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HEAT-RELATED ILLNESS PREVENTION BEHAVIORS 
AMONG OLDER ADULTS IN SOUTHERN THAILAND: 
DETERMINANTS BASED ON HEALTH BELIEF MODEL

Kannika Ruangdej Chaosuansreecharoen, Adisak Srilaong,  
Thanapanan Akharawirawa,Wittaya Hlupo and Saowalak Kongsanit

Faculty of Public Health and Allied Health Sciences, Sirindhorn College of Public 
Health Trang, Praboromarajchanok Institute, Trang Province, Thailand

Abstract.  Global warming poses a major health threat, particularly 
through heat-related illnesses among vulnerable populations.  A cross-
sectional analytical study was used to analyze the determinants of heat-
related illness (HRI) prevention behaviors among older adults in southern 
Thailand to assist effective interventions for reducing heat-related 
morbidity and mortality.  A multistage cluster sampling was used to 
recruit functioning older adults (n = 280, Barthel ADL Index ≥12) residing 
in five provinces with the highest average temperatures in southern 
Thailand, namely Krabi, Nakhon Si Thammarat, Phuket, Songkhla, and 
Surat Thani.  Data were collected between June and October using a 
structured questionnaire based on the Health Belief Model framework.  
Results revealed that income, perceived susceptibility, perceived 
severity, perceived benefits, perceived self-efficacy, and cues to action 
were positively correlated with HRI prevention behavior (p-value <0.01), 
whereas age and perceived barriers were negatively correlated (r = -0.13 
and -0.25, respectively).  Among 13 variables entered into a regression 
model, perceived self-efficacy, cues to action and perceived benefits were 
significantly associated with HRI prevention behaviors (p-value <0.001), 
explaining 47% of the variance.  Cues to action emerged as the strongest 
predictor.  These findings underscored the crucial role of psychological 
and motivational factors in shaping heat protection behaviors among 
older adults in high-temperature regions.  Strengthening self-efficacy, 
enhancing awareness of benefits and promoting cues to action can guide 
the development of targeted heat illness prevention programs to protect 
vulnerable older adult populations from escalating heat-related health 
risks in southern Thailand. 
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INTRODUCTION

Global warming is one of the 

major health threats of this century, 

with the World Health Organization 

(WHO) predicting an additional 

250,000 deaths annually between 

2030 and 2050 (WHO, 2023).  Climate 

change affects human health both 

d i r e c t l y ,  t h r o u g h  h e a t w a v e s , 

floods and storms, and indirectly 

t h r o u g h  t h e  s p r e a d  o f  d i s e a s e 

vectors, deteriorating air quality 

and food insecurity (Watts  e t  a l , 

2015; Madani Hosseini et al, 2024).  

Older adults are considered among 

the most  vulnerable groups due 

to their physiological limitations, 

susceptibility to chronic diseases 

and limited access to health services 

(Campbell and Keehn, 2018; Perez 

et al, 2022).

T h a i l a n d ’ s  d e m o g r a p h i c 

transition toward an aging society 

has resulted in a rapid increase in 

the elderly population.  By 2023, 

o lder  adul ts  aged 60  years  and 
above accounted for  20% of  the 
populat ion (approximate ly  13 .2 
million people) and are projected 
t o  e x c e e d  2 0  m i l l i o n  b y  2 0 4 0 
( D e p a r t m e n t  o f  O l d e r  Pe r s o n s , 
2024).  At present, Thailand ranks 
the 9th globally on the long-term 
Cl imate  Risk  Index  (2000-2019) 
a n d  i s  e x p e c t e d  t o  e x p e r i e n c e 
a v e r a g e  s u m m e r  t e m p e r a t u r e s 
exceeding 35 °C, with prolonged 
heat  seasons and more frequent 
extreme weather events (Eckstein 
et al, 2021).  In southern Thailand, 
which has already entered an aging 
society, the majority of older adults 
continue to work outdoors in the 
agricultural sector, placing them 
a t  h i g h  r i s k  o f  h e a t  s t r e s s  a n d 
heatstroke (Paitoonphong,  2021; 
National Statistical Office, 2024). 

Empirical  evidence indicates 
that  heat-related mortality rates 
w i l l  i n c r e a s e  b y  0 . 5 - 2 . 5 %  f o r 
e ve r y  1 . 5 - 3 . 0  ° C  r i s e  i n  g l o b a l 
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temperature, with one in five heat-
related deaths occurring among 
o lder  adul ts  (Chen  e t  a l ,  2024) .  
According to the Department of 
Health (2023), approximately 14,000 
elderly people in Thailand will die 
from heat-related causes by 2080.  
A nat ionwide s tudy of  hospi ta l 
admissions from January 2013 to 
August  2019  revealed that  non-
normal temperatures significantly 
contribute to hospitalizations in 
Thailand, with hot temperatures 
r e s p o n s i b l e  f o r  a  s u b s t a n t i a l 
portion of all cause of admissions, 
particularly outpatient visits (Wen 
et al, 2024).

The southern region of Thailand 
h a s  e x p e r i e n c e d  a c c e l e r a t e d 
warming over the past decade, with 
the average maximum temperature 
increasing 0.14 °C, and long-term 
trends (1979-2025) showing a rise of 
0.10-0.18 °C per decade (Rodchuen 
et al, 2020; Waqas et al, 2025).  Our 
study focused on five provinces 
e x p e r i e n c i n g  t h e  m o s t  e x t r e m e 
hea t ,  namely  Krab i ,  Nakhon  S i 
Thammarat, Phuket, Songkhla, and 
Surat Thani.  During the summer 
of 2024 (February - May), districts 

i n  t h e s e  p r o v i n c e s ,  i n c l u d i n g 
Chawang, Hat Yai and Phrasaeng, 
and the municipal regions of Krabi 
and Phuket recorded temperatures 
ranging from 42.0 °C to 51.9 °C, 
with some areas reaching extremely 
dangerous conditions of 52 °C or 
higher, representing some of the 
h i g h e s t  t e m p e r a t u r e s  r e c o r d e d 
nationwide (The Nation, 2025; Thai 
PBS, 2024).  These extreme thermal 
conditions establish these provinces 
as critical  sites for investigating 
heat-related health vulnerabilities 
among the older adult populations.

G i v e n  t h i s  s i t u a t i o n ,  o u r 
s t u d y  s p e c i fi c a l l y  f o c u s e d  o n 
heat-related illnesses (HRIs), such 
as  heat  exhaust ion ,  heat  s t roke 
and heat  s t ress ,  as  the  pr imary 
health threat from global warming 
among older  adults  in  southern 
Thailand.  While climate change 
encompasses multiple health risks, 
HRI represents the most immediate 
a n d  q u a n t i fi a b l e  t h r e a t  t o  t h i s 
population, particularly given their 
cont inued  outdoor  agr i cu l tura l 
work during increasingly severe 
summer temperatures.   Between 
2019 and 2024, Thailand recorded 
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2 1 2  d e a t h s  d u e  t o  h e a t s t r o k e , 
a ve r a g i n g  2 7  d e a t h s  a n n u a l l y .  
The majority of victims were men 
aged 41-60 years of age, often with 
underlying health condit ions or 
e n g a g i n g  i n  o u t d o o r  a c t i v i t i e s 
during the peak heat periods (The 
Nation, 2025).  In 2025, 32 HRI cases 
were  reported,  highl ight ing the 
ongoing risk, especially in southern 
p r o v i n c e s  s u c h  a s  N a k h o n  S i 
Thammarat, Phuket and Songkhla, 
which are predicted to experience 
extremely high heat index values 
(The Nation, 2025; Office of Disease 
Prevention and Control Region 6, 
2025). 

