Overall, how would you rate your health during the past 4 weeks?
BRIICAH T, B8E 1 » HBO 27 ORFRIRIBIZV D3 T LIz,
1) Excellent BEIZ R
2) Very good ETHRW
3) Good BEw
4) Fair HEY RN
5) Poor B 2w
6) Very poor FATALE LW
Q2 During the past 4 weeks, how much did physical health problems limit your physical activities (such as walking or

climbing stairs)?
WE 1 p A, &S AEIEE CRO VBB E R 720 7RE) 2752 &R IRZR R T
EDLbWIF HIE LTz,

1) Notatall FAEAE T bhieoT-

2) Very little OENT b

3) Somewhat LU B

4)  Quite a lot MR T Bz

5) Could not do physical activities BEME S HEIEEIN TE edode

Q3 During the past 4 weeks, how much difficulty did you have doing your daily work, both at home
and away from home, because of your physical health?
HWEL » AR, WObOE (FFELELET) 29202 &5, HERRBAT
EDLBWIFHHLE LIohy,

1) Notatall TAEAE T bhienoT-
2) Very little bENTF o

3) Somewhat LT B

4)  Quite a lot AR 1o RoY Wit

5) Could not do daily work WO DIEFERTE o
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Q4 How much bodily pain have you had during the past 4 weeks?
WE 1 p AFIS, KORAEEDLIHWH Y F Lizh,
1) None FAFARNST
2) Very mild T DRI
3) Mild RV A
4) Moderate B < B VDT A
5) Severe TRV A
6) Very severe FER T LI A
Q5 During the past 4 weeks, how much energy did you have?
WE1L 5 AR, EOBHWIERT LD,
1) Very much FEEITERTIE o7
2) Quite a lot MY TRIE T
3) Some D LRIE -T2
4)  Alittle bR Zo7
5) None FAFEATLRA TR
Q6 During the past 4 weeks, how much did your physical health or emotional problems limit your
usual social activities with family or friends?
WELH AR, FROCEANEDESTZADOEHWD, S EH 2V OE 22 B T,
EDOLBWIF HIE LTz,
1) Notatall TAREAE T b otz
2) Very little bIFnciFoni
3) Somewhat LT B
4) Quitea lot MR T Bz
5) Could not do social activities DEHVINTERDoT
Q7 During the past 4 weeks, how much have you been bothered by emotional problems (such as
feeling anxious, depressed or irritable)?
WE1» AR, DEAZRME (REZETTZD | KOBEDIAATEY . A 747 LKD) 1T,
EDL HUWREE S IVE LT,
1) Notatall AR E SN2 T
2) Slightly DI MR E S
3) Moderately DUfE I
4)  Quite a lot MRV RGE ST
5) Extremely EEITE S
Q8 During the past 4 weeks, how much did personal or emotional problems keep you from doing your usual work, school or

other daily activities?
WE 1 oy AR, BEITOEE (HF, 28, FFERESEAOITE) 23, LEMZREET,
EDL BV BILE LIz,

1) Notatall FAREARIT biznoiz
2) Very little b oz

3) Somewhat DL bz

4) Quite a lot AR V1ol oY W

5) Could not do daily activities HHEATHIEEN CTE Ipnodz

Introductions: In Q9-Q20, we would like to know if you have experienced any medical complaints, and how your health has been

in general, over the past few weeks.
f19~f120 TiE, HZBHTITEDBDICT = v 7 LTIZEW,
HARIITEGE (4 ARLAN) | SRR TRO LI R EBRH Y T,

Q9

Have you been able to concentrate on whatever you’re doing?

iz d Do KEPLT -

1) Better than usual T&E

2) Same as usual WOl EED LIRS TE
3) Less than usual WOH Y TERholz
4) Much less than usual B TERDST
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Q10 Have you lost much sleep because of worry?
LDEFERHY, L<HBRRRWE SR &M
1) Notatall ES /Yoy
2) No more than usual BHEY 2ol
3) Rather more than usual Holz
4)  Much more than usual JE & 3o
Q11 Have you felt that you are playing a useful part in things?
WOHLEVESOLTNDZ EIZEIHRNERE D Z L3
1) More so than usual HoTz
2) Same as usual WO b EEDL LR T
3) Less so than usual TRt
4)  Much less than usual Yoy
Q12 Have you felt capable of making decisions about things?
WObL LV EGITWFEERDD LN
1) More so than usual TE
2) Same as usual Woh EEDLRNoTE
3) Less so than usual TE ol
4)  Much less than usual 2 TEehoT
Q13 Have you felt constantly under strain?
WOBLED ALV AFRRELTZZ EA-
1) Notatall B eholn
2) No more than usual HEY o7
3) Rather more than usual Hoiz
4)  Much more than usual Exdhol
Ql4 Have you felt you could not overcome your difficulties?
I Z R TE R TR -7 2 Ea3--
1) Notatall &L Do
2) No more than usual HED IehoT
3) Rather more than usual Hotz
4) Much more than usual Exbol
Q15 Have you been able to enjoy your normal day-to-day activities?
WOb R AFAEEERELIGEDZ LA
1) More so than usual TE
2) Same as usual Wob EEDbLRNoT
3) Less so than usual T&ERNoT2
4)  Much less than usual L TERDPST
Ql6 Have you been able to face up to your problems?
MR H TS, WO b KV BEBIICHR L LS L9252 LA
1) More so than usual TE
2) Same as usual Wob EEDb LMo
3) Less so than usual T&ERNoTZ
4) Much less than usual L TERDST
Q17 Have you been feeling unhappy and depressed?
WOLEIVEBELS TS IDICRD T Lid-
1) Notatall B eholn
2) No more than usual HEY o7
3) Rather more than usual ol
4)  Much more than usual & 3o T
Q18 Have you been losing confidence in yourself?

Big& kol &L

1) Notatall

2) No more than usual

3) Rather more than usual
4) Much more than usual

E /Yoy
HE ot
HoT-

JE 2 o7
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Q19 Have you been thinking of yourself as a worthless person?

ERAN e AR A RYN [ b= d) eaipad = SEE

1) Notatall ES /Yoy
2) No more than usual BHEY 2ol
3) Rather more than usual Holz

4)  Much more than usual JE & 3o

Q20 All things considered, have you been feeling reasonably happy?
—AJIC R T L VOB KK C 2 &

1) More so than usual FExdholz
2) Same as usual HoTz

3) Less so than usual TRt

4)  Much less than usual Yoy

Part.Il Lifestyle ZETE R
Q21 During the past month, when have you usually gone to bed?
WE 1 » AROEEEZR 1 BT BEMEZAEIRICOEE Ledy,
At () C )k )
Q22 During the past month, how long (in minutes) has it taken you to fall asleep each night?
WE 1y AHAOFEENR 1 AT, BREOWTOOIRDEFTIZEALS O WAL E LIEh,
(___)hours (___) minutes a day LAHEY () KM () &
Q23 During the past month, what time have you usually gotten up in the morning?
HE 1 AR OFEI7e 1| BT @EREZAISEK LE Lh,
At () C ) mC )%
Q24 How many hours of actual sleep did you get at night?
W1 » HBOFEEHe 1 BT, EEROMERF MR < 5T Lz,
(E: ZhiE, SRIEVDEROFIWERM TR 2256030000 LvEdA, )
(___)hours (___) minutes a day 1HbY () R () &
Q25 During the past month, how often have you had trouble sleeping because you...
WE1» AMIZBOT, R HVOBET, UNOBB O OITHEIRSFEET L7z,
BLHTUIELHDICT = v 7 LTSN,

(1) Cannot get to sleep within 30 minutes BERIZOWTHE 30 UNICIRS Z LB TE o lonnb
1) Three or more times a week Bt (=1 Y
2) Once or twice a week B 1~2 [\
3) Less than once a week i hell W P ST
4) Not during the past month 7L
(2) Wake up in the middle of the night or early morning & F 72 (FREFNCH R E D=5
1) Three or more times a week Bt (=1 Y
2) Once or twice a week B 1~2 [\
3) Less than once a week i el W ST
4) Not during the past month 7L
(3) Have to get up to use the bathroom b LIZEE 1D
1) Three or more times a week Bt (=1 Y
2) Once or twice a week B 1~2 [\
3) Less than once a week i el W ST
4) Not during the past month 7L
(4) Cannot breathe comfortably B LNoT=0 b
1) Three or more times a week N 3 [,
2) Once or twice a week B 1~2 [\
3) Less than once a week W1 BT
4) Not during the past month 7L
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(5) Cough or snore loudly RSHTZ D RERDE DN b
1) Three or more times a week Wz 3 ELLE
2) Once or twice a week HIZ 1~2 [7]
3) Less than once a week T 1 B
4) Not during the past month 7L
(6) Feel too cold O ELESE L TZm D
1) Three or more times a week Wz 3 EELE
2) Once or twice a week HIZ 1~2 [A]
3) Less than once a week T 1 B
4) Not during the past month 2L
(7) Feel too hot DELELE LMD
1) Three or more times a week W2 3 EEL R
2) Once or twice a week BT 1~2 [\
3) Less than once a week HIZ 1 B
4) Not during the past month 7L
(8) Have bad dreams BEWEERIND
1) Three or more times a week 3 EELE
2) Once or twice a week W 1~2 [\
3) Less than once a week T2 1 AR
4) Not during the past month 7L
(9) Have pain JRANBH S T2 D
1) Three or more times a week 3 EELE
2) Once or twice a week W 1~2 [\
3) Less than once a week W21 AR
4) Not during the past month 7L
(10) Other reason(s) Z Oft DB H

Please describe, including how often you have had trouble sleeping because of this reason(s)  (H H i)

Q26 During the past month, how would you rate your sleep quality overall?
W51 AMIZEBW T, THOOIEROEZ &AL LT, E0 X 5 IZFHli L E3 0,
1) Very good FEFIZ LW
2) Fairly good YA/
3) Fairly bad M7
4)  Very bad FEFITIEN
Q27 During the past month, how often have you taken medicine (prescribed or “over the counter”) to help you sleep?
WE LA AMIZENT, ERALKBVOBET, IROOICEERALE L,
1) Not during the past month L
2) Less than once a week T 1 B
3) Once or twice a week iz 1~2 [A]
4) Three or more times a week T2 3 |,
Q28 During the past month, how often have you had trouble staying awake while driving, eating meals, or engaging in
social activity?
WE 1 AMIZENT, BN DWOBET, EOBERCASED, ZOMOSTEE I,
R TEE WO RY E LA,
1) Not during the past month 7L
2) Less than once a week A W E ST
3) Once or twice a week Iz 1~2 [A]
4) Three or more times a week I 3 B
Q29 During the past month, how much of a problem has it been for you to keep up enthusiasm to get things done?

