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Rising global temperatures and heatwaves pose escalating health risks. This study aims to explore 
heatstroke (HS) awareness and prevention among 1142 residents of Fukuoka City, Japan, in 2020 and 
2022. Questionnaire data revealed that while many respondents reported past experiences of HS-
like symptoms (78.8%) and possessed high knowledge of HS symptoms (90.1%), only 56.3% adopted 
extensive (≥ 4) preventive measures. Crucially, a robust understanding of HS symptoms—rather than 
personal experience with mild symptoms—was the strongest predictor of adopting daily preventive 
practices (odds ratio [OR]   2.556, 95% confidence interval [CI] [1.715, 3.809], p < 0.001). The findings 
also highlight distinct challenges across demographics: older adults were more proactive in taking 
preventive measures, yet ensuring this translates to timely recognition of specific symptoms remains 
a key challenge. Conversely, younger individuals showed a significant behavioural gap, lagging in 
prevention despite frequent symptom experience. Notably, the adoption of preventive measures 
increased significantly in 2022 compared to 2020 (OR   2.808, p < 0.001), a change that coincided with 
the implementation of new national public health initiatives. These results underscore the need for 
tailored interventions, focusing on symptom recognition for older males and strategies to close the 
knowledge-behaviour gap among the young.

 In recent years, the escalating health risks associated with rising global temperatures and more frequent 
heatwaves have drawn significant attention worldwide1, especially among the climate change analysts. Mora et 
al.2 projected that 74% of the global population is expected to face deadly heat conditions for at least 20 days per 
year by 2100, a significant increase from the current 30%. The Sixth Assessment Report of the Intergovernmental 
Panel on Climate Change3 underscores the growing heat-related risks, marking it as a pressing global public 
health challenge. Analysing future climate and socioeconomic change, Chen et al.4 also show that more people 
worldwide are projected to be increasingly subjected to extreme heat events.

Heatstroke (HS) is a severe life-threatening condition resulting from the body’s inability to regulate heat 
stress5. Although HS is an acute medical emergency6, the broader health impacts of excessive heat also include 
the worsening of chronic conditions7, such as cardiovascular8 and respiratory diseases9, which contribute 
significantly to heat-related morbidity and mortality. Moreover, as Kjellstrom et al.10 reported, heat stress can 
impair human performance, work capacity, and productivity, especially in tropical and subtropical regions. 
Vulnerable populations—including the elderly, children, and individuals with pre-existing health conditions—
are disproportionately affected by excessive heat11. Other at-risk groups include outdoor workers12–14 and 
individuals of lower socioeconomic status7.

While some studies have documented a long-term decline in heat-related vulnerability over the past decades in 
certain developed regions—likely due to improved prevention strategies such as heat warning systems, increased 
air-conditioning use, and heightened public awareness15—effectiveness of specific interventions, particularly for 
vulnerable groups under diverse social and environmental contexts, remains inadequately understood16.

Given the anticipated rise in frequency, intensity, and duration of heatwaves, it is critical to develop and 
implement effective heat action plans and public health strategies17. Previous research18–22 emphasised the 
importance of population-level interventions such as public education campaigns and engagement of healthcare 
professionals. The most recent guidelines of WHO Regional Office for Europe23 recommend a multi-faceted 
approach that includes early warning systems, improved building thermal performance, access to cooling 
devices, behavioural adaptations, public awareness campaigns, and urban planning improvements. In addition 
to population-wide interventions, targeted outreach to vulnerable individuals—such as home visits and health 
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surveillance of frail elderly people—is crucial, though these programmes are often challenging to implement and 
under-resourced.

Public awareness is a critical component of effective prevention, yet studies reveal a complex global picture. 
For instance, investigation in the United Arab Emirates24, Indonesia25, and rural India26 identified significant 
gaps in public knowledge and preventive behaviours. In contrast, according to the studies targeting Europe23 and 
North America27, awareness of heat risks is relatively high. However, translating this into consistent protective 
actions remains a challenge, particularly among vulnerable groups who may underestimate their personal 
risk16,23. These studies suggest that factors such as age, gender, and information sources heavily influence 
preventive practices.

This global challenge is particularly pertinent in Japan, which faces a unique combination of a super-aged 
society and rising heatwave frequency. The nation has witnessed an uptick in midsummer days and tropical 
nights, signalling increased health risks due to higher temperatures28,29. Domestic studies have examined HS 
from various perspectives, including influences of demographic and environmental characteristics on ambulance 
dispatches14,30 and the development of a HS alert31. Despite a high penetration rate of household air conditioners 
(92.2%)32, a staggering 76% of indoor HS deaths in Tokyo in 2021 occurred in homes where AC units were 
available but not used33. This “behavioural gap” underscores the fact that technological availability does not 
guarantee protection. While the Japanese government has launched a national action plan in May 2023 to halve 
HS-related deaths by 203034, persistent high rates of mortality and emergency transports14,35 signal an urgent 
need to understand the specific drivers and barriers to preventive action at the community level. In fact, over 
1,000 fatalities are recorded annually (five-year moving average), and more than 91,000 emergency transports 
were reported between May and September of 2023 alone35.

