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Abstract
This study aimed to determine the specific correlation between indoor air temperature and
agitation of nursing home residents with dementia. Agitated behaviors of 21 residents, living
in one nursing home, were assessed for a 10-month period using the Cohen-Mansfield
Agitation Inventory (CMAI). CMAI Total Frequency scores were found to increase
significantly when indoor average temperatures deviated from 22.6°C. In addition,
cumulative exposure to temperatures higher than 26°C and lower than 20°C was linearly
correlated with CMAI Total Frequency scores. Results showed that agitated behaviors not
only affected the person manifesting them but were found to be disruptive for other residents
and the delivery of care. Agitation can, therefore, be potentially reduced by limiting the range
of indoor air temperature variations and aged care providers should ensure that a thermally
comfortable environment is provided in nursing homes to enhance comfort and well-being of
all occupants.

Keywords: thermal environment; supportive living environment; non-pharmacological
management of behavioral symptoms; behavioral and psychological symptoms of dementia;
residential aged care facility; agitation.
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Introduction
Australia is experiencing a major demographic shift toward an older population. In 2015,
over 3,569,000 people (15% of the entire population) were aged 65 years or more, and this
number is projected to rapidly increase over the coming decades.1 Although dementia is not
seen as a normal part of ageing it does primarily affect older people2 and recent demographic
projections indicate that the number of people with dementia in Australia will more than
double in the coming 30 years.3 In 2014, approximately 270,600 Australians lived in nursing
homes, with over 50% of them diagnosed with dementia.4 Dementia is one of the leading
causes of institutionalization among older adults, 5,6 consequently, the demand for nursing
home care is also projected to rise markedly.7 However, the relocation of a person with the
condition to a nursing home often do not help in reducing agitation.8
It is commonly believed that on average the adult population spends between 80% to
90% of their day indoors.9 This percentage is likely to be even higher among residents of
nursing homes who depend heavily on the indoor environment to compensate for their
decreasing vitality and sensory abilities.10 People with dementia are very sensitive to indoor
environmental conditions,11 may be unable to filter out irrelevant sensory or cognitive
information,12 and may have difficulties in recognizing their needs or know how to actively
adjust or interpret the environment around them.13 Agitation may be a form of
communication that they employ to express themselves or be an outcome of unaddressed
needs.14,15 Agitation not only affects the person who is manifesting such symptoms, but it
also interferes with the provision of care and impacts on well-being of other residents8;
therefore, it is crucial to determine the causes of the behavior and what can be done to
prevent it.16
Over the recent decades evidence from previous studies indicates that Indoor
Environmental Quality (IEQ) has a significant impact on Quality Of Life (QOL) of
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residents.14,17–22 Hence, numerous design guidelines and recommendations have been
published to help designers and aged care providers to upgrade and build better nursing
homes.21 As a result, many facilities accommodating people with dementia are now designed
to provide appropriate levels of stimulation while reducing possible sources of confusion or
distress for residents. Environmental factors such as acoustic and lighting comfort, home-like
atmosphere and architectural dementia-friendly design have all been found to be linked to a
decrease in levels of agitation.8,11,19,23–27 Studies have also been conducted into the effect of
indoor air contaminants on the well-being of nursing home residents,9,28 while others have
investigated the thermal comfort requirements of elderly people29,30 and differences in
perceptions of thermal comfort between young adults and the aged population.17,31,32 It is also
known that older people are more affected than younger adults by exposure to extremes of
indoor air temperature.22 However, to date uncertainty remains as to how people with
dementia perceive their thermal environment and how thermal discomfort affects their health
and well-being.18,28 Olmo et al33 provided empirical evidence that high indoor temperatures in
nursing homes were associated with lower levels of QOL. In addition, Wong et al18 found
that cases of dysphoria and insomnia were more frequent with high indoor temperatures and
anorexia with low indoor temperatures. Nevertheless, the specific impacts of thermal comfort
on agitation in nursing homes has previously been largely unknown.34,35
As a result of the lack of knowledge on the link between thermal comfort and
agitation, practical guidelines to help building designers optimize environmental conditions
in dementia care facilities often do not address the provision of thermally comfortable
conditions.24 Consequently, it would appear that many nursing homes across Australia are not
providing optimal comfort conditions for all occupants,36 most likely because thermal
comfort was often not considered to be a priority when the facilities were designed and built.
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Residents with dementia, in comparison to other occupants, are among those who are affected
the most when their needs are ignored in the building design process.14
This study, using an exploratory approach, aimed to gather quantitative evidence
regarding the possible correlation between indoor air temperature and agitation of people
with dementia. The hypothesis that exposure to excessively warm and/or cold indoor air
temperatures was associated with high levels of frequency and disruptiveness of agitated
behaviors raised the following research questions: (a) what were the spatial and temporal
variations in indoor temperatures within the case study nursing home; and (b) was cumulative
exposure to warm and/or cold indoor air conditions correlated with an increase in agitation
and agitated behaviors that are likely to be disruptive to other occupants?