W51 A AMICEVT, WEEX) BT D7D EREREFRT 2010, EOHWVREEASH Y F Lh

1) No problem at all

2) Only a very slight problem
3) Somewhat of a problem

4) A very big problem

< MR L
FADDTNETRERH - T
W bR D - T2
FEHICRE RN H -T2
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Q30

Please only provide answers to Q30 if you are currently working.

Compared to when you are in good condition, how often have you experienced the following conditions?

* Please move on to Q31 if you are not currently working.

[BHEEEZLTWDHOABEZLIEEWN]

WBEDEF D RN L IEAT, HRITIFBE, ROE I ER, EOIH0H ET
KBHFE L TOOR0TTiE, READE FROM 31 IZRHELRZE0,
(1) Thaven’t been able to behave socially HARRNCIR D X 2o T
1) Almost everyday FEHEAHD
2) Two or more days a week Hiz2 BUE
3) About one day a week W1 B
4)  One or more days a month Al 1 HEE
5) Notatall FolLln
(2) Thaven’t been able to maintain the quality of my work CTWRWI(EHFEEZTLHZ LN TE o7
1) Almost everyday FEEAHD

2) Two or more days a week
3) About one day a week

Wiz 2 AL E
Wi 1 AR

4)  One or more days a month A1 BUE
5) Not at all Foln
(3) Thave had trouble thinking clearly ZZ 73§ FEELRMNoT
1) Almost everyday ITHADD
2) Two or more days a week W2 ALk
3) About one day a week WIZ 1 AR
4)  One or more days a month A1 BEE
5) Not at all Fol{n
(4) Thave felt tired than usual A} ‘{) XoEn-
1) Almost everyday IEmAH D
2) Two or more days a week J@D 2 AUk
3) About one day a week W1 ARRE
4)  One or more days a month A1 REE
5) Not at all F ol pwn
(5) I have taken more rests during my work ﬁ:%% R 2 B4R 03 HE % 7=
1) Almost everyday IEHHDD
2) Two or more days a week Wiz 2 ALk
3) About one day a week W1 AR
4)  One or more days a month A1 REE
5) Not at all F ol pn
(6) T have felt that my work isn’t going well HFER I FL DRV EE T
1) Almost everyday FEERH D
2) Two or more days a week Wiz 2 ALk
3) About one day a week W21 R
4)  One or more days a month A1 REE
5) Not at all F oz
(7) Thaven’t been able to make rational decisions ‘(%ﬁ%ﬂl*ﬂ%ﬁ@‘ L ENTEhoTe
1) Almost everyday IFHHED D
2) Two or more days a week J@ﬂ 2R E
3) About one day a week Wz 1 HRRE
4)  One or more days a month A1 BE kL
5) Not at all F oL pn
(8) Ihaven’t been proactive about my work H %é[ﬁ’] HEFERTE RN
1) Almost everyday IFEAHD
2) Two or more days a week J@L 2 AUk
3) About one day a week WIZ 1 B
4)  One or more days a month A1 BU kR
5) Not at all Foe R
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Q31 How often have you experienced the following urinary conditions during the past week?
UTORERNBENS BVWOBHETH Y E Lich, Z0 1HEOSHR-OREBICE bV D%,
OEDOTOBATTF v 7 LTI,

(1) How many times do you typically urinate from waking in the morning until sleeping at night?
T X 72D DIFE TIT, A HWRE LE Loy,
0) <7 7 BT
1) 8-14 8~14 [A]
2) =I5 15 FI2L |
(2) How many times do you typically wake up to urinate from sleeping at night until waking in the morning?
BETHOHRE S ETIZ, MEIK HWRETDH70ITEE E Lich,
0) 0 0[a]
H 1 1 =]
2) 2 2 [=]
3) >3 3R
(3) How often do you have a sudden desire to urinate, which is difficult to defer?
BUTRDB LT 2 TREVE LN ERHY F LDy
0) Not atall 2L
1) Less than once a week I 1EE D D7pu
2) Once a week or more W1 ELL R
3) About once a day 1A 1ELS BN
4) 2-4times a day 1 H 2~4 [H]
5) 5 times a day or more 1 A 5EEE
(4) How often do you leak urine because you cannot defer the sudden desire to urinate?
BUZRA L7720, BB TEPITRELLTZLNHY £ Lizh,
0) Not atall 2L
1) Less than once a week W2 1EE D D720
2) Once a week or more W1 ELL R
3) About once a day 1A 1IELS BN
4) 2-4times a day 1 H 2~4 [\
5) 5 times a day or more 1 HSEPLE
Q32 Do you currently smoke cigarettes habitually?
* People who “smoke cigarettes habitually” refers to those who have smoked “>100 sticks or for >6 months in total” and
have smoked within the last month.
BUE, 72X 2 2B EMICH > TOET D,
X TBUE, BEIICM>TWD] Lid, TTRETER 100 AL L, 72136 » AU L) 2% ->THT,
BRI 1 HBPIS bW TW2 5 A5%Y,
1) Smoking E4A
2) None AAY-d
3)  Quit smoking HpE L7
Q33 How often do you drink alcohol (Japanese sake, shochu, beer, liquor, etc.)?

Bl (Il BElT, ©—b, HERE) ZREHEIT EORE T,

D
2)
3)

Everyday
Sometimes
None (or lightweight)

fi:H
1S
ZEAEERN (RO
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Q34 How much alcohol do you drink per day?
Roughly equivalent to 1 go* of Japanese sake (180ml): a bottle of beer (about 500ml), 35% shochu (80 ml), a cup of
whiskey (60 ml), 2 cups of wine (240 ml)
* units of Japanese sake
FAFH O 1 B472 9 OFARIT L ORRETT ),
MIHE 14 (180mD) DA% :
E—VHE 1R (R 500mD) | BERT 35 (80mD) |\ U 4 AX—FTIL 14 (60ml) . VA 25 (240ml)
1) <l go* 1 AR
2) 1-2go* 1~2 A Al
3) 2-3 go* 2~3 B Al
4) >3 go* 3ALLE
Q35 How often do you usually eat the following foods? Please circle the most applicable response for each food.

HRIIZSTE A, RO E ED L SWVOMHE TENETH,
BTIEHHLD (FH) 1, TnEnOEDITTLLIEE,

(1) Miso (fermented soybean paste) soup, soup, etc. ~ AEyf, A—TF7p L
0) Hardly eat HEYE2N
1) Two-three bowls a week 2~3 P/
2) About 1 bowl a day 1 B 1AREE
3) More than 2 bowls a day 1 A 28R
(2) Pickles, pickled plums, etc. Y. T LY
0) Hardly eat HEVE2N
1) Two-three times a week 2~3 [A1/18
2) About once a day 1A 1ELE
3) More than twice a day 1 A2FLE
(3) Fish-paste products such as chikuwa (tubular fish sausage) and kamaboko (steamed fish paste)
H b, PEIFEI R EDOMY
0) Hardly eat HEVE2N
1) Two-three times a week 2~3 [A1/18
2) Eat frequently F<BERD
(4) Horse mackerel cut open lengthwise and dried, dried fish seasoned with mirin (sweetened alcohol for use in cooking),
salted salmon etc. HLORE, Y ATL, ML
0) Hardly eat BHEY B2
1) Two-three times a week 2~3 [El/3#H
2) Eat frequently F<BERD
(5) Ham or sausage KR —E—
0) Hardly eat BHEY B2
1) Two-three times a week 2~3 [Bl/3#H
2) Eat frequently F<BERD
(6) Noodles such as udon (Japanese wheat noodles) and ramen (Japanese-style Chinese noodles)
HEN, T— AU EDHIE
0) Don’teat HEY L2
1) Less than once a week IREV YN
2) Two-three bowls a week 2~3 [al/i#
3) Almost every day FIEEH
(7) Senbei (Japanese crackers), okaki (thinly-cut and dried rice cakes), potato chips, etc.
TN, BRE, BT My 7 RRE
0) Hardly eat HEY L2
1) Two-three times a week 2~3 [al/iA
2) Eat frequently L<ERD
(8) Fruit (apple, strawberry, etc.) R (WAZ, WHEIRE)
0) Hardly eat HEY L2
1) Two-three times a week 2~3 [al/iA
2) Eat frequently L<ERD
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(9) Vegetable (fresh vegetable, boiled vegetable, etc.) FF3ERIEE (AL - B/ &)

0) Hardly eat HE BN
1) Two-three times a week 2~3 [B]/3
2) Eat frequently E<END

Q36 Please circle the most appropriate response for each question about your usual diet.
HRIEDSEADEEFICONT, HTEFELILD (FF) X, 2R Zh0E 2T TIESLY,
(1) How frequent do you season with soy sauce or other sauces? L k 9 =0 — R 72 L% 0T 2 HHE T ?

0) Don’t season FE A ENT RN
1) Season sometimes 2 3T %
2) Once aday fEH 1 ENE2NT D
3) Season frequently (almost every meal) <5 (FEmA)
(2) How much udon, ramen, or other soups do you consume? FFHDH AR F T 7> 2
0) Little FE A EBRERD
1) Some b LR
2) About half F0r < HWERTe
3) Entire bowl AT

(3) Do you eat out or have convenience-store-bought bento (lunch plate) for lunch?

BAETHESCa E=RY R CEFHLETN?

0) No FIA L7z

1) About once a week 1< B

2) About 3 times a week 3EMEL BV

3) Almost every day 1FE A

(4) Do you eat out or have ready-made side dishes for dinner? 4 & CHELCBIE /R EEFIH L ETn?

0) No FIA L7z

1) About once a week 1< S

2) About 3 times a week 3EMEL BV

3) Almost every day FE A

(5) How salty are your home-made dishes compared with those you eat out?

FREOWAT T IIAE &L LTV TN ?

