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Abstract

Increased expenses in healthcare and long-term care due to population ageing is a serious problem,
and extension of healthy life expectancy is an urgent need. From the perspective of architectural
environmental engineering, various studies have examined health problems related to cold
temperatures. However, previous studies mainly focused on cross-sectional associations, and the
ability to maximize healthy life expectancy by improving indoor thermal environment is yet unknown.
A hypothesis was formulated stating, “a warm indoor environment can improve resident’s health and
contribute to the prevention of conditions that lead to long-term care (LTC).” To investigate this
hypothesis, two studies were conducted among people certificated for LTC need and a third study used
national data to assess the risk of fuel poverty.

Chapter 1 describes the background and outlines the LTC insurance system in Japan. Moreover, by
summarizing domestic and foreign policies and previous research on health problems related to cold
temperature and fuel poverty, objectives of the study were described.

Chapter 2 presents a study investigating whether and how a warmer indoor thermal environment could
prevent or delay LTC certification among clients from outpatient rehabilitation facilities. Physical
performance, frailty, and age at LTC certification were selected as outcomes and investigated in
relation to the indoor thermal environment of their home.

Chapter 3 summarizes a study on the effect of indoor thermal environment in nursing homes on
deterioration of care level of residents. The effect of indoor thermal environment on residents’ health
was investigated from two aspects: 1) the relationship between indoor temperature and blood pressure
and 2) the relationship between relative humidity and oral dryness. Furthermore, the speed of decline
of care level was investigated in relation to indoor thermal environment to understand which type of
indoor thermal environment can prevent deterioration of care level.

Chapter 4 describes a nationwide analysis of fuel poverty based on administrative stats data. A
methodology to determine fuel poverty households by using individual data of the Housing and Land
Survey was suggested. The results were used to identify the attributes of the residents and houses
under risk of fuel poverty.

Chapter 5 presents the conclusions of this thesis.
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Chapter 1

Introduction

1.1 Japanese aged population and care prevention strategy

The speed and magnitude of ongoing demographic ageing in Japan are unprecedented, which is one
of the main challenges for Japanese policy-making. The number of people over 75 years old has
increased for many years and will continue to increase in the future (Figure 1.1), while the total
population is declining [1]. Japan is now experiencing “super-ageing” with more than 21 % of the
population older than 65 years in both rural and urban areas. The ageing of the Japanese population is
a result of one of the world’s lowest fertility rates combined with the highest life expectancy. Japan’s
life expectancy in 2016 was 80.20 years for men and 86.61 years for women [2]. However, to predict
future needs, evaluate health programmes, and plan for health care, social services, and long-term care
(LTC), healthy life expectancy is an important indicator [3] in conjunction with life expectancy.
Healthy life expectancy in 2016 was 71.19 years for men and 74.21 years for women [2], and the gap
between life expectancy and healthy life expectancy indicates 9.01 — 12.40 unhealthy life-years
(Figure 1.2). The combination of a smaller working population and a higher share of retired people
will put additional strains on Japanese welfare systems. Cost for care in 2025 is estimated to reach
19.8 trillion yen which is two times higher than in 2015 (Figure 1.2). Filling the gap for long-term
care demand is today one of the main priorities for Japan.
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Figure 1.3 Cost for care in Japan [4]

Since the 1960s, Japan has successively implemented a series of different policies to address the
societal challenge of care for an ageing population, and in 2000 a unique care providing system was
implemented, whereby citizens can be assured that they will receive care and be supported by society
as a whole (Table 1.1, [5]). In 1961, Japan achieved universal health coverage for medical care by
introducing the National Health Insurance system. In 1973, the system started to provide free medical
care for everyone aged 70 years or older. Although free medical care ended in 1983, the co-payment
rate was set lower for older people. Meanwhile, there was an increasing trend in the number of nuclear
families due to urbanization. Consequently, many older people were admitted and remained in
hospitals because their families were unable or unwilling to care for them. This was called “social
admission,” and the associated increase in the medical expenditure on inpatient care became a
significant issue for society. At the time, tax-supported in-home services were mainly for older people
with low incomes and who received little care from their families. Although the Japanese government
implemented a ten-year strategy for the health and welfare of older people (the “Gold Plan) in 1989,
the system encountered a financial issue due to its reliance on tax revenue and its increasing
expenditure.
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Table 1.1 Development of welfare policies for the older adults [5]

Historical Population Major policies
backdrops ageing rate
(year)
1960s 5.7 % 1963 Enactment of the Act on Social Welfare Services for
Beginning of (1960) the Elderly
welfare policies for < Intensive care homes for the elderly created
the older adults < Legislation on home helpers for the elderly
1970s 7.1 % 1973 Free healthcare for the elderly
Expansion of (1970)
healthcare
expenditures for the
elderly
1980s 9.1% 1982 Enactment of the Health and Medical Services Act for
“Social (1980) the Aged
hospitalization” and <~ Adoption of the payment of co-payments for elderly
“bedridden elderly healthcare, etc.
people” as social 1989 Establishment of the Gold Plan (10-year strategy for
problems the promotion of health and welfare for the elderly)

<> Promotion of the urgent preparation of facilities and in-
home welfare services

1990s 12.0 % 1994 Establishment of the New Gold Plan (new 10-year
Promotion of the (1990) strategy for the promotion of health and welfare for the
Gold Plan elderly)

< Improvement of in-home long-term care
Preparation for 14.5 % 1997 Enactment of the Long-term Care Insurance Act
adoption of the (1995)

Long-Term Care

Insurance System

2000s 173 % 2000 Enforcement of the Long-Term Care Insurance
Introduction of the  (2000) System

Long-Term Care

Insurance System

To tackle these problems, long-term care insurance (LTCI) [5] in Japan was introduced in 2000 to
cover social care for 2 million people aged 65 years and older; the number of insured people under
LTCI doubled by 2006. The first major revision of LTCI took place in 2005. The primary change
made was the strengthening of LTC prevention measures; the provision of services and projects that
aim to prevent people from needing LTC or additional LTC. More specifically, the “needing support”
level, which was the one level in the LTC needs certification system, was divided into two levels.
Services which aim to prevent LTC were added to all types of existing home-based and community-
based services. In addition, those who have not reached the “needing support” levels became subject
to LTC prevention programmes conducted by municipal governments, and it was decided that
community comprehensive support centres would be responsible for the programmes. In the 2007
revision that followed the 2005 revision, it was decided that he residents of the institutions covered by
LTCI must pay board and lodging costs in order to reduce the financial burden on the state. At the
same time, it was also decided that low-income earners would be given additional benefits from the
LTCI in order to reduce the burden on them. The next revision of the law took place in 2011. The
policy goal of establishing community comprehensive care systems started to be talked about around
this time. In the 2011 revision, an outline and the purpose of such systems were given in the provisions
which stipulated the responsibilities of the state and local governments in establishing such systems.
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Services that contribute to establishing such systems were created, including around-the-clock
periodic visits and on-demand services as well as composite services.

As seen above, the revisions concerning LTCI which took place after the establishment of the scheme
do not seem to have always been conducted under consistent principles. These might have been
inevitable choices when considering the fact that these revisions were largely driven by the motivation
of reducing state liability, which was required when compiling the budget. However, despite these
inconsistent revisions, the number of people who became certified as needing LTC and started using
the relevant services has continued to increase since the establishment of the scheme. This shows the
high degree to which people need LTC services that are guaranteed by LTCI.

In the currently LTCI system, municipalities and special wards in the metropolitan area are the insurers.
The LTC approval board investigates the mental and physical condition of the insured person and
makes a judgement based on the opinions of a regular doctor. Eligibility is assessed using a 74-item
questionnaire based on activities of daily living. In-home benefits are determined based on the level
of LTC required (7 levels including 2 levels of Support-required, and care level 1 (least disabled) to 5
(most disabled)). Facility benefits are determined in accordance with facility types, depending on the
level of LTC required. The availability of family caregiving is not taken into consideration, even
though it was the key assessment point in the previous system (Figure 1.4).

| Users |—>| Municipality’s window for application |
I

[ ]
| Doctor’s written opinion | | Investigation for certification

l

Long-term care requirement certification
by physician, nursing staff, welfare personnel, etc.

Self-supporting Support level 1, 2
_—y 0—|:| ¥

Care level 1-5

Those likely to
come to need long- Care plan Care plan

3 for preventive long-term care for the use of long-term care
term care/support in

the future l l l

® Services which cope with the
actual municipalities’ needs
(services not covered by the
long-term care insurance)

® Long-term care
prevention
projects

® Preventive long-term care services

*  Outpatient preventive long-term
care
Outpatient rehabilitation
preventive long-term care
Home-visit service for preventive
long-term care, etc.

® Community-based services for

preventive long-term care

Multifunctional preventive long-
term care in small group homes
Preventive long-term care for
dementia patients in communal
living, etc.

® In-home services
Home-visit long-term care
Home-visit nursing
Outpatient day long-term care
Short-stay admission service, etc.
® Community-based services
¢ Multifunctional long-term care in
small group homes
Home-visit at night for long-term
care
Communal daily long-term care
for dementia patients (group
homes), etc.

® Facility services

* Intensive care home
for the elderly
Long-term care health
facility
Sanatorium medical
facility for the elderly
requiring long-term
care

Community support projects

Preventive long-term care
benefits

| Long-term care benefits

Figure 1.4 Application procedure of long-term care insurance service [5]

On the other hand, Ministry of Health, Labour and Welfare (MHLW) formulated a “Care Prevention
Manual [6]” to generalize the conceptual idea of care prevention based on a scientific viewpoint, and
to accelerate activities efficiently and effectively. In the manual, care prevention is defined as efforts
to prevent or delay the occurrence of care needing condition, and even in people already certified for

17



needing LTC, to prevent further deterioration, and aim to improve their condition (Figure 1.5). This
highlights the importance of continued and intermittent approach to each stage of care prevention.

—  Primary prevention

Active ¢ Prevention of need for
long-term care

Secondary prevention

Frail § _ )
'1 Early detection and response to
deterioration of vital function
Need long- Third prevention
term care P
™ Improvement of care needing
"M% Condition and prevention of
deterioration
Time

Figure 1.5 Definition of care prevention (modified and translated from [6])

In the Care Prevention Manual, 1) improvement of exercise skill, 2) improvement of nutrition, 3)
improvement of oral cavity, 4) prevention of isolation, 5) prevention of deterioration of cognitive
function, and 6) prevention of depression, were intended as key pillars for care prevention. Regarding
pillars 1) 2) and 5), Kamo et al [7] showed that nutrition indirectly affects deterioration of Activities
of Daily Living (ADL) through deterioration of physical and cognitive function (Figure 1.6).

AMM/he2 -0.08 SPPB
Appendicular Muscle Mass Short Physical Performance Battery 047
. .
0.12 0.46
MNA 0.23 BI
Mini Nutritional Assessment Bathel Index
(Activities of Daily Living)
0.15 0.49
e 038
A_l 0.03 MMSE
8¢ Mini-Mental State Examination

Figure 1.6 Path analysis of Mini Nutritional Assessment, Short Physical Performance Battery,
Mini-Mental State Examination and Activities of Daily Living [7]

Moreover, factors effective for care prevention can be identified by breaking down the main cause
that leads to a need for care. Sum of cerebrovascular disease and heart disease, which both relate to
hypertension, accounted for 19.8 % (Figure 1.7, [8]). Among cases of dementia, the most prevalent
disease to cause patients to require nursing care, 30.1 % were caused by cerebrovascular disease
(Figure 1.7, [9]). These findings indicate that hypertension accounts for more than a quarter of nursing
care cases. High blood pressure is also a risk factor for longer periods of care (Figure 1.8, [10]). On
the other hand, articular diseases, fracture, and asthenia due to old age accounted for 36.5 % in total
(Figure 1.7). These diseases are considered to be mainly caused by deterioration of physical
performance [11] [12] [13] [14].

18



Cerebrovascular
diseases, 15.1 %

Other causes,

24.9 % Heaft disease
4.1%
. Other causes, | Cerebrovasculyr
Asthenia due Demet})tla, 26.8 % disease, 30.1 %)
to an old age, 18.7%
13.8 %

Fracture, | Articular
12.5% | diseases,
10.2 %

Alzheimer disease,
43.1%

Figure 1.7 Percent distribution of main causes that lead to a need for care (modified and
translated from [15] [9])

18
1p<0.10, *p<0.05, **p<0.01
16 Men n=759 *
14
— 12
o) w3k
=10
s i
el
5 8
S
T 6
4 ] I
2 1 —
4.88 295 5.37
0
Age Urine sugar  Hypertension

Figure 1.8 Risk factor for longer periods of care (modified and translated from [10])

Another important indicator of health in older people is frailty. Frailty is regarded as a health condition
of decreased functional reserves leading to a vulnerable state with the inherent risks of a multitude of
adverse outcomes (Figure 1.9). Frailty is widely recognized as a considerable challenge for the society,
but there is no single agreed definition or cause of the phenomenon. The definition suggested by Fried
et al. [16] includes self-reported exhaustion, reduced grip strength, slow walking speed, and low level
of physical activity. In addition to physical functioning, it has been suggested that definitions of frailty
should also include aspects of mental health, such as cognition and mood [17]. Shinkai et al. [18] [19]
include three domains in their definition of frailty: isolation risk, fall risk, and nutrition risk. With
increasing age, frailty becomes more frequent and severe [20] [21] [22] [23] [24]. Frailty is associated
with chronic disease [25], obesity [26], and female gender [24] [27] [28], as well as low education
level and income [16]. When it comes to the impact of the environment, it is well known that being
confined to the home is a risk factor for walking limitation and declining ADL [29] [30], thus
increasing the risks of falling [31] [32] and subsequent mortality [33]. That is, different conditions in
the environment may well contribute to worsen the consequences of frailty. Frailty most often leads
to limitations in ADL, ultimately requiring nursing home placement [34] and increased use of health
care resources [35]. For informal caregivers, care-recipient’s frailty can be a significant predictor of
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caregiver burden [36] [37], which may lead to emotional distress [38], poor health, decreased quality
of life [39] and increased health care consumption [40].

Ageing >

Disease / Stress

@@@@@

No Frailty

Vitality

Frailty

Disability Death
[ ]
Imminent functional Established functional
decline decline

o— Healthy life expectancy ———
Biological life expectancy ————=@

Figure 1.9 Concept of frailty (translated and modified from [41])

1.2 Cold related health problems

Cold temperature has direct and indirect effects on health. Direct effects include increased incidence
of respiratory and cardiovascular disease, falls and injuries, and hypothermia. Indirect effects include
mental health effects from depression and increased absenteeism from school or work [42]. Cold
related ill-health is a complex issue with many factors known to increase risk from cold. Figure 1.10
shows the relation between factors in housing conditions and their potential effects on health [43].
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Figure 1.10 Factors linking cold temperatures to excess winter deaths and illness [43]

Excess winter deaths

Excess winter deaths are calculated as the number of deaths in winter in excess of the average for the
rest of the year and represent a considerable public health burden. For example, 30 % more deaths
occurred in winter compared to summer in a multi-country study [44] [45]. A 1 °C decrease in outdoor
temperature (tempou) was associated with a 1.35 % increase in the daily number of total natural deaths
and a 1.72 %, 3.30 %, and 1.25 % increase in cardiovascular, respiratory, and cerebrovascular deaths
[46]. Excess winter deaths are mostly amongst older people [47] [48] and are routinely linked to fuel
poverty (FP) and living at low temperatures [49] [50]. It is suggested that 10 % of excess winter deaths
could be directly attributed to FP, but some argue that this is too conservative an estimate [51]. In
particular, elevated risk of death during winter for people living with Alzheimer’s Disease and related
dementias was found in the UK [52]. Excess winter deaths are greater in countries with milder climates
than in those with more severe winter conditions [53], in part because countries with mild winters
often have homes characterized by poor domestic thermal efficiency that are harder to heat than well
insulated houses in more extreme climates. In addition, results from the Eurowinter [54] show that in
relatively warm countries, older people often fail to wear protective clothing and do not remain indoors,
so they are exposed to cold weather conditions outdoors.

Hospitalization

Some retrospective cohort studies investigated the association between cold temperature and
hospitalization. Lower-than-average temperature and higher temperature fluctuations were associated
with an increased risk of dementia hospitalizations in New England [55]. At the population-level, a 1
°C drop in tempou: below a threshold of 15.6 °C was associated with a higher risk of hospitalizations
by myocardial infarction [56]. To be more specific about indoor temperature (tempin) in housing, a
New Zealand study showed that insulation retrofit had a significant impact on reducing hospitalization
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and pharmaceutical costs for occupants of houses that had been remediated compared to those living
in matched houses in the area who had not received insulation or heating as part of the research
programme [57]. Individual characteristics of being a woman or older than 40 years [58], and having
lower socioeconomic status [56] increased vulnerability to cold related hospitalization.

Cardiovascular disease: blood pressure

Elevated blood pressure, increased blood viscosity [59], and platelet activation [60] in moderate cold
have been identified as important causal factors in the increased winter morbidity and mortality due
to heart attacks and strokes. When it comes to blood pressure as an indicator, a cohort study in Japan
called the HEIJO-KYO study explored multiple aspects of blood pressure and its relation to tempin. In
the cohort of 868 older people, 1 °C lower tempi, was significantly associated with 0.22 mmHg higher
daytime Systolic blood pressure (SBP), while tempo. Was not significantly associated [61]. A
multivariate linear mixed effects regression showed that a 1°C decrease in the ambient temperature
was significantly associated with a 0.44 mmHg increase in the sleep-through blood pressure and 0.52
mmHg increase in the pre-waking blood pressure surge [62]. Moreover, an intervention that provided
instructions in appropriate home heating increased the tempi, by 2.09 °C, and significantly decreased
SBP by 4.43 mmHg after adjusting for confounders [63]. Another study in Japan that included a
nationwide sample of 3,775 participants (2,095 households) found that SBP in the morning had
significantly higher sensitivity to changes in tempi, (8.2 mmHg increase/ 10 °C decrease) than that in
the evening (6.5 mmHg/ 10 °C decrease) [64]. Moreover, there was a nonlinear relationship between
morning SBP and tempi, suggesting that the effect of tempi, on blood pressure varied depending on
the range of tempi, [64]. A nationwide population-based study in Scotland recommended a minimal
tempin above 18 °C for the prevention of high blood pressure [65] since 9 % of hypertension cases
could be prevented [66].

Respiratory disease

Chronic obstructive pulmonary disease (COPD) is a chronic inflammatory lung disease that causes
obstructed airflow from the lungs [67], and possible links have long been made between cold housing
and COPD exacerbations. For people with COPD, maintaining 21 °C in living areas for at least 9 hours
per day was associated with better health status [68]. Another cohort study from China among adults
with COPD, reported reduced respiratory problems with a temp;, warmer than 18.2 °C regardless of
whether indoor humidity was low, moderate or high [69].

Physical performance

There is evidence from experimental studies that cold exposure may reduce physical performance. It
has been found that the working capacity of muscles [70] [71], maximal force production [72], and
the time needed to attain maximal force [73] are all degraded by cooling. Furthermore, Oksa et al. [74]
found that even mild cooling had a negative effect on physical performance. Lindemann et al. [75]
showed that the physical performance of older women was worse in 15 °C room temperature compared
with 25 °C room temperature. Moreover, in a cross-sectional study conducted among 2,012 non-
institutionalized individuals aged over 60 years, the effect of poor housing conditions on the short
physical performance battery (SPPB), mobility or agility limitations, frailty, and disability in
instrumental activities of daily living (IADL) were investigated. As a result, the lack of heating was
linked to lower scores in 3 SPPB tests, as well as with an increased frequency of frailty and 4 of its
components (exhaustion, slow walking speed, low physical activity and weakness). Feeling cold was
linked to increased exhaustion [76].
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1.3 Fuel poverty

Qualitatively, FP is defined as the condition of being unable to afford to keep one’s home adequately
heated. A household is considered to be fuel poor if they have required fuel costs that are above the
average (the national median level) and if they were to spend that amount, would be left with residual
income below the official poverty line [77]. The image often portrayed is of an older person struggling
to keep warm, using inefficient or ineffective heating technology in a poorly insulated home [78].
Policy measures have also to some degree prioritised older people over other groups in responding to
what is generally termed FP.

Residential FP takes the form of thermal discomfort and is closely related to housing characteristics,
e.g. heating system, energy efficiency, dampness, and mouldiness. Improving energy efficiency is the
best long-term solution to tackling FP. Energy efficiency typically entails a tighter control of
ventilation to avoid heat loss through the poorly controlled escape of heated air. In insulated dwellings,
thermal insulation reduces conductive heat loss through the buildings’ walls, ceilings and floors [79].
Choices of housing types, quality, size and location are shaped by a number of economic, social and
demographic factors. These factors affect the features that the house will provide to its occupants and
whether they can afford the cost of operating and maintaining it.

In comparison to other developed countries, Japan has one of the highest levels of inefficient housing
stock. Figure 1.11 shows a comparison on heat transmission coefficient between Japan, the United
States, and European countries, which is specified as one of energy conservation standard for thermal
insulation performance. A lower heat transmission coefficient for the outer skin of the house (Ua-
value) indicates higher thermal insulation performance of a house. In the figure, the heating degree-
day (Dis.13) is defined as a day when the average daily temperature falls below 18 “C. The heating
degree-day is calculated as the temperature difference between the average daily temperature and 18
°C. All countries establish energy conservation standards corresponding to the climatic conditions in
respective regions, and require stricter standards in colder regions. The standard in Japan for a cold
climate region corresponding to Sapporo and Asahikawa seems to be close to the same level as those
of other countries. But the standards for other areas from Morioka to Sendai are easier to compare
with other countries, although they have cold climates with heavy snow fall. Consequently, the
standards in Japan are obviously behind those of other countries. Figure 1.12 shows a comparison on
the coefficient of heat transmission for the window (Uw-value) in order to understand the thermal
insulation performance of windows as positioned key components in the building envelope. The
standards for Uw-value in Germany and the UK are twice as strict as those in Japan [80].
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coefficient for windows (Uw-value) [80]

However, residential energy consumption in Japan is relatively small compared with other countries
(Figure 1.13, [81]). In Europe and US, it has become a general custom to live comfortably in a home
uniformly heated with a central heating system even in winter. In contrast, the climate in Japan is
relatively warm in winter and local heating in individual rooms in a house is most common in the
Japanese culture. Only occupied rooms are heated by placing a heating unit, or rather kotatsu table,
which is a unique Japanese table with heating electricity and a blanket. This leads to a great concern
that people in Japan are living in a cold indoor environment, and suffering from high risk of health
problems.
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Figure 1.13 International comparison of mean residential energy consumption [81]

1.4 Efforts to prevent cold related health problems

Strategies to avoid cold indoor thermal environments, which includes housing interventions can
represent a major opportunity to promote “primary prevention” through intersectoral action [79].
Efforts in the UK are known to be particularly advanced. In this chapter, international and domestic
efforts related to housing and health will be introduced.

1.4.1 International measures and efforts in foreign countries

1) Efforts by the World Health Orginisation
World Health Organisation Housing and Health Guidelines

In 2018, World Health Organisation (WHO) established the WHO Housing and Health Guidelines
[79], aimed at informing housing policies and regulations at the national, regional and local level on
the impact of housing on health. The Housing and Health Guidelines bring together the most recent
evidence to provide practical recommendations to reduce the health burden due to unsafe and
substandard housing conditions. They provide new guidance and recommendations relevant to
inadequate living space (crowding), low and high indoor temperatures, injury hazards in the home,
and accessibility of housing for people with functional impairments (Figure 1.14).
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Topic Recommendation Strength of
% World Health recommendation
st Crowding Strategies should be developed and implemented to prevent and reduce Strong
household crowding.
A Indoor cold Indoor housing temperatures should be high enough to protect residents Strong
e and insulation from the harmful health effects of cold. For countries with temperate or
colder climates, 18 °C has been proposed as a safe and well-balanced
f}?‘ ﬁ indoor temperature to protect the health of general populations during cold
seasons.
] In climate zones with a cold season, efficient and safe thermal insulation Conditional
should be installed in new housing and retrofitted in existing housing.
HOUSING Indoor heat In populations exposed to high ambient temperatures, strategies to protect Conditional
AND HEALTH populations from excess indoor heat should be developed and
GUIDELINES implemented.
Home safety  Housing should be equipped with safety devices (such as smoke and Strong
4 and injuries carbon monoxide alarms, stair gates and window guards) and measures
/\ should be taken to reduce hazards that lead to unintentional injuries.
‘%‘” Accessibility Based on the current and projected national prevalence of populations Strong
'_ R - with functional impairments and taking into account trends of ageing, an
é a adequate proportion of the housing stock should be accessible to people
with functional impairments.

Figure 1.14 Recommendations of the World Health Organisation Housing and Health
Guidelines [79]

2) Efforts in England
Cold Weather Plan for England

Since 2011 the UK Department of Health has published the National Cold Weather Plan (CWP) for
England [42] (now published by Public Health England). The CWP aims to avoid the adverse health
effects of cold weather by raising public awareness and triggering actions by those in contact with
people who are most at risk. The CWP provides further detail about the evidence of the effects of cold
on health (Figure 1.15) and what is known about the effectiveness of interventions in order to make
the case for long term strategic planning and commissioning. The CWP covers the spectrum of action
from planning to emergency response, including cold weather alerts [82] developed with the Met
Office. The CWP was revised in 2014 to take into account research that found that the adverse effects
of cold temperature on health can occur at relatively modest temperatures [83], suggesting that long-
term interventions and the more general preparation for winter was more important than reactive
interventions undertaken in response to severe weather.

® o Temperature  Effect

Rk Haamn England 18°C Heating homes to at least 18 °C in winter poses minimal risk to the
health of a sedentary person, wearing suitable clothing. Additional
flexibility around advice for vulnerable groups and healthy people is
outlined in the main Cold Weather Plan document.

The Cold Plan for

Protesting baskih end educkg her Under 18 °C  May increase blood pressure and risk of cardiovascular disease.
: Under 16 °C~ May diminish resistance to respiratory diseases.
4-8°C Mean outdoor temperature threshold at which increased risk of death
. -~ : observed at population level.
207z 4 5°C Poses a high risk of hypothermia.
s
Gy 224

Figure 1.15 The effects of temperatures on health shown in the Cold Weather Plan for England
[42]
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Housing Health and Safety Rating System

The Housing Act 2004 introduced a new risk assessment approach called the Housing Health and
Safety Rating System (HHSRS) [84]. The HHSRS is used by local authorities to assess 29 housing
hazards and the effect that each may have on the health and safety of current or future occupants of
the property, such as damp, excess cold and electrical faults as well as risks for fire and falls (Figure
1.16). When a hazard is identified in a property, two tests must be applied: 1) What is the likelihood
of a dangerous occurrence as a result of this hazard? and 2) If there is a dangerous occurrence, what
would be the likely outcome? The likelihood and the severity of the outcome combine to generate a
hazard score. Hazard scores are divided into 10 bands, with Band A being the most serious and Band
J the least serious. Hazards which fall into bands A to C are called Category 1 hazards and those in
bands D to J are Category 2 hazards. Councils have a duty to take some enforcement action where
Category 1 hazards exist. They also have a discretionary power to take enforcement action where there
are Category 2 hazards. Enforcement action involves the Council serving legal notices on the owner
and/or manager of the property, and requiring them to carry out certain works in a specific timescale.
In October 2018, the UK government launched a scoping review to consider whether HHSRS should
be updated and, if so, to what extent. In late 2019, a comprehensive overhaul of the HHSRS began
[85].

Physiological Psychological Protection against accidents
requirements requirements 19. Falls associated with
1. Damp & mould 11. Crowding & space baths, etc.
growth 12. Entry by intruders 20. Falling on level surfaces
2. Excess cold 13. Lighting etc.
3. Excess heat 14. Noise 21. Falling on stairs etc.
4. Asbestos & MMF Protection against 22. Falling between levels
5. Biocides infection 23. Electrical hazards
6. CO & fuel combustion  15. Domestic hygiene, 24. Fire
products pests & refuse 25. Flames, hot surfaces etc.
7. Lead 16. Food safety 26. Collision and entrapment
8. Radiation 17. Personal hygiene 27. Explosions
9. Uncombusted fuel gas sanitation & 28. Position and operability
10. Volatile organic drainage of amenities etc.
compounds 18. Water supply 29. Structural collapse and

falling elements

MMEF, manufactured mineral fibers; CO, carbon monoxide; VOCs, volatile organic compounds

Figure 1.16 Potential health and safety hazards in dwellings in the Housing Health and Safety
Rating System [84]

Cutting the cost of keeping warm

The Department for Energy and Climate Change in England published a strategy — Cutting the cost of
keeping warm: A FP strategy for England [86]. The strategy is underpinned by the FP target for as
many fuel poor homes as reasonably practicable to achieve an energy efficiency standard of Band C
by 2030, which became law in December 2014. Early measures to tackle the problem of FP and hit
the new target include new regulations so that from April 2018 private landlords cannot rent out energy
inefficient properties (homes with Energy Performance ratings below ‘E’). Additionally, tackling the
problem of FP in off gas grid properties with a new £25 million fund to help people install central
heating systems for the first time. Plus, extending the successful ECO scheme to 2017, so that a further
500,000 properties will be made cheaper and easier to heat, building on the one million homes that
ECO and Green Deal have helped in the last 2 years. Outcomes expected in the strategy are shown in
Figure 1.17.
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™ Outcomes
| HM Govemment Progress against the target and interim milestones
Lower bills
Increased comfort
Improved health and wellbeing
Improved partnership
Improved evidence base and understanding
Improved targeting
Lower carbon emissions

Cutting the cost of keeping warm

SN N N NN

Figure 1.17 Expected outcomes in the “Cutting the cost of keeping warm” strategy [86]

Excess winter deaths statistics

The Office for National Statistics [87] in England calculates excess winter mortality each year. This
estimate is published on an annual basis in November each year and is available by region and age-
group. PHE also undertakes weekly mortality surveillance which aims to detect and report acute
significant excess mortality above usual seasonal levels in a timely fashion. This information is used
to guide an urgent response to a public health threat such as an influenza epidemic or temperature
extremes.