Material and methods
The study was approved by the University of Wollongong Human Research Ethics
Committee (HE14/478). Proxy consent was obtained in writing from caregivers and from the
legal guardian of each resident.

Sample
In the present longitudinal prospective cohort study, people with dementia living in a
particular facility were observed for a 10-month period. The inclusion criteria for the study
were: (a) the participant had been resident in the nursing home for at least three months, (b)
the participant scored higher than 4 on the cognitive decline subject scale of the
Psychogeriatric Assessment Scales (PAS),37 and (c) a signed consent form was obtained from
the legal guardian.
People moving to nursing homes may experience stress triggered by relocation, and
this is likely to be higher in the first three months.38 Hence, the period of residency criterion
was included to reduce the probability that agitation was caused by relocation. The PAS is a
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cognitive screening tool routinely used in Australian nursing homes to assess the level of
cognitive functioning; total scores range from 0 to 21 and higher total scores indicate higher
cognitive impairment. A PAS score higher than 4 was necessary for inclusion since Jorm et
al37 found that 80% of people who score higher than 4 in the PAS had dementia. The PAS
assessments were administered by registered nurses prior to beginning of data collection and
all participants in this study scored 10 or higher. Since residents were unable to give informed
consent for their inclusion in the study, consent was obtained from their legal guardian. We
obtained 21 signed consent forms, and all consented residents met the other two selection
criteria.

Case Study Facility
The study was conducted in a nursing home located in the Illawarra region, NSW, Australia.
The external walls of the facility were double brick and were not insulated. The building had
a tiled hip roof with a 10 cm cellulose insulation layer that was installed immediately above
the ceilings in 1984. Windows were single-glazed, without draught seals, with metallic
frames, and a substantial fraction of the windows were openable by occupants. There were
ten four-bed rooms, five double bedrooms and four single bedrooms. Only the dining room
and the physiotherapy room were equipped with reverse cycle air conditioning units
(providing both cooling and heating); while other rooms were heated in cooler months by
hydronic wall radiators. The hydronic gas-fired central heating system, which was manually
turned on and off by the maintenance team, did not include local thermostat control that could
regulate the heating output delivered to individual rooms.
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Data Collection
Data was collected on: (a) agitated behaviors, (b) indoor air temperature, (c) time spent by
each resident in various locations throughout the nursing home. Data collection started in
March 2015 and ended in December 2015.
Agitated behaviors
The Cohen-Mansfield Agitation Inventory (CMAI) was used to assess agitated behaviors.39
The CMAI is an informant rating questionnaire used to score frequency and disruptiveness of
29 agitated behaviors over a 14-day period. The CMAI has a 9-point frequency scale and a 6point disruptiveness scale. Frequency scores range from 1 to 9 with 1 denoting never to 7
denoting several times an hour; 8 and 9 denote would occur if not prevented and not
applicable, respectively. Disruptiveness scores range from 1 to 5 with 1 denoting not at all to
5 denoting extremely; a score of 9 denotes not applicable. Personal care assistants, blinded to
the study aim, were trained individually by a psychologist for approximately an hour and they
were provided with a copy of the CMAI prior to completing the questionnaires. The CMAI
were administered face-to-face, in a quite area of the facility, by a trained research assistant
who ensured that caregivers were completing each questionnaire with sufficient attention.
One CMAI per resident was collected every fortnight. When a score equal to 8 or 9 was
recorded, it was substituted with the average score that the resident received for that specific
behavior during the whole research period.40
Indoor air temperature
Indoor air temperature (dry-bulb) was measured and logged using 24 iButton®.41 The
iButtons® were small, cylindrical data logging devices 17.5 mm in diameter and 6 mm deep.
These devices were able to measure and store dry-bulb air temperature at 15-minute intervals
with an accuracy of ±0.5°C, ranging from -40°C up to 85°C, complying with the
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requirements of the ISO 7726:1998 standard.42 The devices were installed on internal walls
using thick adhesive tape at the approximate chest-height of occupants (0.6 m
sitting/reclining, 1.1 m standing) where possible, as suggested by ISO 7726:1998. The
specific height of the device in each room was selected based on the most common type of
activity and body position of the participants therein. The temperature sensor in the iButton®
was encased in a polished metal capsule to reduce the effects of thermal radiation, they were
not exposed to solar radiation, or radiation from neighboring heat sources, and were not
installed above radiators or under air-conditioners.
Location of the resident
After completing each CMAI, caregivers were asked to complete a 24-hour time chart in
which they reported the location where the resident had spent the majority of time during
each hour of a typical day during a given fortnightly observation period.

