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Abstract

Extreme ambient heat is a serious public health
threat, especially for the elderly and persons
with pre-existing health conditions. Although
much of the excess mortality and morbidity
associated with extreme heat is preventable,
the adoption of effective preventive strategies
is limited. The study reported here tested the
predictive power of selected components of the
Health Belief Model for air-conditioning (AC)
use among 238 non-institutionalized middle-
aged and older adults with chronic heart failure
and/or chronic obstructive pulmonary disease
living in Montréal, Canada. Respondents were
recruited through clinics (response rate 71%)
and interviews were conducted in their homes
or by telephone. Results showed that 73% of
participants reported having a home air condi-
tioner. The average number of hours spent per 24-
hour period in air-conditioned spaces during heat
waves was 14.5 hours (SD 5 9.4). Exploratory
structural equation modeling showed that specific
beliefs about the benefits of and drawbacks to AC
as well as internal cues to action were predictive of
its level of use, whereas the perceived severity of
the effects of heat on health was not. The findings
are discussed in light of the need to adequately
support effective response to extreme heat in this
vulnerable population.

Introduction

Unusually hot weather is now recognized as a seri-

ous public health threat [1–3]. Recent heat waves

have resulted in significant excess immediate mor-

tality and morbidity [3–7]. Prolonged exposure to

extreme heat, especially consecutive nights with

high minimum temperatures, as during the 2003

heat wave in France and the 1995 Chicago episode,

can provoke thousands of deaths [2, 5, 8]. Outside

of these clearly demarcated ‘heat waves’, isolated

days with temperatures only several degrees above

average have been associated with higher-than-

expected numbers of deaths from causes only in-

directly related to overheating [9, 10]. Temperature

change need not be extreme for heat-related risks to

accrue: in the UK, older persons are at heightened

mortality risk with any temperature rise above

17�C, and risk increases linearly or more as temper-

atures rise further [11]. Exposure to heat can exac-

erbate existing cardiovascular and respiratory

conditions, resulting in increased hospital admis-

sions and mortality [12, 13]. Indeed, the health

effects of extreme heat persist long after temper-

atures have cooled: follow-up of heatstroke patients

shows important declines in functional status, asso-

ciated with prolonged hospitalization and earlier

death [7]. It is expected that the public health prob-

lems attributable to extreme heat will be especially
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significant when combined with the increased vul-

nerabilities of an aging population and phenomena

such as global climate change, urban heat islands

and air pollution [1–5].

Older adults are at especially high levels of risk

for heat-related illnesses, as are those living alone,

without access to air-conditioning (AC), in urban

areas, and with pre-existing health conditions [1, 3,

11, 14]. Mortality in the 2003 European heat wave

was markedly higher among older adults living out-

side of institutions than in either the institutional-

ized elderly or in younger adults [15, 16] and was

especially high among those with limited autonomy

[14–17]. Nor do these risks apply only to the oldest

old: heat-related mortality risk rises with increasing

age after about 50 years [2].

Heat-related health risk is distributed inequitably

across population groups. A recent review con-

cluded that poverty is an important determinant of

heat-associated mortality risk in American but not

in European cities [2]. However, in the French heat

wave of 2003, income was an independent predic-

tor of mortality [17]. Coupled with the established

link between ill health and poverty among older

persons [18], older adults living in poverty may

be the most vulnerable of all, for example, having

to choose between purchasing food or buying and

running an air conditioner [19].

Much of the excess mortality and morbidity as-

sociated with heat illness is believed to be prevent-

able through the implementation of heat emergency

plans and warning systems that lead to adoption of

behavioral adaptations such as AC use and in-

creased fluid intake [1, 4, 19]. In the Chicago heat

wave of 1995, mortality was significantly lower

among people who had working air conditioners

in their homes or in their apartment lobbies or

who visited air-conditioned places [8]. Although

one study in the United States showed that over

the period 1987–2000 cardiovascular mortality

risks associated with cold temperatures have been

constant among older persons [20], heat-related

deaths in this population have declined. This was

attributed to increased use of AC, in combination

with other factors such as improved health care. In

the French heat wave of 2003, older persons who

visited air-conditioned or cooled places or who

used cooling techniques and devices including air

conditioners were less likely to die from heat-

related causes than those who did not [14]. Expo-

sure to AC, even for a limited time, thus can act as

an important protective measure against heat-

related mortality. Further, if AC or other recourse

to personal cooling is employed, the need for

activity reduction and supplementary hydration,

other commonly recommended hot day protection

behaviors, is much reduced [21].