3) Efforts in the United States
National Healthy Housing Standard

National Healthy Housing Standard (NHHS) [88] was developed by the National Centre for Healthy
Housing in cooperation with the American Public Health Association, to inform and deliver housing
policy that reflects the latest understanding of the connections between housing conditions and health.
A study by the National Centre for Healthy Housing found that 35 million — or 40 % — metropolitan
US homes have one or more health and safety hazards. Moreover, progress on reducing exposure to
these hazards is not improving as the number of homes with substandard conditions — 6.3 million units
in the US — did not decrease from 2001 to 2011. The NHHS focuses on the over 100 million existing
homes in the US [88]. In particular, NHHS focuses on the existing owner-occupied and rental housing,
where regulations and industry practices have not kept pace with knowledge about housing-related
disease and prevention of disease and injury through routine maintenance. The Standard provides a
living tool for property owners, elected officials, code agency staff, and all who are concerned about
housing as a platform for health. The NHHS provides health-based measures to fill gaps where no
property maintenance policy exists and also serves as a complement to the International Property
Maintenance Code and other housing policies already in use by local and state governments and
federal agencies. Its recommendations, which are meant to constitute a set of minimum performance
standards, are divided into seven chapters: owner and occupant duties; structures; lighting and
electrical systems; thermal comfort, ventilation and energy efficiency; moisture control, solid waste,
and pest management; and chemical and radiological agents (Figure 1.18). Each section includes
stretch measures for those who may seek to go beyond the minimum requirements.
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Duties of Owners and

Safety and Personal

Lighting and Electrical

Moisture Control, Solid

Occupants Security Systems Waste, and Pest
1. Duties of Owners 1. Egress 1. Electrical System Management
Natinra 2. Duties of 2. Locks/Security 2. Outlets 1. Moisture Prevention
Occupants 3. Smoke Alarm 3. Natural Lighting and Control

Healthy Housing
Standard

Structures, Facilities,
Plumbing, and Space
Requirements

v s

Fire Extinguisher
Carbon Monoxide
Alarm

4. Aurtificial Lighting

Thermal Comfort,
Ventilation, and

2. Solid Waste
3. Pest Management

Chemical and Radiological

1. Structure 2 gj;lr(ig Surfaces Energy Efficiency Agents
2. Facilities ' . 1. Heating, 1. General Requirements
R 8. Chemical Storage 2 .
3. Plumbing System Ventilation, and 2. Lead-Based Paint
. 9. Pools, Hot Tubs, X .
4. Kitchen Air Conditioning 3. Asbestos
and Other Water . .
5. Bathroom Features Systems 4. Toxic Substances in
6. Minimum Space 2. Heating System Manufactured Building
7. Floors and Floor 3. Ventilation Materials
Coverings 4. Air Sealing 5. Radon
8. Noise 6. Pesticides
7. Methamphetamine
8. Smoke in Multifamily
Housing

Figure 1.18 Requirements and stretch provisions in the National Health Housing Standard [8§]

4) Efforts in New Zealand
Rental Warrant of Fitness

The Rental Warrant of Fitness (WoF) [89] is a voluntary home assessment which residents can request
to examine the basic health and safety components of a property delivered in New Zealand. The Rental
WoF inspection has 63 questions and covers 29 criteria (Figure 1.19). An inspector comes to the
property and the assessment takes about an hour to complete. The areas of the house that are assessed
include ones which are known to have a direct impact on occupants’ health and safety, can reduce
work and school absences, and lead to greater household energy efficiency. The property receives a
pass or fail on the spot, and a detailed report is emailed to the landlord. If a property doesn’t pass the
Rental WoF, the landlord has six months to make the improvements noted in the report and to book a
re-assessment at no extra cost.

Criteria
Cooking facilities 11. Electrical safety 21. Weathertightness
Food preparation and storage ~ 12. Indoor lighting 22. Reasonable state of repair

. Potable water 13.
Hot water temperature

23. Stormwater and waste
water discharge

24. No ponding under house
25. Entrance way lighting
26. Structurally sound

27. Handrails and balustrades
28. Address clearly labelled
and identifiable

Securely locking doors

1

2

3 Working smoke alarms

4 14. Effective window latches
5. Functional toilet 15. Window security stays

6. Provision of a bath or shower  16. Curtains or blinds
7

8

9

1

75/ WOF

Secure storage 17. Glass visibility strips
Fixed space heating 18. Ceiling insulation
. Effective ventilation 19. Underfloor insulation
0. Mould 20. Ground vapour barrier
29.

Figure 1.19 Criteria in the Rental Warrant of Fitness [89]

1.4.2 Efforts in Japan

Building Energy Efficiency Act

The Japanese Building Energy Efficiency Act (BEEA) [90] has mainly focused on the reduction of
energy consumption and CO; emissions, in response to a tightening of the electricity supply-demand
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balance after the oil crisis [91]. After the enacting the initial energy efficiency standard (S55 standard)
in 1980, the standard was revised in 1992 (H4 standard) and 1999 (H11 standard) to enforce energy
efficiency in-line with the energy conservation law. In 2011, the Great East Japan Earthquake
highlighted the importance of energy conservation in the residential sector and led to another revision
of the energy conservation law in 2013. The H25 standard was then established with the same energy
efficiency level as the H11 standard. Subsequently, BEEA became independent from energy the
conservation law in 2015 with the establishment of the H28 standard which also has the same energy
efficiency level as the H11 standard (Table 1.2). BEEA provides for 1) regulatory measures for
mandatory compliance with energy efficiency standards for large-scale non-residential buildings, and
2) incentive measures such as a labelling system displaying compliance with energy efficiency
standards and exceptions to floor-area ratio regulations for certified buildings [90]. The key point is
that complying with the energy efficiency standard is not mandatory and there is no duty to make
efforts for residential building less than 300 m?, and existing buildings.

Table 1.2 History of energy efficiency standard of residential building (translated and modified

from [92])
Standard Revised point
1980 (S55) standard Enactment of energy efficiency standard
1992 (H4) standard Enhancement of energy efficiency performance of each member
Application of air-tight house in area 1
1999 (H11) standard Enhancement of energy efficiency performance of skeleton structure

Application of air-tight house in all areas
Additional provision for planned ventilation and heating systems
Introduction of an evaluation standard for external insulation
performance

2013 (H25) standard Change in calculation method of the evaluation standard for external
insulation performance
Introduction of a primary energy consumption standard

2016 (H28) standard Additional standard for primary energy consumption of equipment

The demand level of insulation performance and the primary energy consumption standard are
established for each regional area (Figure 1.20) because Japan is long from north to south, and the
climate varies distinctly across regions [93].
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Regional Corresponded prefectures
division  (Regional division is defined by municipality)

1| Hokkaido

2|

3| Aomori, Iwate, Akita

4 Miyagi, Yamagata, Fukushima, Tochigi,
Niigata, Nagano

5 Ibaraki, Gunma, Saitama, Chiba, Tokyo,

Kanagawa, Toyama, Ishikawa, Fukui,
Yamanashi, Gifu, Shizuoka, Aichi, Mie, Shiga,
Kyoto, Osaka, Hyogo

6l Nara, Wakayama, Tottori, Shimane, Okayama,
Hiroshima, Yamaguchi, Tokushima, Kagawa,
Ehime, Kochi, Fukuoka, Saga, Nagasaki,
Kumamoto, Oita

7 Miyazaki, Kagoshima

gl Okinawa

Figure 1.20 Regional division of energy efficiency standard [94]

Comprehensive Assessment System for Built Environment Efficiency Housing Health Checklist

Following the trends in foreign countries, investigative research on the relationship between the living
environment and health has been conducted in Japan in recent years. At the centre of this movement
was the “Health Maintenance Promoting Housing Research Council [95],” which was established
under the Ministry of Land, Infrastructure and Transport (MLIT) between 2007 and 2013. Through
several investigative research studies, design guides and evidence lists were published as deliverables
of this movement. The Comprehensive Assessment System for Built Environment Efficiency
(CASBEE) Housing Checklist [96] is an easy evaluation tool used to assess the environmental problem
in the house, which was developed as one of the deliverables in 2011. The checklist was created to
help residents determine whether or not environmental factors and housing equipment pose any
potential risks for their health. It consists of questions about the levels of heat in summer, cold in
winter, noise, light, cleanliness, safety, and security of the living environment for each room in the
house (Figure 1.21). Respondents are asked to mark the frequency of corresponding problems on a
four-point sale: 1) often (0 point), 2) occasionally (1 point), 3) rarely (2 point), 4) not at all (3 point).
The scores for each item are summed and higher scores indicate fewer problems in the living
environment.
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Rooms and places Scores  Health elements Scores

1. Living room 21 1. Thermal environment 36

2. Bedroom 21 2. Acoustic environment 6

3. Kitchen 15 3. Light environment 12

4. Bathroom, dressing room, and 21 4. Hygiene 27
washroom 5. Safety 45

5. Toilet 9 6. Security 6

6. Entrance 9

7. Corridors, stairs, and storage 21

8. Surroundings

9. Optional -

Figure 1.21 Evaluation item in Comprehensive Assessment System for Building Environment
Efficiency Housing Health Checklist [96]

Standards for the indoor thermal environment in relation to older adults

Academic standards related to safety, hygiene, comfort, efficiency, and durability of residential
buildings have been established by the Architectural Institute of Japan (ALJ). Academic standards are
prepared from the standpoint of the institute and are referred to as a basis of administrative standards
or technical standards. The working group on residential thermal environment for older people in ALJ
has established standards for the indoor thermal environment for older people [97]. Since older people
and people with serious medical conditions are known to be particularly vulnerable to the effects of
cold temperature, the recommended indoor temperature for older people is set higher than for those in
the general population (Table 1.3). However, the recommended relative humidity (RH) zone is the
same for all groups (Table 1.4).

Table 1.3 Indoor temperature standards [97]

Target Season Living Bedroom Kitchen Corridor Bathroom Toilet Clothing
room Dressing
room
General Winter 21+£3°C 1843°C  1843°C 184+3°C 244+2°C  2243°C 1.4-0.7clo
Intermediate 244+3°C 22+£3°C  2243°C 2243°C 26+2°C  244+2°C 0.7-0.5clo
season
Summer 2742°C 26+2°C  264+2°C 26+2°C 28+£2°C  2742°C 0.5-0.2clo
Older Winter 2342°C 2042°C  2242°C 2242°C 2542°C  24+42°C 1.4-0.7clo
people Intermediate 2442°C 22+2°C  2242°C 2242°C 26+2°C  24+2°C 0.7-0.5clo
season
Summer 2742°C 2542°C  2642°C 26+2°C 28+£2°C  27+2°C 0.5-0.2clo
People with a Winter 2342°C 2042°C  2242°C 2242°C 2542°C  24+42°C 1.4-0.7clo
disability Intermediate 24+3°C 22+2°C  22+2°C 2242°C 26+2°C  24+2°C 0.7-0.5clo
season
Summer 2542°C 2542°C  2542°C 2542°C  2742°C  2542°C 0.5-0.2clo

Table 1.4 Relative humidity standards [97]

Season All rooms
Winter 30-50%
Intermediate season 40-70%
Summer 60-80%
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1.5 Thesis objective and outline

This thesis describes several strands of research examining the connection between resident’s
condition of needing LTC and the energy efficiency properties of the housing stock in Japan. The
overarching objective was to contribute to the understanding of how the indoor thermal environment
can promote health and prevent the need for LTC in aged people. Findings in this thesis are expected
to provide useful knowledge for local authorities to protect individuals and communities from the
effects of cold weather and encourage successful care prevention. Thus, the objective was to explore
actual conditions and perceptions of health status, frailty, need of LTC among older people, and the
indoor environment of housings or nursing homes. Additionally, this thesis investigated the
relationships between personal and environmental factors in relation to FP. A further objective was to
identify different types of housing conditions across the nation and explore the risks of FP. This
investigation clarifies characteristics of housing and residents under higher risk of FP, which
emphasises the role the housing sector and social care sector can play in tackling FP.

The specific objectives were:

1) To investigate the associations among health, frailty, age at LTC certification, and perceived tempi,
of housing among community-dwelling older people in the context of FP.

2) To investigate the relationships between health, speed of deterioration of care level, and indoor
thermal environment in Japanese nursing homes.

3) To identify different groups of housing conditions and resident characteristics which lead to higher
risk of FP.

With regard to objective 1), chapter 2 presents a study investigating whether and how a warmer indoor
thermal environment could prevent or delay LTC certification among clients from outpatient
rehabilitation facilities. Physical performance, frailty, and age at LTC certification were selected as
outcomes and investigated in relation to the indoor thermal environment of their home. Chapter 3
summarizes a study on the effects of indoor thermal environment in nursing homes on deterioration
of the care level of residents. The effects of indoor thermal environment on residents’ health was
investigated from two aspects: 1) the relationship between tempi, and blood pressure and 2) the
relationship between RH and oral dryness. Furthermore, the speed of decline of care level was
investigated in relation to indoor thermal environment to understand which type of indoor thermal
environment can prevent deterioration of care level. Chapter 4 describes a nationwide analysis of FP
based on individual level data from the national Housing and Land Survey. A new methodology was
suggested to identify the attributes of the residents and houses at risk for FP. Chapter 5 summarizes
the studies and highlights the findings. The structure of this thesis is shown in Figure 1.22.
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Figure 1.22 Structure of this Ph.D. thesis
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Chapter 2

Study 1: Indoor thermal environment and health of
community dwelling older adults

2.1 Overview of study 1

In study 1, new knowledge regarding indoor thermal environment and the long-term care (LTC) needs
of community-dwelling older people emerged from field work in several areas of Japan. Related to
the definition of care prevention, study 1 used two approaches for prevention: primary prevention to
prevent the need for LTC, and secondary prevention for early detection and response to deterioration
of vital function. Several outcomes were selected to determine older adults’ health and need for LTC:
physical performance, frailty, and age at LTC certification. The results of the study also represent a
broad knowledge of actual indoor thermal environment of individual houses of older people living in
the community.

The overarching aim of study 1 was to investigate whether and how a warmer indoor thermal
environment could support older adults to maintain health and independence, which would prevent or
delay LTC certification. The specific aims were to: 1) reveal the winter indoor environment and use
of heating system of community-dwelling older people in Japan, 2) explore the effect of seasonal
temperature differences and cold indoor environment in winter on the physical performance, 3)
investigate the relationships between self-reported risk for frailty and perceived indoor temperature,
4) determine whether economic satisfaction influences the relationship between self-reported risk for
frailty and perceived indoor temperature, and 5) investigate whether older people who perceive their
home as warm were older at LTC certification, which can be interpreted as successful care prevention.
Works in study 1 are published in Journal of Environmental Research and Public Health [98] [99] and
Journal of Environmental Engineering (Transactions of Architectural Institute Japan (AlJ)) [100]
[101].

2.2 Methodology

2.2.1 Procedure and Participants

Data collection for this cross-sectional study was conducted during December 0f 2014, 2015, and 2017.
Staff at outpatient rehabilitation facilities in Kochi, Osaka, and Yamanashi prefectures, Japan provided
surveys to their clients. The surveys were either completed at the rehabilitation facility or at the
participant’s home, and 473 were returned. A sub group of participants were also included in data
collection from long-term care insurance (LTCI) card and/or participated in measurement of indoor
thermal environment of their home. The sample sizes of each survey are shown in Table 2.1. To be
included in this study, participants had to be 65 years or older and use the facilities one to two times
per week for physical rehabilitation. The study protocol was approved by the Keio University Ethics
Review Board on 4 August 2014 (26-11), 29 July 2015 (27-31), and 29 August 2017 (29-79). All
participants received oral and written information, and the questionnaires were filled out anonymously.
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Participants in collection of data of physical performance measurement and LTCI card, and
participants in measurement of indoor thermal environment received letters of information as well,
and signed informed consent.

Table 2.1 Number of participants in each survey

Participants in questionnaire survey 473 older adults using an outpatient rehabilitation facility
(Osaka n =187, Kochi n = 190, Yamanashi n = 96)

Participants in collection of data of 162 questionnaire survey participants

physical performance measurement (Osaka n=162)

Participants in collection of data 307 questionnaire survey participants

from long-term care insurance card (Osaka n = 137, Kochi n = 90, Yamanashi n = 80)

Participants in measurement of indoor 104 questionnaire survey participants

thermal environment (Osaka n =75, Kochi n =17, Yamanashi n = 12)

2.2.2 Measures

Indoor temperature and relative humidity

Indoor temperature (tempin) and relative humidity (RH) were measured at 10 min intervals 1.1 m
above the floor in living rooms, bedrooms, and dressing rooms for approximately 2 weeks in the
periods shown in Table 2.2. Tempi, and RH in living rooms and bedrooms were measured by using
data loggers RTR-503 (T&D Corporation, Japan) with an accuracy of = 0.3 °C from 0 to 55 °C and a
0.1 °C resolution, and = 5 % from 10 to 95 % and a 1 % resolution. Tempi, in dressing rooms were
measured using data loggers RTR-501 (T&D Corporation) with an accuracy of + 0.5 °C from -40 to
80 °C and a 0.1 °C resolution. We had no control over the types of clothing people wore or use of
heating systems when they were at home. Outdoor temperature (tempou) during measurement periods
were as shown in Table 2.3. Winter in 2015 was a mild winter and tempow was relatively high
compared to the other years.

Table 2.2 Measurement periods

Period Osaka Kochi Yamanashi
8 December 2014 — 26 December 2014 *

7 December 2015 — 31 December 2015 *

1 December 2017 — 21 December 2017 * *

Table 2.3 Qutdoor temperature during measurement periods, °C

Mean SD

Osaka

8 December 2014 — 26 December 2014 5.39 2.01

7 December 2015 — 31 December 2015 8.96 3.05
Kochi

7 December 2015 — 31 December 2015 10.85 3.06

1 December 2017 — 21 December 2017 6.78 2.06
Yamanashi

1 December 2017 — 21 December 2017 2.94 1.82

SD, standard deviation.

Perceived indoor temperature

Perceived tempi, was examined using the standardised questionnaire, Comprehensive Assessment
System for Built Environment Efficiency (CASBEE) Health Checklist [96]. Respondents are asked to
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mark the frequency of corresponding problems on a four-pointed scale: 1) often (0 point), 2)
occasionally (1 point), 3) rarely (2 point), 4) not at all (3 point). The scores for each item are summed
and higher scores indicate fewer problems in the living environment. In this study, six questions about
feeling cold in the living room, bedroom, dressing room, bathroom, toilet, and corridor were used to
evaluate the perceived tempi, in winter. The scores on perceived tempi, from the CASBEE Health
Checklist were not normally distributed. Therefore, participants with higher scores (10 — 18 points)
were classified into the Warm group, and participants with lower scores (0 — 9 points) were classified
into the Cold group.

Participant characteristics

Participants’ characteristics included self-reported age, gender, height, weight, level of education
(junior high school or less/ senior high school/ university or higher), and number of family member.
Body mass index (BMI) was calculated from height and weight. Whether living alone or not was
determined from the number of family member (1 for living alone and more than 2 for living with
someone).

Housing characteristics

Housing characteristics were asked in the standardised questionnaire, which included building age
(less than 10 years/ 11 — 20 years/ 21 — 30 years/ 31 — 40 years/ more than 41 years), time at residence
(same options as building age), energy efficiency of window glass (single pane/ double pane/ don’t
know) and use of heating systems in the living room, bedroom and dressing room (yes/no for each
heating system).

Economic satisfaction

Economic satisfaction was measured with a study specific question, with four response choices: “Very
satisfied”, “Somehow satisfied”, “Not very satisfied” and “Not satisfied at all”’. Economic satisfaction
was dichotomized for the analyses: “Very satisfied” and “Somehow satisfied” were considered as
“Satisfied”, and ‘“Not very satisfied” and “Not satisfied at all” were considered as “Unsatisfied”.

Measurement of physical performance

All the data on physical performance were collected from records in the rehabilitation facility. The
primary assessment was performed when people began using the facility and was then repeated every
3 months. Assessed items were grip strength (kg), static postural and balance control assessed by
single-leg standing time (s), and balance and gait function assessed by the Timed Up & Go (TUG) test
(s). Grip strengths were measured with dynamometer TKK 5001 (Takei Scientific Instruments Co.,
Japan) in the seated position. The best performance of two trials was selected for each side. Single-
leg standings were performed with eyes open and arms on the hips without assistance on one leg and
were timed in seconds from the time one foot was flexed off the floor to the time when either it touched
the ground or the standing leg or an arm left the hips. Single-leg standing was assessed in both legs.
Measurement of grip strength and single-leg standing were based on “the Deployment plan for a
physical performance test” established by the Ministry of Education, Culture, Sports, Science and
Technology (MEXT) [102]. TUG tests were introduced in 1991 by Podsiadlo and Richardson [103]
as a modification of the Get-Up and Go Test of Mathias et al. [104]. TUG tests were timed in seconds
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from the time to rise from the chair, walk 3 m, turn around a corner, walk back to the chair, and sit
down. In TUG tests, both right turns and left turns around the corner were assessed.

Frailty Index

To measure frailty, we used the “Kaigo-Yobo Check-List” proposed by Shinkai et al. [18] [19], which
can be easily self-administered by responding to 15 items (Table 2.4). All of the items are answered
on a two-point scale, positive answer (0 point) or negative answer (1 point). The items are summed to
calculate a total score ranging from 0 to 15 with higher scores indicating a higher risk of frailty. This
checklist has three sub-scales that measure the risk of becoming frail: isolation risk, fall risk, and
nutrition risk. Sum scores can also be calculated for each subscale: Isolation Risk (0 — 5), Fall Risk (0
— 6), and Nutrition Risk (0 — 4).

Table 2.4 The frailty index translated from Kaigo-Yobo Check-List (translated from [18] [19])
Category Item
Isolation risk 1) Do you often stay at home and do not go outside for a day?
Positive answer: No/ Negative answer: Yes
2) How often do you go outside for work (including farming), shopping, walking, or
hospital visits?
*Does not include gardening or taking out the garbage.
P: More than once in a couple of days / N: Less than once a week
3) Do you have hobby(ies) in the house or outside the house?
P: Yes/ N: No
4) Do you have friend(s) in the neighbourhood?
P: Yes/ N: No
5) Do you have friend(s) other than your neighbours, family or relatives living apart
who keep in touch?
P: Yes/ N: No
Fall risk 6) Have you had a fall within the past one year?
P: No/N: Yes
7) Can you walk 1 km continuously?
P: Can do it without any discomfort/ N: Can do it, but with discomfort or cannot
do it
8) Do you have good eyesight?
*You can use your glasses
P: Yes, I can read a book/ N: No, T cannot see well or cannot see anything
9) Do you often slip or stumble in the house?
P: No/N: Yes
10)Do you avoid going outside because of fear of falling?
P: No/N: Yes
11)Have you been hospitalised in the past year?
P: No/N: Yes
Nutrition risk 12)Do you have an appetite recently?
P: Yes/ N: No
13)How much can you chew now?
*You can use the artificial tooth
P: I can chew most things/ N: I cannot really chew and things to eat are limited
14)Have you lost more than 3 kg of your weight in the past 6 months?
P: No/N: Yes
15)Do you think that you have lost more muscle or fat than before in the past 6 months?
P: No/N: Yes
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Age at long-term care certification

Valid period of LTC certification and care level was collected from LTCI card (Figure 2.1) stored in
the rehabilitation facility. Care level has 7 levels including 2 levels of Support-required, and care level
1 (least disabled) to 5 (most disabled). In the certification process, eligibility is assessed by use of a
74-item questionnaire based on activities of daily living, with a preliminary categorisation into one of
seven levels by a computer algorithm, then reviewed and finalised by an expert committee [5]. From
the valid period of LTC certification and age, “age at LTC certification” was used to assess healthy
life expectancy. Even if a participant had multiple times of certification for LTCI service on a long-
term basis, only data at the first certification was used in the analysis. Older age at LTC certification
was considered as successful care prevention.

EFTYTER Y Eaa

HAEHH LR

Figure 2.1 Long-term care insurance card [105]

2.2.3 Data analysis

For continuous variables with a normal distribution, mean =+ standard deviation (SD) was reported. As
static postural and balance control had a skewed distribution, the logarithm value was used in the
analysis. All p-values were two-sided, and p < 0.05 was considered statistically significant. All
statistical analyses were performed with SPSS version 24.0 (IBM, Armonk, NY, USA).

Measured indoor temperature and relative humidity

By using the Student’s z-test, minimum/ average/ maximum measured tempi, and RH were compared
between the Warm group and Cold group, and between the group using and not using the heating
system.

Indoor temperature and physical performance

In the investigation of physical performance, it was hypothesized that there are seasonal trends in the
physical performance of older people, with worse physical performance in the winter compared to
intermediate seasons such as autumn. The secondary hypothesis was that people living in colder
houses would have a greater reduction in physical performance compared to those in warmer houses.
Physical performance assessments from the rehabilitation facility in autumn (from September to
November) and winter (from December to February) were compared by using a paired #-test. When
we assessed the changing rate of physical performance between autumn and winter among individual
attributes, a simple linear regression analysis was used and partial regression coefficients were
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reported. Participants who measured tempi, of their houses were classified into the Warm group and
the Cold group based on the tempi, of 18 "C recommended in World Health Organisation (WHO)
Housing and Health Guideline [79]. Because of cold housing in Japan due to low thermal insulation,
the mean tempi, rather than the minimum tempi, of living room was used for classification. Using the
18°C threshold, 8 participants were classified into the Warm group, and 28 participants were classified
into the Cold group based on measured tempi, during winter. The characteristics of each group were
compared using a chi-square test or Fisher’s exact test for categorical variables and a Student’s #-test
for continuous variables. Physical performances in autumn and winter were compared for both groups
by using a paired #-test in each group.

Perceived indoor temperature, economic satisfaction and frailty index

Analysis of covariance (ANCOVA) was used to test for differences between the perceived tempis
groups and the economic satisfaction groups with the frailty index as the dependent variable. Perceived
tempin, economic satisfaction, and the interaction between these two factors were in the model as
independent variables. Since we know from previous research that they are associated with frailty,
gender [24] [27] [28], living alone or not [106], education [16], age [107] and BMI [26], were in the
model as covariates. Spearman’s correlations between each covariate and the independent variables
were not larger than 0.2. Multivariate analysis of covariance (MANCOVA) was used to test the three
subscales of the frailty index (isolation risk, fall risk, and nutrition risk) using the same independent
variables and covariates as the previous model. Wilks’ Lambda was used as the omnibus test of the
MANCOVA. Both models used the general linear model for the analyses.

Perceived indoor temperature and age at long-term care certification

Survival analysis was used to compare the speed of LTC certification between the Cold group and the
Warm group. Overall survival was defined as the age at first LTC certification. The primary statistical
analysis of Kaplan-Meier method that used the generalized Wilcoxon test was used, followed by Cox
regression to estimate the hazard ratio (HR) and 95 % confidence interval (CI). A multivariable Cox
proportional hazard model was fitted to investigate whether perceived tempi, was a risk factor of LTC
certification. Furthermore, ANCOVA was used to test for differences between perceived tempin
groups with the age at LTC certification as the dependent variable. In the multivariable Cox
proportional hazard model and ANCOVA, survey area and the same variables used in the ANCOVA
or MANCOVA for frailty index were used as covariates.

Although effects from confounding factors were attempted to be adjusted in the multivariate Cox
proportional hazard model and ANCOVA, healthy life expectancy is known to be different between
gender and each survey area likely have different climate and natural features, which makes the
confounding factors difficult to adjust. Therefore, differences of age at LTC certification between
perceived tempin groups in consideration of participant characteristics were tested. On this occasion,
sample size by characteristic is considered to be small and therefore Student’s #-test was used for the
comparison.

The perception of older people is considered to be duller than perception of younger people [108].
Therefore, even in the Warm group, there might be a certain number of people living in a cold indoor
environment yet perceive it as warm. Therefore, as a sub analysis, comparing the relation between
measured tempi, and age at LTC certification was tested by using analysis of variance (ANOVA). The
participants who participated in the actual measurement were divided by measured mean tempi, in
units of 2 “C. However, the participants with a mean dressing room temperature over 18 °C were only
3 people, and the highest temperature group was set to be over 16 °C.
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2.3 Results

2.3.1 Measured indoor temperature and relative humidity

For perceived tempi, in the living room, bedroom, and dressing room, 46.8 %, 57.6 %, and 41.0 % of
the participants responded “not at all (3 point)” for the frequency of feeling cold (Figure 2.2).
Moreover, the total score of perceived tempin in the living room, bedroom, dressing room, bathroom,
toilet, and corridor was not normally distributed, and 14.6 % of participants had the maximum score
of 18 points (Figure 2.3).

@ Often O Occasionally 3
O Rarely O Not at all 30 ]
[n]
25
Livingroom [20] 33 | 56 | 96 20
15
Bedroom 8| 35 | 44 | 118 10
5
Dressing room 20| 48 | 53 | 84 0
0 2 4 6 8 10 12 14 16 18
0% 25% 50% 75% 100% Perceived indoor temperature [points]
Figure 2.2 Perceived indoor temperature in each Figure 2.3 Distribution of total score
room of perceived indoor temperature

Use of heating systems in the living room, bedroom, and dressing room were aggregated for 163
participants in the 2015 and 2017 surveys (Figure 2.4). Air conditioner was the most used heating in
the living room (n = 110, 67.5 %) and bedroom (n = 85, 52.1 %). In contrast, stove was the most used
heating in the dressing room (n = 44, 27.0 %). Next to the air conditioner, kotatsu', electric blanket,
and stove which heats the body locally can been seen.