0) Light b AT
2) Same [T
3) Heavy TRV
(6) Do you think you eat a lot? BHEOBIIZWEBWVETN?
0) Less than others ANE0D7rd
1) Same as others Wi
3) More than others ALV ZD

PartIIl Physical condition/Activity S {& - {GE)
Q37 Do you have pain in your muscles or joints (it does not matter whether or not the pain is related to a disease)?
Hrriid, HRCHEEORSRHY T (s IERDRVY)
0) No A
1) Yes H5

Q38 Please provide answers on your degree of pain. Please select the appropriate number for each of (1) and (2), with "0"

indicating no pain and "10" indicating the most intense pain experienced so far.

JEADRREIZONTE ) BV LET, WANE RVRIEL [0) . ZAE TICHRER L 7-— &MU IR Z2 110)
LLT (D) & Q@ oERZERCOVT, HPOYTEEIHRTFILT = v 7 2O TLEIL,

(1) The most intense pain you felt in the last week BOlE 1M T b IRVIEAZ K U 7Rk

0) No pain JEATR L
10) The most intense pain experienced so far ZLL B2 A
(2) The average level of pain you felt in the last week T 1 ¥ D R 2R HE
0) No pain AR L
10) The most intense pain experienced so far ZLL B2 A

Appendix | 219



Q39 Do you exercise enough to work up a light sweat for more than 30 minutes each time, at least twice a week, for over 1
year?
118130 53 LL Eo#E < iF &< B A, 2 BILL EDSHET, TFEUEF R L TOET I
0) Rarely W%
1) Regularly EYA
Q40 Do you engage in walking or equivalent physical activity for more than 1 hour a day in your daily life?
AEAET, T XIAEOI GBI Z 1 B 1 RS EFEH L T EJ 2,
0) Rarely AAY-4
1) Regularly EYA
Q41 Do you participate in community events and neighborhood hobby activities?

(e.g. gateball, summer festivals, athletic festivals, town cleaning, gardening, senior citizens’ club, etc.)

M DATERR, UTBRIZ 3 2 BRE DIEENZ SN L TV E T,

Bl = A=, BV, EEs, BTRNGER. BE DAnN—2s57k1)
1) Frequently X<&mrcnsg
2) Sometimes LxlxsmLTns
3) Rarely HEOVBIML720
4) Not atall ZEAESM LN
Q42 Do you walk a pet? BT, Xy VOB ETHIENHY £30
1) Almost everyday FEEA

PINZ 3~5 [AIFLHE

I 1~2 [BIFEEE

LTy (o TR
— RIS, BHRIIIAEEHALE T,

EHTA

EbbhmEED EEMRTS

EHonEEo EEMLRN

2) 3-5times a week
3) 1-2times a week
4) Not at all (do not have any pets)

Q43 Generally, do you trust people?

1) Itrust people
2) Itend to trust people
3) Itend not to trust people

4) 1do not trust people FRLZ2WN
Q44  How do you feel about community safety? HUIk DI DN T ED LS IZHBE U D 3,
1) Very good ETHRW
2) Good Bw
3) Have some concerns AZ NS
4) Have a lot of concerns N

Q45 Are there roads around which you can walk safely near your house?
FOELIZEL L THURCE 2ERAH Y 39
0) No A
1) Yes H5
Part.IV Symptoms/Disease JiEdk « £7ip
Q46 Please select the degree of nasal-ocular symptoms experienced in the past 1 or 2 weeks.
B 12 TH 2 L b O ED o725 - IROIEROBREICONWTT = v 7 LTS,

(1) Runny nose KoL
0) No symptom FER 72 L
1) Mild BV
2) Moderately severe RORELD
3) Severe U
4)  Very severe FEFRICEHEN
(2) Sneezing < Lok
0) No symptom SRR L
1) Mild [
2) Moderately severe RORELD
3) Severe U
4)  Very severe FEFRICEHEN
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(3) Stuffy nose

BOFEY

0) No symptom SEMR 7R L

1) Mild B

2) Moderately severe RRHED

3) Severe A

4)  Very severe FERIZHN
(4) Itchy nose =D

0) No symptom SEMR 7R L

) Mild B

2) Moderately severe RRED

3) Severe A

4)  Very severe FERIZHN
(5) Itchy eyes B O hupIr

0) No symptom JER7Ze L

1) Mild [N

2) Moderately severe RRLED

3) Severe A

4)  Very severe FEFIZEHN
(6) Watery eyes BH (eHiZd)

0) No symptom SERZR L

1) Mild [N

2) Moderately severe RRLED

3) Severe A

4)  Very severe FEFIZEHN

Q47

During the past year, how often have you experienced the following symptoms in your house?

BWEOBEF VT, T2 14, SRR - (8B L 72ERICoW T,

TOBEEENENT = v 7 LTLLIEE N,

(1) Listlessness
1) About every day to several times a week
2) About once a week to several times a month
3) About once a month to several times a year

K250
i P~ TR
1~ $IER
ERRE LT

4)  About once a year R 1 R EE
5) Notatall XA
(2) Headache SR

1) About every day to several times a week
2) About once a week to several times a month
3) About once a month to several times a year

i H ~l SR ml R
W 1~ AR
B (L

4)  About once a year R 1 [ERREE
5) Notatall XA
(3) Difficulty hearing Eel-d E QA

1) About every day to several times a week
2) About once a week to several times a month
3) About once a month to several times a year

i H ~l SR ml R
W 1~ AR
B (L

4)  About once a year A1 AR
5) Not at all EX AN
(4) Cough or sputum FERTLANTD

1) About every day to several times a week

2) About once a week to several times a month
3) About once a month to several times a year
4) About once a year

5) Not atall

1 H -~ $g a e i
W 1~ A Hlel R
PRI RN S - (I3
4E 1 [EIFREE

EERRA A
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®)

Stuffy nose or runny nose

1) About every day to several times a week

2) About once a week to several times a month
3) About once a month to several times a year

BIROED - BT D
fik F IR
1 Bl
H 1-AESE R

4)  About once a year R 1 [ERREE
5) Not at all AR
(6) Loss of appetite BHCRIR

1) About every day to several times a week

2) About once a week to several times a month
3) About once a month to several times a year
4) About once a year

5) Not atall

i H ~ 2 m ] e
W 1~H ElelFe g
H 1~FEmlfe
A1 [BIFREE
£

@)

Rash (urticarial eruption, blotch, etc.)

1) About every day to several times a week

2) About once a week to several times a month
3) About once a month to several times a year
4) About once a year

5) Not atall

9% (LAEE - TEHLO%)
i B~ 250l R
W 1~H $lelr g
A I~ AR
1 [EIRREE
EX /AR

®)

Itching (eczema, athlete's foot, etc.)

1)  About every day to several times a week

2) About once a week to several times a month
3) About once a month to several times a year

PipI (RIS - K %)
i P~ TR
1~ HIERL
ERRE Gl

4)  About once a year 1 [EIRREE
5) Notatall oA
(9) Stiff shoulders JBEZV

1) About every day to several times a week
2) About once a week to several times a month
3) About once a month to several times a year

T A~ SR Rl R BT
W 1~H AR
H 1-F55nIRe

4)  About once a year R 1 [ERREE
5) Notatall XA
(10) Backache Py

1) About every day to several times a week
2) About once a week to several times a month
3) About once a month to several times a year

i H ~l SR ml R A
W 1~ AR
B (L

4)  About once a year R 1 R EE
5) Notatall £ 70
(11) Wrist joint pain or ankle pain FEOREE N RTe

1) About every day to several times a week
2) About once a week to several times a month
3) About once a month to several times a year

i H ~l SR ml R
W 1~ AR
B (L

4)  About once a year R 1 [ERREE
5) Notatall XA
(12) Cold limbs FREVWZ S

1) About every day to several times a week

2) About once a week to several times a month
3) About once a month to several times a year
4) About once a year

5) Not atall

i H ~EH el R
I 1~ Blel R
A 1~ R
A1 [RIFREE
EXAR

(13) Fracture, sprain, or dislocation

1) About every day to several times a week

2) About once a week to several times a month
3) About once a month to several times a year
4) About once a year

5) Notatall

BT - RAS - ilExw )
3 H -~ g a e i
W 1~ A Hlel R
PRI RN S - (I3
4E 1 [EIFREE
EXGAN
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(14) Cut or burn injury, etc.

D
2)
3)
4)
5)

About every day to several times a week
About once a week to several times a month
About once a month to several times a year
About once a year

Not at all

G- R EEDFHR

i 0~ e R
W 1~H el R R
H 1~ B
R 1 [ERREE
ERg/

(15) Stumble or falling

DOFETE - s

1) About every day to several times a week i 0~ e R
2) About once a week to several times a month W 1~H el R R
3) About once a month to several times a year H 1~ B
4)  About once a year R 1 [ERREE
5) Notat all AR
(16) A cold JER % O <
1) About every day to several times a week i H ~E e R
2) About once a week to several times a month W 1~ H el
3) About once a month to several times a year A 1~
4)  About once a year 1 [EIRREE
5) Notatall EXEAD
Q48 Do you currently visit hospitals, clinics (including dental clinics), masseurs, acupuncture clinics, or osteopathic clinics
due to injury or disease?
BHRTIIBIE, G RRLTY) CRBEZIRTT (FRERD) « HAE 130 - 2w 9 - FolHER (il
N i@ TWETD
0) No o TR —Q50
1) Yes HoTWD —Q49
Q49  What kind of injuries or diseases are they? L, Eo X ol AT T
(1) Diabetes W& RSP
0) No 2L
1) Yes »HY
(2) Obesity P A
0) No L
1) Yes HY
(3) Hyperlipidemia (hypercholesteremia etc.) FIEIMAE (B = L AT a—/VIfEZ: &)
0) No L
1) Yes »HY
(4) Mental illness 9 DIFRZE DD = Z DDA,
0) No L
1) Yes »HY
(5) Nervous system disorder (neuralgia, paralysis, etc.) #H#E DI (PR - /R &)
0) No L
1) Yes »HY
(6) Hypertension & I
0) No L
1) Yes »HY
(7) Stroke (cerebral hemorrhage, cerebral infarction, etc.) AMZEF (RH ML, AHFEZE7R &)
0) No 7L
1) Yes »HY
(8) Angina/myocardial infarction BlE « D FEZE
0) No 7L
1) Yes »HY
(9) Allergic rhinitis T LV F—PEER
0) No L
1) Yes »HY
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(10) Chronic obstructive pulmonary disease

8 P A ZE M i 73 2

0) No AL
1) Yes »H Y
(11) Asthma i S5
0) No AL
1) Yes »H Y
(12) Skin disease (atopic dermatitis, hives, etc.) R (7 FE—PERE R, CAE LA
0) No 7oL
1) Yes »HY
(13) Arthropathy BAHE
0) No 7oL
1) Yes »HY
(14) Back pain PRI
0) No L
1) Yes »HY
(15) Osteoporosis BHL X 9
0) No 2L
1) Yes »HY
(16) Kidney disease B DI
0) No 2L
1) Yes HY
(17) Fracture B
0) No 2L
1) Yes »HY
(18) Injury/burn injury B D TR - R &
0) No AL
1) Yes »H Y
(19) Malignant neoplasm A (DA
0) No L
1) Yes »HY
(20) Other Z ot
(Free response) (B H3Eidk)

Q50

Are you taking antihypertensive drugs (blood pressure lowering drugs)?