Despite the effectiveness of such preventive

measures, public recognition of the health risks as-

sociated with hot weather is low, as is adoption of

effective preventive strategies. A study in four

North American cities found that despite wide-

spread awareness of heat advisories, only about half

of urban residents adopted preventive actions [22].

Similarly, Kalkstein and Sheridan [23] showed that

only 50% of residents who had heard heat adviso-

ries did something different on the days they heard

them. Although evidence on the responses of the

older adults to environmental health issues is more

limited than that for the general population, some

evidence suggests that older people are less likely to

change behaviors in light of climate change [24].

Faced with environmental health threats, older peo-

ple are equally unlikely or more unlikely than the

general population to undertake protective actions,

due to in part to perceptions of invulnerability [25].

And, one study has shown that likelihood of behav-

ior change in response to heat advisories is related

to age: whereas 67% of those aged 42–53 years

reported making such changes, only 40% of those

over 65 years reported doing so [23].

Given the potential to decrease their health risk

from elevated heat events through more effective

preventive action, it is of interest to identify the

perceptions and beliefs that predict the adoption

of such preventive behaviors among people at risk

for heat-related illness.

The Health Belief Model

The Health Belief Model (HBM), originally pro-

posed over 35 years ago [26–28], is one of the most

widely used conceptual frameworks for the study of
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health behavior. Over hundreds of studies, support

has been found for the predictive role of all of its

main components in the adoption and maintenance

of health promoting and prevention behaviors. The

HBM’s components are (i) perceived susceptibility:

an individual’s perception of his or her risk of de-

veloping the health problem or being affected by

the health threat; (ii) perceived severity or serious-

ness of the health threat. The combination of

susceptibility and severity has been termed as per-

ceived threat; (iii) perceived benefits of the preven-

tive action, i.e. the perceived efficacy of the

behavior in reducing the health threat’s severity or

the individual’s susceptibility to it, as well as non-

health-related benefits; (iv) perceived costs, barriers

or disadvantages to the prevention action and

(v) cues to action: the presence of information,

reminders or bodily events that incite or encourage

preventive action. A sixth component, self-efficacy,

has been included more recently [28]. The model

posits that each of these factors makes an indepen-

dent contribution to adoption or maintenance of

specific health behaviors.

Health beliefs and health threat response
among older adults

Several studies have established the predictive val-

idity of the HBM in older populations, for a variety

of health issues. For example, older adults’ influ-

enza vaccination behaviors were predicted by per-

ceived barriers, perceived benefits and perceived

severity [29]. HBM components predicted sun-

exposure protective behaviors in seniors [30], as well

as health maintenance activities aiming to prevent

health deterioration [31]. In a qualitative study of

older women, low levels of perceived vulnerability

were associated with a lack of attention to future

health [32]. It is important to note that preventive

health behavior in older adults seems more influ-

enced by subjective than actual health status [33].

With respect to adaptation to climate change, no

study has tested the Heath Belief Model in its en-

tirety nor examined its utility in understanding pre-

ventive behaviors of vulnerable populations.

However, studies have shown that a variety of

beliefs—some corresponding or being very close

to those of the HBM—predict adaptive behaviors.

Studies of population response to natural hazard

warnings have consistently shown that response is

partly determined by perceived urgency of the

threat [34]. In summarizing major covariates of haz-

ard warning responses, Mileti and Sorenson [35]

note that physical and social cues, perceived risk,

perceived efficacy and proximity to the hazard all

increase adequacy of response. Although there are

few data on older people’s beliefs in relation to heat

protective behavior, those that exist suggest that

HBM components may be useful predictors. A re-

cent study of older people’s (mean age of 80 years)

perceptions of heat-related health risk in United

Kingdom found that respondents did not necessar-

ily perceive themselves as either ‘old’ or at risk,

although they would have been identified as vulner-

able by existing public health criteria. A minority

was aware that their existing medical condition or

medication increased their risk [36]. However, most

reported adopting preventive behaviors, based on

‘common sense’ (p. 124), during previous heat

waves. A survey of Phoenix, Arizona, residents

found that while 93% of those over 65 years were

aware of the heat warning system, older respond-

ents were less likely than the youngest respon-

dents to believe that heat was very dangerous to

them—i.e. had low levels of perceived risk [23].