Analytical Strategy
Temperature data analysis
Two indices were developed to characterize the thermal environment experienced by
participants by combining temperature data with the reported location of each resident
throughout the nursing home, i.e. (a) the average indoor air temperature to which each
resident was exposed over each fortnightly observation period, and (b) the cumulative
percentage of time that each resident was exposed to temperatures outside a comfort range
from 20°C to 26°C, as recommended in Annex A of the ISO 7730:2005 Standard.43 It should
be noted that guidelines from ISO 7730:2005 were used since at the time of writing the
Australian residential aged care Accreditation Standards did not specify indoor temperature
requirements for nursing homes.

8

Agitation data
CMAI data was highly correlated since repeated observations were made of each resident. A
multilevel analysis (also known as mixed model or hierarchical model) was used because of
its suitability for the analysis of correlated data which have a hierarchical structure and
multilevel models can handle different numbers of observations within and between
subjects.44 Observations were clustered by residents, and residents were clustered by
observers. Data analysis was carried out using the Mixed Model procedure in IBM SPSS
Statistics.45
CMAI data was post-processed to provide an overall characterization of each
participant’s behavior, for a given two-week observation period, through the following two
derived indices: (a) the ‘CMAI Total Frequency’ score, a measure of the overall frequency of
observed manifestations of agitation, and defined as the sum of all 29 individual frequency
scores; and (b) the ‘CMAI Overall Disruptiveness’ score, a combined measure of frequency
and intensity of disruptive behaviors, and defined as the sum of the individual products of
frequency and respective disruptiveness scores for each of the 29 items for each participant.
Three separate statistical models were used to answer the research questions. The first
model examined the correlation between average indoor air temperature and CMAI Total
Frequency scores. The second model examined the specific impacts that cumulative exposure
to temperatures outside the comfort temperature range had on agitated behaviors. The third
model examined how disruptive agitation was for other occupants. The goodness of fit
achieved by adding one parameter at a time to the model was determined by testing the
difference in -2 log likelihood values against a Chi-square distribution. A two-tailed p value
of .05 was adopted as the standard for significance testing. The maximum likelihood method
was selected as the estimation method since this is claimed to produce more accurate
estimates of fixed regression parameters.44 Data were examined to check that the assumptions
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of normality of the residuals and homoscedasticity were met for each model. CMAI data
were positively skewed and the assumption of normality of the residuals was not met. We
therefore decided to transform the dependent variable in all three models.44 In the first two
statistical models the dependent variable was transformed using the negative reciprocal
function, −1/y. The reciprocal transformation changes the order among values, making the
largest value the smallest. Thus, the negative reciprocal function was used to preserve the
order among the values. While in the third model the dependent variable was transformed
using the natural logarithmic function. By transforming the dependent variable we were able
to demonstrate that each model met the test assumptions.