Therefore, this study aims to bridge this critical gap. Using questionnaire data from municipal surveys in 
Fukuoka City (2020 and 2022), we evaluate residents’ awareness and preventive behaviours across various 
demographic groups. Thus, this study seeks to answer the following research questions:

•	 What are the prevalence of heatstroke symptom experience, the level of knowledge about symptoms, and the 
status of preventive practices among Fukuoka City residents?

•	 Is the level of knowledge regarding heatstroke symptoms significantly associated with the adoption of pre-
ventive behaviours?

This study also intended to identify key factors influencing these actions, gauge engagement with prevention 
practices, and contribute evidence-based recommendations for enhancing community resilience through 
tailored public health strategies. The findings are expected to contribute to evidence-based recommendations for 
enhancing community resilience to heat stress through tailored educational initiatives and improved municipal 
support systems.

Data and methodology
Ethical statement
This study was conducted using existing, anonymized data. As such, it was determined to be exempt from 
formal ethical review by the Kyushu University’s Standard Operating Procedures for the Ethics Review Board 
(Observational and Interventional Studies). All methods were performed in accordance with the relevant 
guidelines and regulations of Kyushu University and the ethical standards for research involving human 
participants. Individual informed consent was waived by Kyushu University’s Standard Operating Procedures 
for the Ethics Review Board.

Outline of questionnaire surveys
This study utilises a dataset from questionnaire surveys conducted by the local government of Fukuoka City, a 
major city in the Kyushu region of southern Japan with a population of 1.65 million.

Since 2007, Fukuoka City has been conducting these surveys four to six times annually to gauge citizens’ 
needs and perceptions of various municipal policies, and to enhance citizens’ understanding of the municipal 
administration. The pool of survey monitors is newly constituted each year. Invitations are sent to a new randomly 
selected group of citizens aged 18 and over from the basic resident register. From among them, approximately 
600 citizens agree to participate and serve as registered monitors. This annual sampling process ensures that 
the respondent pools for the 2020 and 2022 surveys are independent, with negligible overlap between them. 
As an incentive, respondents receive a prepaid card worth 500 yen at the end of the year for each survey they 
complete. Surveys are distributed either by paper mail or email, based on the respondents’ prior preferences. 
Those receiving paper questionnaires also have the option to respond online via a designated URL.

The questionnaires cover a variety of topics that may vary depending on social conditions and other factors. 
This paper utilises data from the surveys conducted between 25 June and 9 July, 2020, and 25 May and 8 June, 
2022, as these focused on HS countermeasures in Fukuoka City.

Weather conditions during these survey periods differed notably. In June 2020 survey period experienced 
significantly hotter conditions, with average daily maximum temperatures of 30.2 °C, well above the normal of 
27.0 °C. In contrast, during the May 2022 survey period, temperatures were closer to normal or slightly above, 
with an average daily maximum of 24.8 °C compared to a normal of 24.4 °C, indicating less severe heat than in 
2020. “Normal” temperatures are defined as the 30-year average (1991–2020) for the responding month.

In the 2020 and 2022 surveys, questionnaires were sent to 622 and 681 registered monitors, respectively, 
resulting in 549 and 609 responses. This brings the total sample size to 1,158, with a response rate of 88.9%. 
Around half of the respondents (46.63%) were male, while 53.4% were female. The surveys included eight 
questions focusing on various aspects of HS, such as knowledge about the symptoms of HS, actions taken when 
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individuals felt HS symptoms in the past, daily preventive measures against HS, sources of information on HS 
prevention, and requests to Fukuoka City regarding HS prevention measures. After discarding all missing and 
inconsistent observations, 1142 complete observations on target variables were finally analysed in this study. The 
variables and values originally collected from the questionnaires and those used for the statistical analysis are 
summarised in Table 1.

Methodology
The key outcome variables, “Knowledge on HS symptoms” and “HS preventive measures,” were operationalized 
through categorization to facilitate meaningful group comparisons and ensure robust analysis. This categorization 
process was informed by both the distribution of responses from the survey data and the analytical need to create 
distinct, interpretable groups.

Specifically, for the “Knowledge on HS symptoms” variable, which was derived from a question assessing 
familiarity with 12 listed HS symptoms, a binary categorization was applied. As detailed in Table 1, respondents 
who knew 0–4 symptoms were classified into the “Less to no information” category, while those who knew 5 or 
more symptoms were grouped into the “Moderate to well-known” category. This dichotomization was chosen to 
clearly distinguish participants with limited awareness from those with a greater understanding of HS symptoms, 
allowing for a distinct contrast in health knowledge.

Regarding the “HS preventive measures” variable, which was based on the number of preventive actions 
adopted by respondents from a pre-defined list (see Table 1), a three-level ordinal classification was employed: 
“Less prevention” (0–1 measures adopted), “Moderate prevention” (2–3 measures adopted), and “High 
prevention” (4 or more measures adopted). This ordinal structure was designed to capture increasing levels of 
engagement in HS prevention and to support interpretable comparisons within the ordinal logistic regression 
models.