The study reported here tested the predictive

power of selected components of the HBM for

AC use among non-institutionalized older adults

with two serious chronic health conditions: chronic

heart failure (CHF) and/or chronic obstructive pul-

monary disease (COPD). These individuals are

highly vulnerable to heat threats: much of the ex-

cess mortality associated with extreme heat occurs

through respiratory and/or cardiovascular failure

[9]. Given the frequency of these two chronic con-

ditions among older persons, and their association

with social and economic disadvantage [18], indi-

viduals treated for CHF and COPD could be con-

sidered as representing members of the population

vulnerable to serious consequences of heat expo-

sure through both age and illness. The study

addressed two main questions: (i) what proportion

of high-risk middle-aged and older adults with
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chronic heart and/or lung disease living at home

display the preventive health behavior of air condi-

tioner use? and (ii) what predictive role do health

beliefs and perceptions play in that behavior? Al-

though relying on self-reported behaviors, the study

assessed usual behavior during high heat periods

rather than behavioral intentions, which have been

shown to be poor predictors of response to environ-

mental health threats [34].

Methods

Sample and data collection procedures

We conducted a cross-sectional interview survey of

middle-aged and older adults with CHF and/or

COPD in Montréal, Canada. Patients were recruited

from two CHF and three COPD clinics attached to

two university teaching hospitals. Their participa-

tion was solicited either in the clinic waiting rooms

(all patients were approached) or by telephone if

patients were receiving treatment at home (patients

meeting eligibility criteria were selected from clinic

lists). Eligibility criteria were residence in the

Montréal metropolitan area (population 3M),

speaking either English or French and having

a home telephone. Interviews were conducted ei-

ther at home or at the clinic, according to respond-

ents’ preferences. Of the 343 patients solicited,

242 (71%) completed the interview. Four inter-

views with incomplete data were removed from

the sample before analysis for a final n = 238.

The interviews took place between 30 May 2005

and 6 October 2005. Daily mean temperatures

during this period were 2.4�C above the long-term

daily average [37].

Measures

The study questionnaire was developed in English

following a literature review and consultation with

professionals from two of the participating clinics.

It was translated into French by members of the

study team and back translated by a professional

translator. The few differences were reconciled by

the study team. The questionnaire was piloted in

both languages. It consisted of 169 closed-ended

items measuring among others, the HBM constructs.

Perceived severity of health effects of heat waves

was measured by nine items, for example: ‘During

a heat wave, if I do not protect myself from the heat,

respiratory difficulties caused by the heat can lead

me to be hospitalized’ (a = 0.93). Perceived suscep-

tibility to heat effects was measured by three items,

for example: ‘Because of my state of health, if I do

not protect myself from the heat, I am more likely to

suffer from respiratory difficulties during a heat

wave’ (a = 0.88). Perceived benefits of protective

(AC) behavior was measured by five items, for ex-

ample: ‘During a heat wave, using an air condi-

tioner at home allows me/would allow me to

continue my daily activities as usual’ (a = 0.86).

Perceived barriers to the health action were mea-

sured by eight items, for example: ‘Does/could the

following reason prevent you or limit you from

using your air conditioner? It is not good for my

health’ (a = 0.84). Perceived severity, susceptibil-

ity, benefits and barriers were measured on 4-point

agree–disagree scales. Cues to action were mea-

sured by three items: ‘Has your doctor or nurse ever

told you that your health problem can make you

more sensitive to the heat’ (yes or no); ‘Have you

ever heard an extreme heat warning?’, scored as

‘no’, ‘yes, this summer’ and ‘yes, last summer or

earlier’; and ‘How sensitive are you to heat?’,

scored as very/somewhat/not really/not at all sensi-

tive. Self-reported presence of an air conditioner

(yes or no) and number of daytime and nighttime

hours of air conditioner use (combined into a 24-

hour measure then divided by 24) were used to

assess the targeted behavior. Table I lists all items

assessing health beliefs and cues to action. The SF-

36 physical and mental health subscales [38] were

also administered, as were items recording partici-

pants’ sociodemographic and lodging characteris-

tics. Not reported in this article but also assessed

were knowledge of heat impacts, self-efficacy for

adopting heat-protective behavior and attitudes to-

ward heat advisories [39].