' A traditional Japanese heating appliance. It is a low table with a thick blanket laid over it, and an
upper table-top which holds the blanket in place. The inside of the kotatsu is heated, and people
place their legs under it while sitting on the floor.
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Figure 2.4 Heating use situation (multiple answers allowed)

The statistical tests for tempi, and RH for the Warm and Cold groups are presented in Table 2.5. Mean
tempin of the Cold group was lower in all rooms (Living room: Cold group, 14.7 +2.6 °C; Warm group,
17.0 2.2 °C; (77) = -4.10, p < 0.01. Bedroom: Cold group, 13.7 £+ 3.4 °C; Warm group, 16.0 + 3.0
°C; #(77) = -3.19, p < 0.01. Dressing room: Cold group, 12.0 + 2.9 °C; Warm group, 14.7 = 2.5 °C;
#(77) =-4.25, p <0.01) but mean RH was not significantly different between the Cold group and the
Warm group (Living room: Cold group, 50 + 7 %; Warm group, 48 + 8 %; #(77) = 1.29, p = 0.17.
Bedroom, Cold group, 52 + 7 %; Warm group, 51 = 11 %; #(77) = 0.70, p = 0.42). In the living room
temperature, mean and minimum tempi, significantly differ between the Cold group and the Warm
group. Mean tempi, was lower than the recommended room temperature 18 °C [79] even in the living
room of the Warm group (17.0 +2.2 °C). In contrast, there were no significant differences in maximum
tempin in the living room and bedroom (Living room: Cold group, 20.6 £ 4.1 °C; Warm group, 21.6 +
2.7°C; (77)=-1.24, p=0.21. Bedroom, Cold group, 19.1 £ 3.9 °C; Warm group, 20.6 + 4.0 °C; #(77)
=-1.59, p =0.12). Comparisons of RH were significant only in the maximum RH in the living room,
and the Warm group had lower maximum RH (Cold group, 64 + 12 %; Warm group, 56 + 9 %; #(77)
=2.92, p < 0.01). However, most houses had RH from 30 to 50 %, which meets the basis of indoor
thermal environment standards recommended for older adults by the Architectural Institute of Japan
[97].

Table 2.5 Student’s #-test of indoor temperature and relative humidity by the Cold group (n =
26) and Warm group (n =52)

Minimum Average Maximum
Cold gr. Warm gr. Cold gr. Warm gr. Cold gr. Warm gr.
M SD M SD M SD M SD M SD M SD
Tempin ["C]
Livingroom  10.1 2.8 129 3.1 <0.01 147 2.6 17.0 22 <0.01 20.6 4.1 21.6 27 0.21
Bedroom 99 3.1 126 3.2 <0.01 137 34 160 3.0 <001 19.1 39 206 4.0 0.12
Dressing room 12.6 3.5 12.1 3.0 <0.01 12.0 29 147 2.5 <0.01 164 3.1 186 2.6 <0.01
RH [%)]
Living room 38 9 38 9 097 50 7 48 8 017 64 12 56 9 <0.01
Bedroom 41 9 42 12 077 52 7 51 11 042 62 8 59 12 0.20

gr., group; M, mean; SD, standard deviation; Tempin, indoor temperature; RH, relative humidity.
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Difference of tempi, and RH by type of heating system used in each room are presented in Table 2.6.
Floor heating in the dressing room was not tested because there was only one person using floor
heating in the dressing room. As a result, use of air conditioner was associated with higher average
tempin in all rooms (Living room: using, 16.1 2.0 °C; not using, 15.3 £3.1 °C; #45)=0.90, p = 0.37.
Bedroom: using, 16.3 + 2.7 °C; not using, 13.9 + 3.9 °C; #(45) = 2.49, p = 0.02. Dressing room: using,
14.4 £ 3.7 °C; not using, 14.0 £ 3.2 °C; #(45) = 0.27, p = 0.79). On the other hand, use of fan heater
made the maximum tempi, higher (using, 22.8 + 2.6 °C; not using, 20.5 £ 2.6 °C; #(45) =2.58, p =
0.01) but the minimum tempi, lower (using, 9.2 £ 4.2 °C; not using, 12.4 £2.9 °C; #(45) =-2.95,p =
0.01) in the living room. But in the dressing room, use of fan heater made both average tempi, (using,
10.4 £ 4.3 °C; not using, 14.7 £2.6 °C; #(45) = -3.63, p = 0.04) and minimum tempi, (using, 6.3 £5.2
°C; notusing, 11.8 £3.4 °C; #(45) =-3.67, p <0.01) lower. Moreover, use of kotatsu table in the living
room was associated with lower average (using, 13.3 = 2.7 °C; not using, 16.7 + 1.6 °C; #(45) = -5.24,
p < 0.01) and minimum (using, 8.3 + 3.5 °C; not using, 12.6 £ 2.9 °C; #(45) = -4.05, p < 0.01) living
room tempin.

Table 2.6 Student’s 7-test of indoor temperature and relative humidity by use of heating system
Minimum Average Maximum
Using Not using Using Not using Using Not using
M sSD M sb » ™M spb M sb » M SD M sSD

Living room tempin ["C]

Air conditioner? 11.2 3.1 108 4.1 0.17 16.1 2.0 153 3.1 0.37 21.8 2.5 207 24 024
Stove® 114 3.0 117 39 073 153 24 164 23 0.14 203 3.0 21.7 24 0.06
Fan heater® 92 42 124 29 0.01 154 29 161 22 039 228 2.6 205 26 0.01
Floor heating? 129 1.6 113 3.8 005 159 19 159 25 099 195 23 215 2.8 0.05
Kotatsu® 83 35 12,6 29<0.01 133 2.7 167 1.6<0.01 206 3.6 212 2.5 048
Living room RH [%]
Air conditioner® 38 11 38 8 0.74 50 8 48 6 030 63 11 59 11 0.23
Stove® 41 11 37 9 022 51 7 49 7 036 62 9 61 13 0.73
Fan heater® 32 8§ 41 10 0.01 47 7 59 7 021 61 12 61 11 096
Floor heating? 45 7 37 10 0.03 50 7 49 7 070 56 7 62 11 0.11
Kotatsu® 36 10 40 10 025 50 7 49 7 070 66 10 59 11 0.07
Bedroom tempin [°C]
Air conditionerf 122 33 104 42 0.10 163 2.7 139 39 0.02 21.5 34 19.1 4.1 0.04
Stoveg 11,5 24 115 4.1 098 152 22 154 3.8 0.86 19.8 4.1 20.8 58 047
Fan heater" 11.6 3.5 11.5 3.8 098 162 25 152 35 047 224 28 202 39 0.16
Floor heating! 133 1.7 114 39 033 157 14 153 3.5 081 194 12 207 4.0 0.55
Electric blanket! 10.7 44 122 3.0 0.17 146 43 160 22 0.17 199 43 21.1 34 0.38
Bedroom RH [%]
Air conditionerf 40 12 44 9 025 51 9 53 7 049 62 10 61 8 0.89
Stoveg 47 11 40 11 0.09 55 8 51 9 022 63 7 61 10 045
Fan heater" 37 10 43 11 025 49 8 53 9 031 60 12 62 9 0.75
Floor heating 51 1 41 1<0.01 55 1 52 9 044 61 1 62 10 0.86
Electric blanket! 42 11 41 11 079 53 9 51 8 046 62 9 61 10 0.67
Dressing room tempin
[C]
Air conditioner® 109 47 11.0 4.1 095 144 37 140 32 0.79 195 22 183 2.8 0.3l
Stove! 9.6 38 11.8 4.1 0.09 13.1 29 146 34 0.14 185 2.8 185 28 097
Fan heater™ 63 52 11.8 34<0.01 104 43 147 26 0.04 173 34 187 2.6 0.23

M, mean; SD, standard deviation; tempin, indoor temperature; RH, relative humidity.
Sample size and proportion of “Using”, n (%): 29 (63.0), ®21 (45.7), ©12 (26.1), 99 (19.6), 11 (23.9), 28 (60.9), £10
(21.7), 6 (13.0), 4 (8.7), 122 (47.8), %6 (13.0), '17 (37.0), ™7 (15.2).
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2.3.2 Indoor temperature and physical performance

Baseline analysis

Of the 98 participants included in the analysis of physical performance, the mean age was 79.4 + 7.7
years, and 54 (55.1 %) were women. Most houses had only single pane in the windows, and the mean
temperature was less than 18 °C in all three rooms. For more details, see Table 2.7.

Table 2.7 Basic characteristics of participants and their housing environments

Participants from physical Participants with tempin
performance assessment (n =98) measurement (n = 36)

Age [years], mean (SD) 79.4 (7.7) 81.4 (5.8)
BMI [kg/m?], mean (SD) 22.7 3.1 22.9 3.1
Women, n (%) 54 (55.1) 19  (52.8)
Economic satisfaction, # (%)

Very satisfied 9 9.2) 6 (16.7)

Somewhat satisfied 67 (63.4) 20 (55.6)

Not very satisfied 14 (15.3) 7 (19.4)

Not satisfied at all 7 (7.1) 3 (8.3)

No answer 1 (1.0) 0 (0.0)
Window glass, n (%)

Single pane 71 (72.5) 26 (72.2)

Double pane 27 (27.6) 10 (27.8)
Building age, n (%)

Less than 10 years 11 (11.2) 5 (13.9)

11 —20 years 9 9.2) 2 (5.6)

21 —30 years 24 (24.5) 7 (194

31 —40 years 18 (18.4) 9 (25.0)

More than 41 years 35 (35.7) 13 (36.1)
Tempin ['C], mean (SD)

Living room 16.8 (1.6)

Bedroom 15.5 (1.8)

Dressing room 14.6 (1.9

BMI, body mass index; SD, standard deviation; Tempin,, indoor temperature.

Seasonal differences of physical performance

Performance on grip strength and logarithm transformed static postural and balance control were
worse in the winter compared with the autumn (Grip strength, right: autumn, 21.47 £+ 7.33 kg; winter,
20.05 £7.25 kg; 1(97) = 4.75, p < 0.001. Grip strength, left: autumn, 19.71 + 6.84 kg; winter, 19.09 +
7.12; 1(97) = 2.65, p = 0.009. Static postural and balance control, right: autumn, 0.71 £ 0.41; winter,
0.61 £ 0.50; #(93) = -2.41, p = 0.018. Static postural and balance control, left: autumn, 0.68 + 0.46;
winter, 0.59 £ 0.45; #92) = -2.37, p = 0.020), while performance of balance and gait function were
not significantly different between autumn and winter (Balance and gait function, right: autumn, 12.57
+ 8.7 sec; winter, 12.61 + 7.39 sec; #(97) = -0.08, p = 0.938. Balance and gait function, left: autumn,
12.79 + 10.30 sec; winter, 12.58 + 7.32 sec; #97) = 0.33, p = 0.743. Table 2.8). The differences on
grip strength ranged from 3 to 7 %.
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Table 2.8 Paired #test of physical performance assessed in autumn and winter

Autumn Winter

Mean SD Mean SD P
Grip strength® [kg], R, n =98 21.47 7.33  20.05 7.25 <0.001
Grip strength® [kg], L, n =98 19.71 6.84 19.09 7.12  0.009

Static postural and balance control®, [-], R, n =94 0.71 0.41 0.61 0.50 0.018
Static postural and balance control®, [-], L, n =93 0.68 0.46 0.59 0.45 0.020
Balance and gait function® [sec], R, n =98 12.57 877 12.61 7.39 0.938
Balance and gait function® [sec], L, n =98 12.79 10.30 12.58 7.32 0.743
L, left; SD, standard deviation; R, right.

2As measured with dynamometer. *As measured by single-leg standing time. °As measured by
Timed Up & Go test.

The changing rate of physical performance between autumn and winter had no significant association
with individual attributes in the simple linear regression analysis (Table 2.9).

Table 2.9 Beta coefficient of physical performance and individual attributes
Age [years] BMI [kg/m?] Gender® Economic

satisfactiond
Grip strength® [kg], R, n =98 0.00 0.00 -0.02 0.01
Grip strength® [kg], L, n =98 0.00 0.00 0.00 -0.02
Static postural and balance control®, [-], R, n = 94 0.00 -0.01 -0.04 -0.26
Static postural and balance control®, [-], L, n = 93 -0.01 0.00 0.30 0.02

All variables were not significant.

BMI, body mass index; L, left; R, right.

aAs measured with dynamometer. PAs measured by single-leg standing time. ‘Men vs Women.
dSatisfied vs Unsatisfied.

Influence from cold housing on seasonal differences of physical performance

The Cold group had significantly weaker grip strength in the right hand (Autumn, 21.98 = 8.08 kg;
winter, 20.50 = 8.40 kg; #27) = 3.06, p < 0.01), while the Warm group did not have significant
differences between autumn and winter (Autumn, 22.91 £4.67 kg; winter, 22.31 £ 6.20 kg; #(7) = 0.87,
p = 0.41) in the right hand (Figure 2.5 a). Grip strength in the left hand showed a divergent pattern
between the groups. The Cold group had significantly weaker grip strength in winter (Autumn, 19.46
+ 7.75 kg; winter, 18.86 = 7.40 kg; #27) = 1.94, p = 0.06), while the warm group had stronger grip
strength in winter, but the differences were not significant (Autumn, 19.75 + 8.83 kg; winter, 20.38 £
9.11 kg; #(7)=-1.23, p = 0.26. Figure 2.5 b). Logarithmic single-leg standing on right and left leg was
longer in the winter in both groups, and the Warm group had the greatest difference between seasons
in terms of the single-leg standing time (Right, Cold group: autumn, 0.69 =+ 0.41; winter, 0.72 £+ 0.42;
#26)=-0.25, p = 0.80. Warm group: autumn, 0.60 = 0.67; winter, 0.81 & 0.46; #8) =-1.25, p = 0.24.
Left, Cold group: autumn, 0.62 + 0.42; winter, 0.74 + 0.46; #26) = -1.62, p = 0.12. Warm group:
autumn, 0.50 = 0.46; winter, 0.72 + 0.42; #8) = -1.63, p = 0.14. Figure 2.5 c, d). Although the clinical
relevance of the amount of differences between seasons in the physical performance in our study may
be low, all results point in the same direction. However, this difference was opposite of that of the
population trend shown in Table 2.8.
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Figure 2.5 Paired z-test of physical performance assessed in autumn and winter grouped by
living room temperature: (a) Grip strength, Right; (b) Grip strength, Left; (c) Static
postural and balance control, Right; (d) Static postural and balance control, Left

Moreover, there were no significant difference in characteristics between people living in cold and
warm houses (Table 2.10).

47



Table 2.10 Student’s 7-test and Fisher’s exact tests of characteristics between the Cold (n = 28)
and Warm (n = 8) groups

Cold group (n=28)* Warm group (n=8)* ¢ p°
Gender, n (%)

Men 12 (42.9) 5 (62.5) 0.43
Women 16  (57.1) 3 (37.5) ‘
Age [years], mean (SD) 82.08  (5.78) 79.1 (6.10) 3.03 0.22
BMI [kg/m?], mean (SD) 2279  (3.14) 23.1 (3.46) -0.42 0.85

Economic satisfaction, 7 (%)
Satisfied 12 (42.9) 5 (62.5) 0.54
Not satisfied 16 (57.1) 3 (37.5) '

BMI, body mass index; SD, standard deviation.
3Classified based on mean living room temperature of 18 °C, ®p-values of Student’s z-test for
continuous variables and Fisher’s exact test for categorical variables were reported.

2.3.3 Perceived indoor temperature, economic satisfaction and frailty index

Baseline analysis

Among the 342 participants included in the analysis for frailty index, the mean age was 81.7 + 7.3
years, and 215 (62.9 %) were women. For more details, see Table 2.11.

Table 2.11 Participant characteristics by perceived indoor temperature and for total sample
Total (n =342) Cold group (n=107) Warm group (n = 235)

Age [years], mean (SD) 81.7 (7.3) 80.0 (8.9) 82.5 (7.0)
Women, 1 (%) 215 (62.9) 61 (57.0) 154 (65.5)
BMI, n (%)
Underweight (<18.5) 46 (13.5) 17 (15.9) 29 (12.3)
Normal (18.5<BMI<25) 192 (56.1) 61 (57.0) 131 (55.7)
Obese (25<) 62 (18.1) 17 (15.9) 45 (19.1)
No answer 42 (12.3) 12 (11.2) 30 (12.8)
Economic satisfaction, n (%)
Satisfied 63 (18.4) 28 (26.2) 35 (14.9)
Unsatisfied 279 (81.6) 79 (73.8) 200 (85.1)
Education, n (%)
Junior high school or less 29 (8.9) 16 (15.0) 13 (5.5)
Senior high school 134 (39.2) 41 (38.3) 93 (39.6)
University or higher 130 (38.0) 41 (38.3) 89 (37.9)
No answer 49 (14.3) 9 (8.4) 40 (17.0)
Household composition, z (%)
Living alone 80 (23.4) 18 (16.8) 62 (26.4)
Living with someone 255 (74.6) 87 (81.3) 168 (71.5)
No answer 7 (2.0) 2 (1.9 5 (2.01)
Frailty index?, mean (SD)
Total score 5.01 (2.70) 5.51 (2.90) 4.79 (2.58)
Isolation risk 1.91 (1.34) 2.02 (1.44) 1.86 (1.30)
Fall risk 2.14 (1.56) 2.49 (1.72) 1.98 (1.46)
Poor nutrition risk 0.97 (0.96) 1.01 (1.04) 0.95 (0.92)

BMI, body mass index; SD, standard deviation.
2As measured by Kaigo-Yobo Checklist [18] [19].
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Differences of frailty index between the perceived indoor temperature groups and the economic
satisfaction groups

In the ANCOVA for total score of frailty index with the perceived tempi, and economic satisfaction
groups (Table 2.12), there was a significant interaction effect, F(1, 328) = 5.28, p = 0.02. The levels
of reported frailty risk were not significantly different, F(1, 328) = 0.04, p = 0.82, between the Warm
Group and Cold Group among those participants who were satisfied with their economic status. In
contrast, the levels of frailty risk were significantly higher, F(1, 328) =7.33, p <0.01, among those in
the Cold Group who were also unsatisfied with their economic status (Figure 2.6).

Table 2.12 Analysis of covariance of total frailty score by perceived indoor temperature and
participant characteristics

Total score in frailty index?

df F 772

Perceived tempin® 1 6.17 * 0.018
Economic satisfaction® 1 7.01 ** 0.021
Perceived tempi, * Economic satisfaction 1 528 * 0.016
Gender® 1 0.28 0.001
Age 1 1.86 0.006
BMI

Underweight vs Normal (A) 1 8.96 ** 0.027

Obese vs No answer (B) 1 1.95 0.006

(A) vs (B) 1 2.58 0.008
Education

Junior high school or less vs Senior high school (C) 1 0.97 0.003

University or higher vs No answer (D) 1 2.52 0.008

(C)vs (D) 1 2.18 0.007
Household composition

Living alone vs Living with someone (E) 1 5.81 * 0.017

(E) vs No answer 1 0.02 0.000

BMI, body mass index; df, degree of freedom; tempin, indoor temperature; 72, Eta-squared.

3Cold group vs Warm group, *Satisfied vs Unsatisfied, “Men vs Women, YAs measured by “Kaigo-
Yobo Checklist” [18] [19].

n =342, *p <0.05, **p <0.01, Adjusted R*>= 0.077
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Figure 2.6 Interaction effect between perceived indoor temperature and economic satisfaction
on the total frailty score (n = 342)
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Differences of three subscales of the frailty index between the perceived indoor temperature groups
and the economic satisfaction group

The omnibus test of the MANCOVA was significant with Wilks’ Lambda = 0.98, F(3, 326) =2.78, p
= 0.04. The main effects and interaction effects for isolation risk and nutrition risk were not significant,
but there were significant differences in the fall risk subscale (Table 2.13). The Warm Group and Cold
Group were not significantly different, F(1, 328)=0.31, p = 0.58 on the fall risk subscale among those
participants who were satisfied with their economic status. In contrast, the Cold Group scored
significantly higher on the fall risk subscale, F(1, 328) = 12.15, p < 0.01 among those who were also
unsatisfied with their economic status (Figure 2.7).

Table 2.13 Multivariate analysis of covariance of three subscales of the frailty score by
perceived indoor temperature and participant characteristics
Isolation risk¢  Fall risk9 Nutrition risk¢
df 2 2 2
F U] r 1 r U]

Perceived tempin® 1 052 0.002 11.10** 0.033 0.20 0.001
Economic satisfaction® 1 1.53 0.005 6.04*  0.018 2.63 0.008
Perceived tempi, * Economic satisfaction 1 0.19 0.001 8.00** 0.024 1.37 0.004
Gender® 1 220 0.007 0.05 0.000 0.05 0.000
Age 1 6.85*%* 0.020 0.62 0.002 1.29 0.004
BMI

Underweight vs Normal (A) 1 4.02* 0.012 0.15 0.000 24.38** 0.069

Obese vs No answer (B) I 627 0.019 0.24 0.001 0.15 0.000

(A) vs (B) 1 0.04 0.000 0.09 0.000 13.81  0.040
Education

Junior high school or less 1 0.02 0.000 0.73 0.002 1.34 0.004

vs Senior high school (C)

University or higher vs No answer (D) 0.57 0.002 2.82 0.009 0.38 0.001

(C)vs (D) 1 0.86 0.003 1.58 0.005 1.58 0.002
Household composition

Living alone vs Living with someone (E) 11.41%* 0.034 2.48 0.007 0.33 0.001

(E) vs No answer 1 079 0.002 0.06 0.000 1.70 0.005
BMI, body mass index; df, degree of freedom; tempin, indoor temperature; #%, Eta-squared.
3Cold group vs Warm group, *Satisfied vs Unsatisfied, “Men vs Women, As measured by “Kaigo-
Yobo Checklist” [18] [19].
n =342, *p <0.05, **p < 0.01, Adjusted R?: Isolation risk = 0.069, Fall risk = 0.041, Nutrition risk =
0.067
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Figure 2.7 Interaction effect between perceived indoor temperature and economic satisfaction
and its relation to fall risk score

2.3.4 Perceived indoor temperature and age at long-term care certification

Baseline analysis

Among the 205 participants included in the analysis for age at LTC certification, the mean age was
81.7 + 6.6 years, and 115 (56.1 %) were women. Since the study target population was people using
outpatient rehabilitation facilities, participants’ care levels were low; support level 1 ~ care level 2
was the majority (95.4 %). Participants’ houses were relatively old and had low energy efficiency
standard; 110 houses (53.7 %) were more than 31 years, and 157 houses (76.6 %) had single pane
windows. Same tabulation result for participants in the measurement survey showed that care level for
this group was lower (see Table 2.14 for more details).
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Table 2.14 Participant characteristics and housing characteristics in questionnaire survey and
measurement of indoor thermal environment

Participant characteristics Questionnaire Measurement of
(n=205) tempin (1 = 78)
Age [years], mean (SD) 81.7 (6.6) 80.7 (6.9)
Women, 7 (%) 115 (56.1) 40 (51.3)
BMI [kg/m?], mean (SD) 225 (3.7) 22.7 (3.6)
Economic satisfaction, 7 (%)
Satisfied 165 (80.5) 60 (76.9)
Unsatisfied 40 (19.5) 18 (23.1)
Education, n (%)
Junior high school or less 14 (6.8) 4 5.1
Senior high school 100 (48.8) 35 (44.9)
University or higher 91 (44.4) 39 (50.0)
Household composition, 7 (%)
Living alone 61 (29.8) 18 (23.1)
Living with someone 144 (70.2) 60 (76.9)
Age at LTC certification [years], mean (SD) 79.8 (6.4) 79.7 (6.8)
Care level, n (%)
Support level 1 40 (19.5) 25 (32.1)
Support level 2 47 (22.9) 20 (25.6)
Care level 1 61 (29.8) 20 (25.6)
Care level 2 31 (15.1) 8 (10.3)
Care level 3 8 (3.9) 2 (2.6)
Care level 4 9 (4.4) 3 (3.8)
Care level 5 1 (0.5) 0 (0.0)
Unknown 8 (3.9) 0 (0.0)
Survey area, n (%)
Osaka 104 (50.7) 58 (74.4)
Kochi 53 (25.9) 13 (16.7)
Yamanashi 48 (23.4) 7 (9.0)
Housing characteristics Questionnaire Measurement of
(n=205) tempin (n = 78)
Window glass, n (%)
Single pane 157 (76.6) 63 (80.8)
Double pane 41 (20.0) 14 (17.9)
Don’t know/ No answer 7 (3.4) 1 (1.3)
Building age, n (%)
Less than 10 years 14 (6.8) 6 (7.7)
11 —20 years 31 (15.1) 13 (16.7)
21 —30 years 46 (22.4) 14 (17.9)
31 —40 years 45 (22.0) 17 (21.8)
More than 41 years 65 31.7) 28 (35.9)
No answer 3 (1.5) 0 (0.0)
Time at residence, n (%)
Less than 10 years 36 (17.6) 18 (23.1)
11 —20 years 37 (18.0) 16 (20.5)
21 —30 years 36 (17.6) 13 (16.7)
31 —40 years 36 (17.6) 16 (20.5)
More than 41 years 56 (27.3) 15 (19.2)
No answer 4 (2.0) 0 (0.0)

BMI, body mass index; LTC, long-term care; SD, standard deviation; tempis, indoor temperature.
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In the Kaplan-Meier analysis, the Cold group had more rapid decline in the percentage of people
uncertified for need of LTC than did the Warm group (Generalised Wilcoxon test, p < 0.01). Mean
age at LTC certification was 77.8 years in the Cold group and 80.6 years in the Warm group, where
the difference was 2.8 years (Figure 2.8).

100%

Warm group, n = 144
75% Mean age: 80.6 years
(95 % CI, 79.6 — 81.6)

g /
5
—g 50% Cold group, n =61
2 / Mean age: 77.8 years
h= (95 % CI, 76.1 — 79.5)
g
=)
25%
Generalised Wilcoxon test
p<0.01
0%
65 70 75 80 85 90 95

Age [years]

Figure 2.8 Kaplan-Meier analysis of age at long-term care certification and perceived indoor
temperature

In the multivariate Cox proportional hazard model (Table 2.15) for the age at LTC certification, the
HR of perceived tempin was 0.65 (95 % CI=0.47 — 0.90, p = 0.009) indicating that the Warm group
had lower hazard of LTC certification than the Cold group.

Table 2.15 Multivariate Cox proportional hazard model of age at long-term care certification
by perceived indoor temperature and participants characteristics

HR 95 % CI p

Perceived tempin® 0.65 0.47—0.90 0.009
Gender® 0.82 0.61—1.10 0.175
BMI 1.00 0.96 — 1.04 0.983
Education

Junior high school or less 1.44 1.01 —1.93 0.017

Senior high school 0.76 0.41-1.41 0.381

University or higher (ref.)
Economic satisfaction® 0.55 0.38-0.80 0.002
Household composition? 1.06 0.75-1.51 0.743
Survey area

Osaka 1.42 0.97 —2.08 0.071

Kochi 0.95 0.63 —1.42 0.785

Yamanashi (ref.)
BMI, body mass index; CI, confidence interval; df, degree of freedom; HR, hazard ratio; tempin,
indoor temperature; ref., reference.
Cold group (ref.) vs Warm group, "Men (ref.) vs Women, °Satisfied vs Unsatisfied (ref.), ‘Living
alone vs Living with someone (ref.).
n =205, Variable selection method: forced selection, -2 log likelihood = 1764.02, chi-square =
35.73 (df=9, p <0.001)
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In the ANCOVA for age at LTC certification with the perceived tempi, (Table 2.16), there was a
significant main effect, F(1, 197) = 9.27, p = 0.05. The estimated marginal mean of age at LTC
certification was 77.8 years in the Cold group and 80.7 years in the Warm group (Figure 2.9).

Table 2.16 Analysis of covariance of age at long-term care certification by perceived indoor
temperature and participants characteristics

df F p Ui

Perceived tempi,® 1 9.27 0.003 0.045
Gender® 1 3.92 0.049 0.020
BMI 1 0.11 0.737 0.001
Education (ref. University or higher)

Junior high school or less 1 0.51 0.475 0.003

Senior high school 1 7.27 0.008 0.036
Economic satisfaction® 1 4.14 0.043 0.021
Household composition? 1 0.32 0.570 0.002

Survey area (ref. Yamanashi)
Osaka 1 3.63 0.058 0.018
Kochi 1 0.03 0.865  <0.001
BMLI, body mass index; df, degree of freedom; tempin, indoor temperature; ref., reference; 72,
Eta-squared.
Cold group vs Warm group, "Men vs Women, °Satisfied vs Unsatisfied, ¢Living alone vs Living
with someone.
n =205, Adjusted R?>= 0.076
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Figure 2.9 Estimated marginal mean of age at long-term care certification by perceived indoor
temperature group

In the Student’s #-test of age at LTC certification by perceived tempi, group across participants’
demographic characteristics (Table 2.17), the Warm group had a higher age at LTC certification for
nearly all characteristic. However, women did not have a significant difference in age at LTC
certification between the Cold and Warm groups (Cold group, 79.2 + 6.8 years; Warm group, 81.3 =
6.2 years; t(115)=-1.61, p=0.11).

54



Table 2.17 Student’s #test of age at long-term care certification by perceived indoor
temperature group across participants’ demographic characteristics

Cold group Warm group ;
n Mean SD n Mean SD p

Gender

Men 30 765 6.7 60 79.8 59 -241 0.02

Women 31 792 6.8 84 813 62 -1.61 0.11
BMI

Underweight (< 18.5) 8 78.6 9.4 15 828 59 -131 0.20

Normal (18.5 <BMI < 25.0) 41 777 6.5 95 8l1.1 6.1 -293 <0.01

Obese (= 25.0) 12 78.0 6.7 34 788 6.1 -039 0.70
Education

Junior high school or less 7 803 9.0 7 837 46 -090 0.39

Senior high school 29  76.5 5.2 71  79.6 64 -229 0.02

University or higher 25 78.7 7.6 66 81.6 58 -1.98 0.09
Economic satisfaction

Satisfied 17 758 4.5 23 787 50 -1.83 0.08

Unsatisfied 44 78.6 7.4 121 8l1.1 63 -2.13 0.04
Cohabitation status

Living alone 15 77.0 5.7 36  82.0 6.0 -2.53 0.02

Living with someone 46 78.1 7.1 108  80.3 6.2 -2.01 0.05
Survey area

Osaka 24 76.0 4.8 80 79.7 57 -278 0.04

Kochi 18 80.8 7.5 35  81.1 6.7 -0.17 0.87

Yamanashi 19 775 7.7 29  83.0 62 292 0.01

BMI, body mass index; SD, standard deviation.