T h i s  s t u d y  i n ve s t i g a t e d  t h e 
determinants  of  HRI prevention 
b e h a v i o r s  a m o n g  o l d e r  a d u l t s 
in  southern  Thai land.   The  key 
risk factors investigated included 
l i v i n g  c o n d i t i o n s ,  a c c e s s  t o 
i n f o r m a t i o n  a n d  h e a l t h c a r e , 
a n d  p r e s e n c e  o f  t e m p e r a t u r e -
sensitive chronic diseases, such as 
cardiovascular  disease,  diabetes 
and hypertension.   The findings 
are expected to contribute to the 
development  of  effect ive  heal th 
education programs, public health 

po l i c ies ,  and  communi ty -based 

interventions tailored to the specific 

needs of older adults, ultimately 

reducing heat-related morbidity 

and mortality among vulnerable 

e lder ly  popula t ions  in  t rop ica l 

climate regions.

MATERIALS AND METHODS

Study design

The study employed a cross-

s e c t i o n a l  a n a l y t i c a l  d e s i g n  t o 

investigate determinants of  HRI 

prevention behaviors among older 

adults in southern Thailand.  The 

Health Belief Model (Rosenstock et 

al, 1988) served as the theoretical 

f r a m e w o r k  t h a t  g u i d e d  t h e 

investigation of factors associated 

with preventive health behaviors.  

T h e  m o d e l  c o m p r i s e s  s i x  c o r e 

c o n s t r u c t s ,  n a m e l y  p e r c e i v e d 

susceptibility, perceived severity, 

p e r c e i v e d  b e n e fi t s ,  p e r c e i v e d 

barr iers ,  se l f -efficacy ,  and  cues 

to action.  In addition, modifying 

f a c t o r s ,  s u c h  a s  d e m o g r a p h i c 

characteristics, health status and 

environmental  condit ions ,  were 

examined as they may indirectly 
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influence heal th  percept ion and 
behavior. 

Study population and participants

The study population consisted 
of 10,652 older adults (Department 
of Older Persons, 2025), who resided 
in five southern provinces (Krabi, 
Nakhon S i  Thammarat ,  Phuket , 
Songkhla, and Surat Thani) with 
the highest average temperatures 
in southern Thailand (The Nation, 
2025; Thai PBS, 2024).

The participants consisted of 
older adults  residing in the five 
aforementioned southern provinces.  
The sample size was calculated using 
the G*power program version 3.1 
(Faul et al, 2007) for multiple linear 
regression analysis, with a small 
effect size (f² = 0.05), α = 0.05, power 
= 0.95, and 20 predictor variables 
including dummy variables (Cohen, 
1988).  The calculated sample size 
was then increased by 20% to account 
for potential participant dropout 
and incomplete responses.  Inclusion 
criteria were older adults who were 
(i) functionally independent (Barthel 
ADL Index score ≥12,  indicating 
ability to perform activities of daily 

living) ( Jitapunkul et al, 1994), (ii) 
without dementia assessed using 
the Thai version of the Basic Mental 
H e a l t h  E x a m i n a t i o n  ( M M S E )  - 
Thai  2002 (Inst i tute of  Geriatric 
Medicine - Thai Ministry of Public 
Heal th ,  2002) ,  and ( i i i )  without 
serious underlying diseases that 
prevent them from participating in 
the research project, such as cancer 
patients undergoing chemotherapy 
or with heart diseases.  Exclusion 
c r i t e r i a  we r e  o l d e r  a d u l t s  w h o 
were (i) with cognitive impairment 
preventing their ability to complete 
the questionnaire Thai Mini-Mental 
S t a t e  E x a m i n a t i o n  ( T M S E )  < 1 7 
(Train the Brain Forum Committee, 
1993),  ( i i)  currently hospitalized 
or in institutional care,  and (i i i) 
h a v i n g  s e v e r e  c o m m u n i c a t i o n 
impairment  (hear ing,  speech or 
visual).  Participants were recruited 
from 25 June to 20 October 2025.  
The final number of participants 
was 280. 

Sampling method

A multistage cluster sampling 
m e t h o d  wa s  u s e d  ( K i tt i n o r a r a t 
and Acherayawathana, 2024).  Five 
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distr ic ts  f rom the  five  southern 
p r o v i n c e s  w i t h  t h e  h i g h e s t 
temperatures were selected, with 
one subdistr ic t  per  dis tr ic t  and 
one village per subdistrict chosen 
randomly.  Eligible older adults 
were sampled from the households, 
one participant per household. 

Research instrument

A  s t r u c t u r e d  q u e s t i o n n a i r e 
consisted of multiple-choice items 
and fill-in-the-blank responses for 
data collection and comprised five 
parts as follows.

Part 1: Modifying factors 

This section assessed demographic, 
socioeconomic, health-related, and 
experiential characteristics, namely, 
age, sex, education level, marital 
status, current occupation, average 
monthly income, income adequacy, 
l iv in g  a r ran g ement ,  h ouseh o ld 
size, presence of chronic disease, 
health insurance coverage, alcohol 
consumption, body mass index (BMI), 
and experience with HRI.

Part  2 :  Heal th  bel ief  model 
perceptions 

A 30-i tem quest ionnaire  was 
developed specifically for our study 

to assess five cognitive constructs 

based on the Health Belief Model, 

namely perceived suscept ibi l i ty 

(6  i tems) ,  perce ived sever i ty  (6 

items), perceived benefits (6 items), 

perceived barriers (6 items), and 

self-efficacy (6 items) (Rosenstock et 

al, 1988).  Each item was measured 

on a 4-point Likert scale (from 1 

= disagree to 4 = strongly agree).  

N e g a t i ve l y  w o r d e d  i t e m s  we r e 

reverse-scored to  ensure higher 

scores consistently reflected more 

h e a l t h - p r o m o t i n g  p e r c e p t i o n s 

aligned with HRI prevention.