Analyses

An exploratory structural equation modeling

(ESEM) approach was used. Recently developed
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Table I. Number and proportions of respondents falling into different response categories for each item of the scales assessing

selected HBM components

Items

Strongly

disagree, n (%)

Disagree,

n (%)

Agree,

n (%)

Strongly

agree, n (%)

Perceived benefits of AC

‘During a heat wave, using an air conditioner at home

allows me /would allow me to’:

Q12: Continue my daily activities as usual

(N = 238)

9 (3.8) 28 (11.8) 110 (46.2) 91 (38.2)

Q13: Avoid suffering from respiratory problems

(N = 237)

7 (3.0) 37 (15.6) 101 (42.6) 92 (38.8)

Q14: Keep my health stable (N = 234) 7 (3.0) 35 (15.0) 115 (49.1) 77 (32.9)

Q15: Sleep better (N = 235) 12 (5.1) 35 (14.9) 76 (32.3) 112 (47.7)

Q16: Reduce the humidity level (N = 231) 4 (1.7) 24 (10.4) 111 (48.1) 92 (39.8)

Perceived barriers to AC

‘Does/could the following reason prevent you or limit

you from using your air conditioner at home during

a heat wave’:

Q17: It is too expensive to buy or run (N = 237) 85 (35.9) 113 (47.7) 20 (8.4) 19 (8.0)

Q18: It is difficult to adjust the temperature

(N = 237)

79 (33.3) 146 (61.6) 10 (4.2) 2 (0.8)

Q19: It is not good for my health (N = 236) 81 (34.3) 132 (55.9) 15 (6.4) 8 (3.4)

Q20: It can make certain health problems worse

(N = 237)

72 (30.8) 127 (54.3) 27 (11.5) 8 (3.4)

Q21: It prevents fresh air from getting in (N = 238) 69 (29.0) 126 (52.9) 31 (13.0) 12 (5.0)

Q22: It makes my home too cold (N = 237) 71 (30.0) 126 (53.2) 33 (13.9) 7 (3.0)

Q23: It is not comfortable (N = 238) 78 (32.8) 122 (51.3) 31 (13.0) 7 (2.9)

Q24: It makes too much noise (N = 235) 72 (30.6) 122 (51.9) 27 (11.5) 14 (6.0)

Perceived severity of heat effects on health

‘During a heat wave, if I do not protect myself from

the heat’:

Q67: Respiratory difficulties caused by the heat

can lead me to be hospitalized (N = 238)

0 (0.0) 44 (18.5) 88 (37.0) 106 (44.5)

Q68: Being weakened by the heat can lead me to

be hospitalized (N = 238)

0 (0.0) 49 (20.6) 92 (38.7) 97 (40.8)

Q69: Dehydration caused by the heat can lead me

to be hospitalized (N = 236)

2 (0.8) 49 (20.8) 93 (39.4) 92 (39.0)

Q70: Respiratory difficulties caused by the heat

can provoke long-term damage to my health

(N = 226)

1 (0.4) 35 (15.5) 115 (50.9) 75 (33.2)

Q71: Being weakened by the heat can provoke

long-term damage to my health (N = 228)

0 (0.0) 36 (15.8) 123 (53.9) 69 (30.3)

Q72: Dehydration caused by the heat can provoke

long-term damage to my health (N = 228)

0 (0.0) 41 (18.0) 117 (51.3) 70 (30.7)

Q73: Respiratory difficulties caused by the heat

can lead to my death (N = 231)

6 (2.6) 74 (32.0) 95 (41.1) 56 (24.2)

Q74: Being weakened by the heat can lead to my

death (N = 231)

7 (3.0) 75 (32.5) 101 (43.7) 48 (20.8)

Q75: Dehydration caused by the heat can lead to

my death (N = 231)