In the ANOVA of age at LTC certification by measured temp;, in each room, there was no significance
in the omnibus test (Table 2.18). However, mean age at LTC certification was higher in groups of
tempin lower than 14 °C and over 18 °C, for the living room (<14 °C, 80.8 £ 5.2 years; 14— 16 °C, 79.4
+ 7.8 years; 16 — 18 °C, 79.3 £ 6.8 years; > 18 °C, 81.1 + 4.8 years; F(3, 56) = 0.290, p = 0.833) and
bedroom (<14 °C, 79.9 + 8.0 years; 14 — 16 °C, 78.8 £ 6.5 years; 16 — 18 °C, 81.0 £ 5.9 years; > 18
°C, 81.8 £ 6.7 years; F(3, 56) = 0.631, p = 0.598) temperature. For the dressing room, age at LTC
certification was higher in the group of over 16 °C (<14 °C, 79.5 + 6.5 years; 14 — 16 °C, 79.4 £ 7.2
years; > 16 °C, 82.0 = 4.6 years; F(2, 57) = 0.669, p = 0.516).

Table 2.18 Analysis of variance of age at long-term care certification by measured indoor
temperature group

<14°C 14-16°C 16 -18 °C >18°C P

n Mean SD n Mean SD n Mean SD #n Mean SD P
Living room 8 80.8 53 28 794 78 24 793 6.8 18 8l1.1 48 0.290 0.833
Bedroom 14 799 80 32 788 65 20 81.0 59 12 81.8 6.7 0.631 0.598
Dressing room® 27 79.5 6.5 35 794 72 16 82.0 46 - - — 0.669 0.516

SD, standard deviation.
2Participants with a mean dressing room temperature over 18 °C were only 3 people, and the highest
temperature group was set to be over 16 “C.
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2.4 Discussion

The overarching aim of study 1 was to investigate whether and how a warmer indoor thermal
environment could support older adults to maintain health and independence, which would prevent or
delay LTC certification. Overall, the findings confirm that older people with warm perception or rather
warm room temperature in their home likely to prevent deterioration of physical performance and
frailty, and thus had older age at LTC certification. Older age at LTC certification in people with warm
perception in their home indicated the possibility of successful care prevention by improving indoor
thermal environment in older people’s home in winter.

The sub-sample of participants with measured tempi, was relatively small compared to the full sample
size. Therefore, to generate more robust results with a larger sample perceived temperature was used
as a proxy in most of the analyses about the relationships between temperature and health status. It
has been reported that thermal sensitivity declines with ageing [108], and the perceived temp;, might
not reflect the actual tempj, in all cases. This concern becomes larger especially in this study because
all participants were older people with health needs that required physical therapy, and their thermal
sensitivity might be less sensitive than among healthier older people. However, when screening large
populations, measurement-based investigations can be difficult to conduct because they are time
consuming and costly and often require trained investigators’ support for installing thermometers in
participants’ houses due to reduced independence of participants.

Measured indoor temperature and relative humidity

Measurement of tempi, and RH in clients from outpatient rehabilitation facilities highlighted the extent
to which Japanese older adults” homes are cold. Most previous studies measured the tempi, of healthy
older people’s houses [109] [110] [111], but this study adds an insight into the indoor thermal
environment of older people with health problems. Interestingly, despite having cold temperatures in
nearly all homes measured, few participants reported feeling cold. Luo et al. [112] reported that people
who had lived their entire lives in cold wintertime indoor climates had slither physiological response
and felt less uncomfortable in mild cold exposures than people who lived in neutral-to-warm winter
time indoor climates. On the other hand, although feeling dissatisfaction to the coldness in the house,
Japanese older people tend to think that there is nothing for it [113], which suggests that older people
included in this study has acclimated or thought natural to cold living environment by living in a cold
home for a long time.

Maximum tempi, might reflect temperature while using the heating, and the average and minimum
tempin might reflect different operating hours of heating systems or lower temperatures while the
heating is turned off. Use of fan heaters made the maximum tempi, higher but the minimum tempi,
lower. Fan heaters are generally operated intermittently, which makes the tempi, higher when the
heating is on, but hours without using the heating are long and tempi, might drop excessively [114,
115]. Accordingly, people with warm perception in their home were using the heating more
consistently, or living in houses where temperature variations were milder. Such trends were seen in
the living room and bedroom. However, Igarashi et al. [116] reported that even people using heating
system perceived cold near the windows or doors, and also were concerned about temperature gap
when moving to non-living room from living room. In general, dressing rooms are not heated in
Japanese homes [113], and Mori et al. [117] showed that insulation retrofit of window glass was
particularly efficient for improvement of tempi, in non-living rooms such as dressing room, bathroom,
and toilet. Hence, people with warm perception in their home might be consciously using heating in
dressing rooms or bathrooms or living in highly insulated houses. Four of the six rooms assessed for
perceived tempi, were non-living rooms, which are less likely to be heated, and therefore, non-living
rooms were predominant in the total scores. However, we do not know how much time participants
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spent in each of these rooms. Conscious use of a heating system even in the non-living rooms or high
energy efficiency of the house might have affected the classification by perceived tempin.

Indoor temperature and physical performance

Our results about physical performance demonstrated seasonal trends and differences in physical
performances between residents in cold versus warm houses. The results of grip strength and single-
leg standing tests confirm our hypothesis that physical performance is worse in the winter compared
to the autumn, which is an intermediate season in Japan. Furthermore, it seems quite probable that
people living in colder houses had even worse grip strength. These results suggested that keeping
warm during the winter may prevent a decline of physical performance. People in cold houses might
only be using partial heating systems in the form of an electric foot warmer, which can narrow their
activity scope inside houses, and may easily deteriorate their physical performance.

On the other hand, balance and gait function showed no relationship with seasonal variation. In a
recent review, Schoene [118] found that in high-functioning older adults, TUG tests had a ceiling
effect, making it difficult to identify or detect differences in this cohort. Since the participants in this
study using the facility for physical rehabilitation had various kinds of impairments ranging from more
acute rehabilitation to long term disability, some participants had a ceiling effect and some did not,
which made it difficult for us to detect the effect of thermal environment. Moreover, the single-leg
standing test may have difficulty identifying non-seasonal factors since it had a skewed distribution in
changing rate between autumn and winter. This trend matches other studies [119] and, furthermore,
follow-up data reviewed by Howe et al. [120] including 173 participants in 3 studies [121] [122] [123]
reported that the effectiveness of exercise on single-leg standing time showed no statistically
significant difference between these and control groups at six months.

Regardless, this study provides some evidence for the clinical importance of maintaining a warm
indoor environment to improve/maintain grip strength. Prolonged exposure to cold tempi, may result
in clinically relevant decreases in grip strength, especially in frail older people, which is associated
with increased risk for future disability [124] [125] [126] [127], hospitalization [128], and all-cause
mortality [125] [127] [128]. A warm indoor environment can be a preventive measure against these
negative outcomes.

The effects of temperature on physical performance may have been underestimated because the value
of physical performance used in this study was assessed in a rehabilitation facility rather than in
participants’ own houses. Tempi, in the rehabilitation facility was not actually measured, but we
assumed that it was kept generally comfortably warm. Suggesting a direct association between
temperature and physical performance, this fact was not considered in the analyses. This practice was
confirmed by comparable results during different seasons. Ramos et al. [129] showed that, in mild
climate countries, tempi, has great variability in the winter but not in the autumn. If we could assess
physical performances in their houses, the exact environments to which participants are exposed, the
difference in physical performance between warm houses and cold houses may have been found to be
significantly larger. This can also be said for the seasonal differences in physical performance, with
even poorer performances in the winter compared to the autumn. Moreover, if we could measure
tempin in the autumn as well, it may have been indicated that autumn had a warmer tempi, than did the
winter. This would have helped us to strengthen the evidence we acquired regarding the seasonal
change of tempin, but unfortunately we could not secure thermometers in this case for additional data
collection.

The results of this study cannot be generalized, as this was a convenience sample, although they are
in line with other studies based on experiments with older adults [130]. Although residents in colder
houses had the lowest grip strength, we must note that the sample size for this result was limited to 8
and 28 in the Warm and Cold groups, respectively. Because the average insulation is low in Japan, we
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could not find a larger warm sample. With this sample size, we were not able to evaluate other relevant
factors that could influence physical performance, such as gender, age, chronic illness, and obesity,
all of which are related to frailty [131]. Although we were not able to conduct a multivariate analysis
including these factors due to our small sample size, we did confirm that there were no differences in
individual attributes between people living in cold houses and warm houses. Then, by comparing
physical performances in each individual participant using paired #-tests, we attempted to exclude an
effect of an individual difference. As a potential association between physical performance and tempis
was found in this study, despite the small sample size and given the other limitations discussed, this
study may serve as a feasibility study, which could be used to guide the design and implementation of
a larger cohort study in the future. In addition, to better document chronic conditions and disease
progression during the study period, a standardized research questionnaire would provide better data
than relying on available clinical data.

Perceived indoor temperature, economic satisfaction and frailty index

In the present study of perceived tempin, economic satisfaction and frailty index, we found that those
who were unsatisfied with their economic situation and also perceived the tempi, in their home as cold
reported a higher risk of frailty than other groups. In contrast, people who were satisfied with their
economic status reported similar frailty risks regardless of perceived tempin. We also found that the
reported fall risk had the strongest relationship with perceived temperature and economic satisfaction
compared with nutrition and isolation risks.

The most interesting finding was the interaction between economic satisfaction and reported frailty
risk. We found that the people who both perceived a cold indoor winter temperature and were
unsatisfied with their economic situation reported the highest risk of frailty. This same pattern was
also seen for the specific indicator of fall risks but not for nutrition risk or isolation risk. Hence, the
total frailty risk in our sample seems to be accounted for by the fall risk. Previous research found that
poverty risk was associated with increased levels of frailty, and rather than educational or behavioural
factors, material and in particular, psychosocial factors such as perceived control and social isolation
explained a large part of poverty-risk-related differences in frailty [132]. To be more specific, it has
been reported that low income is associated with under-nutrition [133] and loneliness or depression
[134] in the older adults, but those relationships did not seem to hold in our study in relation to frailty
risk. When it came to people who were satisfied with their economic situation, there was no difference
in reported frailty risk regardless of perceived tempin. As previously reported, higher income seems to
reduce the risk for frailty as those with higher incomes are more likely to survive into old age through
better health status [135].

Hence, we found that it was not just lower economic status that was related to frailty risk, but it was
the specific group that also reported living in a colder house that had the strongest relationship with
frailty risk. This finding argues for encouraging heating up the homes of older people as a means to
reduce risk of frailty and potentially promote healthy ageing. Specifically, different approaches to
frailty prevention may be necessary for different subgroups. One possibility was that people
unsatisfied with their economic situation were the people having difficulty warming up their house
[136] and at risk of fuel poverty. In fact, older people are at great risk from fuel poverty, since they
are more likely to be retired or on fixed incomes [137]. This study highlights the potential importance
of preventing fuel poverty to prevent frailty and suggests that health promotion strategies must include
low-income older people as a target group to improve their housing by installing proper insulation and
heating systems.

Out of the three specific indicators of frailty, fall risks had the strongest association with perceived
tempin and economic satisfaction. That is, those with poor economic status and perceived cold homes
had a higher fall risks, while those satisfied with their economic status had a lower fall risks regardless
of perceived tempin. The result that fall risks was the only specific indicator of frailty with a significant
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association with perceived tempi, was expected and in line with previous findings. For example, we
have reported physical performance decline among older people due to cold season and cold tempj, in
this thesis, and similar findings have also been reported by Lindemann et al. [130]. Yeung et al. [138]
reported that there are higher incidences of falls in winter than in other seasons. Additionally, they
highlighted that a higher proportion of fallers during winter had lower limb weakness than those who
fell in non-winter seasons [138], as also indicated in our study.

From a health perspective, there is much to win from reducing the risks of frailty, and to prevent
physical decline and subsequent falls. Regular physical activity has strong effects on reducing risk of
premature death and chronic diseases [139] [140]. Ultimately, the prevention of frailty improves
perceived health since physical health, mental health and participation in physical activities all
contribute to quality of life [141]. Furthermore, there are benefits for the society such as reduced needs
for health care and social services and thus, the public expenditure.

One limitation in this study was that, due to the cross-sectional design we could not conduct an
assessment of causality. Exploring casual association is important since it may play an instrumental
role in terms of identifying reasons behind a wide range of processes, as well as assessing the impacts
of changes on existing norms or processes. However, in order to study causal associations, follow-up
studies are required. Another limitation was that, we chose not to ask about actual income; instead we
used economic satisfaction as an indicator of economic status. In fact, actual income may not have
been a better measure, as the structure of a household in Japan can be very complex. In three-
generation households, the employment income of the younger generations is likely to be the main
household income, whereas in households where older people live alone, a public pension is likely to
provide the main income [142]. Therefore, the economic status of older people changes with
household structure and level of public pension.

Perceived indoor temperature and age at long-term care certification

The findings in this study imply the possibility of successful care prevention by warming up homes of
older people. Older people with perceived warm homes had older age at LTC certification, and thus
lower risk of LTC certification. Moreover, adjustment for confounding factors did not reduce the
magnitude of the results, indicating that current perception of a warm indoor thermal environment
may have an influence on healthy life expectancy beyond that expected simply from socio-economic
status [143] attained over the lifetime. To the best of our knowledge, our study is the first to investigate
the association between indoor thermal environment and age at LTC certification among community
dwelling older people. Given that Japan has expected and promoted ageing in place for older adults
[144], the need for “primary prevention” at home is greater. Frailty or condition before certification
for care need attracts policy makers’ attention as a good target for interventions in the context of
aiming at healthy ageing [16] [145]. Indeed, WHO [146] argues that governments can reverse or slow
declining capacity of older people, and encouraging warming up frail older adults’ homes can play an
important role in preventing or delaying LTC need. While interventions focusing on social
participation may widen the disparity in healthy ageing because people who have poor health, low
SES, and are isolated are less likely to participate in social activities [147] [148], interventions within
the home where older people spend much of their daily time have great potential to contribute to
maintaining health of older adults.

The strength of this study was that we collected data about the care requiring condition through LTCI
card, which is an objective indicator of being certified for need for LTC. In the LTCI application
process, eligibility is determined by a 74-item form assessed by a local government employee and
reviewed by a local expert committee which includes physicians [5]. This enabled us to have
objectivity in the evaluation, but at the same time, there was a concern that the certification rate and
political policies on offering LTCI service may have differed between municipalities. Therefore, the
survey area was included as a dependent variable in the multivariate model.
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In the ANOVA of age at LTC certification by measured mean tempi,, the mean age at LTC
certification was higher in groups with tempi, lower than 14 °C and over 18 °C for the living room
and bedroom temperatures. In the ANOVA of dressing room temperature, age at LTC certification
was higher in the group with over 16 °C. In this study, we could not investigate daily time out of home.
People in the group less than 14 °C might be going out actively and using the heating only for short
time periods when home, which could lead to a low mean tempin, even if their age at LTC certification
was high. However, in the Student’s #-test of age at LTC certification by individual characteristics
group, the people with warm perception in their home had a higher age at LTC certification in every
individual characteristic group even if several were not statistically significant. Although women had
a relatively large sample size, there was no significant difference in age at LTC certification by
perceived tempin group. Aged women are known to have good interpersonal relationships and have a
strong intention to go out [149], which may have made them less susceptible to the environment in
their house.

When it comes to methodology, the current study has some limitations. First, some potential risk
factors, such as congenital disease, dementia [150], and other detailed information about medications
were not included in the analysis because they were not available in the dataset. Some variables, such
as objective physical performance measures were only available for participants from Osaka
prefecture and were inconsistent throughout the study period from 2014 to 2017; thus, they were not
included in the analysis. In addition, it is possible that the association is attributable not only to age at
LTC certification itself but also other unmeasured variables associated with risk of earlier LTC
certification. Therefore, future studies must take these limitations into account when designing the
study protocol. The second limitation was that the participants were not randomly selected.
Participants included in the analysis had a slightly higher risk of poor nutrition than those who were
excluded. However, the rehabilitation facilities were located in different parts of Japan, and the age
distribution of the participants was similar to other Japanese studies targeting frail older people living
in the community and using rehabilitation services [151] [152] [153]. Hence, we are confident that
results represent the sub-population receiving rehabilitation services. Finally, the study method can be
classified as a retrospective study with collecting data of past LTC certification. In this situation, the
living environment in which the perception of thermal environment depends on was assumed to be the
same in the certification timing and the survey timing. Therefore, moving and retrofitting of the house
was not considered in the analysis. However, most responded that the building age was relatively old
and the responses to the period of residence followed the same trend. This indicates that the majority
of the participants were living in the same house for a long time and being affected by the same indoor
thermal environment for a fixed period.

2.5 Conclusion

In study 1, whether and how a warmer indoor thermal environment could support older adults to
maintain health and independence were investigated. The results highlighted the extent to which
Japanese older adults’ homes are cold, and showed that older people with warm perception or rather
warm room temperature in their homes likely led to prevention of deterioration of physical
performance and frailty, and thus had older age at LTC certification. This knowledge can serve as a
method to prevent decline of physical performance by improving housing environments, and thus
prevent frailty and LTC need.

60



Chapter 3
Study 2: Indoor thermal environment and health of
nursing home residents

61



Chapter 3

Study 2: Indoor thermal environment and health of
nursing home residents

3.1 Overview of study 2

Study 2 focused on the health of older people living in nursing homes and the relationship to the indoor
thermal environment. In light of the definition of care prevention formulated by the Ministry of Health,
Labour and Welfare (MHLW) [154], when a condition that requires care already exists, preventing
deterioration and aiming to improve the condition are no less important than preventing a condition
from arising. However, the mean care level in nursing homes is still increasing, and current care
prevention strategies are not sufficient to prevent future increase. Although the indoor environment in
nursing homes is a critical factor for the health of residents, proper maintenance is the responsibility
of individual facility managers, and actual conditions in the facilities are not known [155].
Accordingly, the overarching objective of study 2 was to understand the actual conditions of nursing
homes’ indoor thermal environments and to investigate its’ role in maintaining health among nursing
home residents. Blood pressure and dry mouth were selected as indicators of health of residents, since
high blood pressure is known to be a risk factor of longer period of care [10], and dry mouth is known
to lead to fungal and bacterial infectious diseases [156]. The specific objectives are to: 1) investigate
the association between blood pressure and indoor temperature (tempis), 2) investigate the association
between oral cavity and relative humidity (RH), and 3) identify differences in speed of deterioration
of care level between residents living at different levels of tempi, and RH in nursing home facilities.
New knowledge regarding nursing home residents’ blood pressure, oral cavity, and deterioration speed
of care level emerged through actual measurement of tempi, and RH, and a questionnaire survey to
care staff. Works in study 2 are published in Journal of Environmental Engineering (Transactions of
Architectural Institute Japan (AlJ)) [157].

3.2 Methodology

3.2.1 Procedure and Participants

The field study was conducted in winter and summer of 2015 and 2016, which included 1,337 residents
in 27 facilities located in Yamanashi, Nagano, Osaka, Nara, Hyogo, and Kyoto prefectures (Table 3.1).
Two facilities in Yamanashi prefecture were located at the same site, and had different structures,
heating systems, and building ages. Another facility in Yamanashi prefecture had retrofitted the
insulation after winter 2015, and the same survey was conducted in winter 2016 after insulation retrofit.
The facilities were special elderly nursing homes (SENH), long-term care health facilities (LTCHF),
or pay nursing homes (PNH) (Table 3.2). SENH are living facilities for older people who require long-
term care, and LTCHF are rehabilitation facilities for older people who require long-term care to return
home or to the community. PNH are living facilities for both older people who require long-term care
and those who are independent. Meals, cleaning, care, and rehabilitation services are provided and
mainly managed by private parties. All facilities in Kinki area, located in several prefectures, were run
by the same private party.
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The field study included measurement of tempi, and RH in the nursing home, and a questionnaire
survey. Care staff in the nursing homes received oral and written information and instructions from
the research team before the survey. Data loggers and questionnaire sheets were sent to each facility,
and installation of data loggers and questionnaires were all completed by either a facility manager or
care staff. After the measurement period, data loggers and questionnaire sheets were sent back to the
research team. The study protocol was approved by the Tokyo Metropolitan University Ethics Review
Board (2015-042).

Table 3.1 Study period for each facility

Area 1D Winter 2015 Summer 2015 Winter 2016
Kinki 1 —20 (20 facilities) *
Nagano 21 — 24 (4 facilities) *
Yamanashi 25, 26 (2 facilities) *
*

27 (1 facility) * (After retrofit)

Table 3.2 Characteristics of facilities

ID  Prefecture Facility type Number of residents Number of care staff
1 Osaka PNH 49 31
2 Osaka PNH 56 18
3 Nara PNH 66 29
4  Osaka PNH 58 33
5  Hyogo PNH 64 35
6  Hyogo PNH 95 47
7  Kyoto PNH 72 37
8  Osaka PNH 59 28
9 Kyoto PNH 56 35

10  Osaka PNH 57 30

11 Kyoto PNH 56 33
12 Osaka PNH 61 31
13 Nara PNH 65 37
14 Hyogo PNH 50 35
15  Osaka PNH 60 24
16  Osaka PNH 88 40
17  Osaka PNH 56 31
18  Kyoto PNH 72 29
19  Osaka PNH 44 26

20  Kyoto PNH 61 25

21  Nagano SENH 54 57

22 Nagano LTCHF 51 37

23 Nagano LTCHF 88 53

24 Nagano SENH 90 64

25  Yamanashi SENH 50 38

26  Yamanashi SENH 29 22

27  Yamanashi LTCHF 96 63

LTCHEF, long-term care health facility; PNH, pay nursing home; SENH, special elderly nursing
home.
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3.2.2 Measures

Indoor temperature and relative humidity

Tempin and RH were measured 1.1 m and 0.1 m above floor level to verify local chill around feet.
However, data loggers were installed for only 1.1 m above the floor in the measurement in summer.
Regarding to the floor area of each facility, from 17 to 30 rooms including private rooms, dining halls,
corridors, and dressing rooms were selected to install data loggers. Multiple private rooms and dining
halls were selected to install the data logger, by considering the balance of every direction of north,
south, east, and west. Measurement was at 20 min intervals in the periods shown in Table 3.3. For the
measurement in facility 27, 2 days during the winter had unseasonably warm tempou (equivalent to
the average tempouw in April) in 2016 and were therefore excluded, leaving 12 days of tempin
measurements for each of February 2015 and 2016 analysis. Measurements were taken using
Thermochron data loggers (KN Laboratories) in Yamanashi prefecture and AD-5696 (A&D Company)
in other prefectures. Thermochron data loggers had an accuracy of + 0.5 °C from -20 to 70 °C and a
0.1 °C resolution, and + 5 % from 0 to 95 % and a 0.1 % resolution. AD-5696 had + 1.0 °C from 0 to
50 °C and 0.1 °C resolution, and = 5 % from 5 to 95 % and a 0.1 % resolution. We had no control over
the types of clothing and bedding people wore or use of heating systems. At the same time, thermal
image photographs were taken in three facilities in Yamanashi prefecture during the measurement
period in winter. Data of outdoor temperature (tempou) recorded in 10-min intervals was provided
from the nearest local meteorological office in each study area.

Table 3.3 Measurement period and analysis period for each facility
Area 1D Measurement period Analysis period
Kinki 1-20 1Jan2015—14 Feb 2015 (45 days) 17 Jan2015—13 Feb 2015 (28 days)
Nagano 21-24 19Jan2015-17 Feb 2015 (30 days) 20Jan2015—16 Feb2015 (28 days)
Yamanashi 25,26  19Jan2015-17 Feb 2015 (30 days) 20Jan2015—16 Feb 2015 (28 days)
3 Aug 2015 —2 Sep 2015 (31 days) 4 Aug2015-31 Aug 2015 (28 days)
27 6 Feb 2015 — 19 Feb 2015 (14 days) 7 Feb 2015 — 18 Feb 2015 (12 days)
13Jan 2016 —16 Feb 2016 (35 days) 2 Feb2016— 15 Feb 2016 (12 days)?
3 Aug 2015 — 2 Sep 2015 (31 days) 4 Aug2015—31 Aug 2015 (28 days)
Aug, August; Feb, February; Jan, January.
213 Feb 2016 and 14 Feb 2016 were unseasonably warm (equivalent to the average outdoor
temperature in April) and were therefore excluded.

Basic characteristics of facility buildings and residents

Two types of questionnaires were used to collect data about the facility building and residents.
Questionnaire A was recorded by facility managers, which included questions about building age,
structure, insulation performance, and number of residents and staff. Responses to questionnaire A are
shown in Table 3.4. Questionnaire B was distributed for each resident and included questions about
basic personal characteristics such as age, gender, body mass index (BMI), daily blood pressure, oral
cavity, activities of daily living (ADL), medical history at occupancy, and LTC certification after
nursing home admission. Because of the difficulties involved with residents’ ability to complete
questionnaires, they were completed by care staff.
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Table 3.4 Building characteristics of facilities

ID  Building age Structure Number of Double glazing Insulation
[years old] floors
1 7 S 3 N N
2 6 RC 5 N Y
3 4 RC 3 N Unknown
4 4 RC 3 N No answer
5 5 RC 5 N Unknown
6 4 RC 4 N Y
7 3 RC 6 Y Unknown
8 3 RC 3 N N
9 2 Unknown 4 N Y
10 2 S 3 N Unknown
11 2 RC 3 N No answer
12 2 RC 6 N Unknown
13 2 RC 4 N Y
14 2 RC 4 N Unknown
15 2 S 4 N Unknown
16 2 S 5 N Unknown
17 2 S 4 Y Unknown
18 2 RC 5 N Unknown
19 1 S 3 N Y
20 1 RC 4 N Unknown
21 20 RC 1 Y Y
22 14 S 2 Y Y
23 16 S 2 N Y
24 2 S 3 Y Y
25 10 RC 1 Y Y
26 3 W 1 Y Y
27 16 RC 6 N Unknown

N, no; RC, reinforced concrete; S, steel; W, wooden; Y, yes.

Blood pressure

Daily systolic blood pressure (SBP) and diastolic blood pressure (DBP) were recorded once or twice
a week by the care staff. For this study, SBP and DBP during the measurement period were collected
in questionnaire sheet B, by copying the record which each nursing home has regardless of this survey.
In addition, use of antihypertensive drugs during each season was asked in the questionnaire.

Oral dryness

Oral dryness and implementation status of dental care (ISDC) were recorded to characterise the oral
health of residents. Because of the difficulties involved in presenting actual measurements of oral
dryness to nursing home residents, or to ask residents themselves to respond about their oral dryness,
standardised questionnaires about oral dryness and ISDC were completed by care staff in
questionnaire B. Oral dryness was recorded with one of three choices: a) Dry, b) Cannot say, ¢) Moist;
and ISDC was answered with one of four choices: a) Dental care is done independently every day, b)
Dental care is done every day though help is sometimes needed, ¢) Dental care is done every day
though help is always needed, d) Dental care is not often done though it can be done independently.
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Long-term care certification

Care levels and their certification periods were collected for all residents during the period of residency.
Care level has 7 levels including 2 levels of Support-required, and care level 1 (least disabled) to 5
(most disabled). In the certification process, eligibility is assessed by use of a 74-item questionnaire
based on activities of daily living, with a preliminary categorisation into one of seven levels by a
computer algorithm, then reviewed and finalised by an expert committee [5]. These data were provided
from the insurance card of LTCI which each facility preserves. Data was recorded in questionnaire B,
by copying the insurance card.

Medical history at occupancy

Medical history of cerebrovascular disease, heart disease, articular disease, dementia, fracture and fall,
and weakness due to ageing were collected in questionnaire B. Care staff recorded the statement at
occupancy for each disease with one of three choices: a) None, b) Cured, ¢) Under treatment.

3.2.3 Data analysis

Multiple rooms were measured in each facility, and the mean, standard deviation (SD), minimum, and
maximum temp;, and RH for daytime and night time were calculated. Daytime was defined as 6:00 to
17:59 and night time was defined as 18:00 to 5:59 the following day, based on the definition by the
Japan Meteorological Agency [158]. Then, mean variables for private room and dining hall in each
facility was calculated and used for the analysis. Most previous studies [65] [66] use a categorical cut-
off point for tempin of 18 °C to protect health based on the conclusions of a World Health Organization
(WHO) working group on indoor environment [79]. However, vulnerable groups including older
people, children and those with chronic illness, particularly cardiorespiratory disease are considered
to require a higher tempin threshold [159]. Therefore, the 27 facilities were classified into two groups
on the basis of indoor thermal environment standards recommended for the older people by the
Architectural Institute Japan (AlJ) [160]. Tempi, is suggested to be kept over 21 °C in the main living
rooms and 18°C in the bedroom during night, and RH is suggested to be kept in the range of 30 — 50 %
in winter. Facilities were classified into the Cold group if tempi, fell below 21 °C during daytime in
private rooms and the dining hall, and/or fell below 18 °C during night time in private rooms; other
facilities were classified into the Warm group. For analysis of RH, facilities were classified into the
Dry group if the mean RH fell below 30 % during daytime and night time in private rooms, or during
daytime in dining halls; other facilities were classified into the Moist group.

All continuous variables were normally distributed, and means = SDs were reported. For categorical
variables, n (%) were reported. All p-values were two-sided, and p < 0.05 was considered statistically
significant. All statistical analyses were performed with SPSS ver. 24.0 software for Windows (IBM).

Indoor temperature and blood pressure

Before investigating the association between tempi, and blood pressure, associations between
residents’ characteristics and blood pressure were analysed in order to detect characteristics that could
potentially affect blood pressure. To focus on cold-related influence on blood pressure, SBP in January
was used. Moreover, SBP in January, March, August, and November in the Cold group and Warm
group was compared by Student’s #-test. Although there was a difference between seasonal changes
of SBP due to tempi, in winter, SBP is known to have a large difference among individuals, and this
individual variation might affect the result. Therefore, in order to exclude the influence of personal
differences as much as possible, “SBP change in winter” was defined as the difference of blood
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pressure between January and August to minimize individual variation. Student’s 7-test was used to
investigate the difference in SBP change in winter of the Cold group and Warm group.