Part 3: Cues to action 

F i ve  i t e m s  a s s e s s e d  s t i m u l i 

t h a t  t r i g g e r  H R I  p r e v e n t i v e 

b e h a v i o r  a d o p t i o n s ,  n a m e l y 

healthcare provider advice, family 

e n c o u r a g e m e n t ,  p e e r  m o d e l , 

media exposure, and experiences 

(personal or vicarious heat illness 

experience).  Items were developed 

through a literature review based on 

the Health Belief Model framework 

(Rosenstock et al, 1988).  Each item 

was measured on a 4-point Likert 

scale (from 1 = never prompts action 

to 4 = always prompts action). 
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Part 4: HRI prevention behaviors 

An HRI prevention behavior is 
operationally defined as a deliberate 
action undertaken by older adults 
to reduce heat exposure, maintain 
thermoregulation, ensure adequate 
hydra t ion ,  and  recognize  ear ly 
wa r n i n g  s i g n s  o f  h e a t - r e l a t e d 
conditions during periods of hot 
weather.  A 20-item questionnaire 
was developed to assess five domains 
based on a comprehensive literature 
r e v i e w  ( D e p a r t m e n t  o f  H e a l t h , 
2020): (i) heat exposure reduction 
(6 items, namely staying indoors 
in air-conditioned or fan-cooled 
buildings,  using oscil lating fans 
without direct body exposure while 
maintaining window ventilation, 
wear ing  wide-br immed ha ts  or 
sunglasses when outdoors, planting 
trees around homes for shade and 
temperature reduction,  residing 
in  shaded or  cooler  rooms,  and 
avoiding outdoor work during hot 
weather  periods) ;  ( i i )  hydrat ion 
m a n a g e m e n t  ( 5  i t e m s ,  n a m e l y 
drinking water frequently without 
waiting for thirst ,  consuming at 
l e a s t  8  g l a s s e s  o f  c l e a n  wa t e r 
d a i l y ,  m o n i t o r i n g  u r i n e  c o l o r 

t o  a s s e s s  h y d r a t i o n  a d e q u a c y , 
avoiding tea,  coffee,  and sugar-
sweetened carbonated beverages, 
and consulting physicians about 
a p p r o p r i a t e  fl u i d  i n t a k e  w h e n 
chronic  condit ions require  fluid 
consumpt ion) ;  ( i i i )  appropr ia te 
c l o t h i n g  a n d  e n v i r o n m e n t a l 
m o d i fi c a t i o n  ( 2  i t e m s ,  n a m e l y 
wearing light-colored, loose-fitting, 
lightweight, and breathable clothing; 
and ensuring air conditioners and 
fans are functioning properly); (iv) 
dietary and medication management 
(5 items, namely avoiding greasy, 
excess ive ly  sweet  or  sa l ty ,  and 
difficult-to-digest foods; consuming 
l o w - s u g a r ,  h i g h - wa t e r - c o n t e n t 
frui ts  (eg ,  dragon frui t ,  orange, 
r o s e  a p p l e ,  a n d  w a t e r m e l o n ) ; 
washing hands before meals and 
a f t e r  u s i n g  t o i l e t s  t o  p r e v e n t 
c o n t r a c t i n g  d i a r r h e a l  d i s e a s e s ; 
a v o i d i n g  e a s i l y - s p o i l e d  f o o d s , 
such as coconut milk-based dishes, 
fresh salads,  and unrefrigerated 
c o o k e d  f o o d s ;  a n d  e x e r c i s i n g 
caution with medications that may 
increase fluid and electrolyte loss 
(eg, antihypertensive, decongestant, 
diuretic, and (certain) psychiatric 
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medication); (v) health monitoring 
and early warning recognition (2 
i tems,  namely monitor ing dai ly 
weather forecasts,  and promptly 
informing family members when 
experiencing heat-related symptoms, 
such as confusion, dizziness, nausea, 
and/or hyperventilating).

Each  i tem was  measured  on 
a 4-point Likert scale (4 = always 
practice, 3 = sometimes practice, 
2 = rarely practice, and 1 = never 
practice), with scores ranging from 
20 to 80, and higher scores indicating 
more consistent engagement in HRI 
prevention behaviors.

Validi ty  and rel iabil i ty  of  the 
instrument

The instrument was examined 
for  content  va l id i ty  by  a  pane l 
of  three experts :  two experts  in 
e n v i r o n m e n t a l  h e a l t h  a n d  o n e 
expert in the Health Belief Model 
( R o s e n s t o c k  e t  a l ,  1 9 8 8 ) .   T h e 
item-objective congruence (IOC) 
index values ranged from 0.67 to 
1 .00  (Rovinel l i  and Hambleton, 
1977), indicating good to excellent 
content validity, as values ≥0.50 are 
considered acceptable.

The instrument was examined 
for reliability using a pilot study 
t e s t e d  o n  3 0  p a r t i c i p a n t s  w h o 
shared similar characteristics with 
the  targe t  popula t ion  but  were 
not included in the main study.  
Internal consistency reliability was 
assessed using Cronbach’s alpha 
coefficient.  The overall reliability 
c o e ffi c i e n t  wa s  0 . 9 5 ,  i n d i c a t i n g 
acceptable reliability. 

Data analysis

Descriptive statistics,  namely 
frequencies,  percentages,  means, 
a n d  s t a n d a r d  d e v i a t i o n s ,  we r e 
u s e d  t o  d e s c r i b e  d e m o g r a p h i c 
c h a r a c t e r i s t i c s .   I n f e r e n t i a l 
s t a t i s t i c s ,  n a m e l y  b i v a r i a t e 
analyses and Pearson’s correlation 
c o e ffi c i e n t s ,  we r e  e m p l o ye d  t o 
examine relationships between the 
six Health Belief Model constructs 
and  HRI  prevent ion  behaviors .  
Independent  t - test  and one-way 
A N O VA  we r e  u s e d  t o  c o m p a r e 
mean differences  between heat -
related illness prevention behaviors 
a m o n g  d e m o g r a p h i c  va r i a b l e s 
and health-related characteristics.  
Multivariable analysis employing 
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stepwise multiple regression was 
employed to identify significant 
i n d e p e n d e n t  p r e d i c t o r s  o f  H R I 
prevention behaviors.   Variables 
t h a t  d e m o n s t r a t e d  s i g n i fi c a n t 
associat ions  (p-value  <0 .050)  in 
bivariate  analyses  were entered 
a s  c a n d i d a t e  p r e d i c t o r s .   T h e 
s t e p w i s e  m e t h o d  wa s  u s e d  t o 
select the most parsimonious model 
while maximizing the explanatory 
va r i a n c e .   T h e  a s s u m p t i o n s  o f 
l inear regression were examined 
fo l lowing  Wanichbancha  (2018) 
and found to be satisfactorily meet 
(i) linearity (a linear and additive, 
as  indicated by res idual  versus 
fitted value  p lots ,  re la t ionships 
between independent (predictor ) 
variables and dependent (outcome) 
variable;  ( i i )  autocorrelation (no 
evidence of autocorrelation using 
a  Durbin-Watson (DW) s tat is t ic 
of 1.79; (iii) multicollinearity (all 
va r i a n c e  i n fl a t i o n  f a c t o r  ( V I F ) 
va l u e s  ≤ 4 ;  a n d  ( i v )  n o r m a l i t y 
(residuals  normally distr ibuted, 
as evidenced by the Normal Q-Q 
Plot).   Data were entered, coded 
with double-entry verification to 
ensure data accuracy and analyzed 

using Statistical  Package for the 
S o c i a l  S c i e n c e s  ( S P S S )  ve r s i o n 
2 9 . 0  ( I B M  C o r p ,  A r m o n k ,  N Y ; 
licensed to Sirindhorn College of 
Publ ic  Health,  Trang,  Thai land, 
through the SIFT Analytics Group 
(Thailand) Co Ltd).