Results
Indoor air temperature varied significantly as a function of both space and time during the
research period. The highest indoor dry-bulb air temperature recorded was 33.6°C in a
bedroom during a period of hot weather on the 18th of November, 2015, when the outdoor
temperature reached 37.3°C. The main causes of such high indoor air temperatures were
thought to be the relatively low thermal resistance of the building envelope (wall, windows,
floor and ceiling/roof) and the absence of air conditioning systems in some rooms. Occupant
also affected indoor air temperatures to some extent, for example during the warm weather in
some occasions windows were found to be open even in unoccupied rooms, allowing hot
outdoor air to enter and overheat the interior of the building.
The lowest indoor temperature recorded was 16.2°C in a corridor for three
consecutive mornings in May 2015. The main cause of the low temperatures at these times
was the absence of a localized control system to regulate the heating provided to individual
rooms. This was also the main cause of overly warm indoor temperatures during the heating
season, e.g. on 9th of June the outdoor temperature reached 22.4°C but the unregulated
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heating system led to indoor temperatures as high as 26.6°C. Figure 1 shows the percentage
of time that each temperature range occurred in the facility for different room types.

Figure 1 Percentage of time that each temperature range occurred in the facility. Locations are grouped by room
type and temperature data are grouped by season.

Characteristics of the Sample of Participants
A total of 330 CMAI forms were collected. Five participants passed away during the research
project and agitation data from the fortnight prior to their passing away were not included in
the present analysis; therefore, not all the participants were observed the same number of
times. Table 1 shows the characteristics of the sample, including the number of times
agitation was assessed for each participant and mean, minimum, and maximum CMAI Total
Frequency scores.
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Table 1. Characteristics of the sample of participants.
CMAI Total Frequency scores
PAS score

Clinical characteristic

Age

N° observations

Mean (SD)

Min

Max

Females
16-21

Alzheimer's disease / Depression

88

15

49.1 (19.7)

31

94

10-15

Alzheimer's disease

67

18

78.8 (27.5)

38

131

10-15

Alzheimer's disease / Depression

88

19

40.4 (5.4)

34

57

16-21

Alzheimer's disease / Depression

88

19

47.9 (5.3)

41

61

16-21

Other dementia

61

19

36.1 (5.6)

29

47

16-21

Alzheimer's disease / Depression

86

20

36.7 (10.1)

29

72

10-15

Alzheimer's disease

86

20

50.7 (11.3)

33

76

16-21

Alzheimer's disease / Depression

75

3

35.7 (0.6)

35

36

10-15

Other dementia

92

5

46.8 (8.0)

38

57

16-21

Alzheimer's disease

82

7

78.6 (25.7)

50

111

16-21

Alzheimer's disease / Depression

88

7

41.1 (6.7)

35

53

Males

16-21

Other dementia

77

13

46.1 (4.5)

36

54

10-15

Alzheimer's disease / Depression

81

15

42.5 (8.4)

29

64

16-21

Alzheimer's disease

86

17

39.4 (5.7)

34

58

16-21

Vascular dementia / Depression

82

18

62.5 (27.8)

29

125

16-21

Other dementia

70

18

71.9 (27.5)

29

132

16-21

Vascular dementia

82

18

80.7 (27.7)

47

134

16-21

Alzheimer's disease

88

19

44.5 (10.5)

34

70

16-21

Alzheimer's disease / Depression

82

20

41.7 (11.1)

31

72

16-21

Other dementia

73

20

40.7 (8.6)

31

67

16-21

Vascular dementia

82

20

36.7 (4.7)

33

49

Agitated Behaviors and Indoor Average Temperatures
A multilevel model was used to analyze the relationship between indoor average
temperatures at which each resident was exposed over each fortnight and CMAI Total
Frequency scores, and results are presented in Table 2. The trends in the data were best
described by a second-order polynomial regression equation, and CMAI Total Frequency
scores were found to significantly (p < .01) increase when average indoor air temperature
deviated from 22.6°C. The dependent variable (y) was transformed using the negative
reciprocal function, −1/y. It should be noted that to facilitate the interpretation of the intercept
coefficient in the results the independent variable was centered on the overall average mean
temperature for all observations, i.e. 23.5°C.
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Table 2. Estimated fixed effects and covariance parameters for the statistical model of the impact of average
temperatures to which each resident was exposed over each fortnight on CMAI Total Frequency scores.
Estimates of Fixed Effectsa
95% Confidence Interval
Parameter

Estimate

Std. Error

df

t

Sig.