The analysis began with checking the percentage distribution of the selected variables, followed by depicting 
how the corresponding outcomes are distributed within the categories of the covariates. The chi-square test36 of 
independence evaluated the statistical significance of the one-to-one association between the outcome variables 

Variables Values in questionnaires Re-categorized groups of variables

Year of survey 2020, 2022 • 2020
• 2022

Age-sex 
composite 
variables

Combined gender (male and female) and age group (18–29, 30–39, 40–49, 50–59, 60–69, ≥ 70) of respondents

• Young males (male respondents 
aged 18–29)
• Young females (female respondents 
aged 18–29)
• Middle-aged males (male 
respondents aged 30–59)
• Middle-aged females (female 
respondents aged 30–59)
• Old males (male respondents 
aged ≥ 60)
• Old females (female respondents 
aged ≥ 60)

Type of 
residence

Owner-occupied detached houses, owner-occupied apartment, rental detached house, rental apartment, corporate housing 
or dormitory, others

• Owned house
• Others

Occupation Permanent employee, contract employee, temporary employee, part-time employee, company executive, self-employed, 
full-time homemaker, student, unemployed, others

• Employed
• Unemployed
• Students

Knowledge on 
HS symptoms

“How familiar are you with the 12 symptoms of HS listed below?”
• Very familiar (9–12 items)
• Moderately familiar (5–8 items)
• Slightly familiar (1–4 items)
• Not familiar at all

• Less to no information (0–4 options 
known)
• Moderate to well-known (5–12 
symptoms known)

Past 
experience 
of HS

“What actions did you take when you thought you might have had heatstroke? Please select all that apply.”
• Never experienced symptoms of heatstroke
• Did nothing
• Rehydrated
• Took in salt
• Cooled the body
• Moved to a cool place
• Took a rest
• Other

• Not experienced
• Experienced

Checking 
weather 
forecasts

“Where do you obtain information for preventing heatstroke for the day? Please select all that apply.”
• Do not obtain any information
• TV, radio, newspaper, city website, city disaster prevention email or Fukuoka City LINE, other social media, smartphone 
apps, other internet sources
• Thermometer/Hygrometer
• From family or acquaintances
• Other

• No
• Yes

HS preventive 
measures

“Of the following measures, which ones are you taking to prevent HS? Please select all that apply.”
Use air conditioning or fans, frequently replenish water and salt, ensure adequate nutrition and sleep, monitor surrounding 
temperature and humidity, exercise regularly, use an umbrella or hat when going outside, wear cool clothing, remind family 
and friends to be cautious of HS, do not engage in any of the above measures

• Less prevention (0–1 options 
selected)
• Moderate prevention (2–3 options)
• high prevention (4 options or more)

Table 1.  Variables and values used for statistical analysis.
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and covariates of interest. Various logistic regression models were used to analyse each outcome variable. 
Binary logistic regression model37 analysed the first two outcome variables (past experience of HS symptoms 
and knowledge on HS symptoms) while HS preventive measures, an ordinal variable with more than two 
categories was scrutinized through ordinal logistic regression model38–40. The variables found to have significant 
associations in the previous part were included in the respective regression models.

Let Y  be the categorical variable with J (>2 ) categories, which can be ordered, and Yi be the response on this 
variable obtained from the ith (i = 1,2, · · · , n) individual. Suppose that xi = (xi1, xi2, · · · , xik, · · · , xiK)′  
is the (K × 1) vector of covariates for the corresponding individual and β = (β 1, β 2, · · · , β k, · · · , β K)′  
is the (K × 1) vector of regression coefficients. The equation below represents the ordinal logistic regression 
model, which can be written as follows.

	
ln

(
Pr (Yi > j) |xi

Pr (Yi ≤ j) |xi

)
= α j + β ′ xi; i = 1,2, · · · , n; j = 1,2, · · · , J − 1

In the above equation, α j  is the threshold term for the jth category. The left part of the equation is odds for 
the jth (j = 1,2, · · · , J − 1) category of the ith individual. Hence, the odds ratio (OR) of the covariate xk  is 
exp (β k) . On the other hand, for a binary outcome variable, which can take only two possible values (0 and 1), 

the binary logistic regression model is used and expressed as follows.

	
ln

(
Pr (Yi = 1) |xi

Pr (Yi = 0) |xi

)
= α j + β ′ xi; i = 1,2, · · · , n

The maximum likelihood estimation approach is applied in this study to estimate the regression coefficients.
In the logistic regression model for another target variable—the past experience of HS symptoms—a specific 

strategy for covariate inclusion was employed. This variable is binary, indicating whether any HS-like symptom 
was experienced or not). The covariates of interest were incorporated sequentially to illustrate their relationship 
with the outcome before and after accounting for confounding effects. Initially, variables regarding people’s 
awareness, such as the knowledge of HS symptoms, HS preventive measures, and checking weather updates, 
were included in the first model (Model I). This was followed by the inclusion of socio-economic condition-
related variables: occupation and type of residence (Model II). Finally, demographic variables like an age-sex 
composite variable and a temporal covariate (the year of the survey) were incorporated into the previous two sets 
of variables to form Model III. The age-sex composite variable —with six categories: young males, young females, 
middle-aged males, middle-aged females, old males, and old females—was considered to capture variations 
across both age and gender. Such a categorization allowed for a straightforward yet meaningful comparison of 
HS experiences combining different age-gender groups, resulting in a simpler interpretation of the findings. 
The findings of a study conducted in Fukuoka city of Japan14 motivated this approach of age- and sex-related 
decomposition.