7 (3.0) 62 (26.8) 104 (45.0) 58 (25.1)
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[40, 41], ESEM allows for the simultaneous esti-

mations of exploratory factor analysis (EFA) and

confirmatory factor analysis models. It was deemed

appropriate for use with the present data set given

the need to evaluate the unknown factor structure of

newly created scales and to estimate direct paths

between factors in a context where small sample

size precludes cross-validation. Analyses were con-

ducted using MPlus Version 6 [42]. Default options

were used as for the estimation [weighted least

squares mean and variance adjusted (WLSMV)]

and rotation methods (GEOMIN). The WLSMV

estimator is recommended for categorical outcomes

(B. O. Muthén, S. C. du Toit, D. Spisic, unpub-

lished results). Its good performance for smaller

sample sizes and computational speed has also been

underscored [43]. Cues to Action was modeled as

a composite variable [44]. Two measurement mod-

els using multiple indicators of latent constructs

could indeed be defined. In line with classical test

theory, the direction of causality could flow from

construct to measure (principal factor or reflective

model). Alternatively, it could also flow from mea-

sure to construct, as is the case in a composite latent

variable or formative model. Given this and other

criteria (indicators being not interchangeable, etc.)

[45], it appeared reasonable to model the Cues to

Action construct as an index produced by the

observed variable (sensitivity to heat, advice from

their doctor and having heard of an extreme heat

warning) rather than an underlying constructs

causing them.

Finally, exploratory analysis revealed a high de-

gree of colinearity (r = 0.65) between severity and

perceived susceptibility. Following a procedure used

in another HBM validation study [46], perceived

susceptibility was not included in the model.

Ethics

The Research Ethics Board of McGill University

and those of the participating hospitals approved

the study protocol. Participants signed informed

consent forms after being apprised of the means

used to protect their confidentiality and being as-

sured that their responses would in no way affect

their health care.

Table I. Continued

Items

Strongly

disagree, n (%)

Disagree,

n (%)

Agree,

n (%)

Strongly

agree, n (%)

Perceived susceptibility to heat effects

‘Because of my state of health, if I do not protect

myself from the heat’:

Q64: I am more likely to suffer from respiratory

difficulties during a heat wave (N = 238)

1 (0.4) 13 (5.5) 74 (31.1) 150 (63.0)

Q65: I am more likely to become weak during

a heat wave (N = 238)

0 (0.0) 17 (7.1) 85 (35.7) 136 (57.1)

Q66: I am more likely to become dehydrated

during a heat wave (N = 237)

1 (0.4) 22 (9.3) 87 (36.7) 127 (53.6)

Cues to action Not at all

sensitive, n (%)

Not really

sensitive, n (%)

Somewhat

sensitive, n (%)

Very

sensitive, n (%)

How sensitive are you to heat? (N = 237) 4 (1.7) 42 (17.7) 73 (30.8) 118 (49.8)

Yes, n (%) No, n (%)

Have you heard an extreme heat warning [this

summer or last summer]? (N = 237)

200 (84.4) 37 (15.6)

Has your doctor or nurse ever told you that your

health problem can make you more sensitive to the

heat? (N = 237)

137 (57.8) 100 (42.2)
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Results

Respondents’ characteristics

Table II shows respondents’ sociodemographic and

health characteristics. Their average age was 67.8

years; 61% were male. About 16% were widowed,

while the remainder were married or living with

a partner (51%) or single, separated or divorced

(33%). The personal income data show that about

one-quarter of respondents (27%) could be consid-

ered as living in poverty, with incomes below

$15 000 Canadian per year. Respondents reported

a number of health problems over and above those

for which they were recruited (COPD or CHF): at

least 26% of respondents reported suffering from

arthritis or rheumatism, insomnia, diabetes, asthma

or a vision problem.

AC use

Almost three-quarters (174 or 73%) of study partic-

ipants reported having a home air conditioner (at

least one unit in at least one room). When asked

about their air conditioner use during heat waves,

31.5% reported that they occasionally or never

spend time in an air-conditioned location, while

68.1% indicated doing so always or often. The av-

erage number of hours spent per 24-hour period in

air-conditioned spaces during heat waves was 14.5

hours (SD = 9.4). There were few sociodemo-

graphic differences between those participants with

and without home AC. t-tests showed no significant

differences between those with (n = 173) and with-

out (n = 64) home air conditioners were not signifi-

cantly different (p < 0.05) in terms of gender, income,

living arrangement, and physical or mental health

status as measured by the SF-36 subscales. However,

those with home air conditioners were marginally

older than those without (68.5 versus 65.8 years,

t(234) = �1.92, P = 0.06).