Since there was a seasonal change in blood pressure, the seasonal change of indoor thermal
environment was investigated. In this investigation, weather conditions should be unified when indoor
thermal environments were compared. The two facilities (facility 25 and 26) in Yamanashi prefecture
which are located in a same site were used for this comparison because they have different indoor
thermal environments even though they are located at the same site. They have different heating
systems and the buildings are different ages. In particular, facility 26 uses a solar powered floor
blowout heating system, which contributes to a warm indoor thermal environment in winter. Air
warmed on the roof top by solar heat is guided to the underfloor by a duct, which warms the entire
floor before being discharged from floor blowout ports. This type of system contributes to reduced
differences in upper/lower temperatures and between tempi, of rooms. Linear regression analysis and
Student’s t-test were used to investigate the association between tempi, and tempoy in winter and
summer, and the difference of tempi, between facility 25 and 26 in each season. In addition, daily
tempin at 1.1 m and 0.1 m above the floor were compared by using Student’s #-test to investigate the
difference of upper/lower temperature difference in facility 25 and 26.

The t-test of tempin and SBP change in winter, the effect of tempin on blood pressure was not
ambiguous, and other factors which could affect blood pressure were not considered. Therefore,
multilevel analysis was used to clarify the association between tempi, and change in blood pressure
from summer to winter considering configurative effects of individual differences. The applicability
of multilevel analysis was verified by the intraclass correlation coefficient (ICC) and the design effect
(DE) of the null model. If the ICC was over 0.10 and DE was over 2.0, the data were considered in its
configuration. After confirming that multilevel analysis was not suitable with this sample, multiple
linear regression analysis was used to investigate the association between blood pressure change in
winter and mean tempi, adjusting for age, gender, BMI, period of residence, care level, SBP in August,
and use of antihypertensive drugs in January. Covariates were selected by using the stepwise method.

Facility 27 which had an insulation retrofit and measured tempi, before and after the retrofit was
extracted to investigate whether tempi, increased after the insulation retrofit and to assess the change
in residents’ blood pressure due to the change in tempi,. Of the 50 residents in facility 27 who
participated in the 2015 survey, 8 withdrew from the study or died, leaving 42 in the 2016 survey.
Changes of SBP and DBP between 2015 and 2016 (ASBP and ADBP) were aggregated and showed
that some residents had a dramatic change of SBP; 54.5 mmHg was the maximum. This dramatic
change is considered to be affected by causes other than the change of tempi,, and were therefore
excluded from the analysis. At that time, participant who had ASBP or ADBP greater than mean + 2a
were considered as outliers and excluded. Thereby 40 residents were considered in the analysis.
Because ASBP and ADBP had large individual variations, Spearman’s correlation analysis and
Student’s #-test were used to detect if residents’ characteristics affected a change of blood pressure.

Paired #-test was used to compare SBP before and after insulation retrofit, for the full sample and a
subsample of 14 residents who had before the retrofit. In the comparison of DBP before and after
insulation retrofit, 11 residents who had hypotension due to low DBP were excluded, and paired #-test
was used for a subsample of residents with normotension or hypertension before the retrofit.

Relative humidity and oral dryness

RH in winter and summer were compared to determine which season to focus on in the analysis.
Facilities 25 — 27 which measured tempi, and RH in both winter and summer were included.

Of the three choices asked for oral dryness, “Cannot say” was excluded and residents with “Dry (n =
102)” or “Moist (n = 656)” oral cavity were used in the analysis. Before investigating the association
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between RH and oral dryness, the association between residents’ characteristics, ISDC, and oral
dryness was investigated in order to detect specific characteristic capable of affecting oral dryness.
Age was compared by using Student’s #-test and proportion of gender, BMI, care level, and ISDC
were compared by using chi-squared test, by oral dryness. Moreover, oral dryness of residents in the
Dry group and the Moist group was compared using chi-squared test.

However, result of the chi-square test does not include other co-variates that are capable of affecting
oral dryness. Therefore, multiple logistic regression analysis was used as a multivariate analysis to
investigate the association between oral dryness (0 = dry, 1 = moist) and RH environment adjusting
for age, gender, BMI, care level, ISDC. Covariates were selected by using the stepwise method.

Indoor thermal environment and deterioration speed of care level

Generally, care level gradually deteriorates due to ageing and worsened chronic diseases. Care
prevention is defined as preventing a care-requiring condition from occurring, and when a care-
requiring condition already exists, preventing deterioration and aiming to improve the condition [161].
Therefore, not only preventing a new condition but preventing deterioration is still an important issue
in care prevention. As a follow-up to deteriorated health status such as hypertension or dry mouth,
changes in care level and the relationship with indoor thermal environment of the nursing home was
investigated.

The different types of nursing homes provided different services based on the level of care needed by
their residents, and these services could have an influence on the outcomes measured in this study.
Therefore, to avoid such differences, PNH (20 facilities in Kinki area), LTCHF (3 facilities in Nagano
prefecture and 2 facilities in Yamanashi prefecture), were considered as subgroups. There were not
enough SENH (1 facility each in Nagano and Yamanashi prefecture), so they were excluded from the
analysis.

Possibility of deterioration depends on the period of residence, and the longer the period of residence
is, the possibility of deterioration will become higher. In order to consider this time series, the Kaplan-
Meier method was used as a univariate analysis using the log-rank test, and Cox proportional hazards
regression analysis was used as a multivariate analysis to assess the effect of indoor thermal
environment on the deterioration speed of care level of residents in nursing homes. Both were survival
analyses and two questions were evaluated: “Did the care level deteriorate?” and “If so, how long did
it take for the care level to deteriorate?” The outcome was defined as deterioration of care level, and
overall survival was defined as the period of residence after occupation.

3.3 Results

3.3.1 Measured indoor temperature and relative humidity

Measured tempi, and RH in private rooms and dining halls, and temp.u: and RH are shown in Table
3.5, Table 3.6 and Table 3.7. Of the 27 facilities measured in winter, mean daytime tempi, in private
rooms was 20.3 £ 1.6 °C and 20.5 + 1.6 °C for the night time. And, mean daytime RH in private rooms
was 22.8 + 3.8 % and 22.9 + 3.6 % for the night time. Daytime and night time tempi, in private rooms
did not differ greatly across all facilities and were generally warm, but the RH was under 30 % in most
facilities, which indicates that the air was dryer than recommended.

68



Table 3.5 Measured indoor temperature and relative humidity of daytime and night time in

private rooms, at 1.1 m above floor level

Temperature

Relative humidity

ID Daytime®

Night time®

Daytime®

Night time®

MeanSD Min Max MeanSD Min Max MeanSD Min Max MeanSD Min Max

O 00NN Nk~ W~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
27¢
254
26¢
274

20.2
20.1
18.7
21.5
20.5
19.5
21.0
19.9
18.4
22.5
17.6
21.1
17.4
18.5
20.8
22.0
20.9
18.7
22.6
20.9
21.6
215
18.4
23.1
19.0
22.5
18.3
20.8
26.5
259
25.7

0.9
3.1
2.7
1.6
1.2
0.5
0.9
0.8
3.0
1.2
0.7
23
1.2
0.8
1.8
1.0
0.5
2.6
1.8
3.8
1.8
1.5
1.6
1.6
1.5
2.5
1.2
0.8
1.0
1.0
0.8

18.2
11.8
11.2
18.3
18.4
18.4
18.9
17.9
12.2
17.9
11.7
14.3
13.7
16.7
15.7
17.8
19.7
15.3
19.5
13.5
14.2
17.8
14.1
17.2
15.2
13.2
15.8
18.9
239
23.1
223

22.8
25.7
247
24.6
23.1
20.9
22.5
21.8
23.9
27.7
23.9
249
20.8
20.7
23.7
25.1
223
24.0
26.7
26.6
24.6
24.7
21.9
27.6
243
28.4
209
23.6
293
28.5
27.8

19.7
22.2
22.4
21.9
20.8
19.4
21.5
19.4
21.6
20.8
18.1
19.8
16.7
18.6
20.5
21.8
21.0
19.3
22.8
20.7
21.8
21.2
17.7
23.1
19.1
21.8
18.5
20.7
26.4
25.8
24.8

0.8
1.5
2.1
1.2
1.4
0.5
0.7
0.6
2.5
24
0.5
23
1.3
0.7
1.8
1.3
0.8
3.1
1.7
3.8
1.9
1.3
1.4
1.3
1.7
1.6
1.0
1.4
1.0
1.0
0.8

18.2
12.9
13.1
19.7
18.5
18.3
18.9
18.4
14.0
10.4
15.3
14.9
13.7
16.8
15.8
19.9
18,8
15.6
17.4
15.0
14.4
18.0
14.2
17.4
14.6
14.6
16.6
17.7
23.9
21.5
223

22.1
243
24.7
253
249
20.5
22.8
21.0
26.9
25.7
21.0
239
20.3
20.6
234
23.4
23.0
24.0
259
27.1
24.4
23.8
21.7
26.8
233
24.6
20.5
23.6
293
26.7
25.7

26.6
22.4
22.9
26.6
21.9
28.4
30.2
22.2
28.1
22.0
29.4
232
15.8
20.4
20.5
21.5
21.6
19.4
23.7
28.1
18.4
16.2
213
18.4
23.9
20.8
221
213
71.2
61.7
60.6

4.8
44
4.8
5.1
4.8
4.5
4.1
4.7
7.1
5.1
53
4.0
3.6
52
5.0
4.9
4.7
4.0
53
3.8
4.4
3.1
34
3.7
5.1
8.7
6.4
7.2
3.9
7.0
7.7

18.2
14.1
13.9
18.2
13.9
20.6
21.7
12.6
17.7
12.0
19.3
16.1

8.4
11.2
11.5
11.8
11.1
11.8
13.1
19.2

7.4

9.5
13.1

9.8
12.3

54
11.7

7.3
55.6
45.2
49.0

43.5
37.0
39.8
45.5
38.8
46.8
47.5
42.0
44.9
41.8
50.0
37.7
27.3
36.8
33.7
38.9
38.1
334
43.2
39.6
345
25.5
30.7
29.9
38.0
47.2
37.2
48.6
82.7
81.7
78.8

24.9
22.7
22.6
26.0
21.9
28.4
30.8
22.0
27.6
21.5
29.1
232
15.1
19.7
20.5
21.1
21.1
22.8
24.1
27.9
20.5
18.0
24.1
17.7
19.7
23.8
23.4
22.4
69.1
61.4
62.5

4.5
4.2
5.0
5.0
4.4
4.3
4.9
4.5
6.6
4.2
4.6
4.0
3.5
5.0
52
4.4
4.6
4.6
5.1
3.7
3.5
2.9
4.1
3.5
4.8
4.9
5.6
6.6
3.2
7.8
6.0

14.6
13.8
14.5
18.9
12.9
42.6
21.2
11.6
17.3
12.5
18.4
29.7

8.1

9.9
11.3
10.6
12.4
13.0
14.0
18.9
12.3
12.6
16.3

9.5
12.1
11.6
13.3

9.0
58.7
45.5
47.7

39.4
34.8
43.6
43.4
35.7
19.7
46.8
35.9
42.7
34.7
43.0
50.6
253
37.4
373
355
35.8
38.8
40.2
39.8
311
27.8
37.7
27.8
36.3
383
35.6
44.6
79.7
81.8
76.4

Max, maximum; Min, minimum; SD, standard deviation.
26:00 to 17:59, ®18:00 to 5:59 the following day, °After insulation retrofit, ‘Measurement in summer.
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Table 3.6 Measured indoor temperature and relative humidity of daytime and night time in
dining halls, at 1.1 m above floor level

Temperature

Relative humidity

ID Daytime®

Night time®

Daytime®

Night time®

MeanSD Min Max MeanSD Min Max MeanSD Min Max MeanSD Min Max

O 01NN kWi —

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
27¢
254
26¢
274

22.8
23.8
253
23.8
25.6
24.9
21.8
241
20.7
20.8
22.2
22.4
19.0
242
22.4
242
20.7
18.8
21.2
24.6
21.6
22.0
23.0
242
20.4
22.8
17.2
20.6
26.9
25.6
25.7

1.6
1.5
0.9
1.1
2.0
0.7
1.3
1.3
2.5
1.9
1.3
1.9
2.5
1.5
23
1.1
2.7
2.6
1.5
1.5
0.9
1.7
1.4
0.9
2.5
1.6
3.8
1.3
0.9
0.8
1.3

18.4
17.7
21.9
19.1
18.1
20.2
17.6
19.6
11.6
10.4
17.6
15.9
12.7
16.2
13.1
18.9
15.9
13.8
17.7
20.1
19.2
16.3
19.9
21.2
15.5
15.5

8.4
17.8
22.2
22.5
22.8

25.2
26.7
27.7
26.4
31.2
26.1
24.6
26.7
25.0
25.8
243
25.1
24.8
27.4
253
26.2
25.9
25.4
24.6
30.1
23.6
24.4
26.0
26.4
24.0
30.4
234
24.7
28.5
26.5
28.3

20.5
21.9
25.1
22.1
22.5
23.8
214
223
19.9
20.8
20.8
20.1
17.3
21.5
18.6
21.6
19.4
17.0
20.8
22.6
21.4
20.5
22.0
23.5
19.1
22.5
12.8
21.0
25.8
254
24.0

1.6
1.9
1.0
1.5
2.6
1.5
1.6
1.6
24
24
1.7
2.6
2.1
3.1
32
2.0
1.9
1.8
1.4
1.4
1.0
1.9
1.6
1.1
1.9
1.2
1.7
1.7
0.6
0.8
0.9

18.1
17.8
21.9
17.0
17.8
19.9
17.8
18.6
12.4
10.4
17.5
15.9
12.8
14.1
13.1
18.2
15.9
13.8
17.8
20.1
19.4
16.3
17.9
18.7
14.6
14.6

8.7
16.8
24.1
23.5
21.1

25.1
25.6
27.5
25.8
30.8
26.0
23.1
26.3
24.9
25.7
243
24.7
24.2
26.9
24.9
25.7
25.7
24.5
23.8
27.2
23.6
24.4
25.8
26.4
23.6
24.5
18.2
24.7
27.5
28.2
264

29.6
26.8
22.2
27.6
25.1
23.8
30.6
25.7
31.9
25.8
32.7
25.6
40.4
21.3
26.3
243
27.8
28.8
30.5
28.2
29.1
19.8
20.9
18.6
23.2
335
25.4
26.4
66.1
62.9
68.7

7.9
5.7
5.5
6.7
6.4
5.0
44
5.1
6.2
6.4
6.3
6.7
11.8
5.8
6.3
5.0
6.6
6.8
6.7
5.1
6.1
33
4.0
3.0
53
8.2
54
59
3.7
6.6
54

14.6
15.9
11.8
15.3
10.9
13.7
46.8
14.3
15.7
14.7
21.5
15.4
16.1
11.0
13.4
13.2
16.8
13.8
17.2
12.1
15.2
12.2
13.7
10.4
12.0
18.8
1.1
16.6
54.2
42.4
51.7

61.1
48.4
41.3
54.9
60.3
42.8
22.3
42.5
46.5
53.2
58.7
539
71.7
40.4
539
41.8
54.9
56.4
51.4
46.0
44.4
32.1
37.5
29.1
40.7
88.6
40.0
53.0
78.4
82.1
80.1

27.7
30.9
21.0
29.9
25.3
21.8
36.0
23.5
33.1
30.2
33.7
27.4
39.5
23.6
28.3
26.1
27.1
31.0
28.7
30.5
29.6
18.0
19.6
19.2
26.9
36.8
27.4
27.9
70.2
62.5
67.2

6.1
7.2
5.8
8.7
52
5.1
4.7
55
6.0
7.2
5.5
7.2
10.3
7.7
6.9
5.3
59
5.7
6.4
52
54
3.1
3.8
3.0
5.5
7.7
5.4
5.7
2.8
5.8
6.3

17.0
15.9
10.4
12.1
14.1
12.6
222
11.6
13.4
15.8
22.0
13.0
17.7

8.7
13.4
12.5
14.4
16.3
14.6
16.7
15.6
12.1
13.1
10.6
14.3
24.9
17.5
17.5
57.7
46.3
533

47.4
52.8
41.8
52.6
52.6
43.0
49.8
41.0
48.6
53.6
50.0
57.6
70.7
55.2
53.6
43.9
47.6
48.9
493
46.3
42.6
28.4
34.1
28.8
43.5
89.6
385
52.4
82.5
76.0
8L.5

Max, maximum; Min, minimum; SD, standard deviation.
26:00 to 17:59, ®18:00 to 5:59 the following day, “After insulation retrofit, ‘Measurement in summer.
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Table 3.7 Outdoor temperature and relative humidity of daytime and night time

Temperature

Relative humidity

ID Daytime®

Night time®

Daytime®

Night time®

MeanSD Min Max MeanSD Min Max MeanSD Min Max MeanSD Min Max

O 00NN Nk~ W~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
27¢
254
26¢
274

6.8
6.5
54
6.7
6.2
6.2
5.7
6.2
5.7
6.0
5.7
6.2
54
6.2
6.7
6.2
6.7
5.7
6.7
5.7
-1.6
-1.6
-1.6
-1.6
3.9
3.9
3.9
43
26.3
26.3
26.3

2.8
2.9
3.1
2.7
3.0
3.0
2.9
3.0
2.9
2.9
2.9
3.0
3.1
3.0
2.7
3.0
2.7
2.9
2.7
2.9
3.6
3.6
3.6
3.6
4.7
4.7
4.7
4.4
2.4
2.4
24

-0.4
-0.9
-2.6
0.1
-1.9
-1.9
-0.9
-1.9
-0.9
-1.6
-0.9
-1.9
-2.6
-1.9
0.1
-1.9
0.1
-0.9
0.1
-0.9
-12.0
-12.0
-12.0
-12.0
-7.1
-7.1
-7.1
-4.4
21.6
21.6
21.6

14.4
13.8
13.5
13.9
15.0
15.0
12.7
15.0
12.7
13.0
12.7
15.0
13.5
15.0
13.9
15.0
13.9
12.7
13.9
12.7
9.0

9.0

9.0

9.0

15.6
15.6
15.6
12.6

29.1 22.6
29.1 22.6
29.1 22.6

4.8
4.7
32
5.3
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
32
4.0
5.3
4.0
5.3
4.0
53
4.0
-4.1
-4.1
-4.1
-4.1
0.0
0.0
0.0
0.6

24
24
24
2.2
2.6
2.6
23
2.6
23
23
23
2.6
24
2.6
2.2
2.6
2.2
23
2.2
23
3.1
3.1
3.1
3.1
2.7
2.7
2.7
3.4
2.5
2.5
2.5

-1.2
-0.3
-1.7
0.3
-1.5
-1.5
-0.5
-1.5
-0.5
-1.1
-0.5
-1.5
-1.7
-1.5
0.3
-1.5
0.3
-0.5
0.3
-0.5
-11.4
-11.4
-11.4
-11.4
-6.9
-6.9
-6.9
-4.2
21.1
21.1
21.1

11.8
10.6

89 68.8 17.6 3

10.6
9.7
9.7
9.6
9.7
9.6
9.9
9.6
9.7
8.9
9.7
10.6
9.7
10.6
9.6
10.6
9.6
4.6
4.6
4.6
4.6
10.3
10.3
10.3
14.7
24.4
24.4
24.4

60.2

66.9

66.9

66.9

68.8

60.2

60.2
66.9
60.2
66.9

14.9

15.2

15.2

15.2

17.6

14.9

14.9
15.2
14.9
15.2

35.0 95.0 65.1

30.0 97.0 75.1

30.0 97.0 75.1

30.0 97.0 75.1

34.0 100.0 77.7

35.0 95.0 65.1
35.0 95.0 65.1
30.0 97.0 75.1
35.0 95.0 65.1
30.0 97.0 75.1

12.3

10.8

10.8

10.8

12.9

12.3

12.3
10.8
12.3
10.8

33.0

41.0

41.0

41.0

40.0

33.0

33.0
41.0
33.0
41.0

4.0 100.0 77.7 12.9 40.0 100.0

97.0

96.0

96.0

96.0

100.0

97.0

97.0
96.0
97.0
96.0

Max, maximum; Min, minimum; SD, standard deviation.
26:00 to 17:59, ®18:00 to 5:59 the following day, °After insulation retrofit, ‘Measurement in summer.

The classification of the facilities regarding the measured temp;, and RH during daytime and night
time are plotted in Figure 3.1. Plots in the shaded area indicate facilities that are meeting the indoor
thermal environment recommendations; the Warm group or the Moist group, and others were
classified into the Cold group or the Dry group. All facility had tempi, over 21 °C during the night
time. However, cold tempi, occurring only during the daytime was considered as a negative indoor
environment based on previous reports of cold related hypertension [162] and deterioration of muscle
strength [163].
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Figure 3.1 Indoor temperature and relative humidity in daytime and night time [left, indoor
temperature; right, relative humidity]

Tempin at 1.1 m and 0.1 m high are shown in Figure 3.2. Mean temperature differences between 1.1
m and 0.1 m high were 0.6 + 1.8 °C in private rooms and 1.5 + 1.0 °C in dining halls. Particularly in

dining halls, there were great upper/lower differences in tempis, so the feet were likely to be colder
than the rest of the body.
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Figure 3.2 Indoor temperature at 1.1 m and 0.1 m [left, private room; right, dining hall]

3.3.2 Characteristics of the residents

For the 1,337 residents, mean age was 86.5 = 7.0 years and 1,015 (75.9 %) were women. Mean BMI
was 20.3 £ 3.5 kg/m? and 466 (34.9 %) were underweight (BMI < 18.5). Mean period of residence
was 2.1 + 1.8 years and most residents were living in the present facility for less than 5 years. Mean
SBP in January was 127.3 £ 16.0 mmHg for men and 128.2 + 15.6 mmHg for women. Among all
residents, 35.0 % had SBP over 135 mmHg which indicates that they had hypertension [164]. The
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number of residents using antihypertensive drugs in January was almost the same as residents not
using them, when “No answer” was excluded. In order to capture oral health of the residents, ISDC
and oral dryness were aggregated. It has been mentioned that ISDC is essential for oral health [165],
and thus 795 (59.5 %) of residents in this study were working on ISDC with/without help. 656 (49.1 %)
of the residents had a moist oral cavity. The care level at occupancy was widely distributed. Since
SENH was included in this study, there were people with support levels 1 and 2. For more details, see
Table 3.8.

Table 3.8 Characteristics of the residents

All Men Women
(n=1337) (n=322) (n=1,015)
Age, years, mean (SD) 86.5 (7.0) 843 (8.8) 87.1 (6.2)
BMI, kg/m?, mean (SD) 20.3 (3.5) 20.5 (3.2) 202 (3.6)
BMLI, n (%)
<18.5 466 (34.9) 124 (38.5) 338 (33.3)
18.5 <BMI <25 191 (14.3) 41 (12.7) 150 (14.8)
>25 69 (5.2) 17 (53) 52 (5.1
No answer 611 (45.7) 140 (43.5) 475 (46.8)
Period of residence, years, mean (SD) 21 (1.8) 19 (1.9 22 (1.8)
SBP, mmHg, mean (SD)
January 128.0 (15.7) 127.3 (16.0) 128.2 (15.6)
March 128.7 (16.1) 127.4 (15.5) 129.1 (16.3)
August 126.9 (15.7) 126.1 (14.9) 127.0 (15.9)
November 128.3 (15.9) 128.3 (15.5) 128.3 (16.1)
Using antihypertensive drugs
January, n (%)
Yes 552 (41.3) 128 (39.8) 424 (41.8)
No 451 (33.7) 104 (32.3) 347 (34.2)
No answer 334 (25.0) 90 (28.0) 244 (24.0)
March, n (%)
Yes 437 (32.7) 100 (31.1) 337 (33.2)
No 363 (27.2) 81 (25.2) 282 (27.8)
No answer 537 (40.2) 141 (43.8) 396 (39.0)
August, n (%)
Yes 510 (38.1) 116 (36.0) 394 (38.8)
No 432 (32.3) 101 (31.4) 331 (32.6)
No answer 395 (29.5) 105 (32.6) 290 (28.6)
November, n (%)
Yes 542 (40.5) 125 (38.8) 417 (41.1)
No 449 (33.6) 108 (33.5) 341 (33.6)
No answer 346 (25.9) 89 (27.6) 257 (25.3)
ISDC, n (%)
Done independently every day 326 24.4) 73 (22.7) 253 (24.9)
Done every day though help is sometimes needed 332 (24.8) 78 (24.2) 254 (25.0)
Done every day though help is always needed 137 (10.2) 45 (14.0) 92 (9.1)
Not often done though it can be done independently 521 (39.0) 120 (37.3) 401 (39.5)
No answer 21 (1.6) 6 (1.9) 15 (1.5)
Oral dryness, n (%)
Dry 102 (7.6) 26 (8.1 76 (7.5
Cannot say 552 (41.3) 128 39.8) 424 41.8
Moist 656 (49.1) 157 48.8 495 48.8)
No answer 27 (2.0) 7 22 20 2.0
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Continued from Table 3.8

All Men Women
n=1337) (n=322) (n=1,015)
Care level at occupancy, n (%)
Support level 1 85 (6.4) 27 (8.4) 58 (5.7)
Support level 2 72 (5.4) 17 (5.3) 55 (5.4)
Care level 1 267 (20.0) 53 (16.5) 214 (21.1)
Care level 2 291 (21.8) 66 (20.5) 225 (22.2)
Care level 3 257 (19.2) 59 (18.3) 198 (19.5)
Care level 4 188 (14.1) 45 (14.0) 143 (14.1)
Care level 5 93 (7.0)0 22 (6.8) 71 (7.0
No answer 84 (6.3) 33 (10.2) 51 (5.0)
Care level at 2015, n (%)
Support level 1 56 (4.2) 19 (5.9) 37 (3.6)
Support level 2 43 (3.2) 13 (400 30 (3.0
Care level 1 219 (16.4) 40 (12.4) 179 (17.6)
Care level 2 232 (17.4) 57 (17.7) 175 (17.2)
Care level 3 254 (19.0) 74 (23.0) 180 (17.7)
Care level 4 254 (19.0) 58 (18.0) 196 (19.3)
Care level 5 186 (13.9) 34 (10.6) 152 (15.0)
No answer 93 (7.0 27 (8.4) 66 (6.5)

BMLI, body mass index; ISDC, implementation status of dental care; SBP, systolic blood pressure;

SD, standard deviation.

Medical history at occupancy is shown in Figure 3.3.

treatment for dementia at occupancy.

3.3.3 Indoor temperature and blood pressure

625 (46.7 %) of the residents were under

Figure 3.3 Medical history at occupancy

Characteristics of residents in relation to blood pressure
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In the relationships between gender, age, BMI and SBP, no differences in SBP between gender (Men,
127.3 £ 16.0 mmHg; Women, 128.2 + 15.6 mmHg; #1190) = -0.86, p = 0.390) nor age (< 75, 126.2
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+17.2 mmHg; > 75, 128.1 + 15.6 mmHg; #(1,183) = 0.92, p = 0.357) were confirmed. SBP was lower
in underweight (BMI < 18.5) residents (BMI < 18.5, 124.0 + 17.2 mmHg; 18.5 <BMI <25, 127.7 +
15.3 mmHg; BMI > 25, 126.2 =+ 14.0 mmHg; F(2, 626) = 3.40, p = 0.034). Medical history of
cerebrovascular disease (Recovered/none, 128.1 + 15.5 mmHg; Treating, 125.4 + 16.4 mmHg; #(926)
= 1.78, p = 0.163) and heart disease (Recovered/none, 129.1 + 16.0 mmHg; Treating, 126.0 = 14.3
mmHg; #927) = 1.62, p = 0.267) had a week association with SBP, and residents treating those
diseases had slightly lower SBP. On the other hand, residents using antihypertensive drugs (Yes, 130.0
+ 14.8 mmHg; No, 125.5 £ 16.3 mmHg; #(982) = 4.46, p < 0.001), with lower care levels (Support
level 1, 130.9 £ 17.2 mmHg; Support level 2, 133.5 £ 11.3 mmHg; Care level 1, 130.8 + 14.9 mmHg;
Care level 2, 130.9 £ 15.6 mmHg; Care level 3, 127.0 = 15.2 mmHg; Care level 4, 124.8 = 15.9 mmHg;
Care level 5, 121.7 £ 15.9 mmHg; F(6, 1,108) = 3.40, p < 0.001) had higher SBP (Table 3.9).

Table 3.9 Student’s ~test and analysis of variance of Systolic Blood Pressure in January by
characteristics of the residents

n Mean SD t F )28

Gender

Men 277 127.3 16.0

Women 915 1282 15.6 -0.86 0.390
Age in years

<75 64 1262 17.2

>175 1,121 128.1 15.6 0.92 0.357
BMI

<18.5 169  124.0 17.2

18.5 <BMI <25 398  127.7 15.3 340 0.034

>25 62 1262 14.0
Care level at 2015

Support level 1 53 1309 17.2

Support level 2 41 1335 11.3

Care level 1 211 130.8 14.9

Care level 2 219 1309 15.6 9.61 <0.001

Care level 3 223 127.0 15.2

Care level 4 214 1248 15.9

Care level 5 154  121.7 15.9
Using antihypertensive drugs in January

Yes 542 130.0 14.8 4.46

No 442 1255 163 <0.001
Cerebrovascular disease

Recovered/none 777 1281 15.5

Treating 151 125.4 16.4 1.78 0.163
Heart disease

Recovered/none 725 129.1 16.0 1.62 0267

Treating 204 126.0 14.3 )

BMI, body mass index; SD, standard deviation.
ap-values of Student’s #-test for two-sided variables and of analysis of variance for multiple
categorical variables were reported.

Seasonal differences in blood pressure

In the Student’s #-test of SBP in each season by tempi, groups, SBP of residents in the Cold group
(January, 128.8 + 15.3 mmHg; November, 129.0 + 15.7 mmHg) was higher than in the Warm group
(January, 126.4 £ 16.4 mmHg; November, 127.0 £ 16.3 mmHg) in both January, #1,118)=-2.37, p =
0.018, and November, #(1,118) = -1.97, p = 0.049, respectively (Table 3.10). In contrast, there were
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no significant differences in SBP between the Cold group (March, 129.0 = 16.5 mmHg; August, 127
+ 15.5 mmHg) and the Warm group (March, 128.2 + 15.3 mmHg; August, 126.5 £ 16.2 mmHg) in
March, #(1,118) =-0.67, p =0.501, and August, #(1,118) =-0.56, p = 0.573, respectively (Table 3.10).