To serve this purpose, STATA version 14.041 was used. For each regression coefficient, statistical significance 
was assessed using a Wald test42, which evaluates whether the coefficient differs significantly from zero. A p-
value of less than 0.05 was considered statistically significant.

Data and variables
All variables considered in this study are presented in Table 1. This table presents how survey questions are used 
to construct and re-categorize the target variables.

Result and discussion
Descriptive statistics
The analysis began with the descriptive statistics of all the variables considered in this study. First, the percentage 
distribution of the selected variables is presented in Table 2. This table also displays the percentages of the 
responses within the categories of the respective covariates, along with the p-values of the chi-square test of 
independence36.

Among the 1,142 target respondents, 78.8% had experienced HS or similar health issues in the past. The 95% 
confidence interval (CI) for this estimate was [76.32%, 81.15%]. This indicates HS-related discomfort as a highly 
relevant public health concern. It should be noted that this high percentage suggests that many of these self-
reported experiences likely encompass mild symptoms such as dizziness or temporary fatigue, rather than solely 
severe episodes. This is supported by the fact that the figure is considerably larger than official statistics for severe 
HS cases requiring emergency transport. For instance, figures for emergency transports due to HS in Fukuoka 
City are much lower; Toosty et al.14 reported that for males aged 70 and over, a demographic often considered 
high-risk, the number of such transports was approximately 6–10 cases per 1,000 population.

In addition, 90.1% (95% CI = [88.22%, 91.78%]) of the respondents possessed moderate to high knowledge 
on HS symptoms, meaning they knew at least five symptoms of HS. On the other hand, more than half of the 
respondents (56.5% [53.37%, 59.21%]) adopted at least four preventive measures of HS in their daily life, whereas 
only 7.2% (95% CI = [5.83%, 8.93%]) followed a less preventive lifestyle, practising at most one precaution.

The p-values of the chi-square test of independence reveal the past experience of HS symptoms to have 
significant unadjusted associations with HS preventive measures, occupation, and age-sex composite variable. 
On the other hand, the outcome variable knowledge on HS symptoms was found to be significantly associated 
(one-to-one) with the HS preventive measures, checking weather updates, and age-sex composite variable. 
Finally, the significant associates of HS preventive measures, according to the Chi-square test of independence, 
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were past experience of HS, knowledge of HS symptoms, checking weather forecasts, occupation, age-sex 
composite variable, and year of survey.

Regression analyses
Past experience of heatstroke-like symptoms
The associations of different covariates with the past experience of HS-like symptoms were examined using 
sequential logistic regression models (Table 3). This sequential approach was adopted because a preliminary 
analysis, which included all covariates simultaneously, found that the association was significant only for the 
age-sex composite variable, potentially masking the effects of other variable groups.

In Model I, high adoption of HS preventive measures was significantly associated with a 33.4% (i.e., (1–
0.667) × 100%) lower odds of experiencing HS-like symptoms compared to moderate prevention (OR = 0.661, 
p < 0.05). This finding aligns with expectation that preventive actions reduce symptom experience. However, 
the significance of preventive measures diminished when socio-economic variables were included in Model II.

Model II revealed significant differences in symptom experience based on occupation. Compared to employed 
individuals, unemployed individuals had 45.1% lower odds (p < 0.001) of reporting HS-like symptoms, likely due 
to less exposure to high daytime temperatures while at home. Conversely, students exhibited 172.8% higher odds 
(p < 0.05), possibly due to participation in outdoor sports during hot weather—a finding consistent with Toosty 
et al.14

In the comprehensive Model III, which adjusted for all variables including demographic and temporal factors, 
only the age-sex composite variable remained significantly associated with past HS-like experiences. Notably, 
middle-aged females, older males, and older females reported experiencing HS-like symptoms significantly 
less frequently than young males. This may appear counter-intuitive, as older individuals are generally more 
vulnerable to severe HS requiring emergency care14. However, this study captured any self-reported HS-
like symptoms, including milder ones like dizziness or temporary fatigue, rather than severe cases requiring 
emergency transportation and intensive care.

While employment status was a factor in Model II, its statistical significance did not persist in Model III. 
This suggests that employment status alone does not fully explain the lower reported symptom experience 
among middle-aged females and older adults. Other lifestyle factors associated with these age-sex groups likely 

Variables
Percentages in %
(95% Confidence interval)

Past 
experience 
of HS (%)

Knowledge 
on HS 
symptoms 
(%)

HS preventive 
measures (%)