Structural equation model fitting

The factor loadings gave a clear interpretation of the

factors in term of perceptions of severity, barriers

and benefits (see Table III). Nevertheless, several

items had significant cross-loadings, confirming the

suitability of an ESEM approach. Only the item

reflecting sensitivity to heat was a significant pre-

dictor of variability in the Cues to Action composite

with items related to advice from their doctor

and having heard an extreme heat warning being

non-significant.

The chi-square test of exact fit emerged as statis-

tically significant (v2 [277, N = 235] = 879.03, P <

0.001). Sample size independent indexes provide

a more nuanced picture with the Comparative Fit

Table II Participants’ sociodemographic and health
characteristics (N = 238 unless indicated)

Characteristics n (%)

Age (years) (n = 236)

40–59 51 (21.6)

60–69 79 (33.5)

70–79 83 (35.2)

>80 23 (9.7)

Sex

Male 145 (60.9)

Female 93 (39.1)

Marital status (n = 237)

Married 122 (51.5)

Single/separated/divorced 78 (32.9)

Widowed 37 (15.6)

Living situation (n = 237)

Alone 92 (38.8)

With others (spouse or other people) 145 (61.2)

Mother tongue

French 189 (79.4)

English 36 (15.2)

Other 13 (5.5)

Annual household income (n = 213)

<$14 999 58 (27.2)

$1500–$29 999 68 (31.9)

>$30 000 87 (40.8)

Years of education (n = 237)

<6 27 (11.4)

7–12 121 (51.1)

>12 89 (37.6)

Health problems

COPD or other pulmonary condition 160 (67.2)

Cardiac insufficiency 117 (49.2)

Arthritis/rheumatism 106 (44.5)

Insomnia 76 (31.9)

Diabetes 63 (26.5)

Asthma 63 (26.5)

Vision problem 62 (26.1)
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Index (0.955), the Tucker–Lewis Index (0.943) and

the root mean squared error of approximation

(0.096) reflecting acceptable to marginal fit. Al-

though more research is needed regarding the ap-

propriateness of such indexes for ESEM models

given their greater number of estimated parameters

[41], it is reasonable to conclude that the selected

HBM components provide an adequate explanation

of AC use (see Fig. 1). Overall, 31.6% of the var-

iance in AC use behavior was accounted for by

components of the HBM.

That is, the model showed that three components,

perceived benefits, perceived barriers and cues to

action, contributed significantly to AC use, in the

expected directions: those who saw benefits such as

allowing them to continue daily activities and to

avoid respiratory problems were more likely to

have a higher level of AC use. Perceptions that

air conditioner use could have drawbacks such as

aggravating health problems or cooling the house

too much were predictive of less AC use. Cues to

action were associated with higher level of AC use.

Perceived severity of health problems associated

with extreme heat, measured as the beliefs that heat

waves could lead to hospitalization because of the

respondent’s health status, also did not significantly

predict AC use behavior.

In an ancillary analysis, we tested a model in-

cluding a direct relationship between annual house-

hold income and AC use. The estimated coefficient

emerged as non-significant (results available upon

request to the first author).

Table III. Factor loadings for EFA with GEOMIN rotation of perception of barriers and benefits to AC use and perception of severity

of health effects of heat wave items

Barriers Benefits Severity

Items Standard

estimate

95% CI Standard

estimate

95% CI Standard

estimate

95% CI

Benefits

Q12: Daily activities 0.27 0.21, 0.51 0.64 0.52, 0.76 �0.04 �0.22, 0.14

Q13: Avoid respiratory problems 0.05 �0.29, 0.38 0.77 0.66, 0.87 0.12 �0.12, 0.37