Table 3.10 Student’s ¢-test of Systolic Blood Pressure by indoor temperature group

n Mean SD t p

January

Cold group 345 128.8 15.3

Warm group 775 126.4 16.4 -2.37 0.018
March

Cold group 345 129.0 16.5

Warm group 775 128.2 15.3 -0.67 0.501
August

Cold group 345 127.0 15.5

Warm group 775 126.5 16.2 -0.56 0.573
November

Cold group 345 129.0 15.7

Warm group 775 127.0 16.3 -1.97 0.049

SD, standard deviation.

SBP change in winter defined as the difference of blood pressure between January and August was
1.7 £ 13.2 mmHg in the Cold group and -0.4 £ 16.6 mmHg in the Warm group, indicating that the
Warm group had lower SBP change in winter, #(1,118) =-2.08, p = 0.038 (Table 3.11).

Table 3.11 Student’s #test of Systolic Blood Pressure change in winter by indoor temperature

group
n Mean SD t p

Cold group 345 1.7 13.2

Warm group 775 04 166 08 0038

SD, standard deviation.

Seasonal difference of indoor temperature

Daily tempi, in private rooms, 1.1 m above floor level and tempoy: are shown in Figure 3.4. Seasonal
comparison associations of tempi, and tempo, were weak in winter and tempi, differed between
facilities regardless of the tempoy (Facility 25, y = 0.03x + 20.5, R? = 0.01; Facility 26, y = 0.10x +
24.3, R?=0.02), though tempi, in summer were influenced by tempou, especially in facility 26 (Facility
25,y =0.05x + 23.8, R> = 0.18; Facility 26, y = 0.28x + 18.0, R*> = 0.70). Difference of tempin between
in facility 25 and 26 was 4.0 °C in winter (Facility 25, 20.6 + 0.6 °C; Facility 26, 24.6 = 1.1 °C; #(54)
=-13.32, p<0.001) and 0.5 °C in summer (Facility 25, 25.2 £ 0.4 °C; Facility 26, 24.7 £ 1.0 °C; #(54)
=2.05, p=0.048, Table 3.12).
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Figure 3.4 Daily mean indoor temperature in private room and outdoor temperature in
facility 25 and 26

Table 3.12 Student’s ¢-test of daily mean indoor temperature in private rooms in facility 25 and
26, in winter and summer

n Mean SD t p
Winter
Facility 25 28 20.6 0.6
Facility 26 28 246 g 1332 <0001
Summer
Facility 25 28 25.2 0.4
Facility 26 28 247 o X5 0048

SD, standard deviation.

Tempin at 1.1 m and 0.1 m above the floor was significantly different in facility 25 (1.1 m, 20.6 £ 0.6
°C; 0.1 m, 20.0£0.4 °C; #(54) = 4.45, p <0.001), though there was no significant difference in facility
26 (1.1 m, 24.6 = 1.1 °C; 0.1 m, 24.8 = 1.0 °C; #54) = -0.59, p = 0.850) which indicates that the
upper/lower temperature difference was small (Table 3.13).

Table 3.13 Student’s #-test of mean indoor temperature in private rooms 1.1 m and 0.1 m above
the floor in facility 25 and 26

n Mean SD t p
Facility 25
1.1m 28 20.6 0.6
0.1 m 28 20.0 0.4 445 <0.001
Facility 26
I.1m 28 24.6 1.1
0.1m 28 24.8 -0.59 0.850

SD, standard deviation.
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A similar tendency was seen among the thermal image photographs as well. Figure 3.5 — Figure 3.8
are photographs and thermal image photographs in representative private rooms. The floor in facility
25 was generally cold and approximately 18 °C on the surface. In contrast, the overall temperature in
facility 26 was 25 — 27 °C, which was more consistent between the floor and at 1.1 m.

e -

_ Figure 3.8 Thermal imagephotograph in

Figure 3.7 Thermal image photograph in
facility 25 facility 26

Effects of indoor temperature on blood pressure

In the null model with SBP change in winter as the objective variable, ICC was 0.02, and DE was 1.81,
which shows that there were no configurative effects for SBP change in winter among study
participants (Table 3.14).

Table 3.14 Intraclass correlation coefficient and design effect of the null model of systolic
blood pressure change in winter
Estimated value  SD

Fixed components AIC 8.99 x 103
Intercept 1.07* 0.43 ICC 0.02

Random components DE 1.81
Variance of residual 203%** 8.76 n 1,100
Variance of intercept 3.46 2.30

AIC, Akaike’s information criterion; DE, design effect; ICC, intraclass correlation coefficient; SD,
standard deviation.
*p <0.05, ***p < 0.001
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Because multilevel analysis was not suitable for this sample, multiple linear regression analysis was
used. In the multiple linear regression model, the tempi, of private rooms showed a significant inverse
association with SBP change in winter (Table 3.15). A 1 °C decrease in tempi, was significantly
associated with a 0.74 mmHg increase in SBP change in winter for daytime mean tempi, (Model 1, p
<0.01) and a 0.72 mmHg increase for night time mean tempi, (Model 2, p < 0.01).

Table 3.15 Multiple linear regression model of systolic blood pressure change in winter,
resident characteristics and mean indoor temperature in private rooms

Unstandardized Standardized
coefficients coefficients ¢ P
B SE i
Model 1: R?=0.25, F=54.04, p<0.001
Constant 71.83 7.59 947  <0.001
SBP in August -0.45 0.04 -0.49 -12.34  <0.001
Antihypertensive drugs in January? 3.09 1.13 0.11 2.73 <0.01
Daytime mean tempi, -0.74 0.28 -0.10 -2.62 <0.01
Model 2: R?=0.25, F=54.04, p<0.001
Constant 71.16 6.85 10.39  <0.001
SBP in August -0.44 0.04 -0.48 -12.21 <0.001
Antihypertensive drugs in January? 2.90 1.13 0.10 2.57 <0.05
Night time mean tempin -0.72 0.24 -0.12 -2.97 <0.01

SBP, systolic blood pressure; SE, standard error; tempis, indoor temperature.
aUsing vs Not using.
n=1,100, Variable selection method: stepwise method.

Effects of insulation retrofit on blood pressure

As shown in the previous sections, residents in warmer nursing homes had lower increases of blood
pressure in winter. However, that result was based on the study which had a cross-sectional design
preventing us from inferring any causal relationship between tempi, and blood pressure. Therefore, in
this section, facility 27 which had an insulation retrofit and measured tempi, before and after the
retrofit was extracted to investigate whether temp;, increased after the insulation retrofit and to assess
the change in residents’ blood pressure due to the change in tempin.

The insulation retrofit was completed between surveys in 2015 and 2016. In the insulation retrofit,
528 single-glazed windows (620 m? in area) were replaced with double-glazed windows. The U-value
of 11 window frames was lowered for bathroom windows that were difficult to secure adequate
insulation performance without replacing the window frame (Table 3.16).

Table 3.16 Insulation performance of windows and window frames before and after insulation
retrofit in facility 27

Before insulation retrofit After insulation retrofit
Windows
Glass material Float plate glass Vacuum multiple glass
Construction FL5 FL3+Vacuum layer 0.2+FL3
U-value 5.9 1.4
n-value 0.86 0.66
Window frames
U-value 4.2 1.6

FL, float plate glass.
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Tempi, at 1.1 m above the floor increased from 20.3 = 0.7 °C to 21.5 £ 0.7 °C due to the insulation
retrofit (Figure 3.9). Moreover, the correlation between tempi, and tempou: became weaker after the
retrofit (Before retrofit, y = 0.14x + 19.90, R?> = 0.39; After retrofit, y = 0.02x + 21.47, R*> = 0.02).
Tempin at 0.1 m above the floor increased as tempi, at 1.1 m did (Before retrofit, y = 0.87x + 1.19, R?
= 0.85; After retrofit, y = 0.69x + 4.82, R> = 0.57, Figure 3.10). The proportion of time with a tempi,
below 21 °C decreased from 83.7 % to 21.5 % (Figure 3.11).
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Figure 3.11 Distribution of indoor temperature

Of the 40 residents in facility 27, mean age was 86.8 + 8.7 years-old and 35 (83.3 %) were women.
For more details, see Table 3.17.
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Table 3.17 Characteristics of the residents in facility 27
Residents in facility 27 (n = 40)

Women, n (%) 35 (83.3)
Age, years, mean (SD) 86.8 8.7
BMLI, n (%)

<18.5 11 (27.5)

18.5 <BMI <25 22 (55.0)

>25 4  (10.0)

No answer 3 (7.5)
SBP, mmHg, mean (SD)

Before insulation retrofit 129.4  (20.0)

After insulation retrofit 125.4  (16.7)
DBP, mmHg, mean (SD)

Before insulation retrofit 68.8 (10.6)

After insulation retrofits 66.3 (11.6)
Using antihypertensive drugs in January, # (%) 26 (61.9)

Care level at 2015, n (%)

Care level 1 5 (119
Care level 2 9 (214
Care level 3 8 (19.0)
Care level 4 9 (214
Care level 5 9 (214

No answer 2 (4.8)

BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; SD, standard
deviation.

The absolute values of SBP or DBP before insulation retrofit had the strongest correlations with ASBP
(-491, p = 0.001) and ADBP (-.594, p < 0.001), respectively, and no other characteristics were
significantly associated (Table 3.18, Table 3.19).

Table 3.18 Spearman’s correlation analysis of changes of systolic blood pressure and diastolic
blood pressure between before and after insulation retrofit

ASBP ADBP

Correlation coefficient p Correlation coefficient p
Age .084 0.599 .006 0.969
BMI -111 0.500 -.192 0.242
Care level at 2015 -.101 0.533 .090 0.582
SBP before retrofit -491 0.001 -.184 0.244
DBP before retrofit -.297 0.056 -.594 <0.001

A, difference between before and after insulation retrofit; BMI, body mass index; DBP, diastolic
blood pressure; SBP, systolic blood pressure.

Table 3.19 Student’s #-test of changes of systolic blood pressure and diastolic blood pressure
between before and after insulation retrofit

ASBP ADBP
n  Mean SD p Mean SD p

Gender

Men 7 -1.57  13.07 -6.21 4.79

Women 33455 1702 297 293 1619 037
Using antihypertensive drugs in January

Yes 24 -3.19 14.62 -3.73  15.04

No 16 -528 18.95 0.696 -2.75  15.02 0.841

A, difference between before and after insulation retrofit; DBP, diastolic blood pressure; SBP,
systolic blood pressure; SD, standard deviation.
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Paired #-test (Table 3.20) showed that mean SBP across all residents decreased only slightly after the
insulation retrofit (Before insulation retrofit, 129.4 + 20.0 mmHg; After insulation retrofit, 125.4 +
16.7 mmHg; #(38) = 0.52, p = 0.606). However, a subsample of 14 residents who had hypertension
before the retrofit showed a significant decrease in SBP (Before insulation retrofit, 150.3 + 14.2
mmHg; After insulation retrofit, 134.3 £ 16.1 mmHg; #(12) = 4.26, p = 0.001). Paired #-test for all
residents showed that DBP decreased only slightly (Before insulation retrofit, 68.8 = 10.6 mmHg;
After insulation retrofit, 66.3 = 11.6 mmHg; #(38) = 1.50, p = 0.142). When 11 residents who had
hypotension due to low DBP were excluded, paired #-test for a subsample of residents with
normotension or hypertension before the retrofit showed a significant decrease in DBP (Before
insulation retrofit, 73.8 + 7.8 mmHg; After insulation retrofit, 67.3 + 12.6 mmHg; #29) =2.47, p =
0.020).

Table 3.20 Paired #test of changes of systolic blood pressure and diastolic blood pressure
between before and after insulation retrofit
Before insulation retrofit ~ After insulation retrofit

Mean SD Mean SD t P
SBP
All residents 40 129.4 20.0 125.4 16.7 0.52 0.606
Subsample? 14 150.3 14.2 134.3 16.1 426 0.001
DBP
All residents 40 68.8 10.6 66.3 11.6 1.50 0.142
Subsample® 31 73.8 7.8 67.3 12.6 2.47 0.020

DBP, diastolic blood pressure; SBP, systolic blood pressure; SD, standard deviation.
aSubsample of residents who had hypertension before the retrofit, "Subsample of residents who
had normotension before the retrofit.

3.3.4 Relative humidity and oral dryness

Seasonal difference of relative humidity

In Figure 3.12, deep coloured plots indicate tempi, and RH in summer, light coloured plots indicate
tempin and RH in winter, and highlighted area indicates recommended RH [97] in each season. The
average RH in summer met the recommendation in all facilities, but in 2 facilities the average RH was
lower than the recommendation during winter. Taking these results, the RH in winter and its’
association with oral dryness of residents was focused on in the further analysis.
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Figure 3.12 Daily indoor temperature and relative humidity in private room of facility 25 — 27
in summer and winter

Characteristics of residents in relation to oral dryness

There were significant associations between BMI, care level, ISDC, and oral dryness (Table 3.21).
Underweight residents had a higher proportion of residents with dry oral cavity, chi-square (y*)(1) =
13.16, p = 0.001. Care level was significantly associated with dry oral cavity, y*(4) = 52.20, p <0.001,
which suggested that residents certified at a higher care level are more likely to have dry oral cavity.
The proportion of residents with oral dryness was higher among those who lacked frequent dental care,
x*(3)=90.78, p < 0.001.
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Table 3.21 Student’s #-tests and chi-squared tests of residents’ characteristics, implementation
status of oral cavity, and oral dryness

Dry (n=102) Moist (n=656) ¢ Ve p?

Age, years, mean (SD) 8.4 (7.0) 86.0 (7.1) 049 0.624
Gender, n (%)

Men 24 (13.4) 155 (86.6)

Women 78 (13.6) 497 (86.4) 0.00 0957
BMI, n (%)

<18.5 30 (26.8) 82 (73.2)

>18.5 38 (12.1) 275 (87.9) 13.16.0.001
Care level at 2015, n (%)

Support level 1, 2, and Care level 1 14 (7.7 311 (92.3)

Care level 2 11 (8.3) 122 (91.7)

Care level 3 14 (94 106 (90.6) 52.20 <0.001

Care level 4 18 (14.1) 27 (85.9)

Care level 5 36 (35.3) 34 (64.7)
ISDC, n (%)

D1 14 (3.8) 351 (96.2)

D2 56 (33.7) 110 (66.3)

D3 21 (127) 144 (88.9) 90.78 <0.001

D4 6 (1L.1) 48 (88.9)

BMI, body mass index; ISDC, implementation status of dental care; SD, standard deviation, y2, chi-
square.

ISDC definitions: D1, dental care is done independently every day; D2, dental care is done every
day though help is sometimes needed; D3, dental care is done every day though help is always
needed; D4, dental care is not often done though it can be done independently.

ap-values of Student’s #-test for continuous variables and chi-squared test for categorical variables
were reported.

Residents’ oral dryness and relative humidity

The proportion of residents with oral dryness was higher among residents in the Dry group (17.0 %)
than did the Moist group (6.6 %), y*(1) = 15.63, p <0.001 (Table 3.22).

Table 3.22 Chi-squared test of relative humidity group and oral dryness

Dry (n=102) Moist (n = 656) 1 p
RH group, n (%)
Dry group 85  (17.0) 416  (83.0)
Moist group 17 (6.6) 240 (93.3) 15.63  <0.001

RH, relative humidity, x?, chi-square.

Table 3.23 shows the final multiple logistic model of residents’ oral dryness, RH group, and ISDC.
RH group was significantly associated with oral dryness, Exp(f) = 2.68, 95 % CI = 1.65 —4.35, p <
0.001, indicating that residents of facilities in the Moist group were more likely to have a moist oral
cavity than those of the Dry group.

84



Table 3.23 Multiple logistic regression analysis of oral dryness by relative humidity group and
implementation status of dental care

Exp(f) 95 % CI p

ISDC

D1 (ref))

D2 0.31 0.11 -0.85 0.023

D3 0.26 0.13-0.52 <0.001

D4 0.07 0.04-0.13 <0.001
RH group

Dry group (ref.)

Moist group 2.68 1.65—4.35 <0.001

CI, confidence interval; ISDC, implementation status of dental care; RH, relative humidity.

ISDC definitions: D1, dental care is done independently every day; D2, dental care is done every day
though help is sometimes needed; D3, dental care is done every day though help is always needed;
D4, dental care is not often done though it can be done independently.

n =750, Variable selection method: stepwise method, -2 log likelihood = 477.6, chi-square = 100.1
(df=4, p<0.001).

3.3.5 Indoor thermal environment and deterioration speed of care level

Difference of deterioration speed of care level between groups

Care level at occupancy and at 2015 among residents included in the study are shown in Figure 3.13
— Figure 3.20, to check the change of care level. In all cases, plots concentrated on the diagonal line
in the figure indicate that there were no changes in care level between at occupancy and in 2015.
However, plots in lower left had slightly larger proportion than the plots in upper right, which means

that there were a larger number of residents who deteriorated in their care level than those who
improved.
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In the result of Kaplan-Meier analysis in Figure 3.21 — Figure 3.24, the horizontal axis shows the
period of residence and the vertical axis shows the ratio of residents maintaining their care level, and
therefore a steep slope in the graphs indicates that there were many residents who experienced a rapid
deterioration in care level after nursing home admission. In PNH, although there was no significant
difference in the speed of deterioration of care level between the Cold and Warm groups (Figure 3.21),
the difference between the Dry and Moist groups was significant at the 0.1 % level in the log-rank test
and the residents in the dry group showed a rapid deterioration of care level (Figure 3.22). On the other
hand, the difference between the cold and warm group was only significant in LTCHF (Figure 3.23,
Figure 3.24).
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Characteristics capable of affecting speed of deterioration speed in care level

Care level is decided by considering an individual’s health, and can be affected by various individual
attributes in addition to the indoor thermal environment. The Kaplan-Meier method cannot consider
these confounding factors. Therefore, to determine the factors that can affect the care level, we
compared the individual attributes of residents who showed deterioration in their care level and
residents who maintained or showed an improvement in their care level (Table 3.24 for PNH and Table
3.25 for LTCHF). Residents who showed a deterioration in their care level tended to live longer in the
PNH (Deteriorated, 1.7 + 1.3 years; Maintained or improved, 1.2 + 1.3 years; #716) =2.28; p <0.001)
or LTCHF (Deteriorated, 3.6 £ 3.1 years; Maintained or improved, 2.0 £ 2.7 years; #(186) =2.93; p <
0.001), had a lower care level (PNH, y*(5) = 67.30, p < 0.001; LTCHF, *(3) = 76.14, p < 0.001), and
had dementia at nursing home admission (PNH, y?(1) = 11.20, p = 0.001; LTCHF, »?(1) = 10.66, p =
0.008).

Table 3.24 Student’s ¢-test and chi-squared test of residents’ characteristics by change of care
level at pay nursing home

2

Deteriorated =~ Maintained or ¢ X p
improved
Gender, n (%)

Men 62 (20.6) 145 (25.7)

Women 239 (794) 420 (743) 2770112
Age at occupancy, years, mean (SD) 854 (6.2) 84.6 (6.7) 1.81 0.004
BMI, kg/m?, mean (SD) 19.7 (3.2) 207 (3.7 -248 0.014
BMI, n (%)

<18.5 73 (62.9) 141 (61.0)

18.5 <BMI <25 38 (32.8) 55 (23.8) 10.23  0.006

>25 5 43 35 (15.2)

Period of residence, years, mean (SD) 1.7  (1.3) 1.2 (1.3) 2.28 <0.001
Care level at occupancy, n (%)

Support level 1 39 (13.0) 39  (6.9)

Support level 2 38 (12.6) 30 (5.3)

Care level 1 84 (27.9) 138 (24.4)

Care level 2 86 (28.6) 141 (25.0) 67.30 <0.001

Care level 3 45 (15.0) 101 (17.9)

Care level 4 and 5 9 (3.0 116 (20.6)

Medical history at occupancy

Cerebrovascular disease, 7 (%) 13 (7.0) 29  (8.0) 1.19  0.551

Heart disease, n (%) 40 (21.4) 73 (20.1) 1.51 0471

Articular disease, n (%) 31 (16.5) 46 (12.7) 212 0.347

Dementia, n (%) 130 (65.7) 199 (51.2) 11.20  0.001

Fractures and falls, n (%) 13 (7.0) 25 (6.8) 0.81 0.666

Weakness due to aging, n (%) 61 (32.6) 87 (24.6) 391 0.054
Tempin group, n (%)

Cold group 230 (76.4) 414 (73.3) 101 0.175

Warm group 71 (23.6) 151 (26.7) ’ '
RH group, n (%)

Dry group 275 (48.7) 152 (50.5)

Moist group 290 (51.3) 149 (49.5) 0.26 0618

BMI, body mass index; SD, standard deviation; Tempin, indoor temperature; RH, relative humidity;
%, chi-square..

ap-values of Student’s #-test for continuous variables and chi-squared test for categorical variables
were reported.
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Table 3.25 Student’s #-test and chi-squared test of residents’ characteristics by change of care
level at long-term care facility

Deteriorated ~ Maintained or ¢ Va p
improved
Gender, n (%)

Men 21 (20.0) 34 (23.4)

Women 84 (80.0) 111 (76.6) 042 0.540
Age, years, mean (SD) 839 (8.0) 854 (8.5) -1.36 0.822
BMI, kg/m?, mean (SD) 199 (@33) 205 @4 -142 0.156
BMI, n (%)

<18.5 69 (65.7) 91 (64.1)

18.5 <BMI <25 31 (29.5) 36 (25.4) 292 0.232

>25 5 (4.8) 15 (10.6)

Period of residence, years, mean (SD) 3.6 (3.1) 20 (2.7 2.93 <0.001
Care level at occupancy, n (%)

Care level 1 17 (16.0) 3 (2.1)

Care level 2 32 (30.2) 6 (4.1

Care level 3 35 (33.0) 45 (31.0) 76.14 <0.001

Care level 4 and 5 22 (20.8) 91 (62.8)

Medical history at occupancy

Cerebrovascular disease, n (%) 50 (52.1) 63 (48.8) 1.78 0412

Heart disease, n (%) 33 (37.9) 45 (36.9) 0.02 0.886

Articular disease, n (%) 40 (48.8) 45 (37.2) 323 0.199

Dementia, n (%) 93 (91.2) 104 (78.2) 10.66  0.008

Fractures and falls, n (%) 31 (38.9) 22 (18.5) 10.66  0.005

Weakness due to aging, n (%) 60 (65.9) 90 (73.8) 2.58 0.276
Tempin group, n (%)

Cold group 34 (32.1) 16 (11.0)

Warm group 72 (67.9) 129 (89.0) 17.00<0.001
RH group, n (%)

Dry group 31 (29.2) 35 (24.1)

Moist group 75 (70.8) 110 (75.9) 0.82 0.386

BMI, body mass index; SD, standard deviation; Tempin, indoor temperature; RH, relative humidity;
x*, chi-square.

ap-values of Student’s #-test for continuous variables and chi-squared test for categorical variables
were reported.

Multivariate analysis of deterioration speed of care level and indoor thermal environment

Since possibility of deterioration of care level can differ due to care level at occupancy, injury and
disease at occupancy, multivariate analysis was used to consider these co-variates. Before conducting
the Cox proportional hazards regression analysis, correlation coefficient between factors were checked
by Spearman’s correlation analysis (Table 3.26 — Table 3.31). Most correlations were not significant,
and even in significant pairs, the correlation coefficient was lower than 0.3.
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Table 3.26 Spearman’s correlation analysis between residents’ characteristics at pay nursing
homes

Gender Age BMI Care level Habitant period

Gender 0.06 -0.04 0.00 0.02

Age T 007 -0.04 -0.14 ***

BMI T—— -0.05 -0.04

Care level \ -0.05

Habitant period

BMI, body mass index; Care level, Care level at occupancy.
*#%kp <0.001

Table 3.27 Spearman’s correlation analysis between injury and diseases at pay nursing homes
Cardio. d.  Heart d. Arti. d. Dementia Frac. & falls Asthenia
Cardio. d. 0.07 -0.01 -0.03 0.01 0.07

Heart d. TT—— -0.03 -0.07 -0.07 0.09 *
Arti. d. TT—— 010 % 0.07 0.13 **
Dementia TTT—— 004 0.04
Frac. & falls T 0.19

Asthenia

Arti. d., Articular disease; Asthenia, Asthenia due to an old age; Cardio. d., Cardiovascular disease;
Frac. & falls, Fractures and falls; Heart d., Heart disease.
**p <0.01, ¥**p < 0.001

Table 3.28 Spearman’s correlation analysis between residents’ characteristics, injury and
diseases at pay nursing homes

Gender Age BMI Care level Habitant period
Cardio. d. 0.07 0.04 -0.02 -0.11 ** 0.06
Heart d. 0.04 -0.13 ** -0.06 0.00 0.02
Arti. d. -0.10 * -0.02 0.05 0.01 -0.11 *
Dementia -0.04 0.01 0.03 -0.03 -0.05
Frac. & falls -0.11 ** -0.09 * 0.01 -0.06 -0.03
Asthenia -0.03 -0.08 * 0.14 * -0.05 -0.01

Arti. d., Articular disease; Asthenia, Asthenia due to an old age; BMI, body mass index; Cardio. d.,
Cardiovascular disease; Care level, Care level at occupancy; Frac. & falls, Fractures and falls; Heart
d., Heart disease.

**p <0.01, ***p < 0.001

Table 3.29 Spearman’s correlation analysis between residents’ characteristics at long-term care
health facilities

Gender Age BMI Care level Habitant period

Gender 0.14 ** -0.08 0.09 0.10

Age T—— 2005 -0.04 -0.26 ***

BMI T 020 % -0.02

Care level —— 016

Habitant period

BMI, body mass index; Care level, Care level at occupancy.
*p<0.05, **p<0.01, ***p<0.001
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Table 3.30 Spearman’s correlation analysis between injury and diseases at long-term care
health facilities

Cardio. d.  Heart d. Arti. d. Dementia Frac. & falls Asthenia

Cardio. d. 0.12 -0.01 -0.06 -0.06 (.23

Heart d. T 024% 003 0.15 * -0.06
Arti. d. TTT—— -0.02 0.14 -0.02
Dementia T—— 0.18* -0.06
Frac. & falls T—— -0.06

Asthenia

Arti. d., Articular disease; Asthenia, Asthenia due to an old age; Cardio. d., Cardiovascular disease;
Frac. & falls, Fractures and falls; Heart d., Heart disease.
*p <0.05, ***p <0.001

Table 3.31 Spearman’s correlation analysis between residents’ characteristics, injury and
diseases at long-term care health facilities

Gender Age BMI Care level Habitant period
Cardio. d. 0.15 * 0.03 0.02 -0.04 0.08
Heart d. -0.08 -0.23 *** -0.02 0.06 0.04
Arti. d. -0.18 ** -0.12 -0.02 0.10 -0.06
Dementia -0.10 -0.11 0.11 0.09 0.03
Frac. & falls -0.10 -0.11 -0.07 0.09 -0.01
Weakness 0.12 -0.2] *** 0.19 *** -0.12 0.06

Arti. d., Articular disease; Asthenia, Asthenia due to an old age; BMI, body mass index; Cardio. d.,
Cardiovascular disease; Care level, Care level at occupancy; Frac. & falls, Fractures and falls; Heart
d., Heart disease.

*p <0.05, **p <0.01

The result of the Cox proportional hazard analysis showed that both the Cold group, Hazard ratio (HR)
=1.50,95% CI=1.09 -2.05, p=0.012 (

Table 3.32) and the Dry group, HR =2.03, 95 % CI=1.51 —2.74, p < 0.001 (Table 3.33) had a higher
risk of deterioration of care level in PNH. Furthermore, residents in facilities that were both warm and
moist had the lowest risk of deterioration (Cold and moist: HR = 1.18, 95 % CI = 0.87 — 1.61, p =
0.280. Warm and dry: HR = 1.93, 95 % CI=1.33 - 2.82, p = 0.001,
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Table 3.34). In LTCHF, only the analysis of Tempi, was performed because the RH group did not
satisfy the proportional hazard assumption (Figure 3.24). The effect of Tempi, was significant and the
Cold group, HR = 1.92, 95 % CI = 1.24 — 2.98, p = 0.004, had a higher risk of deterioration of care
level (Table 3.35).

Table 3.32 Cox proportional hazards regression model of deterioration of care level by indoor
temperature group and resident’s characteristics at pay nursing homes

HR 95 % CI p
Care level at occupancy
Support level 1 (ref.)
Support level2 0.83 0.43-1.61 0.578
Care level 1 0.64 0.38-1.08 0.094
Care level 2 0.62 0.38-1.04 0.068
Care level 3 0.47 0.27-0.81 0.007
Care level 4 0.46 0.24-0.91 0.026
Care level 5 0.28 0.09 -0.95 0.041
Dementia
Under treatment (ref.)
None or cured 0.75 0.64 —0.88 <0.001
Tempi, group
Warm group (ref.)
Cold group 1.50 1.09 -2.05 0.012

CI, confidence interval; HR, hazard ratio; Tempi,, indoor temperature; ref., reference.
n =524, -2 log likelihood = 2217.15, Chi-square = 27.78***(df = 8), ***p < 0.001

Table 3.33 Cox proportional hazards regression model of deterioration of care level by relative
humidity group and resident’s characteristics at pay nursing homes

HR 95 % CI p
LTCI level at occupancy
Support level 1 (ref.)
Support level 2 0.59 0.30-0.87 0.124
Care level 1 0.52 0.38-0.87 0.013
Care level 2 0.48 0.29-0.80 0.005
Care level 3 0.36 0.21-0.64 <0.001
Care level 4 0.37 0.18—-0.74 0.005
Care level 5 0.28 0.08-0.93 0.038
Dementia
Under treatment (ref.)
None or cured 0.80 0.68 —0.94 0.007
RH group
Moist group (ref.)
Dry group 2.03 1.51-2.74 <0.001

CI, confidence interval; HR, hazard ratio; ref., reference; RH, relative humidity.
n =524, -2 log likelihood = 2142.08, Chi-square = 38.14***(df = 8), ***p < 0.001
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Table 3.34 Cox proportional hazards regression model of deterioration of care level by indoor
temperature group, relative humidity group and resident’s characteristics at pay nursing

homes
HR 95 % CI p

Dementia

Under treatment (ref.)