Ethical consideration

T h e  s t u d y  p r o t o c o l s  w e r e 
approved by the Human Research 
Ethics  Committee of  S i r indhorn 
College of Public Health,  Trang, 
and the Faculty of Public Health 
a n d  A l l i e d  H e a l t h  S c i e n c e s , 
P r a b o r o m a r a j c h a n o k  I n s t i t u t e 
(Approval no. PO33/2025).

RESULTS 

The majority of the participants 
were female (66%), with an average 
age of 66 years, ranging from 60 to 
94 years (Table 1).  Over half (54%) 
had completed primary education, 
and 62% were married and living 
with their spouses.  About one-third 
(34%) was employed in occupation 
related to agriculture.  The average 
monthly income of THB14,031 was 
considered as  sufficient  by  40% 
of  the respondents,  but  without 
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any savings.  Over half (56%) of 
the participants resided in rural 
areas, with an average household 
s i z e  o f  3  p e r s o n s .   M o r e  t h a n 
h a l f  ( 5 8 % )  r e p o r t e d  h a v i n g  n o 
chronic  diseases ,  and 62% were 
covered by the Universal Health 
Coverage Scheme.  The vast majority 
(92%) did not  consume alcohol .  
Participants had an average BMI 
of  25  kg/m² ,  c lass ified as  obese 
l eve l  1  (Depar tment  o f  Hea l th , 
2025).  Most (86%) participants had 
no experience with heat-related 
illnesses. 

HRI prevention behaviors did 
not differ significantly by gender 
(males: mean ± standard deviation 
(SD) = 67.46 ± 9.33; females: mean 
± SD = 67.17 ± 9.10; t = 0.26, p-value 
=  0 .80) ,  res idential  area (urban: 
mean ± SD = 66.22 ± 8.27;  rural : 
mean ± SD = 68.08 ± 9.75; t = 1.69, 
p-value = 0.09), presence of chronic 
diseases (no: mean ± SD = 67.62 ± 
9.79; yes: mean ± SD = 66.78 ± 8.24; 
t  = 0.76,  p-value = 0.45),  alcohol 
consumption (non-drinkers: mean 
± SD = 67.53 ± 9.11; drinkers: mean 
± SD = 64.18 ± 9.33; t = 1.65, p-value 
= 0.10), or HRI experience (no: mean 

± SD = 67.36 ± 9.44; yes: mean ± SD 
= 66.72 ± 7.28; t = 0.40,  p-value = 
0.69).   Although not statistically 
significant, rural residents showed 
a trend toward higher prevention 
b e h a v i o r s  c o m p a r e d  t o  u r b a n 
r e s i d e n t s  ( p - va l u e  =  0 . 0 9 ) ,  a n d 
non-drinkers demonstrated a trend 
toward higher scores than alcohol 
drinkers (p-value = 0.10). 

A  o n e - w a y  a n a l y s i s  o f 
variance (ANOVA) was conducted 
t o  e x a m i n e  d i ff e r e n c e s  i n  H R I 
p r e v e n t i o n  b e h a v i o r s  a m o n g 
demographic characteristics (Table 
1).  Only educational level showed 
a statistically significant difference 
i n  p r e v e n t i v e  h e a l t h  b e h a v i o r  
(F = 2.35,  p-value = 0.04) (Table 1).   
No significance differences were 
obta ined  in  the  mean score  for 
HRI prevention behaviors among 
p a r t i c i p a n t s  w h o  w e r e  s i n g l e , 
m a r r i e d  a n d  l i v i n g  t o g e t h e r , 
m a r r i e d  b u t  l i v i n g  s e p a r a t e l y , 
d i v o r c e d ,  o r  w i d o w e d ;  w h o 
owned their own business,  were 
merchants, daily wage workers or 
in agriculture-related occupation; 
who were with a sufficient income 
b u t  n o  s a v i n g s ,  a n  a d e q u a t e 
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income with savings, or insufficient 
income;  and who were  covered 
by the Workmen’s Compensation 
Fund, with social  security,  with 
universal health coverage, or had 
private means.

Pearson’s correlation analysis 
was then conducted to examine the 
relationships among various factors 
and HRI prevention behaviors of the 
older adult participants (Table 2).  
Income, perceived susceptibility, 
p e r c e i v e d  s e v e r i t y ,  p e r c e i v e d 
benefits ,  perceived sel f -efficacy, 
and cues to action were positively 
correlated with preventive health 
behaviors related to HRI (p-value 
<0.01), with perceived self-efficacy 
showing the strongest correlation  
(r = 0.56).  On the other hand, age and 
perceived barriers were negatively 
correlated with preventive health 

b e h a v i o r s  ( r  =  - 0 . 1 3  a n d  - 0 . 2 5 , 
respectively; p-value = 0.01).

Stepwise multiple regression 
analys is  was  a lso  per formed to 
identify the variables influencing 
HRI prevention behaviors.  Out of 
13 independent variables entered 
into  the model ,  three  variables , 
n a m e l y  p e r c e i v e d  s e l f - e ffi c a c y 
in  preventing health impacts  of 
HRI, cues to action and perceived 
benefits of preventive behaviors, 
were found to significantly explain 
the  var iance  in  HRI  prevent ion 
behaviors (p-value <0.001) (Table 
3).   Together, these three factors 
accounted for 47% of the variance in 
preventive health behaviors against 
HRI among the participants. 

To obtain the predictive HRI 
p r e ve n t i o n  b e h a v i o r  s c o r e ,  t h e 
following equation was used:

Y = 8.89 + 0.99(X1) + 1.12(X2) + 0.88(X3)

w h e r e  Y  r e p r e s e n t s  H R I 

p r e ve n t i o n  b e h a v i o r  s c o r e ,  X 1 

perceived sel f -efficacy score,  X2 

represents cues to action score, and 

X3 perceived benefits score.  The 

constant (8.89) was the predicted 

H R I  p r e ve n t i o n  b e h a v i o r  s c o r e 

when all predictor variables equaled 

zero.  The value 0.99, 1.12, and 0.88 

r e p r e s e n t s  t h e  u n s t a n d a r d i z e d 
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Table 2

Factors associated with HRI preventive behaviors among older adult 
participants in five southern provinces, Thailand, 2025 (n = 280)

Factors Mean ± SD r p-value*

Age, years 66 ± 4 -0.13 0.05

Monthly income, THB 14,031 ± 14,512 0.18 0.01

Number of household members 3 ± 2 0.03 0.31

BMI, kg/m2 25 ± 5 0.05 0.22

Perceived susceptibility score 22 ± 3 0.51 0.01

Perceived severity score 21 ± 3 0.55 0.01

Perceived benefits score 21 ± 2 0.55 0.01

Perceived barriers score 11 ± 4 -0.24 0.01

Perceived self-efficacy score 21 ± 3 0.56 0.01

Cues to action score 16 ± 3 0.52 0.01

Pearson’s correlation coefficients (r) were interpreted as follows: 0.10 - 0.29 
= weak correlation; 0.30 - 0.49 = moderate correlation; 0.50 - 1 = strong 
correlation (Cohen, 1988).  

Perceived susceptibility, severity, benefits, barriers, and self-efficacy were 
measured using 6 items each; cues to action were measured using 5 items.  
All items used a 4-point Likert scale (1 = strongly disagree, 4 = strongly 
agree).  Values reported are summed scores, with possible ranges of 6-24 
for perceptions and 5-20 for cues to action. Higher scores indicate stronger 
perception or cue to action. 