Q14: Health stable 0.14 �0.17, 0.46 0.80 0.69, 0.91 0.06 �0.16, 0.28

Q15: Sleep better 0.17 �0.08, 0.43 0.59 0.49, 0.70 0.10 �0.09, 0.29

Q16: Reduce humidity 0.26 0.03, 0.50 0.60 0.49, 0.71 0.00 �0.07, 0.08

Barriers

Q17: Expensive 0.57 0.47, 0.68 �0.08 �0.22, 0.07 �0.05 �0.21, 0.11

Q18: Temperature 0.73 0.65, 0.81 0.01 �0.09, 0.11 �0.01 �0.12, 0.11

Q19: Not good for health 0.85 0.78, 0.92 0.07 �0.05, 0.20 0.08 �0.05, 0.22

Q20: Health problems 0.78 0.71, 0.85 0.02 �0.09, 0.13 0.09 �0.07, 0.24

Q21: Fresh air 0.57 0.48, 0.66 0.03 �0.10, 0.15 0.02 �0.10, 0.14

Q22: Home too cold 0.77 0.69, 0.85 0.18 0.06, 0.30 0.02 �0.05, 0.09

Q23: Not comfortable 0.79 0.69, 0.89 0.26 0.14, 0.38 �0.02 �0.09, 0.04

Q24: Too much noise 0.50 0.39, 0.60 0.21 0.08, 0.34 0.04 �0.09, 0.16

Severity

Q67: Respiratory difficulties/hospitalization �0.02 �0.10, 0.05 �0.14 �0.27, �0.00 0.98 0.92, 1.04

Q68: Weakened/hospitalization 0.00 �0.05, 0.06 �0.18 �0.30, �0.05 1.02 0.96, 1.08

Q69: Dehydration/hospitalization �0.01 �0.07, 0.05 �0.25 �0.37, �0.12 0.90 0.81, 0.98

Q70: Respiratory difficulties/long-term damages �0.04 �0.11, 0.04 �0.67 �0.81, �0.54 0.99 0.83, 1.16

Q71: Weakened/long-term damages 0.03 �0.04, 0.09 �0.69 �0.84, �0.54 1.04 0.86, 1.22

Q72: Dehydration/ long-term damages 0.05 �0.04, 0.14 �0.56 �0.70, �0.42 0.97 0.82, 1.12

Q73: Respiratory difficulties/death �0.47 �0.66, �0.28 0.09 0.01, 0.16 1.01 0.88, 1.13

Q74: Weakened/death �0.51 �0.71, �0.32 0.01 �0.02, 0.04 1.05 0.93, 1.16

Q75: Dehydration/death �0.38 �0.55, �0.21 �0.01 �0.05, 0.03 0.96 0.87, 1.05

Factor loadings >0.40 are in boldface; correlations between factors: barriers–severity, 0.43; barriers–benefits, 0.30; severity–benefits,
0.46.
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Discussion

The purpose of this study was to test the predic-

tive power of selected components of the HBM

for heat-related protective behavior among non-

institutionalized middle-aged and older adults with

serious chronic health conditions. Semenza et al.
[24] estimated that more than half of the deaths

related to the Chicago heat wave of 1995 ‘could

have been prevented if each home had a working

air conditioner’ (p. 487). Our data partially validate

the HBM by suggesting that above and beyond

access to AC, beliefs in this particularly vulnerable

population about AC may determine its actual level

of use. About one-third of our sample of persons

with CHF or COPD did not use AC regularly or did

not use at all during periods of extreme heat, and

those who used it, did so for, on average, just over

half of each 24-hour period. ESEM showed that

specific beliefs about the benefits of and drawbacks

to AC, as well as cues to action were predictive of

its level of use. Those who believed that using AC

would help them, for example, to continue their

daily activities, prevent respiratory problems and

maintain their health were most likely to use it

more. Similarly, those who believed that AC would

bring drawbacks did not use AC as much.

While results showed a positive predictive role

for cues to action, a closer look at estimates showed

that only one causal indicator, sensitivity to heat,

significantly contributes to the composite variable,

with parameters for indicators related to advisories

and advice from doctor or nurse emerging as non-

significant. While this result certainly confirms the

importance in the adoption of protective behavior

of internal cues such as symptoms over external

signals such as advisories or advice from a health

professional [47], it might also reflect the difficulty

of empirically identifying cues instigating action

[28].