Lower
Bound

Upper
Bound

Intercept

-0.0214

0.00144

17.82

-14.9

0.000

-0.024440

-0.0184

0.000709

0.000230

313.01

3.09

0.002

0.000257

0.00116

0.000380

0.000114

306.98

3.33

0.001

0.000155

0.000604

Average temperature (Centered)
[Average temperature (Centered)]

2

Estimates of Covariance Parametersa
95% Confidence Interval
Parameter

Estimate

Std.
Error

Wald
Z

Sig.

Lower
Bound

Upper
Bound

Residual

0.0000133

0.00

12.22

0.000

0.0000113

0.0000156

Intercept [subject = Resident]

Variance

0.00000670

0.00

2.49

0.013

0.00000305

0.0000147

Intercept [subject = Caregiver]

Variance

0.0000203

0.00

2.28

0.022

0.00000860

0.0000479

a

Dependent Variable: -1/(CMAI Total Frequency score).

Figure 2 shows the CMAI Total Frequency scores plotted against the average indoor air
temperature experience by each participant. (The best fit regression curves in Figures 2, 3 and
4 were plotted using the coefficients estimated by the multilevel models).

Figure 2 CMAI Total Frequency scores determined for each resident plotted against the average temperature that
the resident was likely to be exposed to over a given two-week observation period.
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Cumulative Exposure to Temperatures Lower than 20°C and Higher than 26°C
A second analysis was carried out to determine the specific relationship between the CMAI
Total Frequency scores and the cumulative percentage of time that residents were exposed to
temperatures lower than 20°C and higher than 26°C. As in the previous model the dependent
variable (y) was transformed using the negative reciprocal function, − 1/y.
A linear best fit of the data to the model was determined. The cumulative percentage of time
at which residents were exposed to temperatures outside the comfort temperature range
significantly predicted CMAI Total Frequency scores. Table 3 provides a summary of the
outputs from the multilevel analysis.
Table 3. Estimated fixed effects and covariance parameters for the statistical model of the impact of cumulative
exposure to temperatures lower than 20°C and higher than 26°C during each fortnight on CMAI Total Frequency
scores.
Estimates of Fixed Effectsa

Parameter

Estimate

Std. Error

df

t

Sig.

Intercept
%Time outside comfort
temperature range

-0.0214

0.00144

17.59

-14.9

0.000

95% Confidence Interval
Lower
Upper
Bound
Bound
-0.0245
-0.0184

0.0000646

0.0000182

305.09

3.55

0.000

0.000029

0.000100

Estimates of Covariance Parametersa

0.000

95% Confidence Interval
Lower
Upper
Bound
Bound
0.0000114
0.0000157

Parameter

Estimate

Std. Error

Residual

0.0000134

0.00000109

Wald
Z
12.22

0.00000655

0.00000264

2.48

0.013

0.00000297

0.00001444

0.0000204
Intercept (subject = Caregiver)
Variance
a
Dependent Variable: -1/(CMAI Total Frequency score).

0.00000894

2.28

0.023

0.00000863

0.00004817

Intercept (subject = Resident)

Variance

Sig.

Figure 3 shows the CMAI Total Frequency scores plotted against the cumulative percentage
of time at which temperatures outside the comfort range were recorded over each fortnight.
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Figure 3 CMAI Total Frequency scores plotted against the cumulative percentage of time that temperatures were
outside the comfort range during each fortnight of observations for each participant.

Relationship between Behaviors Disruptiveness and Indoor Average Temperatures
A third multilevel model was used to determine how disruptive were agitated behaviors,
caused specifically by thermal discomfort, for other occupants. The CMAI Overall
Disruptiveness score was transformed using natural logarithmic function and was entered in
the model as the dependent variable. The independent variable was centered using the
average temperature mean value (23.5°C). The trend in the data was best described by a
second-order polynomial regression equation. The CMAI Overall Disruptiveness scores were
found to increase significantly when average temperatures deviated from 22.5°C. Leading to
similar results as those obtained via the first analysis. Table 4 shows the outputs from the
multilevel analysis.
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Table 4. Estimated fixed effects and covariance parameters for the statistical model of the impact of average indoor
air temperatures on CMAI Overall Disruptiveness scores.
Estimates of Fixed Effectsa
95% Confidence Interval
Parameter

Estimate

Std. Error

df

t

Sig.