*Statistically significant when p-value <0.05

HRI: heat-related illness; kg/m2: kilogram per square meter; SD: standard 
deviation; THB: Thai Baht (approximately THB31 = USD1)
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c o e ffi c i e n t  ( B )  f o r  t h e  s c o r e  o f 

p e r c e i ve d  s e l f - e ffi c a c y ,  c u e s  t o 

a c t i o n  a n d  p e r c e i ve d  b e n e fi t s , 

respectively.

DISCUSSION

Summary of key findings

O u r  s t u d y  w a s  t h e  fi r s t 

comprehens ive  inves t igat ion  of 

HRI prevention behaviors among 

older adults in southern Thailand 

u s i n g  t h e  H e a l t h  B e l i e f  M o d e l 

framework (Rosenstock et al, 1988).  

We showed that three Health Belief 

Model constructs, namely perceived 

se l f -efficacy,  cues  to  act ion and 

perce ived  b enefits ,  co l l ec t ive ly 

explained 47% of the variance in 

HRI prevention behaviors among 

older adult participants (n = 280).  

Notably, cues to action emerged as 

the strongest predictor (B = 1.12, 

β = 0.36, p-value <0.001), followed 

by perceived self-efficacy (B = 0.99, 

β = 0.32, p-value <0.001), and then 

perceived benefits (B = 0.88, β = 0.27, 

p-value <0.001).  Bivariate analyses 

r e v e a l e d  s i g n i fi c a n t  p o s i t i v e 

correlations between prevention 

behavior and income,  perceived 

s u s c e p t i b i l i t y  a n d  p e r c e i v e d 
severity,  and of  13 independent 
va r i a b l e s ,  o n l y  t h e  l a tt e r  t h r e e 
m a i n t a i n e d  s i g n i fi c a n c e  i n  t h e 
multivariable model.  These findings 
have important  implicat ions for 
designing targeted interventions 
t o  p r o t e c t  v u l n e r a b l e  o l d e r 
populat ions  fac ing  intens i fy ing 
heat exposure in tropical climates.

T h e  fi n d i n g s  o f  o u r  s t u d y 
a l i g n e d  w i t h  t h e  H e a l t h  B e l i e f 
Model  framework,  which posi ts 
that health behaviors are influenced 
by individuals’ beliefs about their 
suscept ibi l i ty  to  heal th  threats , 
the severity of these threats,  the 
benefits of taking action, barriers 
to action, cue to action, and their 
c o n fi d e n c e  i n  t h e i r  a b i l i t y  t o 
perform protective behaviors and 
m o d i f y  f a c t o r s  ( R o s e n s t o c k  e t 
a l ,  1988).   The strong predictive 
power of  perceived self-efficacy, 
c u e s  t o  a c t i o n ,  a n d  p e r c e i v e d 
benefits in this study confirmed the 
applicability of the Health Belief 
M o d e l  i n  u n d e r s t a n d i n g  h e a t -
related illness prevention behaviors 
among  o lder  adul t s  in  t rop ica l 
settings (eg,  southern Thailand).
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Cues to action as the strongest 
p r e d i c t o r  o f  h e a t - p r o t e c t i v e 
behaviors:  novel evidence from 
older adults in a tropical region

C u e s  t o  a c t i o n  e m e r g e d  a s 

the strongest  predictor with the 

highest coefficient (B), highlighting 

the importance of environmental 

and social prompts in triggering 

HRI protective behaviors among 

older adults in a tropical region.  

These cues included heat warnings 

f r o m  we a t h e r  f o r e c a s t s ,  a d v i c e 

from healthcare providers, media 

c a m p a i g n s ,  o r  o b s e r va t i o n s  o f 

health impacts of global warming 

among peers  (Grothmann  e t  a l , 

2017).  Previous studies conducted 

among individuals 30-69 years of 

age and older adults in Western 

countries identified similar cues 

to action as significant motivators 

that trigger or prompt preventive 

b e h a v i o r s  a g a i n s t  h e a t - r e l a t e d 

heal th  impacts  (Akompab  e t  a l , 

2013; Valois et al, 2020).  These cues 

were  fami ly  encouragement  for 

those living with others, perceived 

social pressure and media influence.

T h e  s i g n i fi c a n c e  o f  c u e s  t o 

action in our study underscored the 
potential effectiveness of targeted 
health impacts of global warming 
warning systems and community-
based interventions in  southern 
Thailand. These findings suggested 
that regular reminders and prompts 
on the  heal th  impacts  of  g lobal 
wa r m i n g  a m o n g  o l d e r  a d u l t s , 
particularly during extreme heat 
events, could substantially increase 
the adoption of protective behaviors 
in this group.  The importance of 
cues to action also al igned with 
other studies that  demonstrated 
external prompts, such as health 
warnings  re la ted  to  the  impact 
o f  g l o b a l  w a r m i n g ,  i n fl u e n c e 
t h e  p e r c e i v e d  e ff e c t i v e n e s s  o f 
protective measures and motivate 
behavioral  changes (Grothmann 
e t  a l ,  2017;  Kotcher  e t  a l ,  2021) .

These findings underscored the 
critical need for systematic, multi-
c h a n n e l  h e a t - wa r n i n g  s y s t e m s 
specifically designed for tropical 
regions, where older adults may 
exper ience  heat  fa t igue  or  face 
the risk of heat-related mortality.  
Community-based interventions 
i n  s o u t h e r n  T h a i l a n d  s h o u l d 
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p r i o r i t i z e  r e g u l a r ,  c u l t u r a l l y 
appropriate reminders delivered 
through trusted sources such as 
village health volunteers (VHVs), 
re l ig ious  ins t i tu t ions  and loca l 
r a d i o  b r o a d c a s t s ,  p a r t i c u l a r l y 
during periods of  extreme heat .

Perceived self-efficacy: a catalyst 
for action

The strong predictive role of 
perceived self-efficacy confirmed its 
universal importance across diverse 
cultural settings and was consistent 
w i t h  t h e  e x t e n s i v e  l i t e r a t u r e 
identifying self-efficacy as a critical 
determinant  o f  hea l th  behavior 
change (Bandura,  2004;  Sheeran 
et  al ,  2016).   In times of extreme 
heat,  self-efficacy reflected older 
adults’ confidence in their ability 
to implement protective measures, 
such  as  mainta in ing  hydrat ion , 
s e e k i n g  c o o l  e n v i r o n m e n t s , 
r e d u c i n g  o u t d o o r  a c t i v i t i e s , 
a n d  e n g a g i n g  i n  i n f o r m a t i o n -
s e e k i n g  a n d  h e l p - s e e k i n g 
behaviors (Akompab  et al ,  2013).