NE E LN MW LP MP HP

Past experience of HS
Not experienced
Experienced

21.2 [18.85, 23.68]
78.8 [76.32, 81.15]

p = 0.326 p = 0.035

11.6
9.4

88.4
90.6

6.2
7.6

30.2
38.1

63.6
54.3

Knowledge on HS symptoms
Less to no information
Moderate to well-known

9.9 [8.22, 11.78]
90.1 [88.22, 91.78]

p = 0.326 p < 0.001

24.8
20.8

75.2
79.2

16.8
6.2

42.5
35.8

40.7
58.0

HS preventive measures
Less prevention
Moderate prevention
High prevention

7.3 [5.83, 8.93]
36.4 [33.63, 39.29]
56.3 [53.37, 59.21]

p = 0.035 p < 0.001

18.1
17.6
23.9

81.9
82.4
76.1

22.9
11.5
7.2

77.1
88.5
92.8

Checking weather forecasts
No
Yes

1.5 [0.87, 2.37]
98.5 [97.63, 99.13]

p = 0.403 p = 0.007 p = 0.011

29.4
21.1

70.6
78.9

29.4
9.6

70.6
90.4

23.5
7.0

47.1
36.3

29.4
56.7

Occupation
Employed
Unemployed
Students

67.3 [64.53, 70.05]
27.1 [24.50, 29.74]
5.6 [4.34, 7.10]

p < 0.001 p = 0.088 p < 0.001

18.6
30.4
7.8

81.4
69.6
92.2

9.6
12.0
3.1

90.4
88.0
96.9

7.8
4.5
14.1

41.6
23.6
35.9

50.6
71.9
50.0

Type of living house
Owned house
Others

58.4 [55.49, 61.23]
41.6 [38.72, 44.51]

p = 0.156 p = 0.159 p < 0.001

22.6
19.2

77.4
80.8

8.9
11.4

91.1
88.6

5.4
9.9

33.1
41.1

61.5
49.0

Age-sex composite variable
Young males
Young females
Middle-aged males
Middle-aged females
Old males
Old females

7.3 [5.83, 8.93]
7.6 [6.15, 9.31]
26.2 [23.65, 28.83]
27.2 [24.58, 29.83]
13.1 [11.23, 15.23]
18.6 [16.43, 21.03]

p < 0.001 p = 0.004 p < 0.001

7.2
8.1
16.1
21.3
24.7
36.6

92.8
91.9
83.9
78.7
75.3
63.4

7.2
5.8
10.7
6.8
18.0
10.3

92.8
94.2
89.3
93.2
82.0
89.7

22.9
9.2
8.4
3.9
11.3
0.9

39.7
47.1
51.8
29.0
32.0
23.0

37.3
43.7
39.8
67.1
56.7
76.1

Year of survey
2020
2022

47.5 [44.62, 50.49]
52.5 [49.51, 55.38]

p = 0.657 p = 0.125 p < 0.001

20.6
21.7

79.4
78.3

8.5
11.2

91.5
88.8

11.4
3.5

42.4
31.1

46.2
65.4

Table 2.  Descriptive statistics of the 2020 and 2022 survey respondents, Fukuoka, Japan. E: Experienced, 
NE: Not experienced; LN: Less to no information, MW: Moderate to well-known; LP: Less prevention, MP: 
Moderate prevention, HP: High prevention.
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contribute by reducing overall exposure to high-heat environments. For instance, retirees (common in older 
age groups) may spend more time indoors, and some middle-aged females (e.g., homemakers) may have daily 
routines with less outdoor exposure compared to full-time outdoor workers12.

Therefore, the lower reporting of HS-like symptoms by older individuals is likely due to differing lifestyle-
related heat exposure and potentially a reduced perception of milder symptoms as HS. Ultimately, this 
finding suggests that a robust understanding of HS’s potential severity—rather than a personal history of mild 
discomfort—is the critical driver for adopting daily preventive measures. This highlights the necessity of public 
health campaigns that effectively communicate the serious dangers of HS, as personal experience with minor 
symptoms may not be a sufficient catalyst for sustained behavioural change. The ORs along with the 95% 
confidence intervals obtained from Model III are visualised using the dot-and-whisker plot in (Fig. 1).

Fig. 1.  Dot–and-whisker plot showing the estimated odds ratios of the prior experience of heatstroke-like 
symptoms along with 95% confidence intervals (obtained from model III).

 

Variables

Model I Model II Model III

OR 95% CI OR 95% CI OR 95% CI

Intercept 2.223 [0.730, 6.772] 2.511 [0.772, 8.162] 6.707* [1.448, 31.064]

Knowledge on HS symptoms
Less to no information (RC)
Moderate to well-known

-
1.330

-
[0.838, 2.108]

-
1.210

-
[0.758, 1.929]

-
1.144

-
[0.710, 1.843]

HS preventive measures
Less prevention
Moderate prevention (RC)
High prevention

1.016
-

0.662*

[0.547, 1.888]
-

[0.484, 0.904]

0.964
-

0.735

[0.516, 1.800]
-

[0.533, 1.013]

0.824
-

0.852

[0.433, 1.569]
-

[0.608, 1.195]

Checking weather forecasts
No (RC)
Yes

-
1.667

-
[0.574, 4.838]

-
1.895

-
[0.637, 5.632]

-
2.449

-
[0.811, 7.390]

Occupation
Employed (RC)
Unemployed
Students

-
0.549***
2.728*

-
[0.402, 0.749]
[1.070, 6.957]

-
0.850
0.986

-
[0.594, 1.218]
[0.315, 3.086]