Effective communication plans and public edu-

cation tools have been highlighted as key compo-

nents of the public health response to extreme heat

events [3]. However, current strategies such as heat

advisories do not appear to be reaching their targets

effectively and contribute little to the adoption of

Fig. 1. Depiction of the causal model between perceived benefits, perceived barriers, perceived severity, cues to action and AC use,
with standardized causal coefficients. Unstandardized residual variances for Cues to Action and AC use were constrained to 0.3. The
coefficient linking AC use to AC was constrained to 1.0.
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protective behaviors [15, 24]. Although the impor-

tance of defining and locating high-risk popula-

tions, such as older adults and the chronically ill,

and providing them with effective information

about extreme heat has been emphasized [3, 48],

the best ways to reach these vulnerable subgroups

remain unclear [36]. Our data support these find-

ings, showing that extreme heat advisories and ad-

vice from a doctor or nurse do not significantly

contribute to the cues to action composite variable.

Some authors have argued that communications

should be improved by increasing public awareness

that heat advisories are based on human health

responses and by emphasizing the vulnerability as-

pect through their messaging [22]. This has been

recommended in particular for the older adults [49].

However, as discussed by Champion and Skinner

[28], it is possible that the predictive value of sus-

ceptibility may depend on the perceived level of

severity so that ‘a heightened state of severity is

required before perceived susceptibility becomes

a powerful predictor’ (p. 61). This suggests that

perceptions of vulnerability may be heightened

most effectively when heat waves are seen as hav-

ing more serious consequences on health. This hy-

pothesis is consistent with work that has shown the

potential in exploring alternative patterns of rela-

tionships for the HBM components [28], and this

would certainly deserve further research. Interest-

ingly, warning older people about health risks as-

sociated with aging and heat may have paradoxical

effects: many older people do not see themselves as

old or at risk [36] and those who associate aging

with limitations in their lives are less likely to en-

gage in preventive or adaptive behaviors [32, 50].

Several issues limit the interpretation of the cur-

rent findings. First, although the recruitment mode

allowed for the recruitment of a heterogeneous sam-

ple of non-institutionalized cardiac and COPD

patients, representativeness is not guaranteed: still,

the age and sex (a male majority) distribution of

study participants does reflect the mix of CHF

and COPD clinic patients in Montréal (according

to the directors of the participating clinics), and the

choice of university clinics facilitated recruitment

of participants from across the socioeconomic

spectrum. Second, the study is limited by its

cross-sectional design. Longitudinal studies follow-

ing the health belief patterns of older adults over

time and before and after persuasive interventions

would be invaluable in identifying the determinants

of heat protective behaviors. Third, the sample size

precluded the testing of alternative patterns of rela-

tionships, such as multiplicative approaches to

major dimensions in the model. Further research

should consider replication with larger samples

and extensions with alternative causal models.

Despite its limitations, the present study is im-

portant in that it is one of the first, if not the first, to

examine the usefulness of selected components of

the HBM in understanding preventive behaviors re-

lated to climate change phenomena such as extreme

heat. For non-institutionalized persons with exist-

ing serious health conditions, our data suggest that

public health communications should include strat-

egies aimed at modifying beliefs about specific

health benefits from AC use, as well as strategies

to reduce or mitigate the perceived barriers to ef-

fective action, especially among populations whose

existing health problems also help to limit their

mobility, restrict the social networks and isolate

them [14, 49]. Such public health communications

should form part of an integrated multidimensional

emergency strategy [2, 34] that supports adequate

citizen response [51].
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33. Perrig-Chiello P, Stähelin H. Health control beliefs in old
age—relationship with subjective and objective health and
health behaviour. Psychol Health Med 1999; 4: 83–94.

34. Sorenson JH. Hazard warning systems: review of 20 years of
progress. Nat Hazards Rev 2000; 1: 119–25.

35. Mileti D, Sorenson J. Communication of Emergency Public
Warning. A Social Science Perspective and State-of-the-Art
Assessment, 1999. Retrieved from Emergency Management
Center website. Available at: http://emc.ornl.gov/EMCWeb/
EMC/PDF/CommunicationFinal.pdf. Accessed: 26 October
2010.

36. Abramson V, Wolf J, Lorenzoni I et al. Perceptions of heat-
wave risks to health: interview-based study of older people
in London and Norwich, UK. J Public Health 2008; 31:
119–26.

37. CRIACC—Centre de Ressources en impacts et adaptation
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