These findings were particularly 
s i g n i fi c a n t  g i v e n  t h e  u n i q u e 
vulnerab i l i t i e s  o f  o lder  adul t s , 

v iz ,  phys io log ica l  changes  tha t 
impair thermoregulation, potential 
cogni t ive  dec l ine  affec t ing  r i sk 
p e r c e p t i o n  a n d  s o c i o e c o n o m i c 
constraints limiting access to cooling 
resources (Kenny et al, 2010).  Recent 
research demonstrated that self-
efficacy often exhibits the greatest 
explanatory power in predicting 
p r o t e c t i ve  a c t i o n s  o f  t h e  o l d e r 
populations during health crises 
( eg ,  COVID-19  pandemic )  (K im 
and Kim, 2020).   This suggested 
that interventions enhancing older 
adults’  confidence in performing 
heat-protective behaviors may be 
e s p e c i a l l y  e ff e c t i ve .   H o we ve r , 
the  adapt ive  behavior  wi th  the 
h i g h e s t  p e r c e n t a g e  r e p o r t e d 
a s  “ n e v e r  p e r f o r m e d ”  i s 
o u t d o o r  g a r d e n i n g  d u r i n g  t h e 
dayt ime (Akompab  e t  a l ,  2013) .

The consistency of our findings 
in both Thai and Western settings 
(Akompab et al, 2013; Kim and Kim, 
2020; Valois  et al ,  2020) indicates 
that building self-efficacy should 
be  a  universal  pr ior i ty  in  heat -
health interventions targeting older 
adults,  regardless of  geographic 
o r  c u l t u r a l  c o n t e x t .   H o we ve r , 
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the cultural manifestation of self-
efficacy may differ; in the collectivist 
Thai  society,  confidence may be 
more strongly derived from family 
support and community networks 
than from individual autonomy, 
s u g g e s t i n g  t h a t  i n t e r v e n t i o n s 
should emphasize collective efficacy 
alongside individual capabilities.  
Interventions should incorporate 
m a s t e r y  e x p e r i e n c e s  ( e g ,  s k i l l s 
training in recognizing heat illness 
s y m p t o m s ) ,  v i c a r i o u s  l e a r n i n g 
(eg,  peer testimonials from older 
adults successfully managing heat 
exposure) and verbal persuasion 
(eg, encouragement from healthcare 
providers  and family  members) 
to  systematical ly  bui ld  up se l f -
efficacy among Thai older adults.

Perceived benefits: understanding 
of advantages motivates adoption

Pe r c e i ve d  b e n e fi t s  e m e r g e d 
as the third significant predictor, 
indicating that older adults who 
r e c o g n i z e  c o n c r e t e  a d va n t a g e s 
o f  p r o t e c t i v e  b e h a v i o r s ,  s u c h 
a s  i m m e d i a t e  r e l i e f  f r o m  h e a t 
discomfort, reduced risk of heat-
related illnesses and maintenance 

of normal daily activities despite 
h i g h  t e m p e r a t u r e s ,  a r e  m o r e 
l ikely to adopt these behaviors .  
O u r  fi n d i n g s  a l i g n e d  w i t h  t h e 
Health Belief Model’s theoretical 
framework and supported previous 
research that  demonstrated that 
b e l i e f  i n  t h e  e ff e c t i v e n e s s  o f 
protective measures significantly 
p r e d i c t s  e n g a g e m e n t  ( S e m e n z a 
et al ,  2008; Akompab  et al ,  2013).

While perceived benefits showed 
a positive and significant effect, the 
predict ive strength was s l ightly 
lower than that of cues to action 
and self-efficacy.  This suggested 
that although understanding the 
advantages of protective behaviors 
matters, it might be less influential 
than having confidence to act or 
receiving timely behavioral cues.  
Additionally, some heat-protective 
b e h a v i o r s  i m p o s e d  p e r c e i v e d 
c o s t s  ( e g ,  a v o i d i n g  o u t d o o r 
agricultural  act ivi t ies ,  reducing 
social engagement, and increasing 
expenses  f rom increased use  of 
a i r  condi t ioners )  tha t  par t ia l ly 
offset  their  benefits in the older 
adults’ decision-making processes.   
In the Thai context, where strong 
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cultural  norms emphasize social 
participation and intergenerational 
ac t iv i t i es ,  pro tec t ive  behaviors 
t h a t  r e q u i r e  s o c i a l  i s o l a t i o n 
m a y  f a c e  p a r t i c u l a r  r e s i s t a n c e 
despite recognized health benefits.

Thus, health education programs 
s h o u l d  e m p h a s i z e  i m m e d i a t e , 
tangible benefits (eg, improving sleep 
quality and maintaining the ability 
to care for grandchildren) rather 
than abstract long-term outcomes.  
P r o g r a m s  s h o u l d  a l s o  a d d r e s s 
concerns regarding costs and social 
trade-offs by promoting practical, 
low-cost solutions, such as the use 
o f  na tura l  vent i la t ion ,  wear ing 
wide-brimmed hats during outdoor 
agricultural activities and planting 
trees around homes for shade and 
to  reduce ambient  temperature .

Variables not retained in the final 
model: understanding mechanisms

While bivariate analyses revealed 
s ignificant  posi t ive  corre lat ions 
between preventive behaviors and 
income, perceived susceptibility, 
a n d  p e r c e i v e d  s e v e r i t y ,  t h e s e 
v a r i a b l e s  d i d  n o t  m a i n t a i n 
significance in the multivariable 

regression model.  This suggested 
t h a t  t h e i r  i n fl u e n c e  m a y  b e 
mediated through the three retained 
constructs rather than operating 
as independent direct predictors.

These findings were consistent 
w i t h  p r e v i o u s  r e s e a r c h  t h a t 
demonstrated that household income 
s i g n i fi c a n t l y  p r e d i c t s  a d a p t i ve 
b e h a v i o r s  d u r i n g  h e a t  wa v e s , 
with  higher- income individuals 
more  l ikely  to  adopt  protect ive 
behaviors (Akompab  et al ,  2013).  
This association can be attributed to 
the fact that individuals with higher 
incomes are more able to util ize 
air conditioning without concern 
f o r  e l e c t r i c i t y  c o s t s .   P r e v i o u s 
studies have reported that the high 
costs of running air conditioners 
may act  as  a  barr ier  for  certain 
individuals  to adequately adapt 
during heat  waves (Akompab  e t 
a l ,  2013;  Madrigano  e t  a l ,  2018) .  
However, the lack of significance 
of income loss in the multivariable 
model  sugges ted  i t s  effec t  may 
operate indirectly, for example, by 
faci l i tat ing sel f -efficacy through 
resource availability or increasing 
exposure  to  hea l th  in format ion 
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(cues to action).   These findings 

highl ight  that  while  addressing 

socioeconomic disparities remains 

crucial for health equity, behavior 

change interventions must target 

psychological constructs even among 

resource-constrained populations.

The observation of significant 

b i va r i a t e  c o r r e l a t i o n s  b u t  n o n -

s i g n i fi c a n c e  i n  m u l t i v a r i a b l e 

analysis for perceived susceptibility 

and severity (threat perception) has 

been documented in other Health 

Belief Model studies.  Akompab et al 

(2013) found that threat perception 

is  not  a  s ignificant  predictor  of 

a d a p t i v e  b e h a v i o r s  d u r i n g 

h e a t  wa ve s .   T h i s  f u r t h e r m o r e 

highlights that threat perception 

alone does not necessarily predict 

p r e v e n t i v e  b e h a v i o r s .   T h e s e 

findings may indicate that threat 

percept ion pr imari ly  influences 

behavior indirectly by enhancing 

receptivity to cues and building 

m o t i va t i o n  t h a t  t r a n s l a t e s  i n t o 

self-efficacy (Ratwatte et al, 2022).