Type of living house
Owned house (RC)
Others

-
0.900

-
[0.653, 1.250]

-
0.790

-
[0.567, 1.101]

Year of survey
2020 (RC)
2022

-
0.964

-
[0.711, 1.307]

Age-sex composite variable
Young males (RC)
Young females
Middle-aged males
Middle-aged females
Old males
Old females

-
0.888
0.392
0.286*
0.233**
0.139***

-
[0.281, 2.799]
[0.142, 1.077]
[0.104, 0.790]
[0.081, 0.668]
[0.049, 0.396]

Table 3.  Results of binary logistic regression models for past experience of heatstroke symptoms displaying 
odds ratios (OR) along with p-values and 95% confidence intervals (CI). RC: Reference category; ***: p < 0.001, 
**: p < 0.01, *: p < 0.05. Model I includes awareness-related variables. Model II adds socio-economic variables. 
Model III is the full model including all covariates.
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Knowledge on heatstroke symptoms
The ‘Knowledge on HS symptoms’ variable assesses respondents’ familiarity with a list of 12 specific symptoms 
associated with HS. Many of these symptoms—such as dizziness, fatigue, profuse sweating, or muscle cramps—
often manifest during the early or mild stages of the condition. Recognising these initial warning signs is 
critically important because it enables individuals to become aware of their compromised physical state and 
to take immediate self-help actions, such as moving to a cooler environment, rehydrating, and resting. Such 
prompt responses can be crucial in preventing the progression of HS to more severe, potentially life-threatening 
stages. This type of knowledge differs from awareness of daily preventive measures (discussed later); while daily 
practices aim to avert the onset of HS, specific knowledge of symptoms is vital for effective self-management and 
rapid mitigation if the initial signs of HS do unfortunately appear.

To identify the potential determinants of knowledge about HS symptoms, the selected covariates were 
included in a binary logistic regression. The results of this model are reported in Table 4. The estimated ORs 
along with the error bars representing 95% confidence intervals are presented in (Fig. 2).

Fig. 2.  Dot–and-whisker plot showing the estimated odds ratios of the knowledge about heatstroke-symptoms 
along with 95% confidence intervals.

 

Variables β̂ SE OR 95% CI

Intercept 1.409 0.830 4.093 [0.805, 20.826]

Past experience of HS
Not experienced (RC)
Experienced

-
0.129

-
0.245

-
1.138

-
[0.704, 1.840]

HS preventive measures
Less prevention
Moderate prevention (RC)
High prevention

-0.953**
-

0.712**

0.327
-

0.236

0.386
-

2.038

[0.203, 0.731]
-

[1.285, 3.235]

Checking weather forecasts
No (RC)
Yes

-
1.231*

-
0.598

-
3.423

-
[1.061, 11.044]

Occupation
Employed (RC)
Unemployed
Students

-
-0.242
1.037

-
0.260
0.821

-
0.785
2.420

-
[0.472, 1.306]
[0.564, 14.102]

Type of living house
Owned house (RC)
Others

-
-0.025

-
0.231

-
0.976

-
[0.620, 1.536]

Year of survey
2020 (RC)
2022

-
-0.574**

-
0.219

-
0.563

-
[0.367, 0.865]

Age-sex composite variable
Young males (RC)
Young females
Middle-aged males
Middle-aged females
Old males
Old females

-
0.162

-0.312
-0.088
-1.004
-0.553

-
0.653
0.522
0.548
0.552
0.579

-
1.176
0.732
0.916
0.366
0.575

-
[0.327, 4.232]
[0.263, 2.039]
[0.313, 2.679]
[0.124, 1.081]
[0.185, 1.789]

Table 4.  Results of binary logistic regression models for knowledge on heatstroke symptoms displaying 
estimated coefficients ( β̂ ) along with p-values, standard errors (SE) and odds ratios (OR) along with their 95% 
confidence intervals (CI). RC: Reference category; ***: p < 0.001, **: p < 0.01, *: p < 0.05.
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Table 4 reveals that the respondents practising lower preventive measures had 61.4% lower odds (p < 0.01) of 
possessing greater knowledge of HS symptoms compared to those adopting moderate prevention against HS. On 
the contrary, the highly preventive group had significantly 103.8% higher odds of having broader knowledge of 
HS symptoms than those who practised a moderate level of HS preventive measures. This finding indicates that 
practising HS preventive measures daily is positively associated with the level of knowledge of HS symptoms. 
This result is highly plausible since the people who regularly practise preventive measures against HS are likely 
to have greater knowledge of its symptoms. On the other hand, those who usually check weather forecasts in 
advance were found to have significantly higher odds of possessing advanced knowledge of the symptoms of 
HS. Checking weather updates reflects people’s awareness, which is associated with their understanding of HS 
symptoms.