BT FEER (WEEZ T 23 ZREL QOFET A

0) No
1) Yes

RFE L T
RELTWD

—( ) tablets each time/you have taken antihypertensive drugs since age ( ) years

1w () SE/HRARMSER () B

Part.V

Housing fEE W

Q51

Do you experience following conditions in your house?

BEFWTOAEOHRT, ROXHIIEKLHZ E1TH Y E30,

(1) Living room: During summer, are there times when you feel hot because the air conditioning for cooling is not

effective?

EM V7T, B, BBEPINTICENVEK L L

1)  Frequently
2) Sometimes
3) Rarely

4) Not at all

I<Hs
EIZHD
LoToY e ebsdA
EANA
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@

Living room: During winter, are there times when you feel cold because the air conditioning for heating is not

effective?

JEfE -« Ve 7T, A BEPDINTIZENWER LS Z L

1) Frequently F<Hb

2) Sometimes EIZHD
3) Rarely H ST
4) Not atall £

€)

Living room: Are there times when you are bothered by indoor/outdoor sounds or vibrations even after the windows
and doors are closed?

B - Ve 7T B FT RO TS, BERRAOE - WEANPTU D Z &

1) Frequently F<HD

2) Sometimes EIZHD

3) Rarely H ST
4) Not at all £

Q)

Living room: At night, are there times when you feel it is dark due to insufficient lighting?
JERH - Ve T, R RBAREY FITEWEE LS 2 &

1) Frequently F<HD

2) Sometimes FELHD

3) Rarely Loy ettt
4) Notatall EXAD

®)

Bedroom: During winter, are there times when you cannot sleep because it is cold?
HET, &, BITRLZRWZ &

1) Frequently F<HD

2) Sometimes FEHD

3) Rarely Loy ettt/
4) Notatall EXQA0

(©)

Bedroom: During winter, are there times when your nose/throat is dry when you wake up?

FET, &4, BELEZITEPLOEPIHEL TSI L

1) Frequently I<HD

2) Sometimes EIZHD

3) Rarely LoRSY el et/ 4 A
4) Not atall XA

Q)

Bedroom: Are there times when you cannot sleep because you are bothered by indoor/outdoor sounds or vibrations
even after the windows and doors are closed?

FET, B F7zHDTH, ERRNOFE - REIBRUT 2> TIRWZRNZ &

1) Frequently I<HD

2) Sometimes EIZHD

3) Rarely LoRSY ol et/ A
4) Not atall XA

®)

Kitchen: Are there times when you have to take an unnatural posture due to a poor layout (too narrow, too high, etc.)?

Xy F LT, PREREHSREDI- DB/ RE AL LB &

1) Frequently F<HD

2) Sometimes EIZHD

3) Rarely o7
4) Notatall EXAR

(€)

Changing room: During winter, are there times when you feel that the changing room is cold?

JARFT T, &, NEELDZ L

1) Frequently I<H5

2) Sometimes TFELHD

3) Rarely o7z
4) Not atall A7
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(10) Bathroom: Are there times when you feel that the bathroom is cold?
WET, &, BNLELDLZI L

1) Frequently F<Hb

2) Sometimes EIZHD

3) Rarely H ST
4) Notatall £

(11) Bathroom & changing room: Are there times when you smell foul odors?
ME - PP T, Bile=A 1 2HELD L

1) Frequently F<HD

2) Sometimes EIZHD

3) Rarely H ST
4) Notatall £

(12) Toilet: During winter, are there times when you feel the toilet is cold?

FA LT, & BNEELEDZE

1) Frequently F<HD

2) Sometimes FELHD

3) Rarely Loy ettt
4) Notatall XA

(13) Toilet: Are there times when you detect foul odors lingering?
LT, B =A AN DD L

1) Frequently F<HD

2) Sometimes FEHD

3) Rarely O ST
4) Notatall XA

(14) Entrance: Are there times when you feel it is dangerous because you may trip over a step?

BT, BOECIHSEMAE LD Z L

1) Frequently F<HD

2) Sometimes FEHD

3) Rarely LoRSY el fab/s 4R
4) Notatall XA

(15) Entrance: Are there times when you lose your balance while putting on your shoes?

ZHAT, MEZ I LEINTURAERT L

1) Frequently I<HD

2) Sometimes EIZHD

3) Rarely LoRSY ol et/ A
4) Notatall XA

(16) Corridors: Are there times when you feel it is dark near your feet while walking even when the light is turned on?

FRTC, BEI$ 2 L EITAZOT THRWEE LD Z &

1) Frequently F<HD

2) Sometimes EIZHD

3) Rarely LoRSY el ek 4R
4) Notatall XA

(17) Storage: Are there times when the storage smells of mold or chemical substances?

BT, B ER(EEME D=4 A 2K LD 2 &

1) Frequently I<H5

2) Sometimes TFELHD

3) Rarely o7
4) Notatall EXAR

(18) Are there times when insects begin to breed indoors?

FOPT, ARREAETDHZ L

1) Frequently I<H5

2) Sometimes TFEHD

3) Rarely H oI
4) Not at all EXGAN
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(19) Surroundings: Are there times when you slip or stumble around your home?

FDOEDD T, T/5D, FFIoFTE
1)  Frequently

2) Sometimes

3) Rarely

4) Not at all

I<Hs
EIZHD
Ho TN
ERg/

(20) Surroundings: Are there times when you feel anxious about the precautions against crime?

FOEDY T, PIRICALEE LD Z L
1) Frequently

2) Sometimes

3) Rarely

4) Not at all

I<Hs
EIZHD
Ho TN
ERg/

(21) Are there times when you are at home and feel that you can be easily seen from outside your house?

FEOPT, S0 b DOBBNRTUT /2D Z &

1) Frequently F<HD

2) Sometimes EIZHD

3) Rarely LoRSY el ek 4

4) Not atall EX®AND
(22) Kitchen: Is there mold on/around the kitchen counter?

FEE DL D, 1 EORE

1) Excessively %< db

2) Partially HoRIZH B

3) Scarcely FZEAERN

4) Not atall EX®AND

Part.VI Lifestyle in the house {EFE V7
Q52 Do you use open-type heating systems (oil fan heater, gas stove, etc.) that generate combustion gas in the room?
Please select an answer for each room.
FENTRBET ADHAET 5, BEERE (A7 7 e —%— HAZXM—=772E) AL THET I,
HRILIZIEELSIES N,
(1) Inthe living room JETH]
0) No A LTz
1) Yes FRALTHS
(2) In the bedroom B=
0) No R LTy
1) Yes FRLTHD
Q53 Do you use heating systems that heat the floor (floor heating, electric carpet, etc.)? Please select an answer for each room.
RERDDERE RIEFE, B —y FRE) ZALTVESN, BEILIZIREILZIY,
(1) In the living room JE ]
0) No R LTH N
1) Yes HEHL TS
(2) In the bedroom =
0) No R LTH N
1) Yes HEHL TS
Q54 In the bedroom, do you use heating to avoid getting cold when you wake up in the morning?

(Timer setting, turning a heater on before leaving the bed, etc.)

FET, BHERRHICES 2BRVE I T,
(F A ~—8E,

W52 M LTV E T2,
ERE T SAA vy TF e ANTHREIN G572 E)

0) No
1) Yes

EFA LT
AL TS

Appendix | 227



Q55 Please select the most appropriate answer regarding installation and usage of the following heating items/methods in

winter.

ZITBT DR B ORE - R EBEZSTEI N,

(1) Kotatsu table 2o
1) Not installed RE L TUh e
2) Installed but not using BRE L TWDIBMEH L Th Ry
3) Using fERHL TS

(2) Heating in the bathroom W=
1) Not installed FRE LT
2) Installed but not using FRE L TWDBMER LT n
3) Using EAHLTVD

(3) Heating in the changing room WA i
1) Not installed FRE LT
2) Installed but not using RE L TWDBMER LT 2n
3) Using LTS

(4) Heating in the toilet (including a heated toilet seat) N L D5 SRR B )4 % 5
1) Not installed AXIE L TR0
2) Installed but not using BRE L TWDBMER LT n
3) Using FERALTWS

Q56  How do you take a bath in winter? A, BRIZIFEDLIITABLETH,

1) Deep bathing PHW
2) Hip bathing FHn
3)  Only shower X U —DH

Q57 How long is your bath time (time between entering and leaving the bathroom) in winter?

. NI (REE D $TORM) XU BT,

1)  Short (<15 minutes) D (15 5L F)
2) Medium (15-30 minutes) Him (15~30 S Adil)
3) Long (>30 minutes) £ 3050 E)
Q58  How hot is the bathwater temperature in winter? 4, BFOREIIEN S HWTT D,
1) Tepid (<40°C) BB (40°CHm)
2)  Warm (40-42°C) Wil (40~42°CHTH)
3) Hot (>42°C) How (42°CLLE)

Q59 Please select the option closest to the clothing you wear to sleep in winter.
If you wear additional clothing that is not listed, please write it under "Other".
%4, BREROREICRDIENDDE 6 DOHFNLERINL TSIV,
Fio, MATETND bORBIVE, [Z0ff) (B L T EEL,

1) Long-sleeve pajamas + straight trousers By ry~+EXR

2) Long-sleeve pajamas + long-sleeve long gown + straight trousers £l S ¥ ~+7V—RZ « X7 +R AR
3) Long-sleeve sweatshirt + sweatpants Az b ETF

4) Long-sleeve sweatshirt+ long-sleeve long gown + sweatpants AT =z v b EF+7 VU —R « F7 v

5) Long-sleeve sweatshirt + straight trousers Tx—Y LT

6) Long-sleeve long robe E e

7)  Other ( ) e.g. socks, tracksuit, parka, cardigan, vest, knit cap, etc.
Zof () A THEHM
K MF, Pr—J— AN—h— I—F 4 W NAb =y MERL
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Q60

Please select the option closest to the clothing you wear while at home in winter (not during sleep).
If you wear additional clothing that is not listed, please write it under "Other".