Alternatively, ceiling effects may 

have occurred if most participants 

a l r e a d y  r e c o g n i z e d  h e a t  a s  a 

serious threat ,  thereby reducing 
variability and predictive power.  
This interpretation is particularly 
plausible given southern Thailand’s 
c o n s i s t e n t l y  h i g h  a m b i e n t 
temperatures and frequent media 
coverage of heat-related morbidity 
and mortality among older adults, 
which may have elevated baseline 
threat awareness in our study. 

Negat ive  correlat ions :  age  and 
perceived barriers

T h e  n e g a t i v e  c o r r e l a t i o n 
between age and heat-related illness 
prevent ive  behaviors  suggested 
that  the  o ldes t  members  o f  the 
older adults in our cohort might 
b e  f a c i n g  u n i q u e  c h a l l e n g e s  i n 
a d o p t i n g  p r o t e c t i ve  b e h a v i o r s .  
This finding aligned with previous 
research indicating that advanced 
age is associated with physiological 
vulnerabilities, reduced mobility, 
and potential cognitive decline, all 
of which may impede the adoption 
of protective measures (Kenny et al, 
2010; Fastl et al, 2024; Wrotek et al, 
2025).  Moreover, underestimation 
of vulnerabilities by the older adults 
may stem from past successful heat 
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a d a p t a t i o n  e x p e r i e n c e s ,  w h i c h 
foster  a  fa lse  sense  of  securi ty , 
or from age-related alterations in 
thermoregulatory perception that 
may have impaired their awareness 
o f  h e a t  s t r e s s  ( B e c k m a n n  a n d 
Hiete, 2020; Ratwatte et al ,  2022).

A significant negative correlation 
between perceived barr iers  and 
preventive behaviors highlighted 
t h e  i m p o r t a n c e  o f  a d d r e s s i n g 
perceived obstacles  to  faci l i tate 
h e a t - r e l a t e d  i l l n e s s  p r o t e c t i ve 
actions among older adults.  This 
inverse relationship parallels the 
fi n d i n g s  f r o m  p r e v i o u s  s t u d i e s 
on preventive health behaviors , 
including research on COVID-19 
prevention, that reported similar 
n e g a t i v e  c o r r e l a t i o n ,  t h e r e b y 
reinforcing the notion that reducing 
p e r c e i v e d  b a r r i e r s  c o n s t i t u t e s 
a  v iable  s t rategy for  enhancing 
protective behavior adoption (Kim 
and Kim, 2020; Karimy et al, 2021).  
In the context of heat-related illness, 
older adults who perceive fewer 
barriers, such as the lack of access to 
cooling resources or social support, 
are more likely to adopt preventive 
measures  l ike  s taying hydrated 

and avoiding outdoor  act ivi t ies 

during peak hot periods (Hansen 
e t  a l ,  2011;  Doherty  e t  a l ,  2025) .  

Effect ive interventions aimed at 

reducing perceived barriers include 

community education on the risks 

of heat exposure, improving access 

to cooling centers and enhancing 

social support networks for older 

adults.  These strategies can help 

mitigate the risks associated with 

extreme heat and promote healthier 

behaviors during these conditions 

(Doherty et al, 2025; Johar et al, 2025). 

Primacy of psychological factors 
over demographic characteristics

Contrary  to  Western  s tudies 

d o c u m e n t i n g  h i g h e r  h e a l t h -

protec t ive  behaviors  in  women 

( M o r a n  a n d  D e l  Va l l e ,  2 0 1 6 ) , 

we found no s ignificant  gender 

d i ff e r e n c e s  i n  H R I  p r e v e n t i o n 

pract ices  among older adults  in 

southern Thailand, an observation 

l ikely attributable  to  equivalent 

o c c u p a t i o n a l  h e a t  e x p o s u r e 

t o  b o t h  m e n  a n d  w o m e n  i n  a n 

agricultural setting (Tantipanjaporn 
et al, 2025).  When environmental 

threats are uniformly experienced 
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across sexes, behavioral disparities 

diminish as both groups develop 

comparable  adaptive responses . 

C h r o n i c  c o n d i t i o n s  c a n 

e x a c e r b a t e  d u r i n g  h e a t  wa ve s , 

p r e c i p i t a t i n g  l i f e - t h r e a t e n i n g 

c o m p l i c a t i o n s  s u c h  a s  h e a t 

exhaustion or heat stroke (WHO, 

2024) .   However,  we found that 

the  presence  of  chronic  disease 

did not significantly predict HRI 

preventive behaviors, suggesting 

inadequate health education of those 

most  physiological ly vulnerable 

t o  h e a t - r e l a t e d  m o r b i d i t y .

Our observation of the absence 

of association between prior heat-

related illness and HRI preventive 

behaviors challenged the Health 

Be l ie f  Model ’ s  assumpt ion  that 

direct health threats automatically 

enhance perceived susceptibility.  

Th is  d i sconnec t  sugges ted  tha t 

adverse  hea l th  events ,  wi thout 

subsequent  heal th  educat ion or 

c o u n s e l i n g ,  f a i l e d  t o  e s t a b l i s h 

a  las t ing  impr int  necessary  for 

sustained behavior modification 

(Matthews  et al ,  2024).  From the 

Health Belief Model’s perspective, 

exper ience  must  be  cogni t ive ly 

processed and expl ic i t ly  l inked 

t o  p r e v e n t i v e  a c t i o n s  t h r o u g h 

g u i d e d  i n t e r v e n t i o n s  r a t h e r 

t h a n  a s s u m e d  t o  a u t o m a t i c a l l y 

c a u s e  b e h a v i o r a l  c h a n g e s 

(Alyafei  and Easton-Carr,  2025).

R u r a l  r e s i d e n c e  s h o w e d  a 

marginally non-significant trend 

t o wa r d  h i g h e r  H R I  p r e ve n t i ve 

behaviors ,  suggest ing a  greater 

occupational  heat  exposure and 

limited cooling infrastructure in 

rura l  areas  (Kovach  e t  a l ,  2015 ; 

Jagai  et al ,  2017).  However, this 

a s s o c i a t i o n  wa r r a n t s  c a u t i o u s 

i n t e r p r e t a t i o n  a n d  f u r t h e r 

investigation with a larger cohort.

Alcohol abstainers also showed 

a marginally non-significant trend 

t o wa r d  h i g h e r  H R I  p r e ve n t i ve 

behaviors.  While this finding did 

not reach statistical significance, it 

was concordant with physiological 

evidence of alcohol consumption 

impairing thermoregulation and 

exacerbating dehydration through 

a  d i u r e t i c  m e c h a n i s m ,  t h e r e b y 

e l e va t i n g  v u l n e r a b i l i t y  t o  H R I 

(Morris et al, 2024).  However, this 
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association requires confirmation 
i n  f u t u r e  s t u d i e s  u s i n g  l a r g e r 
c o h o r t s  b e f o r e  r e c o m m e n d i n g 
a n y  t a r g e t e d  i n t e r v e n t i o n . 