None or cured 0.85 0.74-0.97 0.020
Tempi, and RH group

Warm and moist (ref.)

Cold and moist 1.18 0.87-1.61 0.280

Warm and dry 1.93 1.33-2.82 0.001

CI, confidence interval; HR, hazard ratio; Tempi,, indoor temperature; ref., reference; RH, relative
humidity.
n =524, -2 log likelihood = 2522.39, Chi-square = 18.00%**(df = 3) , ***p < 0.001

Table 3.35 Cox proportional hazards regression model of deterioration of care level by indoor
temperature group and resident’s characteristics at long-term care health facilities

HR 95 % CI p
Care level at occupancy
Care level 1 (ref.)
Care level 2 0.82 043-1.54 0.531
Care level 3 0.30 0.16 - 0.57 <0.001
Care level 4 0.35 0.18 - 0.66 0.001
Care level 5 0.06 0.02-0.22 <0.001
Tempin group
Warm group (ref.)
Cold group 1.92 1.24-2.98 0.004

CI, confidence interval; HR, hazard ratio; Tempis, indoor temperature; ref., reference.
n =234, -2 log likelihood = 858.03, Chi-square = 56.83***(df = 5) , ***p < 0.001

3.4 Discussion

The overarching objective of study 2 was to understand the actual conditions of the indoor thermal
environment of nursing homes and to investigate the role of the environment on maintaining health
among nursing home residents. Both associations of “tempi, and blood pressure” and “RH and oral
dryness” confirm that health status of tenants is affected by the indoor thermal environment of the
nursing home. The findings on the investigation on deterioration speed of care level show that a warm,
moist nursing home environment likely helps to maintain the care level of residents.

Measured indoor temperature and relative humidity

Nursing homes included in this study were relatively warm, but dry environments with similar results
have been seen in a previous study in Japan [155]. In high-income countries, around 70 % of people’s
time is spent inside their home [166]. However, older people included in this study were spending
100 % of their time inside the nursing home and are therefore more exposed to health risks associated
with the indoor environment. However, the targets in the present law for the maintenance of buildings
doesn’t include social welfare facilities for elderly, and handling of the maintenance of room
temperature and air ventilation are the responsibility of each facility manager. Kitahara et al. [167]
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reported that dry air was the most frequent complaint among nursing home residents and speculated
that RH could be as low as 20 % during the heating season, but they did not conduct measurements.
Our study provides objective data on the humidity in nursing homes, revealing that the measured RH
in most nursing homes was lower than 30 %.

Indoor temperature and blood pressure

To the best of our knowledge, this is the first study to evaluate the association between tempi, and
blood pressure of residents in nursing homes. Our findings from this field study on nursing home
residents expand on experimental evidence from previous studies [168] [169] on thermoregulation and
blood pressure in controlled settings, and previous studies on healthy older people [61] [62] [63] [64]
in real life situations. The results showed that people living in warmer nursing home had lower rise of
SBP in winter compared to summer. Prevention of blood pressure rise could delay deterioration in care
need and could decrease risk of disease [170]. Japan’s Health Japan 21 government policy claimed
that a 2 mmHg decrease in blood pressure could prevent 10,000 cases of stroke and 3,500 age-related
decline crises [171]. Our results show that a 3 °C increase in tempi, may decrease SBP by 2.16 —2.22
mmHg, which meets the requirements of Health Japan 21.

In the investigation of before and after insulation retrofit, tempi, increased due to the insulation retrofit
and blood pressure consequently decreased. The increased tempi, and decreased strength of correlation
between tempi, and tempou after insulation retrofit suggests that improving building performance can
mitigate exposure to cold. At this nursing home, increased insulation performance contributed to
maintaining a warm tempi, despite having a cold tempoy. For a subsample of residents who had SBP
of 135 mmHg or higher, the impact of insulation retrofit was larger and was effective in ameliorating
hypertension. Since residents who already had low blood pressure before the insulation retrofit had no
room for further decreases in blood pressure, DBP was compared in a subsample of residents with
DBP of 90 mmHg or higher. For this subsample, DBP decreased significantly due to the insulation
retrofit. However, the difference in blood pressure was small and there were large individual
differences in the effect of the insulation retrofit. Even though the decrease in blood pressure was
small in our study, most statements of health promotion and disease prevention goals for the elderly
acknowledge that expected outcomes for older adults — especially those who already have chronic
illnesses or disabilities — may be different from those for younger adults who do not yet have such
illnesses or disabilities [172]. Cure, or a full restoration of health or function, may not be a realistic
general goal for very old people. More realistic goals might involve tertiary prevention efforts such as
maintenance or stabilisation of existing health and function, amelioration of the effects of disease and
disability, and prevention or delay of further disability and functional limitations [172]. Even small
gains in the ability to maintain current health and to reduce functional disability may make a major
difference in the quality of life experienced by older adults.

Relative humidity and oral dryness

Measurement of RH in 27 facilities revealed that 19 (70.4 %) had RH lower than 30 %, which is lower
than recommendations for winter. Results showed that residents living in moist nursing homes (RH
higher than 30 %) were more likely to have a moist oral cavity than those living in dry nursing homes,
even after accounting for ISDC. These results suggest that maintaining high RH during winter may
help prevent dry mouth among nursing home residents. Evaporation of saliva is caused mainly by
mouth opening or mouth breathing, which often occurs at night with no apparent decrease in salivary
flow [173]. Our findings support the suggestion by Han et al. [174] that using a room humidifier to
add moisture to the night time environment may give some relief during sleep. Sunwoo et al. [175]
conducted a controlled 3-hour study of 8 young men (mean age 22 years) and 8 older men (mean age
72 years) at 25 °C and 10 %, 30 %, or 50 % RH. They reported that saccharin clearance time, a metric
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of mucociliary clearance, was lower at 10 % RH in the older group compared with the young group,
potentially leaving the older men more susceptible to disease transmission. Although the indicator
used in our study was oral dryness, the same trend was found. Nonspecific palliative management of
dry mouth includes sipping water and sucking on ice chips frequently throughout the day to provide
moisture [176] [177]. However, older residents of nursing homes often have difficulty with self-care
because of reduced independence. Furthermore, the timing of water or ice chips consumption by older
patients should not be dependent on sensations of thirst, since satiety and thirst reflexes are obtunded
in older individuals [178]. Mouth moisteners in the form of sprays, liquids, or gels also exist, but these
treatments may need to be applied frequently (at least 3 — 4 times throughout the day) depending on
their adherence and/or lasting ability [174]. Increased care burden due to the requirement of additional
supervision to ensure proper treatment is thus a concern. A large number of systemic agents have been
proposed as secretagogues, but only a few have shown consistent salivary enhancing properties in
well-designed, controlled trials [179]. There are no easy answers as to the best course of dry mouth
treatment for particular individuals, and both personal and environmental measures should be
employed to help prevent this condition. Control of the environmental humidity is especially important
for older people who have difficulty performing self-care.

Indoor thermal environment and deterioration speed of care level

In PNH facilities, residents had a more rapid deterioration of care level in dry environments compared
to those living in moister environments, and In LTCHF facilities, those living in a colder environment
deteriorated more rapidly than those in warm environments. Moreover, analysis of PNH residents
showed that both temp;, and RH were significantly associated with deterioration of care level after
adjusting for the effects of potential confounders, such as care level at nursing home admission and
medical history of dementia. The results also indicated that people living in cold nursing homes had a
1.5 times higher hazard of deterioration of care level and people living in dry nursing homes had a 2.0
times higher hazard. Furthermore, warm and moist nursing homes had the lowest hazard for residents
deteriorating their care level, which suggests that both tempi, and RH are important for care prevention.
In LTCHF, only tempi, was significantly associated with the deterioration of care level. We could not
obtain a large sample size of moist nursing home facilities for these analyses.

The care level of many residents deteriorated after 1 or 2 year of nursing home admission. The valid
period of LTCI is generally 1 year [180], so a change of care level would generally occur after this
period. However, insured people can apply for change of care level regardless of the period of validity,
due to a mental and physical condition. To reflect this change and period in the analysis, period of
residence as an overall survival was used with small time unit such as date.

This study had some limitations. First, we recruited facilities using non-random sampling, so the
generalisability of the study may be limited. Tempi, of the nursing homes was higher than in previous
studies of individual housing. To clarify the effect of cold tempin, we should include participants living
in colder tempi, and vary the indoor thermal climate. To be more specific, while evaluating the effects
of both tempi, and RH, 1) the association between tempi, and care requiring conditions of residents in
nursing homes with the same RH environment and 2) the association between RH and care requiring
conditions of residents in nursing homes with the same tempi, environment, should be compared.
However, we could not obtain a large enough sample and variation in indoor thermal environment to
conduct this analysis. Second, there were a large amount of missing data or response such as “don’t
know,” in the questionnaire survey. The high prevalence of missing data, however, limits the
generalisation of the results. Third, we did not measure tempi, during the blood pressure measurement.
These data could provide stronger associations, but this was not possible using our method. To obtain
this information, we would have required the time and room in which blood pressure was measured,
which would have increased the burden on the care staff. Because our research was based on the
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normal operation of nursing homes, it was not possible to use this method. When it comes to the
measurement of oral dryness, although salivary gland hypofunction (SGH) is an objective sign that
can be measured clinically, some studies assume that everyone who experiences xerostomia has SGH,
and vice versa [181]. Evidence suggests that the two conditions are not necessarily concurrent, and in
order to limit the burden imposed on nursing home staff by this study, a questionnaire was used to
collect data regarding oral dryness. Xerostomia, the subjective symptom of dry mouth, can be
measured by a single-item question or multi-item approaches, including batteries of items or
summated rating scales [182]. Nevertheless, there are limitations to this method for capturing the
severity and variability of xerostomia. Furthermore, because oral dryness was recorded by care staff
rather than by the residents themselves, this subjective assessment may not reflect residents’ actual
oral condition. The most common cause of long-standing dry mouth, particularly in older adults, is the
use of xerogenic medications [183]; however, we could not consider medication use in our model. The
complexity of oral health status among our study participants may have been affected by the presence
of numerous coexisting systemic diseases and the use of multiple medications. Further exploration
including the cohort and intervention study of possible confounding factors could help identify
characteristics that increase the impact of environmental humidity and increase the risk of dry mouth
due to exposure to a dry environment.

3.5 Conclusion

Study 2 investigated the relationships between health, speed of deterioration of care level, and indoor
thermal environment in Japanese nursing homes. The results revealed actual conditions of nursing
home indoor thermal environment and highlighted its’ role in maintaining health of nursing home
residents. Warmer tempi, and a moist environment can contribute to health promotion of nursing home
residents, by decreasing blood pressure and reducing dry mouth. The investigation on speed of
deterioration of care level shows that care level likely maintains in warm and moist nursing home
environment.
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Chapter 4

Study 3: Nationwide analysis of fuel poverty

4.1 Overview of study 3

A number of studies have highlighted the negative impact of living in cold, poorly heated homes on
the physical and mental health of individuals [184] [49], and thus study 1 in this thesis has
demonstrated the potential importance of preventing fuel poverty (FP) to further prevent frailty in
particular. Despite the spread of FP and its recognition as a social, public health and environmental
policy issue in a context of ever-increasing energy prices, Japan has not yet adopted a common
definition nor common indicators to measure it [185]. A good understanding of different levels of
vulnerability and how they are shaped by poor quality housing and economic circumstances, as well
as an appreciation of which measures are most appropriate in which setting, is therefore essential for
policy makers to be able to most effectively target FP alleviation measures. Of the three components
related to FP: energy efficiency, energy prices, and income, this study mainly focused on energy
efficiency, from the view point of building environmental engineering. Here, based on observational
large-scale data, I aim to investigate the actual overall condition of FP in Japan. Moreover, there are
three specific aims which are 1) to develop a method to estimate energy efficiency levels of houses,
2) to describe the characteristics of residents and housing that place households at a higher risk for FP,
and 3) to demonstrate the spatial distribution of FP in Japan.

4.2 Methodology

Many indicators and definitions of FP have been developed in countries across the EU, for instance
Ireland, Slovakia, France and the United Kingdom (UK) all have official frameworks [186]. The FP
status of households depends on the interaction between three key drivers: energy efficiency, energy
prices, and income [77]. Regarding to the existing literature of FP [187] [188], a commonly used
approach to measuring FP is the proportion of income that households spend on fuel or energy.
Research has shown that poorer households tend to spend higher proportions of their income on
energy-related expenses in the home, relative to high-income households [189] [190]. Another
commonly used measure of FP considers households as FP if the proportion of their income spent on
energy exceeds a certain threshold. This measure is consistent with the mainstream poverty literature
which sets a poverty line. Previous research has suggested the adoption of a 10 % ‘energy-poverty
line’ [189]. Hence, households are FP if they spend more than 10 % of their income on energy. The
above two measures, however, have been subject to criticism that the expenditure-income approach
fails to acknowledge differences between actual energy expenditure made by households and the
energy expenditure necessary to realise the recommended ambient indoor temperature. This
distinction is important because in many low-income households, actual expenditure on energy falls
short of what is needed to provide adequate lighting, heating and appliance use. In such instances,
measures of FP based on actual energy expenditure may underestimate the true rate of FP [51] [191]
[192] [193]. To address this concern, calculated energy cost on the basis of dwelling characteristics
and household characteristics rather than actual energy spending was used in recent studies [194] [195],
and so thus in this study. This ensures that we do not overlook those households that have low energy
bills simply because they actively limit their use of energy at home, for example, by not heating their
home [77]. For example, in the UK, FP is modelled using data from the English Housing Survey [196]
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and other sources of fuel prices [197] [198] [199]. The English Housing Survey is an annual national
survey of people’s housing circumstances, household income and the condition and energy efficiency
of housing, which covers all tenures (private and social) and involves a detailed physical inspection
of properties by professional surveyors. In Japan, there are no statistics about directly measured
housing energy efficiency on a national level. However, the most comprehensive statistical survey
conducted on housing conditions in Japan is the Housing and Land Survey (HLS) [200]. In this study,
a methodology to estimate energy efficiency levels of houses from data provided from HLS was
developed to objectively model the required expenditure on energy per household. Based on the
estimated energy efficiency levels, annual energy cost was calculated by using data from HLS and the
Family Income and Expenditure Survey (FIES) [201]. Related to the definition of FP in the UK [77],
FP and FP gap was measured using the Low Income High Costs indicator.

4.2.1 Housing and Land Survey

HLS [200] is a national survey to acquire basic information to guide various housing-related policy
measures by investigating the actual conditions of houses and other occupied buildings. Households
throughout Japan are surveyed to clarify the present circumstances and trends for the whole country,
major metropolitan areas, and prefectures. HLS has been conducted since 1998 following the former
Housing Survey, which had been conducted every five years since 1948, based on revised survey
content. In this study, the 2013 HLS conducted for approximately 210,000 units districts on October
1%, 2013 was used for the analysis. However, some districts were excluded from sampling, as they had
been designated as evacuation areas due to the effect of the Fukushima nuclear accident caused by the
Great East Japan Earthquake?.

2 Entire area of the following districts are excluded: Naraha-machi, Tomioka-machi, Okuma-machi,
Futaba-machi, Namie-machi, Katsurao village, litate village. Some part of the following districts are
excluded: Tamura City, Minamisoma City, Kawamata-machi, Hirono-machi, Kawauchi village
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Table 4.1 Topics investigated in the Housing and Land Survey [200]

On buildings Number and area of dwelling rooms
Tenure of dwelling
Site area
Tenure of site

On dwellings Construction materials

Situation of dilapidation
Stories of building
Type of building
Type of dwelling
Total number of dwellings in the building
Year of construction
Area of floor space
Building area
Situation of house/ground rent
Situation of facilities
Situation of enlargement or remodelling, or refurbishing work
Type of dwellings without any occupants
On households Name of head or representative of household
Type of household
Number of household members
Age, gender of each household member (maximum 8 members)
Annual income of household
On main earner or head Employment status
of household Commuting time
Situation of moving due to the Great East Japan Earthquake
Year of last relocation
Previous residence
Situation of children

Statistical data collected nationally in Japan are open to the public on “The Portal Site of Official
Statistics of Japan (e-Stat) [202].” There, statistics can be generated on their website based on the
needs of researchers. However, e-Stat has several limitations for users: only aggregate data is provided,
combinations of variables are limited, and all necessary data may not be present in e-Stat. Based on
article 33 of the statistical law established in 1947, revised in 2007, Fundamental Statistics and General
Statistics are to be provided under fixed condition. Hence, individual level data can be requested if it
is used for research funded by official institutions. Therefore, we requested the use of HLS data for
this study. Statistics of Japan processed the individual level data into forms that do not enable
identification of the specific individual but can be used for analysis of individual attributes, and the
data was delivered to the researchers.

4.2.2 Family Income and Expenditure Survey

FIES [201] is a survey conducted by the Statistics Bureau each month. It aims to grasp actual
conditions of income and expenditures of households in order to provide a basis for social and
economic policies. The survey covers households excluding one-person student households, inpatients
in hospitals, inmates of reformatory institutions, etc. In the FIES, sample households are selected based
on statistical methodologies so that they represent all households in the whole country. The FIES in
2013 included 8,076 households in 168 strata. Data in this survey are obtained in four kinds of
questionnaires, namely, Household Schedule, Family Account Book, Yearly Income Schedule and
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Savings Schedule. Enumerators fill in the Household Schedule with the number of household members,
occupation and industry of earners, type of the dwelling, etc. Households are requested to fill in the
Family Account Books with daily incomes and expenditures. In addition, two-or-more-person
households are also requested to complete the Savings Schedule with amounts of savings and liabilities
held and plans to purchase houses or land. Family Account book, Yearly Income Schedule and Savings
Schedule are filled in by households themselves, and Household Schedule is completed by
enumerators through interview. The income and expenditure data thus obtained are tabulated into
average monthly receipts and disbursements per household by districts.

4.2.3 Evaluation of fuel poverty and fuel poverty gap

Required energy costs were calculated for each household included in HLS. The calculation method
suggested by Konno et al. [185] was used as a reference and was reconstructed to be used with
individual level data.

First, heating cost was calculated using formula (1), and the annual energy cost was calculated using
formula (2).

E'heat = HDDy4_10 H, - S 11— (350 + 60 - 1" 1n) * theating (1)

Ejoqe - (24-3600) 24.33
0.9-1000000 3.6

Euy = Epase * 12 )
E}oqr: Energy consumption for heating [W]  Egy; ¢ Annual energy cost [yen]
Epase: Energy cost for lighting, hot water supply, etc. [yen]
HDD: Heating degree — day [°C]  H,: Coefficient of overall heat transmission [W/m? - K]
S:Floor area [m?] 7: Time ratio of staying at home [—]
n: Number ofamily member [person] t: Heating period[days]

In formula (1), S'is floor area and # is the number of family members, both extracted from responses
on the HLS. # is the time ratio of staying at home which we assigned 0.66 [203]. Heating degree-day
(HDD) is a measure designed to quantify the demand for energy needed to heat a building [204]. In
Japan, days which have a mean outdoor temperature (tempou) below 10 °C are defined as the heating
period (¢seaing [days]), and HDD is calculated as an integral of the daily mean tempow and 14 °C. The
average year value of tempou was downloaded from ‘“Weather observation data search [205]”, and
HDD was calculated for each prefecture. Equipment heat and human heat were defined at 350 W and
60 W respectively [206], and were then multiplied by the heating period. In formula (2), heating
efficiency was defined as 0.9 [185], and the electricity bill was assumed to be 24.33 yen/kWh [207].
H; is the coefficient of overall heat transmission (Q-value) of the house. Since the actual coefficient
of overall heat transmission for each sample in the HLS is unknown, we tried to estimate it based on
the year of construction, presence of double-glazed windows, location, and housing type. Energy
efficiency standards are generally considered to be correlated with the year of construction and
presence of double-glazed windows [208]. A score was calculated corresponding to the year of
construction and presence of double-glazing, and consequently samples were classified into one of 5
energy efficiency standard levels (Figure 4.1). The postal zip code was used to define the minimum
standard level of energy efficiency based on the regional division of climate for each location (Figure
4.2). With the combination of estimated energy efficiency standard, regional division, and housing
type (“detached house” or “apartment and flat”), the Q-value was specified as shown in Table 4.2.
However, in the energy efficiency standard revision of 2017, the indicator for heat transmission
changed from Q-value to Uy-value. O-value for the H28 standard was estimated from the specific Uy-
value, but there might be a discrepancy in some cases, due to calculation of floor area. As a result,
published value [209] and estimated value of the penetration ratio of energy efficiency house (over
H11 standard) in this study generally corresponded (Figure 4.3).
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Year of construction

Double glazing |

Energy efficiency standard

2013 5 . Present in all window 3 8 H25 standard
2001 ~ 2012 4 Present in some window | 2 7 H11 standard
1991 ~ 2000 3 Absent 1 5~6 | H4 standard

1981 ~ 1990 2 3~4 | S55 standard
Older than 1980 | 1 2 No insulation

Figure 4.1 Calculation of energy efficiency standard based on year of construction and
presence of double glazing

Regional Corresponded prefectures

division  (Regional division is defined by municipality)

1 Hokkaido

2|

3| Aomori, Iwate, Akita

4 Miyagi, Yamagata, Fukushima, Tochigi,
Niigata, Nagano

5 Ibaraki, Gunma, Saitama, Chiba, Tokyo,
Kanagawa, Toyama, Ishikawa, Fukui,
Yamanashi, Gifu, Shizuoka, Aichi, Mie, Shiga,
Kyoto, Osaka, Hyogo

6l Nara, Wakayama, Tottori, Shimane, Okayama,
Hiroshima, Yamaguchi, Tokushima, Kagawa,
Ehime, Kochi, Fukuoka, Saga, Nagasaki,
Kumamoto, Oita

7 Miyazaki, Kagoshima

3l Okinawa

7
.\

Figure 4.2 Regional division of energy efficiency standard [94]

Table 4.2 Coefficient of overall heat transmission by energy efficiency standard and regional
division, W/m?+K (modified and calculated from [210] [211] [212])

Regional division 1 2 3 4 5 6 7 8
Detached house
H25 standard 1.4 1.4 1.4 1.9 1.9 1.9 1.9 3.7
H11 standard 1.6 1.6 1.9 2.4 2.7 2.7 2.7 3.7
H4 standard 1.8 1.8 2.7 3.3 4.2 4.2 4.6 8.0
S55 standard 2.8 2.8 4.0 4.7 5.2 5.2 8.3 8.3
No insulation 32 3.2 4.9 5.6 6.3 6.3 8.3 8.3
Apartment and flat
H25 standard 1.2 1.2 1.2 1.5 1.5 1.5 1.5 2.9
H11 standard 1.3 1.3 1.5 1.9 2.2 2.2 2.2 2.9
H4 standard 1.5 1.5 2.2 2.4 2.8 2.8 3.1 4.8
S55 standard 2.2 2.2 3.1 34 3.8 3.8 5.5 5.5
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No insulation 2.5 2.5 3.8 4.0 4.6 4.6 5.5 5.5
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2 10%
(0]

[aW

Year of construction

Figure 4.3 Published value [209] and estimated value of the penetration ratio of energy
efficiency house (over H11 standard) by year of construction

In this study, monthly electricity, gas and other energy bills were estimated because these bills contain
not only heating and cooling costs, but lighting or hot-water supply etc. together. To separate heating
and cooling costs from other energy costs, we focused on monthly fluctuations of energy costs and
assumed that heating and cooling costs fluctuate due to temperature differences between inside and
outside during heating or cooling seasons (Figure 4.4). Hence, the mean energy cost of the mild season
was defined as base energy cost (Ebase).

30000
Ex.) Tokyo
25000 | []
M — E;: Heating and cooling cost
20000 - which fluctuate due to
Gl — ] temperature difference of inside
2 15000  prfeefeerterfeensferfeanfeefranessnennnnnncennicand P P . oot e 4 outside AHZ-
10000
Epqs0: Lighting, hot-water supply, etc.
5000
0

Jan Feb Mar Api May Jun Jul Aug Sep Oct Nov Dec
Figure 4.4 Monthly energy costs from the Family Income and Expenditure Survey [201]

By using formula (1) and (2), annual energy cost E,; was calculated for each sample in the HLS.
Calculated value of E.; generally corresponded to the published value in the FIES [201], but was
slightly higher (Figure 4.5).
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Figure 4.5 Single regression analysis of calculated annual energy cost E,; and annual energy
cost in the Family Income and Expenditure Survey [201] at prefecture level

FP was measured using the Low Income High Costs indicator [77], which considers a household to be
FPif:

® they have required energy costs (E.;) that are above average (originally, they have required fuel
costs that are above average (the national median level) [77]); and

® were they to spend that amount, they would be left with a residual income below the poverty line.
The income threshold was set at 60 % of median income plus calculated Eq; [S1].

Low Income High Costs is a dual indicator, which allows us to measure not only the extent of the
problem (how many FP households there are), but also the depth of the problem (how badly affected
each FP household is). The depth of FP is calculated by taking account of the fuel poverty gap. This
is a measure of the additional fuel costs faced by FP households to meet the threshold that would make
them non-FP. This is illustrated in Figure 4.6 where the indicator consists of:

® the number of households that have both low incomes and high fuel costs (shown by the shaded
area in the bottom left and quadrant in Figure 4.6); and

® the depth of FP among these FP households. This is measured through a fuel poverty gap (FPG,
shown by the vertical arrows in Figure 4.6), which represents the difference between required
energy costs (E4) for each household and the nearest FP threshold (in yen).
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Income threshold
(poverty threshold + energy costs)
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Median required
energy costs

Low Income High [Costs “\‘ High Income High Costs

—————— 51500 AB10u0 Sursearouy
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& Fuel Poverty
Increasing income ———>

Figure 4.6 Fuel poverty under the Low Income High Costs indicator [77]

4.2.4 Exclusion criteria

To be included in this study, data had to be present for the questions “Number of household members”,
“Floor area”, “Year of construction” in the Housing and Land Survey. Of the 3,451,893 households
sampled, 276,366 households responded. In order to exclude extreme cases, samples which responded
more than 11 to “Number of household members” and responded less than the minimum residential
floor area (25 m?) to “Floor area” were excluded. Accordingly, E,; was calculated for 220,687
households. Additionally, for the evaluation of FP, only households that answered “Annual income of
household” could be included. Thus the final sample included 106,853 households.

4.2.5 Data analysis

For continuous variables with a normal distribution, means + standard deviations (SDs) were reported.
As FPG had a skewed distribution, medians and interquartile ranges were reported. Mean and median
values were compared using the ¢-test and the Mann-Whitney test or Kruskal-Wallis test, respectively,
and categorical data were analysed with chi-square (y?) or Fisher’s exact tests.

A multivariable logistic regression model was prepared to estimate the risk of FP associated with
potential predictors, including resident and housing characteristics. Inclusion of variables in the
models was based on existing knowledge of risk factors for FP. Spearman’s correlations between each
independent variable were tested and “Double glazing” was rejected from the model because it had a
high correlation with “Energy efficiency standard.” In the specific group of FP household, associations
between resident and housing characteristics and the extent of FPG were assessed using ANOVA.
Since FPG had a skewed distribution, scores were log-transformed and included in the model. The
same variables as in the multivariable logistic regression model of FP were used in the ANOVA of
FPG.

Of the independent variable, age could be analysed in two different ways: age of the oldest member

of the household which identifies younger households; age of the youngest member of the household
which identifies older households. Age of the youngest member of the household is important to
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consider when looking at the effects of age on FP [77], and was used in this study.

All p-values were two-sided, and p < 0.05 was considered statistically significant. All statistical
analyses were performed with SPSS version 24.0 (IBM, Armonk, NY, USA). In order to grasp the
nationwide distribution of evaluated index graphically, the Geographic Information System (GIS, Esri
Japan Corporation, Tokyo, Japan) was used to colour-code the Japanese map in accordance with mean
value or percentage.

4.3 Results

4.3.1 Residents and housing characteristics of fuel poverty household

Of the 106,853 households, 15,762 (14.75 %) were classified as FP (Figure 4.7). Annual energy cost
was 235.5 + 73.8 thousand yen on average per household. Moreover, annual energy cost of FP
households (288.8 + 90.5 thousand yen) was significantly higher than those of non-FP households
(226.2 + 66.3 thousand yen), £ (106,851) = 868.12, p < 0.001 (Table 4.3).

Non-fuel poverty
household
85.25%

Figure 4.7 Percentage of fuel poverty and non-fuel poverty household

Table 4.3 Annual energy cost of all household and Student’s #test of annual energy cost
between fuel poverty and non-fuel poverty household, thousand yen

n Mean SD t p
All household 106,853 235.5 73.8
Fuel poverty household 15,762 288.8 90.5

a b
Non-fuel poverty household 91,091 226.2 66.3 868.12 <0.001

SD, standard deviation.
abz.value and p-value of Student’s #-test between fuel poverty and non-fuel poverty household.

Table 4.4 shows resident and housing characteristics of FP and non-FP household. Annual income,
7*(2) = 28614.41, p < 0.001, and number of housing composition y*(1) = 8247.08, p < 0.001, were
strongly associated with FP. When it comes to the housing characteristics, lower energy efficiency
standard level, y*(4) = 11815.01, p < 0.001, is associated with a higher proportion of FP households,
and so did the absence of double-glazed windows, y*(2) = 5128.42, p < 0.001. However, regional
division, y*(7) = 2211.87, p < 0.001, did not have a linear association to FP. Regional division is
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defined due to climatic conditions though, differences of prevalence of FP tend to reflect not only
climatic conditions but other various confounders such as the age of the housing stock and relative
income levels.

Table 4.4 Student’s #test, chi-squared test and Fisher’s exact test of characteristics of the fuel
poverty and non-fuel poverty household groups

Resident characteristics FP household non-FP t Va p
(n=15,762)  household
(n=91,091)

Age of youngest family member, n (%)

< 65 years-old 11,424 (11.7) 86,467 (88.3) .