A, HEMHER BLERLSN) ORIGIR LTV DEZRBEZ S0,

Fio, MATETLDHORHIUE,  [ZoOfl) 1B LTS,

1) Long-sleeve flannel shirt + straight trousers By vy +REXAR
2) Long-sleeve flannel shirt + long-sleeve sweater + straight trousers Effi> vV +&—4% —+ R AR
3) Long-sleeve flannel shirt + single-breasted suit jacket + straight trousers Bffli> v+ ¥ 7~ b+ E AR
4) Long-sleeve shirtdress JUE—R
5) Long-sleeve flannel shirt + long-sleeve sweater + skirt By vV +t—4—+EAH—F
6) Long-sleeve flannel shirt + single-breasted suit jacket + skirt ~ B> ¥ Y+ vy h+EAIT—
7) Long-sleeve pajamas + straight trousers EHRvy~+EAR
8) Long-sleeve pajamas + long-sleeve long gown + straight trousers Ffl v ~+7 1V —R& « X7 +R AR
9) Long-sleeve sweatshirt + sweatpants Ay xzy b ETF
10) Long-sleeve sweatshirt+ long-sleeve long gown + sweatpants AT = v h E F+7 U —2 « X7
11) Long-sleeve sweatshirt + straight trousers Ux—VET
12) Long-sleeve long robe E S
13) Other (___) e.g. socks, tracksuit, parka, cardigan, vest, knit cap, etc.
Fof () #mzxTEH
X HMF, RL—F— N—=H— =T H, _AF, =y MERE

Q61

On average, how much time do you spend at home including time spent sleeping in winter? Please provide an answer for
weekdays and holidays.
A MEIRIFFE A2 3 O TR EICW ARFRIZFEE L TEDOL HWTT A, FEHERAENENBE X TEE0,

(1) Weekdays “FEH
(___) hours *Please round to the nearest hour.
(L) W5 %30 oLl i3y B, B CTREZLSES Y,
(2) Holidays kA
(___) hours *Please round to the nearest hour.

() Bylal %30 LA E1381Y B, B TEEZ SN,

Q62

On average, how long do you spend watching TV in the living room. Please provide answers for weekdays and holidays.

A, BETT LR RSRHITE L TEDI HWTT A, FHEKRAZRERBEZITZS W,

(1) Weekdays F-H
(____) hours *Please round to the nearest hour.
(L) W %30 Ll Bigbny by, B CREZ LS,
(2) Holidays {kH
(____) hours *Please round to the nearest hour.

() Byfdl %30 LA B30 Y) B, B TREEZ SN,

Part.VII Individual attributes & A J& 1%

Q63

Please answer the following questions about yourself. ZHHIZ2W T, LI FTOEMICEBE X Z S0,

(1) Birth year and month AR
) RIE - A - ek () fF () A4FER
(2) Sex el
1) Male T
2) Female ek
(3) Height HE
(__Jem
(4) Weight IRE
kg
(5) Marital status ik s
1) Married B
2) Not married RIF
3) Divorced/widowed BRI - ZERI
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(6) Main means of transportation TR EF B

1) Walking fEA
2) Bicycle S
3) Public transportation N iR
4)  Car or motorcycle HB)H « A o
5)  Other Z DA
(7) Zip code TR R 75
TC ) )
Q64  How long have you lived in your house? HIRTNTEDOBEF NN ED L HWVOHIFEA TWE T,
(___ )years ( )
Q65  What is your employment status? HRI=OBHOIEORAEEIIENITHTZD £T,
1) Regular employee 1EH
2) Non-regular employee (temporary worker/contract worker) FEIER (IREH7E) - 2HOHER)
3) Part-time employee IN— b s TRA |
4) Self-employed B
5) Contractor (outsourced) HA GEEZERD
6) Fixed-term employee g AT
7)  Student FAE
8) Other(__ ) oM ()
9) Not working i Tz
Q66 Please only answer if you are currently working. Please choose the option closest your type of work.
[BEFEE LTV HDABEZLLSV] HATEOEFAFRICONT, KHEVDLDE—OBATI LI,
1) Desk work (clerical work or computer work) FIZT A T—7 (FH/NY ar TOHE)
2) Work dealing with people (sales or marketing) FUITANEFE LY T A8 (EH0MWE)
3) Physical work (work at production site or nursing care site, etc.)
FIEE EEBY COBMITF. MR SR 5 1E5)
Q67  Which is your highest level of education? BRI ELEEFRITE L LT,
1)  Junior high school SRV
2) High school e i
3) Technical/vocational/junior college iR - B - R
4) College/graduate college KT - Kbz
5) Other(__ ) o ()
Q68 Are you participating in the measurement of blood pressure and activity during this period?
Higtald, Al ME - FFEEREICSML TOFET A
0) No |A1AY-4
1) Yes (participating in the measurement of blood pressure and activity) W (i E - IS S ERIE b FE)
Q69  Which applies to your annual household income? FE]OHAFINA (BliAZL) 1ZED L HWNTT D,
1) <0.5 million JPY 50 75 YA
2)  0.5-1.0 million JPY 50~100 J7 M A
3) 1.0-1.5 million JPY 100~150 J5 FI =13l
4) 1.5-2.0 million JPY 150~200 J7 M A
5)  2.0-2.5 million JPY 200~250 J5 M A
6) 2.5-3.0 million JPY 250~300 J5 9 A
7)  3—4 million JPY 300~400 J5 9 A
8) 4-5 million JPY 400~500 J7 M AT
9)  5-6 million JPY 500~600 J5 A
10) 6-7 million JPY 600~700 J5 9 A
11) 7-8 million JPY 700~800 J5 A
12) 8-9 million JPY 800~900 3 [ A:iii
13) 9-10 million JPY 900~1000 J7 [ A5
14) >10 million JPY 1000 LA E
Q70  Are you currently considering renovation? &72721%, BAE, U 74— AEHE L TOET D,

0) No BE LTV - diEESR —Q72
1) Yes e LT 5 —Q71
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Q71  What is the motivation behind you considering renovation? & 7272723V 7 4 — A% 5 213 U O BEIIATTT 0,

(1) Please select all appropriate options.

HBTUIEDIBDET R TTF =y 7 LTLIEEN,

(2) Please choose up to two motivations behind you considering renovation.

Flo, ZOP TRERN ThHo7-8EE 2 DE TRBREULESW,

1) Change in the number of family members living together/to facilitate growing children
[FET D RIBEAEDOEA « FOREDIZD

2) To make the house more accessible for elderly people to live in
B E DD LY TWEEICT 5720

3) To change to a favorite layout and interior of the house
FHOBEY A TV TIZT D70

4) To improve the lack of storage and poor efficiency
IAAD AR RN R DS 2 UGET 5720

5) To improve the layout and usability of wet areas
HH D RAKIEL Y DAV F OBED 720

6) To upgrade equipment in the house
#ZMOHI - L — KT v T Dl

7) To enhance seismic capacity
MR IERE & 518D 5 728

8) To enhance crime prevention performance
BOALPERE % i 6D D 728D

9) To enhance energy saving performance
B ANX—MREE&mD LD

10) Because subsidies are available
MHEPFHATE 5720

11) Because the mortgage has been paid off
FEEn—r a5k L)

12) Other (Free response) e.g. To lease, influenced by friends
Zofh (BHFDR) xERICT D720, KANCR D8R E

Q72 During the past year, how many times have acquaintances or family members visited your house?

WL 1R, BIEDOBEE WIS, FARHET 2 FIRITMER L E Lzdy,

(1) Friends or acquaintances NN NP 3]
(___)times () m|
(2) Family members BET D5 - BROKGS
(___)times () M
Q73 Do the following apply to people or pets living in your house? FBEFEVNZRD X 5 72T B o Lo WETH,
(1) A person who smokes cigarettes indoors BENTHENa2ZRSFH
0) No UNRIN
1) Yes (AR
(2) A person who needs nursing care w7
0) No RN
1) Yes w5
(3) A pet kept indoors FERNTH S Xy b
0) No RN
1) Yes W5
Q74  Please provide the total number of people living together.[flJE L TV DG FF A EZ BE X <2 E0,
Atotal of () people aEtc () A
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Part.VIII Health condition of children ftDfERE
In Q75-77, “children” refers to the following people:

1) For first-time participants in the survey, “children” refers to elementary school children and younger.
2) For participants who participated in the survey last year, “children” refers to the same children who were subjects of the
questionnaire last year.
Q75~7712HBW T, [BFH] LIFLUTOFEZHELET,
) ORI  [Bk] = DNPEELT OB FHK]
2) MEEbLHEEICSMENLS  [Brek] = R BARRLE Sk
Q75 Does your family, living together in your house, have children corresponding to the above definitions?
F)ET 2 ZHF BT, ERICZE TR FRRITV O LW ET,
0) No RN
1) Yes W5

Q76 Please provide answers about the children that live with you. For those who are participating in the survey for the first

time, if there are four or more children, please provide answers in order from the smallest child.
FJET 2B FHEICONTREASTEI N,
WO THEIZSMEINIFT T, BFENALUENDL - Lo 2861E, DS RBFEDLDIEIZZTHALIEZ N,

(1) Birth order HAE

A (___)-born child e.g. a third-born child ®£ () F
(2) Birth year and month A

) ) Pk () F () H
(3) Sex L]

1) Male Bo+

2) Female ZDF

Please provide answers about your children's allergies.