S i g n i fi c a n t  c o n t r i b u t i o n  t o 
knowledge: the first study in Thai 
older adults

To the best of our knowledge, our 
study is the first to systematically 
e x a m i n e  H R I  p r e v e n t i o n 
b e h a v i o r s  a m o n g  o l d e r  a d u l t s 
in  Thai land us ing  a  theore t i ca l 
framework.   Our research made 
t h e  f o l l o w i n g  c o n t r i b u t i o n s .  

(1)	T h e  c r i t i c a l  r o l e  o f  c u e s 
t o  a c t i o n  h i g h l i g h t e d  t h e  n e e d 
for  comprehensive extreme heat 
warning systems delivered through 
a c c e s s i b l e  c h a n n e l s ,  i n c l u d i n g 
family caregivers,  vil lage health 
volunteers, local media, and social 
s u p p o r t  n e t w o r k s .   T h e  s t r o n g 
influence of perceived self-efficacy 
s u g g e s t s  i n t e r v e n t i o n s  s h o u l d 
p r i o r i t i z e  s k i l l - b a s e d  t r a i n i n g , 
behavioral  model ing and socia l 
re in forcement ,  in  para l l e l  wi th 
a  c l e a r  d e m o n s t r a t i o n  o f  t h e 
effectiveness of preventive actions in 
mitigating heat-related health risks.  

(2)	The  d ispar i t i es  in  coping 
with heat-related problems in the 
more senior older adults and those 
in the low socioeconomic groups 
necessitate a targeted intervention 
policy, such as financial assistance 
f o r  h o m e  i m p r o v e m e n t s  a n d 
community-based support systems 
to  overcome prac t i ca l  bar r ie rs .  

(3)	A s  T h a i l a n d  c o n f r o n t s 
m o r e  f r e q u e n t  e x t r e m e  c l i m a t e 
c h a n g e s ,  f o r  e x a m p l e ,  h i g h e r 
seasonal  temperatures ,  we have 
provided quant i ta t ive  ev idence 
for the necessity of public health 
s trategies  to  protect  vulnerable 
o l d e r  p o p u l a t i o n s  f r o m  H R I . 
T h e  i d e n t i fi c a t i o n  o f  l o w - c o s t , 
scalable interventions, particularly 
s t r e n g t h e n i n g  e a r l y  w a r n i n g 
s y s t e m s  t h r o u g h  e x i s t i n g  l o c a l 
communicat ion networks,  offers 
feas ib le  pathways  for  resource-
l i m i t e d  t r o p i c a l  r e g i o n s .

Study limitations

Our study contained several 
l imi ta t ions .   F i r s t ly ,  the  c ross -
sectional design precluded causal 
inference; longitudinal studies will 
be needed to establish temporal 
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relationships among Health Belief 
Model constructs and the observed 
behaviors.  Secondly, the use of a 
self-reported questionnaire may be 
subject to bias towards appeasing 
rep l ies ;  fu ture  research  should 
incorporate  ob ject ive  measures , 
s u c h  a s  h y d r a t i o n  b i o m a r k e r s 
a n d  e n v i r o n m e n t a l  m o n i t o r s .  
Thirdly, we focused our study on 
five southern provinces with the 
h i g h e s t  t e m p e r a t u r e s ,  t h e r e b y 
l i m i t i n g  t h e  g e n e r a l i z a t i o n  o f 
t h e  r e s u l t s  t o  o t h e r  r e g i o n s  o f 
the  country with their  different 
climate patterns and socioeconomic 
c h a r a c t e r i s t i c s .   M u l t i - r e g i o n 
studies are warranted to examine 
the effects of geographic variations 
on the study results.  Fourthly, the 
use of convenience sampling and 
exclusion of cognitively impaired 
older adults may have introduced 
a  s e l e c t i o n  b i a s ,  p o t e n t i a l l y 
o v e r r e p r e s e n t i n g  p e r c e p t i v e 
p a r t i c i p a n t s .   F i f t h l y ,  t h e  5 3 % 
unexplained variance indicated the 
existence of important unmeasured 
determinants, viz, social support, 
cultural beliefs,  housing quality, 
and health l i teracy.   And lastly, 

this study did not assess actual heat 
exposure or HRI outcomes; future 
research  should  l ink  behaviors 
with objective health outcomes to 
demonstrate the clinical relevance.

Implications for future research

These findings reveal several 
important  opportunit ies  for  the 
f o l l o w i n g  i n v e s t i g a t i o n s :  ( i ) 
longitudinal  s tudies  to  examine 
t e m p o r a l  r e l a t i o n s h i p s  a m o n g 
Health  Bel ief  Model  constructs , 
e s t a b l i s h  c a u s a l  p a t h wa y s  a n d 
identify the relationship between 
perceptions and behavior change in 
the hot seasons, thereby revealing 
critical windows of opportunities 
for  applying cues to  act ion;  ( i i ) 
randomized control led t r ia ls  to 
test  theory-driven interventions, 
such as multi-channel cue-to-action 
systems integrat ing SMS aler ts , 
community  announcements  and 
v i l l age  hea l th  vo lunteer  v i s i t s ; 
programs of self-efficacy using peer 
models  and ski l l s  t ra ining;  and 
benefit-enhancement interventions 
d e m o n s t r a t i n g  t h e  t a n g i b l e 
advantages of protective behaviors; 
and ( i i i )  qual i tat ive  research to 
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explore cultural beliefs influencing 
heat-protective behaviors, such as 
Buddhis t  concepts  o f  accept ing 
s u ff e r i n g  a n d  p e r c e p t i o n s  o f 
h e a t  a s  a  n a t u r a l  p h e n o m e n o n 
versus  a  hea l th  threa t ,  thereby 
l e a d i n g  t o  t h e  u n d e r s t a n d i n g 
o f  c u l t u r a l  f r a m e w o r k s  t h a t 
c o u l d  a s s i s t  i n  f o r m u l a t i n g 
culturally tai lored interventions 
a n d  e x p l a i n i n g  t h e  v a r i a n c e 
observed in protective behaviors.

Concluding remarks

O u r  s t u d y  p r o v i d e d  t h e 
fi r s t  e m p i r i c a l  e v i d e n c e  o f  t h e 
determinants  of  HRI prevention 
behaviors among older adults in 
southern Thailand, demonstrating 
t h a t  c u e s  t o  a c t i o n ,  p e r c e i v e d 
s e l f - e ffi c a c y  a n d  p e r c e i v e d 
benefits were critical intervention 
targets for protecting vulnerable 
p o p u l a t i o n s  f a c i n g  c l i m a t e 
change-related heat exposure.  The 
findings underscored the need for 
systematic, culturally appropriate 
a l e r t  s y s t e m s  a n d  c o n fi d e n c e -
building interventions that extend 
b e y o n d  t r a d i t i o n a l  k n o wl e d g e -
focused approaches ,  whi le  a l so 

h igh l ight ing  the  impor tance  o f 
addressing structural barriers and 
s o c i o e c o n o m i c  d i s p a r i t i e s  t h a t 
impede protective actions among 
the most vulnerable older adults.
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