During the survey year of 2022, people were less likely to possess enhanced knowledge on HS symptoms 
than those in 2020. This observed difference may be attributed to the differing ambient temperatures during 
the survey periods. As previously mentioned, the 2020 survey was conducted under hotter weather conditions, 
with daily maximum temperatures approximately 3 °C higher than the 1991–2020 average for the month. This 
higher heat exposure likely led to the increased public and media attention on HS, enhancing the immediate 
salience and retention of HS symptom knowledge among the public. In contrast, the 2022 survey was conducted 
approximately one month earlier than in 2020, with temperatures closer to the 30-year average for that month. 
The less intense heat during this earlier period may have resulted in a reduced focus on HS information, 
contributing to lower reported knowledge levels compared to 2020.

Regarding the age-sex composite variable, neither older males nor older females revealed any significant 
difference in the odds of having sufficient knowledge about HS symptoms compared to young males. This finding 
suggests that despite the higher likelihood of experiencing HS-like symptoms, the younger generation does not 
exhibit a significantly different level of knowledge about HS symptoms compared to their older counterparts.

Preventive measures against heatstroke
The results of ordinal logistic regression models that scrutinized HS preventive measures encompassing all the 
selected covariates, are presented in Table 5. These results are also illustrated in Fig. 3 presenting the estimated 
proportional ORs along with 95% confidence intervals.

Table 5 shows that knowledge of HS symptoms is a significant factor (p < 0.001) in adopting HS preventive 
measures, even after adjusting for other covariates. Those with moderate to high knowledge of HS symptoms 
had an OR of 2.556 (p < 0.001), indicating they were 2.556 times more likely to adopt greater preventive measures 
(high or moderate prevention versus less prevention) compared to those with little knowledge of HS symptoms. 
This finding is expected, as advanced knowledge of HS symptoms motivates individuals to safeguard themselves 
by adopting greater preventive measures. This strong association between knowledge and practice is consistent 

Variables β̂ SE OR 95% CI

Threshold
Less | Moderate + High prevention 0.537 0.589 - -

Low + Moderate | High prevention 3.128 0.598 - -

Variables β̂ SE OR 95% CI

Past experience of HS
Not experienced (RC)
Experienced

-
-0.119

-
0.161

-
0.888

-
[0.648, 1.218]

Knowledge on HS symptoms
Less to no information (RC)
Moderate to well-known

-
0.938***

-
0.204

-
2.556

-
[1.715, 3.809]

Checking weather forecasts
No (RC)
Yes

-
0.888 0.483 -

2.429
-
[0.942, 6.263]

Occupation
Employed (RC)
Unemployed
Students

-
0.477**
0.663*

-
0.175
0.316

-
1.611
1.941

-
[1.143, 2.272]
[1.045, 3.605]

Type of living house
Owned house (RC)
Others

-
-0.128

-
0.143

-
0.880

-
[0.665, 1.163]

Age-sex composite variable
Young males (RC)
Young females
Middle-aged males
Middle-aged females
Old males
Old females

-
0.591
0.620*
1.680***
1.105**
1.954***

-
0.307
0.279
0.290
0.323
0.330

-
1.806
1.859
5.366
3.020
7.054

-
[0.989, 3.296]
[1.077, 3.210]
[3.040, 9.473]
[1.604, 5.684]
[3.697, 13.461]

Year of survey
2020 (RC)
2022

-
1.033***

-
0.128

-
2.808

-
[2.187, 3.606]

Table 5.  Results of ordinal logistic regression models for heatstroke preventive measures displaying estimated 
coefficients ( β̂ ) along with p-values, standard errors (SE) and odds ratios (OR) along with their 95% 
confidence intervals (CI). RC: Reference category; ***p < 0.001, **p < 0.01, *p < 0.05.
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with the broader literature. For instance, a scoping review by Hasan et al.21 identified public education as a 
cornerstone of effective heat action plans. Our results provide strong empirical support for this principle in the 
Japanese context, demonstrating that enhancing specific knowledge about HS symptoms is a powerful lever for 
promoting protective behaviours.

Both unemployed individuals and students had respectively 61.1% and 94.1% higher odds, respectively (p 
< 0.05) compared to the employed individuals. The employed individuals, who are mostly middle-aged, do not 
belong to the most vulnerable age group. Additionally, the low proportion (13.5%) of outdoor workers among 
the employed population in Fukuoka city43 may lessen the need for extensive HS prevention measures within 
this group. This finding highlights that perceived risk—shaped by daily environment and occupation—strongly 
influences preventive behaviour. Our results for a predominantly non-outdoor workforce contrast with the 
context of populations with high occupational heat exposure, such as farmers. For example, a study of farmers in 
Lucknow, India26, found that while the majority had moderate (61.90%) or adequate (35.71%) knowledge of HS, 
they represent a group for whom heat is a constant and direct occupational hazard. Although that study did not 
compare farmers with other occupational groups, its focus on an outdoor-working population provides a critical 
counterpoint. It suggests that public health messaging may need to be tailored differently for office workers, 
who may underestimate their incidental exposure, versus those like farmers who face continuous exposure. This 
aligns with observations from other research, such as a study on Indonesian pilgrims, which noted that farmers 
accustomed to sun exposure might paradoxically underestimate the risks in a new environment25.

Middle-aged males and females along with both the older males and females were more likely to adopt greater 
prevention measures than young males. In Japan, with its high proportion of senior people, both local and 
national governments have recently focused on HS prevention campaigns for seniors, as they are less resilient 
to heat stress. Consequently, older individuals have become more conscious of preventing HS by adopting more 
extensive preventive measures.