FNENDOBFFEOT LAAXF—EEBIZO W TREERALET,

(4) Allergic rhinitis T LV F— P ER
0) No diagnosis PWiE O T2 R0
1) Received a diagnosis, but not treated PWiE DT ERHEN, FFITHEEL TR
2) Treated only when symptoms are bad JERBENE EORZZ - IBELTWND
3) Treated regularly TEHMICEZDR - B LTV D
(5) Atopic dermatitis 7 b E—PERE R
0) No diagnosis P E S T2 LR
1) Received a diagnosis, but not treated PWiE O T ERHBEN, FFITHEEL TV
2) Treated only when symptoms are bad JERBENE EOHRZZ - IBELTWND
3) Treated regularly TEHMICEZDZ - B LT D
(6) Otitis media H %R
0) No diagnosis P E S T2 LR
1) Received a diagnosis, but not treated PWiE O T ERHEN, FFITIHEE L TV RN
2) Treated only when symptoms are bad JERBENE EORZZ - IBELTWND
3) Treated regularly TEHMICEZDR - B L TND
(7) Asthma R (FAZL)
0) No diagnosis PWiE S T2 LR
1) Received a diagnosis, but not treated PWiE O T ERHBEN, FFITIHEEL TV
2) Treated only when symptoms are bad JERBENE EDOHRZZ - IBELTWND
3) Treated regularly EHECZZ - IRIEL TS

Please provide the frequency of experiencing the following symptoms for each child over the past month.

ZNENOBFHROER LIJERIC OV TERRLET, BE -, AZRVIED, ZOBEEZRBEAIIEIN,

(8) Asthma attack MR (FAEL) OFIE
(___ ) days a week on average () H/E

(9) Bed-wetting RIRIE (Bl x)
(___ ) days a week on average () H/E
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Q77

Please provide answers about children who have been diagnosed with asthma.

Please choose the option closest to your child’s condition in the last week.
Wi (BAZEL) LBWENTZ &b D, FET LB AR OVWTBRAVLET,
UToZhZROERIZOWT, 2o LAROREICR LIFWV S OICHIEZ DT T IEE L,

M

During the last week, how often did your child wake up in the middle of the night due to asthma?
ZOTHEEOIBFEHLTEDLS BVOBET, HALL DEDITHTIZANEDE LIz,

0) Notatall FolLl v

1) Rarely ZEAERN

2) Occasionally =0

3) Sometimes IR %

4)  Frequently O™

5)  Almost always FEAENDY

6) Could not sleep because of asthma HFAEL DOFEWTIRNLZR -T2

@

During the last week, how serious were your child’s asthma symptoms when he/she woke up in the morning?

ZO1EMD I HEH L THERDIZE EDOFAZIERIZEDS HNESTZTL X 9

0) None HERER

1) Very mild R I
2) Mild [N

3) Moderate HhRREE

4) Moderately severe LRLED

5) Severe EAA

6) Very severe FEHIZEH N

(€)

All things considered, during the last week, how much trouble did asthma cause in your child's life?
BEENZAHAT, ZO 1AM S HEAEL OTDIZFET 5/NFEAELL T O ZFBROATEICIE
EDL BWHERTTVE L7zhn,

0) Notatall WA AER 2o T
1) Rarely ZEAEXER o7
2)  Occasionally D UXER D T
3) Sometimes b HRREIEN D o7
4)  Frequently DRV KED B o Tz
5)  Almost always IR R H -T2
6) Could not Fol TEhnol
(4) All things considered, during the last week, how severe was your child’s breathlessness symptom due to asthma?
BENCH T, ZO 1RO > HEAZL DTDIZENL BWREINEZK U E LTz,
0) None TAEALLRW
1) Verymild FEAERN
2) Mild b r
3) Moderate b O
4) Moderately severe MY
5) Severe FRUN
6) Very severe FEF IR
(5) All things considered, during the last week, how often did your child experience noisy breathing due to asthma?

BEMICAT, ZO1THEBAO bE—F— -+ ba—ba—EUIFNRENRS BWNH D F Lizo,

0) Not atall Fozln
1) Rarely ZEAERN
2)  Occasionally =0

3) Sometimes i 2

4)  Frequently JSAON/ A6

5)  Almost always FEAENDY
6) Always Wo i
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Appendix 2: Diary for residents

Part.I Items to be completed only once during the measurement period #HEHAM S 1 B2 AT S IEHHE
Ql Please answer the following questions about yourself. ZTHHIZOWT, LTFOEMICEEZ LTSN,
(1) Birth year and month A
) ) RIE - WBFA - ek () 4F () AZEh
(2) Height and weight et
(Jem, (__ )kg
(3) Sex MR
1) Male B
2) Female =
(4) Measurement period T
) ) H)-C ) ( )R C )yA~(C J)ABH (C ) H
Part.Il Items to be completed after getting up in the morning HiE X -FFICEEAT BIEA
Q1 What time did you go to bed last night? WA D BRI R
At () Uran/ T () B () &
Q2 What time did you get up this morning? 4 A OEERFFZNE,
AtC () PRl P8 () M () &
Q3 Did you take sleeping pills last night? WERIIIEIRSE 2 IR L E L7z ?
1) Yes E4A
2) No Y4
Q4 (1) How would you rate your recovery from fatigue when you got up? HZIREE, RiiH OEIULE N TWOETHN?
1) Very good FEFIZHN TN D
2) Fairly good PRI TV D
3) Fairly bad LRFE-TND
4)  Very bad FEFIFE->TWVD
(2) How would you rate your ability to fall asleep last night? MEOBMZIZES TLED?
1)  Very good FEFIZEW
2)  Fairly good RRRWN
3)  Fairly bad RN
4)  Very bad FEFITIEN
(3) How would you rate your sleep quality last night? WER OIEIROEILE 9 TLZ?
1) Very good FEFIZEW
2)  Fairly good =1
3)  Fairly bad RN
4)  Very bad FEFIT N
Q5 Is today a holiday for you? A HIEHRIATE S TORE TN ?
1)  Yes KA
2) No thH THRL
Q6 Did you press the wrong button when performing blood pressure measurements?
MEPET, A v FOMUEENRSH Y F L2
1) Yes — the(___ ) measurement [ — () FHOHAE
2) No Y
Part.III Items to be completed before going to bed in the evening KREHHNIGEAT HHE
Ql Did you go out today? ASHIFSM L E LI
1) Yes =4
—The earliest time I left home was (___ ):(__ ) F#OIHEEL] (FFai/ %) () B () &
—The latest time I arrived home was (___):(__ ) gk DIFERL] (Fan/ F%) () B () &
2) No W Z
Q2 Did you drink alcohol today? A HITREERAE LI ?
1)  Yes A
2) No WD Z
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Q3 When did you wear a physical activity meter TEENEF ORI OV T

1)  All day except during sleep or bathing (100%) BE - ANBRELUMIEIEEERS  (100%)
2)  Some of the day (60-90%) —EREEE RN D 572 (60~90%)
3) Did not wear for more than half of the day (<50%) Pl B BT (50%A)
Q4 Did you press the wrong button when performing blood pressure measurements?
MERET, AA v FOMLULHENDRH Y E LN
1) Yes — the(___ ) measurement [/ — () FBOHE
2) No A4
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Appendix 3: Questionnaire for experts in housing

Ql Please provide answers regarding the construction site, the total floor area, and building age.
R LSER AT, SRR THIE S,
(1) Construction site TR
Prefecture: ( ), city, ward, town, village: () () #8608 () WK R R
(2) Zip code WEE S
T(___)-XXXX * Only provide the first 3 digits 3% bk 3 #7DA
(3) Total floor area HIE R i
m’ ) m
(4) Building age SRR
(___)years £ ()
Q2 What type of house is it? EEORERNT ENICHTZ D 30,
(1) House type JEhE
1) Detached house —A (___)-story house
FRECEE - () W
2) Apartment (Collective housing) —A (____)-story apartment, living on the (____) floor
LFEEE RAET) - () BEo () BIZEE
(2) Owner pal]
1) Owner-occupied housing FbxE
2) Rental housing IE5y
Q3 Please provide answers regarding the renovation, extension or reconstruction that you have completed so far.
CAVE TICHEM L 7 S0 gekin & ZE <20,
(1) Insulation retrofit W B 1 B e
1) Completed —Room/part: ( ), Time: ( ) years ago, Content: (Free response)
L7 e () R () AT A (AmRD)
2) None LT 720
(2) Wet areas KE DY B
1) Completed —Room/part: ( ), Time: ( ) years ago, Content: (Free response)
L7 % () B () Rl WA (B HRd)
2) None LW
(3) Others Z DOl
1) Completed —Room/part: ( ), Time: ( ) years ago, Content: (Free response)
L7 % () B () Rl WA (B HRd)
2) None LT
Q4 What is the structure of the house? HIEIZIRD O b EN T,
1) Wooden A
2) Reinforced concrete a7 ) — g
3) Steel BB s
4)  Others (free description) Z o (B HEk)
Q5 Are boilers or electric water heaters installed in the changing room?
AEICARA T —FITERIRARG ZRE L TOETD,
1) Installed RELTWNDS
2) Not installed F%E L TR0
Q6 Is whole-house air conditioning installed in the house? EFEZEMAERE L TOET,
1) Installed BELTND
2) Not installed A%E L TR0
Q7 Please provide answers regarding the thickness and type of insulation in the floor, walls and roof.