Lower Bound

Upper Bound

Intercept
Average temperature (Centered)

4.58

0.16

17.96

28.24

0.000

4.24

4.92

0.0839

0.0246

311.92

3.41

0.001

0.0354

0.1324

[Average temperature (Centered)]2

0.0415

0.0122

306.09

3.39

0.001

0.0174

0.0656

Estimates of Covariance Parametersa
95% Confidence Interval
Parameter

Estimate

Std. Error

Wald Z

Sig.

Lower Bound

Upper Bound

Residual

0.153

0.013

12.21

0.000

0.130

0.180

Intercept [subject = Resident]

Variance

0.087

0.034

2.56

0.011

0.040

0.187

Intercept [subject = Caregiver]

Variance

0.257

0.112

2.31

0.021

0.110

0.602

a

Dependent Variable: LN(CMAI Overall Disruptiveness score).

Figure 4 shows the CMAI Overall Disruptiveness scores plotted against the average indoor
air temperature that each resident was estimated to have been exposed to during each
fortnight.

Figure 4 Total CMAI Overall Disruptiveness scores plotted against the cumulative percentage of time that
temperatures were outside the comfort range during each fortnight of observations for each participant.
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Discussion
Agitated behaviors are frequently observed in residents, especially in those with dementia,
and are one of the most challenging management problems in nursing homes.20 Data on the
care needs of permanent residents in subsidized Australian residential aged care places
indicates that 87% of the residents with dementia needed a high level of care and that about
62% of them scored the highest possible rating in the ‘behavior characteristic’ domain of the
Aged Care Funding Instrument3; which is a tool used to assess the status of people living in
nursing homes. Residents with dementia were scoring almost three times higher in the
behavior characteristic domain than other residents.3 Therefore, to improve the quality of care
delivered and the quality of life of residents, it is essential to control environmental factors
which may be the cause of agitated behaviors.24 Agitation does not only affect the person
manifesting the behaviors but it has also been found to be disruptive to other buildings
occupants.46
Results of the present study showed that the heating and cooling systems in the case
study facility were not able to fully control indoor air temperature throughout the facility, and
temperatures as low as 16.2°C and as high as 33.6°C were recorded during the study period.
In nursing homes generally, both cold and hot indoor temperatures should be avoided because
they may impact health and well-being of residents, potentially leading to hypothermia,
hyperthermia, and an increasing the risk of illness and death.47–52
The CMAI Total Frequency scores increased when residents were exposed to either
relatively cold or warm indoor temperatures at a statistically significant level. The best fit of
the model was obtained using a quadratic function with a global minimum at 22.6°C. The
estimated CMAI Total Frequency score was 6.0 points higher when the average indoor
temperature was 20.0°C and 5.3 points higher when the average indoor temperature was
25.0°C. These results may be compared with the effects of medication used for the treatment
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of behavioral disturbance in dementia. For example, a study conducted on agitated nursing
home residents with dementia showed that across three randomized controlled trials
risperidone significantly decreased the average CMAI score of the treatment group versus the
control group: weighted mean difference = -3.00 points, 95% CI [-4.22 to -1.78],
p < .00001.53 At the time of the study risperidone was among the most frequently prescribed
antipsychotic drugs in Sydney for treatment of behavioral disturbances in dementia patients.54
Enhancing the thermal comfort conditions for such patients may therefore have a comparable
or greater effect than risperidone in decreasing agitation. Thus, the provision of good
‘thermal care’28 could be classified as an effective non-pharmacological approach to the
reduction of behavioral disturbances.
Agitation in the present study was also significantly correlated with the amount of
hours that residents were exposed to temperatures higher than 26°C and lower than 20°C and
disruptiveness significantly decreased when the average indoor air temperature was
approximately 22.5°C.
Exposure of residents to temperatures outside the comfort temperature range does not
only have an impact on the manifestation and disruptiveness of agitated behaviors, it also
potentially affects their health. Dementia can impair people’s perception of their
environment, suffering threshold and physiological defense mechanisms.55 People with
dementia are more vulnerable to heat stress because of the potential for dysfunctional
thermoregulatory mechanisms, chronic dehydration and the use of medications.28,49 The
World Health Organization suggests that a minimum air temperature of at least 20°C be
maintained in indoor environments for people with special requirements, to avoid the
possibility of their body temperature decreasing, potentially leading to hypothermia.52
Therefore, the heating and cooling systems in nursing homes should be designed to
accurately control temperature within the appropriate comfort temperature range and implies
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that caregivers should be trained to provide thermal care. Caregivers should not only be
responsible for controlling the temperature in the building, but should also help residents,
who may not have the ability to do so, to perform behavioral thermal adjustments (e.g.
consuming hot or cold drinks, adjusting clothing insulation throughout the day, opening and
closing windows, turning ceiling fans on and off).
Moreover, when hot and cold temperatures occur at the facility it is likely that
caregivers would have to deal with an increasing level of agitation in residents while
themselves working in a potentially uncomfortable environment, which would be likely to
have negatively impact their productivity.34 Thus, enhancing thermal comfort conditions may
both improve staff productivity and the quality of care that residents receive.