> 65 years-old 4445 (49.6) 4517 (50.4) 8837.52 <0.001
Housing composition, # (%)

Living alone 5,026 (42.8) 6,722 (57.2) a

Living with someone 10,736 (11.3) 84,369 (88.7) 8247.08 <0.001
Annual income, 7 (%)

< 2 million yen 8,016 (63.2) 4,659 (36.8)

2 — 7 million yen 7,746 (10.9) 63,575 (89.1) <0.001°

> 7 million yen 0 (0.0) 22,857 (100.0)
Housing characteristics FP household non-FP t 1 )z

(n=15,762)  household
(n=91,091)

Housing type, n (%)

Detached house 14,191 (14.4) 84,450 (85.6) .
Apartment or flat 1,571 (19.1) 6,641 (80.9) 135.68 <0.001
Floor area, m?, mean (SD) 62.30 (34.5) 51.69 (26.1) 235.22 <0.001°¢
Structure, 1 (%)
Wood 7,301 (22.6) 24,989 (77.4)
Fireproof wood 7,216 (11.4) 56,015 (88.6)
Steel-reinforced concrete 525 (9.8) 4,855 (90.2) 2366.45 <0.001?
Steel frame 584 (10.8) 4,825 (89.2)
Others 136 (25.0) 407 (75.0)
Double glazing, n (%)
Absent 2,165 (5.6) 36,578 (94.4)
Present in some window 2,459 (12.9) 16,675 (87.1) 5128.42 <0.001*
Present in all window 11,138 (22.7) 37,838 (77.3)
Energy efficiency standard, n (%)
H25 standard 102 (2.2) 4,503 (97.8)
H11 standard 1,412 (4.3) 31,202 (95.7)
H4 standard 4,298 (11.5) 33,155 (88.5) 11815.01 <0.0012
S55 standard 5,263 (25.4) 15,463 (74.6)
No insulation 4,687 (40.9) 6,768 (59.1)

Regional division, n (%)
557 (19.8) 2,257 (80.2)
735 (16.6) 3,697 (83.4)
1,343 (27.3) 3,573 (72.7)
2,113 (34.0) 6,679 (76.0)
4,016 (15.9) 21,210 (84.1)
5,707 (10.8) 46,967 (89.2)
1,291 (18.5) 5,692 (81.5)
0 (0.0) 1,016 (100.0)

<0.001°

OO\IO\UI-BUJI\)»—-

FP, fuel poverty; SD, standard deviation.
ap-value of chi-squared test, °p-value of Fisher’s exact test, °p-value of Student’s t-test.
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In the comparison of percentage of FP by age of the youngest member, as age of the household gets
older, prevalence of FP gets higher, and annual income gets lower in aged household (Figure 4.8).

100% 7

80%
60% —| 4
40% N

20% Or—0

O%I_IHHH (1)

[ SN SR S SN -V R
vy X 5 N Y &
L qﬁ) n.;) bb 56) (o") (\5 7,

Percentage of fuel poverty household
|
Annual income [million yen]

Age of youngest family member

Figure 4.8 Percentage of fuel poverty household and annual income by age of youngest
family member

4.3.2 Factors that cause fuel poverty

Before investigating factors that cause FP, correlation coefficients between independent variables were
assessed with the Spearman’s correlation analysis (Table 4.5). Energy efficiency standard and double
glazing were strongly correlated at 0.808, p < 0.001, which suggested that both should not be included
in the same multiple logistic model in the following analysis. Therefore, double glazing was rejected
from the model since energy efficiency standard had higher correlation coefficient to fuel poverty
household.

Table 4.5 Spearman’s correlation coefficient between resident and housing characteristics

a b c d e f g h i ]

a. Age of youngest family member| -.338 -297 .053 .082 -.077 .104 .133 -.014 .290
b. Household composition TS~ .300 -.170 .015 .068 -.157 -.193 .028 -278
c. Annual income TS -137 119 150 -263 -306 .043 -.429
d. Housing type TS~ -031 .121 .132 .120 -.058 .036
e. Floor area S~ .021 -.065 -.042 -.051 .161
f. Structure S~ -166 -.190 -.018 -.134
g. Double glazing S~ .808 210 .219
h. Energy efficiency standard S~ .064 312
i. Regional division S~ -.100
j. Fuel poverty household

All p<0.001

< 65 years old vs > 65 years old, *Living alone vs living with someone, °1 = Under 2 million yen, 2
= 2 — 7 million yen, 3 = over 7 million yen, ‘Detached house vs apartment or flat, 1 = Wood, 2 =
Fireproof wood, 3 = Steel-reinforced concrete, 4 = Steel frame, 5 = Others, 81 = Absent, 2 = Present
in some window, 3 = Present in all window, "1 = H25 standard, 2 = H11 standard, 3 = H4 standard, 4
= S55 standard, 5 = No insulation, /Fuel poverty household vs non-fuel poverty household.
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Table 4.6 shows the final multiple logistic regression model for FP. The findings suggest that aged
households, living alone, and low income were risk factor of FP. Housing characteristics indicated as
risk factors of FP were detached house, larger floor area, wood structure, and low energy efficiency
standard. Furthermore, houses located in areas 3 and 4 have had higher risk of FP, while area 5 — 8
have had lower risk than in area 1.

Table 4.6 Multiple logistic regression analysis of fuel poverty by resident and housing

characteristics
Exp(f) 95 % CI P
Age of youngest family member

< 65 years-old (ref.)

> 65 years-old 2.78 2.62 -2.96 <0.001
Household composition

Living alone (ref.)

Living with someone 0.64 0.61 -0.68 <0.001
Annual income

< 2 million yen (ref.)

> 2 million yen 0.07 0.07 — 0.08 <0.001
Housing type

Detached house (ref.)

Apartment and flat 0.47 0.43 — 0.51 <0.001
Floor area [m?] 1.02 1.02 — 1.02 <0.001
Structure

Wood (ref.)

Fireproof wood 0.79 0.76 — 0.83 <0.001

Steel-reinforced concrete 0.46 0.41 — 0.51 <0.001

Steel frame 0.94 0.84 — 1.05 0.258

Others 0.69 0.54 — 0.90 0.006
Energy efficiency standard

H25 standard (ref.)

HI11 standard 2.15 1.72 — 2.69 <0.001

H4 standard 6.06 4.87 — 7.56 <0.001

S55 standard 15.08 12.10 — 18.79 <0.001

No insulation 25.68 20.56 — 32.09 <0.001
Regional division

1 (ref.)

2 0.98 0.84 — 1.14 0.778

3 1.75 1.52 — 2.02 <0.001

4 1.42 1.24 — 1.62 <0.001

5 0.88 0.78 — 1.00 0.051

6 0.50 0.44 — 0.56 <0.001

7&8 0.36 0.31 — 042 <0.001

n = 106,853, Nagelkerke R?>= 0.46, Chi-square = 414.52 (df = 8, p < 0.001)

4.3.3 Factors that worsen the fuel poverty gap

Of the 15,762 FP households, FPG was compared by residents and housing characteristics (Table 4.7,
Table 4.8, Table 4.9). Older age, living alone, detached house, low energy efficiency standard, location

in area 3 or 4 were the characteristics with a greater FPG. In contrast, annual income, Z = -0.86, p =
0.388, did not affect the FPG.
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Table 4.7 Mann-Whitney U test of fuel poverty gap, thousand yen

n median IQR Z P

Age of youngest family member

< 65 years-old 11,424 433 18.7—-8.95

> 65 years-old 4,293 51.7 22.8-102.8 -7:84 <0.001
Household composition

Living alone 5,026 48.1 21.5-943

Living with someone 10,736 44 .4 18.8—-91.8 -3.67 <0.001
Annual income

< 2 million yen 8,016 46.2 19.8 -94.2

> 2 million yen 7,746 45.1 19591 086 0.38
Housing type

Detached house 14,191 46.6 20.4-943

Apartment and flat 1,571 35.4 13.1-79.1 62 <0.001

IQR, interquartile range.

Table 4.8 Median and interquartile range of fuel poverty gap by structures, energy efficiency
standards, and regional divisions, thousand yen

n median  IQR pa df p
Structure
Wood 7,301 45.2 19.6 — 92.0
Fireproof wood 7,216 47.0 20.4 — 94.6
Steel-reinforced concrete 525 35.7 14.2 — 76.0 31.5 4 <0.001
Steel frame 584 41.7 17.2 — 86.8
Others 136 47.4 24.1 — 84.5
Energy efficiency standard
H25 standard 102 32.8 14.8 — 65.7
H11 standard 1,412 33.8 14.6 — 69.5
H4 standard 4,298 35.8 145 - 734 4759 4 <0.001
S55 standard 5,263 51.2 23.0 — 100.5
No insulation 4,687 55.1 24.6 — 110.0
Regional division
1 557 52.0 21.5 - 118.6
2 735 51.8 23.8 — 98.7
3 1,343 74.0 36.0 — 141.5
4 2,113 81.4 36.1 — 154 1400.9 6 <0.001
5 4,016 51.4 22.8 - 97.1
6 5,707 33.6 145 — 65.2
7&8 1,291 30.0 12.2 — 58.1

IQR, interquartile range.
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Table 4.9 Kruskal-Wallis test and post-hoc pairwise comparisons for fuel poverty gap,

thousand yen

Variable Pairwise comparison Ve df p
Structure 31.5 4  <0.001
Wood Fireproof wood 0.311
Wood Steel-reinforced concrete <0.001
Wood Steel frame 0.196
Wood Others <0.001
Fireproof wood Steel-reinforced concrete 0.720
Fireproof wood Steel frame 0.319
Fireproof wood Others 0.014
Steel-reinforced concrete Steel frame 0.840
Steel-reinforced concrete Others 0.091
Steel frame Others 0.903
Energy efficiency standard 475.9 4  <0.001
H25 standard H11 standard 0.622
H25 standard H4 standard 0.487
H25 standard S55 standard <0.001
H25 standard No insulation <0.001
H11 standard H4 standard 0.532
H11 standard S55 standard <0.001
H11 standard No insulation <0.001
H4 standard S55 standard <0.001
H4 standard No insulation <0.001
S55 standard No insulation 0.002
Regional division 1400.9 6 <0.001
1 2 0.004
1 3 <0.001
1 4 <0.001
1 5 <0.001
1 6 <0.001
1 7&8 <0.001
2 3 <0.001
2 4 <0.001
2 5 <0.001
2 6 <0.001
2 7&8 <0.001
3 4 0.751
3 5 0.146
3 6 <0.001
3 7&8 <0.001
4 5 0.345
4 6 <0.001
4 7&8 <0.001
5 6 <0.001
5 7&8 <0.001
6 7&8 0.387

df, degrees of freedom; y?, chi-square.

In the ANOVA of FPG by resident and housing characteristics (Table 4.10), age of youngest family
member, household composition, housing type, energy efficiency standard, regional division, and floor
area were significantly associated with FPG. In contrast, FPG did not differ between different annual
income groups, F(1, 15697)=1.53, p=0.217.
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Table 4.10 Analysis of variance of fuel poverty gap by resident and housing characteristics

df F p Ui

Age of youngest family member® 1 26.68 <0.001 0.002
Household composition® 1 30.69 <0.001 0.002
Annual income® 1 1.53 0.217 0.000
Housing type? 1 681.67 <0.001 0.042
Structure

Wood (ref.)

Fireproof wood 1 0.94 0.221 0.000

Steel-reinforced concrete 1 0.39 0.533 0.000

Steel frame 1 4.20 0.040 0.000

Others 1 2.02 0.155 0.000
Energy efficiency standard

H25 standard (ref.)

H11 standard 1 70.35 <0.001 0.004

H4 standard 1 217.20 <0.001 0.014

S55 standard 1 454.21 <0.001 0.028

No insulation 1 576.46 <0.001 0.035
Regional division

1 (ref)

2 1 0.09 0.763 0.000

3 1 99.30 <0.001 0.006

4 1 100.71 <0.001 0.006

5 1 0.04 0.850 0.000

6 1 174.74 <0.001 0.011

7&8 1 257.81 <0.001 0.016
Floor area 1 10253.72 <0.001 0.395

a< 64 years-old vs > 65 years-old, PLiving alone vs Living with someone, °< 2 million yen vs > 2
million yen, YDetached house vs apartment and flat.
n?, Eta-squared, Adjusted R?= 0.474

4.3.4 Distributions of evaluated indexes

The distributions of percentage of FP (Figure 4.9), age of youngest family member (Figure 4.11), mean
income (Figure 4.12), annual energy cost (Figure 4.13), penetration ratio of double glazing (Figure
4.14), and mean floor area (Figure 4.15) were colour-coded using GIS. Prefectures with a higher
percentage of FP were mainly seen in Tohoku (regional division = 3 or 4), Hokuriku (regional division
=4 or 5), Shikoku (regional division = 5, 6, or 7), and Kyushu regions (regional division = 5, 6, or 7).
Tohoku and Hokuriku regions are known for heavy snowfalls. On the contrary, Shikoku and Kyushu
regions are known to have relatively mild winters. This result indicates that risk of FP is not only
related to climate but other individual characteristics of residents and housing. In particular, even
though Tohoku region had a high penetration ratio of double glazing, the percentage of FP was high
among those with older age, lower income, higher energy costs, and larger floor areas which have all
been shown as significant risk factors of FP [77]. Although not as extreme, the same trend was seen
in all rural areas.
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Figure 4.9 Distribution of the percentage of fuel poverty household
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Figure 4.10 Distribution of the median fuel poverty gap
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4.4 Discussion

Using individual level nationally representative data, this study described the overall condition of FP
in Japan. For the evaluation of FP, a method to estimate energy efficiency levels of houses and annual
required energy cost were developed. An association between residents’ characteristics and FP
indicated that older people and/or living alone are the most vulnerable to cold weather and having
difficulty warming up their homes properly. In contrast, an association between housing characteristics
and FP highlighted the need for improvement of energy efficiency performance of housing. Evaluation
of the spatial distribution of FP showed that FP was not equally distributed in individual areas, nor
follow the climate area. The results lead to a deeper understanding of FP within the context of Japan
in which the patterns of poverty and housing standards are different from other countries. Moreover,
the results enhance the understanding of the complexity of FP and is, consequently, a first step towards
the development of more effective spatially and content-adapted strategies and policies for tackling
FP.

Many countries including Japan do not have an official definition nor an official way of measuring FP
[213]. This is concerning because every discussion and every policy design requires a clear definition
of the subject, as policies cannot be tailored if the target group remains unclear. It is essential to have
a clear understanding of FP and its measurement to design policies that are effective in tackling FP
and reaching those who are most in need. Required data for measuring FP such as energy efficiency
level on the macro scale is lacking, and there are no local scale data. Simple indicators such as age or
income are inadequate for explaining the complexity of FP, and more comprehensive proxy indicators
are required. The discussion about measurement metrics is essential, but while data availability on the
local scale remains poor, supporting indicators are a good compromise for identifying and pinpointing
FP. In this study, published value [209] and estimated value of the penetration ratio of energy efficiency
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house (over H11 standard) generally corresponded. Moreover, mean calculated annual energy cost of
each prefecture generally corresponded to the published value in the FIES [201]. Accuracy of the
estimation of energy efficiency standard will improve if published value of penetration rate of multiple
energy efficiency standards is provided, but was not able to be done at this time due to lack of data.

Annual energy costs were calculated at 235.5 thousand yen on average per household, which was
higher than the 171 thousand yen reported in “Actual Conditions Survey of CO, Emission in the
Residential Sector [214].” In the process of calculating the energy costs, the main advantage of this
study was the use of individual level data in the analyses rather than relying on aggregate population
data. This enabled the consideration of the combination of energy efficiency, and residents’
characteristics including income for each household. A concern related to the calculation of energy
costs is the Japanese way of heating which warms up only occupied rooms by placing a heating unit,
or rather kotatsu table in a room. Our calculations were based on the costs to heat an entire home using
a central heating system, or using multiple heating units, which might lead to higher required costs for
heating energy. However, exposure to a short-term decrease in air temperature due to great temperature
gap between heated and un-heated rooms can trigger health problems such as increased blood pressure
[215] and pulse pressure [216], and a decrease in endothelial function [217]. Therefore, considering
energy cost for heating up the whole home is rational in its relation to health aspects.

Evaluation of the spatial distribution of FP allows for funding and support to be channelled to high
risk areas. However, in the Japanese Building Energy Efficiency Act [90], the target groups are not
effectively reached and this must be improved if FP is to be addressed. “Hot-spots” and “cold-spots”
of FP households and FPG exist and these require different policy solutions. Boardman [218] proposes
the introduction of Low Carbon Zones focusing on the worst housing and poorest people, in regard to
the hot-spots. The establishment of such zones offers several advantages that policies can be developed
to specifically target these zones, or these zones can receive more help than other areas. In particular
in terms of energy efficiency improvements to the housing stock, an area-based approach could be
more cost-effective [219]. Such zonal approaches could also be integrated into the existing energy
efficiency improvement programme by providing higher grants for housing owners whose buildings
are located in such zones. Fuel Allowance [220], for example, is awarded as income support for paying
winter fuel bills in some Hokkaido companies. It is a unique wage system of Hokkaido, and is not
seen in other prefectures. Fuel Allowance does not differentiate between FP households and non-FP
households, and rates of leakage are quite high as only 18.16 % of households in Hokkaido are FP
estimated in this study. Moreover, income supports which do not take account of the energy efficiency
of the home, are thus sometimes insufficient to tackle FP effectively [221].

Quantifying FP across Japan highlights the high prevalence of excess winter deaths in prefectures with
relatively mild winter climates [222]. Interest in the spatial distribution of FP ranges from a recognition
that the condition is locally contingent upon different regional context, to acknowledgement within
different resident and household phenomena. At a more localized scale, the likelihood of experiencing
FP varies between different household types and demographics and therefore also geographically, as
households with similar characteristics tend to cluster in particular locales. It is also common within
FP research for a distinction to be made between rural and urban areas. For example, in rural areas
that are expensive to supply, cross-subsidies from more lucrative urban areas have been stopped
resulting in reliance upon expensive fuel types (primarily oil) in isolated households not connected to
the gas network [223] [224]. Moreover, in rural areas there is a higher concentration of under-
occupancy leaving some smaller households in disproportionately large properties that require
excessive heating to maintain adequate warmth [225]. These concerns in rural areas demonstrate a
need to address related issues such as household’s ability to access appropriate domestic energy
services and access to affordable housing.

This study has several limitations. First, only the costs for electrical energy heating systems was used
in the calculation, and gas or kerosene, which are relatively cheap, were not taken into account. This
is due to the absence of data about energy source or heating type in the HLS. Additionally, while we
took into account the age of the houses in estimating energy efficiency, newer houses might have also
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been built with more efficient heating systems, which led to a reduction of energy consumption.
Second, in the exclusion criteria, most apartments and flats were excluded due to the large number of
family members, which was overestimated. In many cases of apartments and flats, the number of
family members included multiple households living in the building. Third, the HLS is a sampling
survey and final totalization is limited to prefecture level. Even in the UK, the English Housing Survey
relies on sample sizes which are too small to assist in targeting affordable warmth strategies and can
only provide FP data at broad regional level [226]. In Europe, data also is based on limited sample
sizes and reported data at the national level [227]. However, our study has an advantage that the data
from the HLS could be analyzed at the individual level, which enabled the detection of strong
associations between household characteristics and risk of FP. Finally, in regard to study 2, nationwide
analysis on nursing homes are still needed, but was not able to be done at this time due to lack of
statistical data about nursing home facilities.

4.5 Conclusion

Study 3 described the overall condition of FP in Japan by estimating energy efficiency levels of houses
and annual required energy cost from individual level nationally representative data. The results
highlight the importance of including low-income older people as a target group to improve their
housing by installing proper insulation. People likely to live in cold homes are less likely to be able to
afford to install insulation or pay for heating energy costs. Therefore, it is essential to ensure that low-
income people can afford to live in improved buildings, potentially through public support for housing
costs; otherwise improvements in insulation might increase inequities. Evaluation of the spatial
distribution of FP showed that FP was not equally distributed in individual areas, which highlighted
the importance of developing policies to specifically target high risk areas.
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Chapter 5

Conclusion

5.1 Conclusion

This thesis examined the connection between resident’s condition of needing long-term care (LTC)
and the energy efficiency properties of the housing stock in Japan, through several strands of research.
The overarching objective was to contribute to the understanding of how the indoor thermal
environment can promote health and prevent the need for LTC in older people. The following is a
summary of the conclusions drawn in this thesis.

Indoor thermal environment and health of community dwelling older people

This study aimed to investigate the associations among health, frailty, age at LTC certification, and
perceived indoor temperature (tempi,) of housing among community-dwelling older people in the
context of fuel poverty (FP). While most previous studies [109] [110] [111] that measured tempi, in
homes focused on healthy older people, this study added an insight into the thermal environment in
the homes of older people experiencing declines in health and function. An indoor temperature of 18
°C or higher is recommended to maintain health [79]. Our results showed that the homes of older
people in Japan are below this standard. Among those who reported that they rarely felt cold in their
homes, the actual indoor temperature, 17.0 °C, was still below the recommended level. Furthermore,
those who reported feeling cold often in their homes had an indoor temperature, 14.7 °C, that was far
below this standard. Despite the cold tempi, in the homes, most participants responded a low frequency
of feeling cold. This result suggests that older people included in this study had acclimated [112] or
thought natural to cold living environment [113] by living in a cold home for a long time.

Results about physical performance demonstrated seasonal trends and differences in physical
performances between residents in cold or warm houses. The results of grip strength and single-leg
standing tests showed that physical performance is worse in the winter compared to the autumn.
Furthermore, it seems quite probable that people living in colder houses had even worse grip strength.
Since decreased grip strength is known to be associated with increased risk for future disability [124]
[125] [126] [127], hospitalization [128], and all-cause mortality [125] [127] [128], this study
highlighted the importance of keeping warm during winter to prevent these negative outcomes by
preventing decline of physical performance.

In the investigation about perceived tempin and frailty, people who were unsatisfied with their
economic situation and also perceived the tempi, in their home as cold reported a higher risk of frailty
than other groups. Hence the result suggested that it was not just lower economic status [132] that was
related to frailty risk, but it was the specific group that also reported living in a colder house that had
the strongest relationship with frailty risk. The finding argues for new policies to support older people
who do not have the economic capacity to adequately heat their homes as a means to reduce the risks
of frailty. It was also found that the reported fall risk had the strongest relationship with perceived
tempin and economic satisfaction compared with isolation and nutrition risks. This result indicates that
a warmer housing environment can contribute to better prevention of frailty resulting from declining
physical performance.

The findings related to perceived tempin and age at LTC certification imply opportunities for better
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care prevention by warming the homes of older people. The older people who reported living in a
warm home had an older age at LTC certification, and thus a lower risk of LTC certification. Moreover,
even after adjusting for confounding factors, the magnitude of the results did not change, which
indicates that the perception of a warm indoor thermal environment may have an influence on
preventing or delaying LTC certification beyond that expected simply from socio-economic status
[143] attained over the lifetime.

Indoor thermal environment and health of nursing home residents

This study investigated the relationships between health, speed of deterioration of care level, and
indoor thermal environment in Japanese nursing homes. The nursing homes included in this study had
relatively warm but dry environments. The results of measured tempi, and relative humidity (RH)
provided objective data about the indoor thermal environment in Japanese nursing homes.

The daytime and night time tempi, were significantly associated with higher blood pressure in winter,
even after adjusting for the effects of potential confounders. Moreover, in the investigation of the
impact of insulation retrofit in one nursing home, the tempi, increased after the retrofit and blood
pressure consequently decreased among the residents. Prevention of blood pressure rise could reduce
risk of longer period of care [10] and could decrease disease risk [170]. To the best of our knowledge,
this is the first study to evaluate the association between tempi, and blood pressure of residents in
nursing homes. Our findings from this field study on nursing home residents expand on experimental
evidence from previous studies [168] [169] on thermoregulation and blood pressure in controlled
settings, and previous studies on healthy older people [61] [62] [63] [64] in real life situations.

Investigation of the relationship between RH environment and oral cavity showed that residents of
moist nursing homes (RH higher than 30 %) were more likely to have a moist oral cavity compared
to those of dry nursing homes. This result suggest that control of environmental humidity is especially
important for older people who have difficulty performing self-care, since it is known that dry mouth
can lead to fungal and bacterial infectious diseases [156]. Our findings support the suggestion by Han
et al. [174] that using a room humidifier to add moisture to the night time environment may give some
relief during sleep.

When it comes to the effect of indoor thermal environment in nursing homes on the speed of
deterioration of the care level of residents, people living in colder nursing homes had a 1.5 times higher
hazard of deterioration in the level of care that they need compared to those living in warmer facilities.
Furthermore, residents in dryer nursing homes were twice as likely to have a deterioration in health
requiring more care compared to those in nursing homes that maintained recommended levels of
humidity. These findings suggest that both tempi, and RH are important for care prevention. In
Japanese nursing homes, facility managers are responsible for the environment in the facilities [155],
and standards for the environment are crucial to prevent/delay declines in health in such facilities.
From a public health perspective, there would be benefits to maintain a warm and moist indoor thermal
environment in nursing home. For older people and care staff, such efforts would probably lead to
improved quality of life and reduced care burden. For society, such measures would reduce needs for
health care and social services and potentially reduce public expenditure.

Nationwide analysis of fuel poverty based on administrative stats data

Using individual level data from national surveys, this study identified and described characteristics
of Japanese housings and residents that lead to higher risk of FP. Overall, the findings confirm the
complexity of contextual factors, among both residents and housing, related to FP risk. In relation to
FP risk, the individual characteristics of residents in households that had the most difficulty in being
able to warm their homes included older age, living alone, and lower income. On the other hand, the
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housing characteristics that were most related to the FP risk focused on factors associated with energy
efficiency. Evaluation of the spatial distribution of FP showed that FP was not equally distributed in
individual areas, nor follow the climate area. This result indicates that the target groups with higher
risk of FP are not effectively reached in the Japanese building energy efficiency standard [90], and this
must be improved if FP is to be addressed.

5.2 Implications for practice

The findings suggest that health promotion for older people and interventions intended to promote
care prevention should add environmental improvements as a component to prevent people from living
in cold or dry environment. This study highlights the potential importance of preventing FP to prevent
frailty and suggests that health promotion strategies must include low-income older people as a target
group to improve their housing by installing adequate insulation and affordable heating systems that
warm the entire house. At an individual level, there is a clear trade-off between investment costs
(installing or retrofitting insulation and heating) and running costs (paying for energy). The people
who are most likely to live in cold homes are also the people who are least likely to be able to afford
new insulation or cost needed to adequately warm their homes. Therefore, it is essential to ensure that
low-income people can afford to live in improved buildings, potentially through providing public
support for housing costs. In nursing homes, facility managers are responsible for the environment in
the facilities, so residents have little direct influence to improve their thermal environment, which
could help them to maintain their health status. Hence, mechanisms to establish and enforcement
standards for the indoor environment are crucial to prevent/delay declines in health in such facilities.
Key instruments for policy-makers at the national level to improve thermal conditions of all housing
types are: improving building standards and mandating insulation, efficient heating systems, and
humidification systems. Specific focus at the national level should also focus policies that can make
such changes affordable for older low-income households. Moreover, funding and support should be
channelled to high risk areas of FP. The findings in this study may also be considered as an incentive
towards improving energy efficiency of housing as a means to reduce costs for care.

5.3 Implications for future study

This thesis investigated the association between the indoor thermal environment and care requiring
condition of older people in Japan. Particularly in the study of older people living in the community,
houses included have had relatively low energy efficiency with a cold indoor thermal environment,
which did not enable the investigation of the composite effect of housing and heating systems on the
indoor thermal environment. Moreover, the temperature gap between living rooms and non-living
rooms might have had an effect on health status such as blood pressure [215]; however, it was not
practical to evaluate it in these studies. On the other hand, nursing homes included in this thesis had a
warm indoor thermal environment, and future studies should include more facilities with colder
environments in order to study variations in the indoor thermal climate. From the point of view of
reducing burden of participants and care staffs, the questionnaire sheet did not include variables that
could be associated with risks of earlier certification of need for LTC. Therefore, future studies must
take these limitations into account when designing the study protocol.

By taking the form of a retrospective study in the data collection, data was obtained at low cost
compared to a longitudinal follow-up survey, which could have allowed stronger causal inferences.
However, this investigation had to be based on an assumption that there was no large change of the
living environment over a long period before the study. Changes such as insulation retrofitting or

122



installation of heating systems could not be considered. To tackle this problem, a longitudinal follow-
up survey for people not certificated for long-term care should be conducted. Moreover, a randomized
controlled trial will be effective to avoid selection bias. In this situation, interventions could also be
evaluated such as control of the indoor thermal environment at specified levels or the effectiveness of
retrofitting houses or nursing homes. Structural equation modeling can be effective to model complex
relationships between directly and indirectly observed factors.

Nationwide analysis of FP in this study revealed the resident and housing characteristics which lead
to higher risk of FP. Previous studies [228] [229] [230] has reported association between FP and health
problems. Correlations between FP indicator and national surveys of health and LTC insurance will
provide us further insight on public health in Japan. Statistics of Long-term Care Benefit Expenditures
[231], Patient Survey [232], and National Health and Nutrition Survey [233] can be used to detect
population’s condition of LTC certification and health status. Link of FP and other statistical data is
not provided at individual level, and correlation at prefecture or municipality level can be investigated.
Moreover, mitigation of data disclosure is processing [234] and investigation at individual level is
expected to be done in the future study.

Care level is an index which has a time gap between actual health status and its certification, and it is
a categorical factor that does not maintain equal intervals between categories. This leads to a challenge
in correctly matching a person’s actual health status with the level of care. However, the importance
of extending the period of healthy life expectancy rose, and since the WHO [235] advocated the
concept of healthy life expectancy in 2000, it is significant to consider the “period” as an evaluation
index. Of the six countries (Germany, Netherlands, Australia, Israel, Japan, and Korea) introducing a
LTC insurance system, Japan is the only country that has adopted trackable data with a standardized
system [236]. Therefore, considering Japanese LTC insurance as a health index has high academic
and political value.
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