IR - BE - BAROWIE OIEHRHE JHE S TEE LV,

(1) Thickness JE P
Floor (__ )mm JZS
Walls (___)mm B
Roof (_ )mm FEAR
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(2) Type TEH
A-1: 0.052-0.051[W/(mK)]

1) Blown glass wool insulation (equivalent to 13K, 18K) WGAR 7" F 20— VIEEWE (13K, 18K #H24)
2)  Tatami board (15mm) KK IR —F (15mm)
3) Grade-A insulation board (9mm) AfRA v =L —2 g AR —1F (9mm)
4)  Sheathing board (9mm) =V 7R =R (9mm)
A-2: 0.050-0.046[W/(mK)]
5) Residential glass wool insulation (equivalent to 10K) M7 7 27— /VIEEWE (10K 1H24)
6) Blown rock wool insulation (25K) WEA v > 7 o — VRS (25K)
B: 0.045-0.041[W/(mK)]
7) Residential glass wool insulation (equivalent to 16K, 20K) FEER T 7 AT — ) )VIEEGS (16K, 20K 1H2)
8) Grade-A expanded polystyrene foam (No.4) AFE—XERY AF L7 4 —ARIER (4 5)

9) Grade-A polystyrene foam A (Type-1,No.1,2)  AFERY AF L7+ —LREHK (151 5,182 %)
C: 0.040-0.035[W/(mK)]
10) Residential glass wool insulation (equivalent to 24K, 32K) M7 T 27— VIEEWT (24K, 32K #H24)
11) High-performance glass wool insulation (equivalent to 16K, 24K, 32K)
FPERES T A 7 — VB (16K, 24K, 32K A1)

12) Blown glass wool insulation (equivalent to 30K, 35K) WGA 7 2w — VI EWF (30K, 35K FH2Y)
13) Residential rock wool insulation (mat) FEMe Yy 7 U— VKBS (v 1)

14) Rock wool insulation (felt) vy 7 —VES (7 =L B)

15) Rock wool insulation (board) 7y 7 U—VIEERS (R—R)

16) Grade-A expanded polystyrene foam (No.1, 2, 3)

A FE—RERY AF LU 73— MREEK (15,25,3 %)
17) Grade-A extruded polystyrene foam (Type-1) A FEFHERY ZF Lo 74— SRR (1)
18) Blown rigid polyurethane foam for building insulation (Type-A3)

YRS TE Y L Z T — 5 (AT 3)
19) Grade-A polyethylene foam (Type-2) A FERY) ZF L7 5 — MMEEHR (25
20) Grade-A phenolic foam (Type-2, No.1; Type-3, No.1, 2)

AT =/ =7 r—o0ki0MR Q15,351 5,372 %)
21) Blown cellulose fiber (25K, 45K, 55K) WA/ 7 —X7 7 A /38— (25K, 45K, 55K)
22) Blown rock wool insulation (equivalent to 65K) WGAR = v 7 07— VIEiEEE (65K #H4)

D: 0.034-0.029[ W/(mK)]

23) High-performance glass wool insulation (equivalent to 40K, 48K)

PR 7 T A U — VI EEE (40K, 48K AHY)
24) Grade-A expanded polystyrene foam (special)

AFEE—RERY ZAF Lo 7 4 — SRR
25) Grade-A extruded polystyrene foam (Type-2) A FEIHERY 2F L 07 3 — AMRIER (2 F)
26) Grade-A rigid polyurethane foam (Type-1) A FERE Y L& 7 —ARER (1 FE)
27) Blown rigid polyurethane foam for building insulation (Type-Al, A2)

HEYWBHRATEE Y L E T — 5 (AT ATE2)

28) Grade-A polyethylene foam (Type-3) A R ZF L7 5 — LMMEEHR 35

29) Grade-A phenolic foam (Type-2, No.2) ATz /) =73 —ARER Q2 5)
E: 0.028-0.023[W/(mK)]

30) Grade-A extruded polystyrene foam (Type-3) A FEHEERY 2F 1L 07 3 — AMRIER (3 FR)

31) Grade-A rigid polyurethane foam (Type-2, No.1, 2, 3, 4)
ARERE Y L& 7 — SRR QFE1 =5, 2H002 5,213 5,274 5)
F: <0.022 [W/(mK)]

32) Grade-A phenolic foam (Type-1, No.1, 2) AFEZ7 = /=7 —LRIEHR 115, 1fE25)
Other Z O
33) Other (__ ) [W/(mK)] oM () [WAmK)]
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Q8 Which energy-saving measures (adiabatic level) criteria did the house satisfy before and after renovation?
BERTRDE IV X —SIROFEHETRD 5 H ENTT A,
(1) Before renovation B wi
1) Greater than S (Supreme) standard S HEHELL |
2)  Greater than A standard, less than S standard A FEHEDL | S FEHER
3) Less than A standard A FEHER
4) Other(__ ) Zoftt ()
(2) After renovation SR
5)  Greater than S (Supreme) standard S HHELL |
6) Greater than A standard, less than S standard A FEHEDL B S HETER
7)  Less than A standard A FEYEART
8) Other(__ ) Zoftt ()
9)  No renovation SEL 720
Q9 Please provide the heat loss coefficient, solar heat gain coefficient, and the corresponding gap area.
BAESARE - RS BIASAR SR - AR BRI EiAE 2 JEE <2 S,
(1) Heat loss coefficient B IR
(___)YWmK
(2) Solar heat gain coefficient H S EBASAREL
)
(3) Corresponding gap area FE 24 i P e o
(___)cm¥m?
Q10  Please check the windows in the living room and bedroom.

AL TWDJER - BEEOBEN I AZRATT = v 7 LTLESL,

(—H) AREZFTI2AF v 7R
1) Low emissivity (Low-E) pair glass (Air layer 12mm), reference value: 2.33[W/(mK)]
KR ERE (A12) &M : 2.33[W/(mK)]
2) Triple glass (Air layer 12mm X 2), reference value: 2.33[W/(mK)]
=fEERE (A12X2) ZE{# : 2.33[W/(mK)]
3) Pair glass (Air layer 12mm), reference value: 2.91[W/(mK)]
g (A12) BBl : 2.91[W/(mK)]
4) Pair glass (Air layer 6mm), reference value: 3.49[W/(mK)]
HE (A6) ZE1H : 3.49[W/(mK)]
(Single) made of metal and plastic (wood) composite structure (— ) &JF « 7T AF v 7 (K)
5) Low-E pair glass (Air layer 12mm), reference value: 2.33[W/(mK)]
hRHE (A12) ZEH @ 2.33[W/(mK)]
6) Low-E pair glass (Air layer 6mm), reference value: 3.49[W/(mK)]
IKHURERE (A6) BB : 3.49[W/(mK)]
7) Pair glass (Air layer 10—12mm), reference value: 3.49[W/(mK)]
B (A10~12) &l : 3.49[W/(mK)]
8)  Pair glass (Air layer 6mm), reference value: 4.07[ W/(mK)]
#HE (A6) ZE1H : 4.07[W/(mK)]
(Single) metal heat shield structure

(Single) wooden or plastic

BarEi

(—E) &JBUBENTSE
9) Low-E pair glass (Air layer 12mm), reference value: 2.91[W/(mK)]
hRHE (A12) BE{# @ 2.91[W/(mK)]
10) Low-E pair glass (Air layer 6mm), reference value: 3.49[ W/(mK)]
K HE (A6) B35 1MHE : 3.49[W/(mK)]
11) Pair glass (Air layer 10—12mm), reference value: 3.49[W/(mK)]
#ikg (A10~12) ZE{H : 3.49[W/(mK)]
12) Pair glass (Air layer 6mm), reference value: 4.07[W/(mK)]
#iRE (A6) ZH1H : 4.07[W/(mK)]
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(Single) metal, etc. (—F) bR E )
13) Low-E pair glass (Air layer 6mm), reference value: 4.07[W/(mK)]
KR #E (A6) BEME : 4.07[W/(mK)]
14) Pair glass (Air layer 6mm), reference value: 4.65[W/(mK)]
#E (A6) ZEH : 4.65[W/(mK)]
15) Two single glasses (Air layer >12mm), reference value: 4.07[ W/(mK)]
Bk 2 80 (A12 BA L) BB : 4.07[W/(mK)]
16) Two single glasses (Air layer <12mm), reference value: 4.65[W/(mK)]
Bl 2 #0 (A12 Kiif) BEE : 4.65[W/(mK)]
17) Single, the reference value: 6.51[W/(mK)]
HRZEHE @ 6.51[W/(mK)]
(Double) one of the frames is made of wood or plastic (&) BRO—FPAREE 7T RAF v #l
18) Single + low-E pair glass (Air layer 6mm), reference value: 1.9[W/(mK)]
AR HEHRERE (A6) 25 : 1.9[W/(mK)]
19) Single + pair glass (Air layer 12mm), reference value: 2.33[W/(mK)]
B+ (A12) Z5MH : 2.33[W/(mK)]
20) Single + single, reference value: 2.91[W/(mK)]
b+ BB B : 2.91[W/(mK)]
(Double) heat shield structure of intermediate part of frame () M R B A
21) Single + single, reference value: 3.49[W/(mK)]
b+ Bt B EE : 3.49[W/(mK)]
(Double) metal, etc. () BlbAa (&)
22) Single + low-E pair glass (Air layer 12mm), reference value: 2.33[W/(mK)]
BUR HEBURERE (A12) 2511 : 2.33[W/(mK)]
23) Single + pair glass (Air layer 6mm), reference value: 3.49[W/(mK)]
B+ (A6) ZEfi : 3.49[W/(mK)]
24) Single + single, reference value: 4.65[W/(mK)]
bR+ Bt B B : 4.65[W/(mK)]
(Triple) metal, etc. (ZH) Miblan(&E s
25) Single + single + single, reference value: 2.33[W/(mK)]
BB + B + AR S B« 2.33[W/(mK)]

Other Z DA
26) Other ( ), reference value: (___)[W/(mK)]
Z Dfft ( ) ZEME () [W/(mK)]
Q11  What is the structure of the glass in the entrance door of the house? ZBABED 7T A XKD 5 H LTI,
1) Single glass Hig (1) 77 A
2) Pair glass #HE Q) 77 A
3) Triple glass =g G#) HTA
4) No glass T A
Q12 What material is the entrance door of the house made from? ZREREOREOMBEITRD 55 ENTT D,
1)  Wooden (no insulation) AL (JRETEL)
2)  Wooden (high insulated) A (Rl
3) Metal (no insulation) SRR (ErELy)
4)  Metal (high insulated) SR (EmHEY

Q13 Please select all options that apply to the design ingenuity (multiple answers allowed).

B EOTRTUTIES LORTIET = » 7 LTSV GHKEATD |

1)  Score by CASBEE for Detached House (BEE:___ ) CASBEE F#IZ X 28R &% (BEEfE : )
2) Ventilation plan suitable for site and climate W+ ST L 7 3 R G

3) Lighting plan suitable for site and climate W - SRS L 7o B

4)  Use of geothermal energy HEAOFI

5) Installation of the Home Energy Management System (HEMS) HEMS D% &

6) Installation of solar panels KB SR D% E
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Q14

1) How much timber* was used for the interior of the floor, walls and ceiling of the living room?
*wood materials including solid wood, veneer, plywood, and printed plywood, etc.