Limitations
Firstly, perception of thermal comfort is influenced by six main factors: metabolic rate,
clothing insulation, air temperature, mean radiant temperature, air speed, and relative
humidity.56 However, only the influence of air temperature was studied in the present work.
Secondly, the number of participants involved in the research was limited and they were all
living in the same nursing home. Thirdly, residents positions indoor were determine by
asking caregivers to recollect where each resident had spent the majority of time during each
hour of a typical day during a given fortnightly observation period and were not precisely
determined using an indoor positioning system.

Conclusions
Indoor air temperatures recorded in the case study nursing home during the present study
were found to range between 16.2°C and 33.6°C, exposing residents and caregivers to
temperatures which could potentially affect not only their behaviors but also their health. The
main causes of such significant temperature variations were thought to be the relatively poor
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thermal performance of the building envelope (e.g. wall, windows, floor and ceiling/roof), the
absence of air conditioning systems in some areas, and the absence of an adequate control
system, including localized control to regulate the heating output delivered to individual
rooms. Occupants also influenced indoor air temperatures through their control of openable
windows. For example, during warmer weather occupants sometimes opened windows to
ventilate the building with fresh air, but on occasion this led to overheating if outdoors
temperatures were high. On the other hand, the air conditioning systems, when present and
properly operated, were capable of maintaining indoor temperatures within recommended
limits.
The present study also provided quantitative evidence regarding the specific impact
that the thermal environment had on the manifestation of agitated behaviors in the residents
with dementia. This new research has contributed to a better understanding of the way in
which the indoor thermal environmental influences behavioral and psychological symptoms
of patients with dementia. Results from the present study have highlighted that the exposure
of residents to temperatures outside the comfort range did not only have a negative impact on
their comfort but also negatively affected their behaviors. The manifestation and
disruptiveness of agitated behaviors increased when residents were exposed to either
relatively cold or warm indoor temperatures at a statistically significant level. Manifestation
of agitated behaviors was also statistically significantly correlated with the amount of hours
that residents were exposed to temperatures higher than 26°C and lower than 20°C.
The provision of good thermal care could be classified as an effective nonpharmacological approach to the reduction of behavioral disturbances in people with
dementia living in nursing homes.
For policy makers, aged care providers and building designers this study has clear and
important implications. Nursing homes should be built and operated so as to focus on the
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needs of occupants and should provide comfortable indoor thermal conditions each day and
throughout the year. Minimum prerequisites regarding thermal comfort in nursing homes
should be set, and specific guidelines developed to help aged care providers to better
understand how to operate their buildings. Staff members should also be trained in how to
provide good thermal care, e.g. to maintain a comfortable indoor environment at all times and
to help those residents who cannot carry out carry out their own thermally adaptive strategies.
More research in this area is needed to determine the optimal temperature range to be
maintained in nursing homes and to investigate the impacts that other thermal comfort factors
have on behavioral and psychological symptoms of dementia. It is also hoped that future
work might involve a larger sample of participants from nursing homes of different types, in
a range of different climatic conditions, so as to provide more statistically robust and widely
applicable conclusions.
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