OJFEWIDIR - BE - RIFONIEZ, EORREARM X ZMEH L TWET D),

XA OER. WG - A& - B - 7V FERFE S LR - REME

(1) Floor I78
1) None AL TWRN
2) — —

3) Wooden paneling interior (used timber in about 1/2 of the area)
ROWIEY ODNEETHY | EEOK 12 ITREZHEHLTND
4)  Wooden paneling interior (used timber in the whole area)
ROWIEY ONETH Y . BRHOREICRELHL TS
(2) Walls BE
1) None ELEALTHRN
2) Shin-kabe (a type of plastered wall in which structural components such as pillars and beams are exposed)
HREEONETHD (KROFESPRNE DL L TR X 5H%E)
3)  Wooden paneling interior (used timber in about 1/2 of the area)
RORITY ORHETH Y | HRIOK 12 ISKRZHH L TWD
4)  Wooden paneling interior (used timber in the whole area)
ROWIRY ONETHY | BFEOEEICAREZHHL TVD
(3) Ceiling Kt
1) None EEAL TV
2) Shin-kabe (a type of plastered wall in which structural components such as pillars and beams are exposed)
HREEONETHD (KROFESLCRNE DL L TR X 5H%E)
3) Wooden paneling interior (used timber in about 1/2 of the area)
RORITY ORHEETH Y | HRIOK 12 ISKRZHHLTWD
4)  Wooden paneling interior (used timber in the whole area)
ROWIRY ONETH Y, BFEOEEICAREZHHL TVD
2) How much timber did you use for the interior of the floor, walls and ceiling in the bedroom?

QOEEDIR - BE - TIFONIIZ, EOREAM 2 L THET D,

(1) Floor IZS
1) None ALEHLTHZRN
2 — =

3) Wooden paneling interior (used timber in about 1/2 of the area)
ROEHRY ONETH Y | HROK 12 ISKRZHEHLTHWD
4)  Wooden paneling interior (used timber in the whole area)
KROWED ONETHY | HEOBEICRZHEA L TWD
(2) Walls RE
1) None EfERALTH N
2) Shin-kabe (a type of plastered wall in which structural components such as pillars and beams are exposed)
HEEONETH D OROHRLENHD L TR A ML)
3) Wooden paneling interior (used timber in about 1/2 of the area)
ROEHRY ONETH Y | HRIOK 12 ISKRZHEHLTWD
4)  Wooden paneling interior (used timber in the whole area)
ROWIEY ONETH Y | BEOBEICREHHL TVD
(3) Ceiling KIH:
1) None EHEALTHZRN
2) Shin-kabe (a type of plastered wall in which structural components such as pillars and beams are exposed)
HEEOWNETH D ROHRLENBD L TR ML)
3) Wooden paneling interior (used timber in about 1/2 of the area)
ROWIRY ODNETHY . ERHEOK 12 ITREZHEHLTWD
4)  Wooden paneling interior (used timber in the whole area)

AROWEY ODRETHY | BEOESEIIARZHEHL TS
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Q15

1) When using wood in the floor, walls or ceiling of the living room, what type of timber did you use?
Also, if solid wood was used, what was the tree species?

DOEM DK « BE « RIFICAMEZFEH L TWD5HE. AMOREEITRD 5 6 LTI h,
FREEM 2 L Q025813 AT,

(1) Floor JZS

1)  Solid wood (tree species:___ ) MEYERA (B )

2)  Veneer ZEE MR

3)  Plywood H R

4)  Printed plywood 7V v b AR

5) Other (name:___) oM G )
) Wall .

1)  Solid wood (tree species:____ ) MEHERY e . )

2)  Veneer ZEE MR

3) Plywood HR

4)  Printed plywood 7Y hAR

5) Other (name:___ ) Foftt (B )
(3) Ceiling K

1)  Solid wood (tree species:___ ) hERy . )

2)  Veneer ZEE MR

3) Plywood HR

4)  Printed plywood 7Y v hAR

5) Other (name:___ ) Foftt (B )

2) When using wood in the floor, walls or ceiling of the bedroom, what type of timber did you use?
Also, if solid wood was used, what was the tree species?

QBEEDK - BE « RIFICAMEZHEH L TWD5E. AMOFEEITRD 5 5 LTI,
FIBEIRH 2 L O 256 1E. BIFEA I T A,

(1) Floor 73

1)  Solid wood (tree species:___ ) EhERy e . )

2)  Veneer ZEEMR

3) Plywood Gk

4)  Printed plywood 7V NER

5) Other (name:___) o (&BFR: )
(2) Walls B

1)  Solid wood (tree species:____) HESERE CRifE . )

2)  Veneer ZEEMR

3) Plywood Gk

4)  Printed plywood 7V MR

5) Other (name:___ ) ot (&BFR: )
(3) Ceiling K

1)  Solid wood (tree species:____) HESERE CRifE . )

2)  Veneer ZEEMR

3) Plywood Gk

4)  Printed plywood 7V NER

5) Other (name:___ ) Zoft (AR )

Q16

If you answered that solid wood was used in the living room or bedroom in Q15, what was the main painting method used?

Q15 TEH « FEIC DI 2 L T\ 2 LK LGS TOBEFIETIRD 5 HEIC LTI A,

(1) Living room S ]
1) Permeable paint (oil or beeswax, etc.) RIBIERIEE (FA LREWMY » 7 2%)
2) Coating (urethane paint, etc.) aA—T 4 CTRBEE (VL FRIEE)
(2) Bedroom =
1) Permeable paint (oil or beeswax, etc.) RIBIERIEE (FA LREWMY » 7 2%)
2) Coating (urethane paint, etc.) aA—T 4 CTRBEE (VL FRIEE)
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Q17  Ifyou answered that solid wood was used in the living room or bedroom in Q15, was domestic timber used?

Q15 THEH - BEIZ DEHMAHEA L 0D LRE LHE, EREMITEHL TOETH,

(1) Living room JETH]
1) Used domestic timber (mainly produced in ____ Prefecture) [EEM ZfEH LT\ (L LT FpEHM)
2) Did not use domestic timber EFEM 2 L TuZen

(2) Bedroom B
1) Used domestic timber (mainly produced in ____ Prefecture) [EFEMZMH L C\25 (F& LT HFEM)
2) Did not use domestic timber EEMEHEHA L Ty

Q18 1) What was the interior material (excluding timber) used in the floor, walls and ceiling in the living room?
Please select all applicable items (No response required if not used).
OJEMOIR - BE « RIFTARBLSMEE LT 2 NI T 0,
BTEELIHBORTUIT = v 7 LTLEEWY CREH DSBS ITRIZERE) |

(1) Floor 2

1) Tatami =4

2)  Other natural materials (name: ___ ) TOMDOBEREM &)

3 — —

4)  Polyvinyl chloride (PVC) sheet e — R

5) Carpet J =~ b

6)  Other artificial materials (name: ___ ) FOMDONTHEM GFr: )
(2) Walls BE

1)  Wallpaper 7=

2) Plaster IR

3)  Other natural materials (name: ___ ) TOMDOBEREM &)

4)  Vinyl E=17ax

5) Emulsion paint EP %%

6)  Other artificial materials (name: ___ ) FOMDONTHEM GFr: )
(3) Ceiling K

1)  Wallpaper 7=

2) Plaster IR

3)  Other natural materials (name: ___ ) TOMDOBEREM &)

4)  Vinyl =7 ax

5)  Emulsion paint EP %4

6) Other artificial materials (name: ___ ) TOMDNTHEM & )

2) What was the interior material (excluding timber) used in the floor, walls and ceiling in the bedroom?
Please select all applicable items (No response required if not used).

QEZEDIK - BE « RIFTAMLUSMIBER L T2 NEMIIT T,
BTRFFELIHBOETUT = v 7 LTLLESY CREADBE ITRIERE) |

(1) Floor JZS

1) Tatami &

2)  Other natural materials (name: ___ ) FOMOBRFEM (&R )

3 - -

4)  Polyvinyl chloride (PVC) sheet ey —k

5) Carpet H—y b

6)  Other artificial materials (name: ___ ) T OMDNTHEM (BFF: )
(2) Walls B

1) Wallpaper i =S

2) Plaster pelS

3) Other natural materials (name: ___ ) T DD BIRFERS (PR )

4)  Vinyl E=/7ax

5)  Emulsion paint EP 2k

6)  Other artificial materials (name: ___ ) T OMDNTHEM (BFF: )
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(3) Ceiling

KIt

1) Wallpaper Mo a A
2) Plaster B
3) Other natural materials (name: ___) OO BRFEM (EFF )
4)  Vinyl E=7nm R
5)  Emulsion paint EP %34
6) Other artificial materials (name: ___ ) ZOMONLHEM (HFF: )
Q19  Please indicate the amount of energy used in the past year. % 1 FHOF TR L F —DFHES ZRALZE W,

(1) Electricity usage EEWALE SRR
Yearandmonth (____ ) (__ ) 4 H ) ) A
Amount (____)kWh fob ) = )
Rate () JPY AR ()

(2) Kerosene usage KT A
0) Did not use fERA L7
1) Used —(___ ) tanks with a capacity of (___ ) liters a year

3% —S14#MT () L¥y 7% () KA

(3) Water usage KB KA &
Date of water meter reading (___ ) (___ )(__) mEHFEAR () # () A () H
Amount (___ ) m? i & () m?
Rate () JPY AR () M

(4) Propane gas/city gas usage TN IR ST A
Date of gas meter reading (___ )(___ )(__ ) mEHFEAR () # () A () H
The number of days of propane gas or city gas use fERB% () H
Amount of propane gas (___) kg/amount of city gas (____ ) m?
fo & () kg (FaxyHR) /() m> EdiHR)
Rate () JPY AR (

Q20  Please circle the energy sources (electricity, city gas, propane gas, kerosene) used for heating, hot water supply, and

cooking (multiple answers allowed).
THREOTRAX Mk BFE. M. FHE) (AN Tn2 o3 uX =i (FH, WA FrRr i,
ST ZfEVET, MU T DDz I TSV (BEERING) |

(1) Heating 5
1)  Electricity E S
2) City gas HHA A
3) Propane gas S H R
4) Kerosene T
5) Other 0
(2) Hot water supply B
1)  Electricity EF
2) City gas A A
3) Propane gas Fa s H R
4) Kerosene KT i
5)  Other Z 0
(3) Cooking R
1)  Electricity &S
2) City gas A A
3) Propane gas S H A
4) Other Z 0
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