Our finding that older adults are more proactive in prevention contrasts with a study in the UAE24, which 
reported that older age was associated with poorer knowledge24. This apparent discrepancy can be understood 
by considering the different demographic contexts. The “older” cohort in the UAE study (≥ 36 years) likely 
represents a working, middle-aged population, whereas our study’s older groups (≥ 60 years) are predominantly 
seniors targeted by intensive public health campaigns in Japan. Therefore, our result likely demonstrates the 
positive impact of these campaigns on a recognised high-risk group.

Interestingly, while our analysis did not find a statistically significant difference in the overall knowledge 
scores of older adults compared to younger groups, they were significantly more proactive in taking preventive 
measures. This suggests that public health campaigns have been successful in promoting protective behaviours, 
likely by increasing the sense of personal risk among this key demographic. Therefore, the remaining challenge 
may not be a simple lack of overall knowledge, but ensuring this general awareness is refined into the ability to 
recognise specific, early symptoms to prompt timely action.

Nevertheless, these campaigns must now be refined to deliver more detailed information on symptom 
recognition to this key demographic. This aligns with Fujimoto et al.44, who noted that older adults may 
struggle to objectively assess heat levels, and highlighted that interventions for this group must address both 
the promotion of preventive behaviours and the filling of specific knowledge gaps, such as early symptom 
recognition. Furthermore, factors like living alone, which Fujimoto et al.44 identified as a primary risk factor, 
underscore the need for social support systems alongside individual behavioural change.

Interestingly, after adjusting for other covariates, previous experience of HS-like symptoms was not 
significantly associated with the adoption of higher levels of preventive measures (Table  5). As previously 
noted in the descriptive statistics (discussion of Table  2), a large proportion of respondents reported such 
experiences, which are inferred to have largely encompassed mild symptoms. This prevalence of predominantly 
mild experiences might explain the lack of a significant association with the ongoing, daily preventive measures 
assessed in this study; individuals may have perceived immediate, temporary actions taken at the time of the 

Fig. 3.  Dot–and-whisker plot showing the estimated proportional odds ratios of the adopting heatstroke 
preventive measures along with 95% confidence intervals.
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mild episode (such as rehydration or rest, as outlined in Table 1 as potential responses) as sufficient, rather than 
feeling compelled to adopt more comprehensive or numerous routine preventive strategies. This finding, when 
contrasted with the strong positive association observed between knowledge of HS symptoms and preventive 
actions, suggests that a robust understanding of HS risks and potential severity may be a stronger driver of daily 
preventive behaviour than a personal history of predominantly mild heat-related discomfort.

This finding offers a nuanced perspective that contrasts with the general assumption that personal experience 
directly drives behavioural change. While past studies focus on knowledge or sociodemographic factors, the 
impact of the severity of past experiences is less explored. Our results suggest that experiencing only mild 
symptoms may not be a sufficient catalyst for adopting sustained, daily preventive measures. Instead, as our 
other findings indicate, a robust understanding of the potential severity and risks of HS, likely acquired through 
educational interventions and public health messaging, appears to be a more critical driver for sustained 
preventive action. This highlights the necessity of public health campaigns that go beyond simple symptom 
awareness to effectively communicate the serious dangers of HS.

During the survey year of 2022, people were more likely to adopt greater preventive measures compared to 
those in the year 2020. As mentioned earlier, in 2021, the Japanese Government established the Council for the 
Promotion of Heatstroke Countermeasures34 and has since actively promoted protective measures to citizens 
through media and public relations. Given this background, the current result may suggest a positive trend in 
people’s behaviours toward better health practices, which aligns with the goals of these national efforts.

The seemingly contrasting findings between 2020 and 2022—specifically, higher knowledge of HS symptoms 
in 2020, yet a significant increase in the adoption of preventive measures in 2022—suggest a qualitative shift in 
the public health environment surrounding HS prevention.

As previously discussed, the heightened knowledge observed in 2020 can be largely attributed to the immediate 
impact of the severe heat experienced during that survey period, which likely increased public awareness and 
short-term retention of HS-related information. In contrast, the marked improvement in preventive behaviours 
by 2022 may be associated with more directed and structured interventions. While the establishment of the 
Council for the Promotion of Heatstroke Countermeasures in 2021 played a role, a more direct contributor may 
be the nationwide rollout of the “Heatstroke Alert” system in April 2021.

This alert system provides a powerful trigger for immediate action. In fact, in Fukuoka Prefecture, where the 
study was conducted, the alert was issued 23 times during the summer of the preceding year, 2021. In Fukuoka 
City, an alert prompts public notifications through disaster prevention emails, the official LINE account, and 
digital signage, urging citizens to take specific precautions. We hypothesize that this frequent, push-style 
delivery of actionable risk information shifted public response from knowledge-based to trigger-based habitual 
behaviour.

This interpretation is strongly supported by Hasan et al.21, who identified “early warning systems” as a 
key component of highly effective Heat-Health Action Plans. Our results suggest that the “Heatstroke Alert” 
system functions as precisely such a mechanism, translating risk information into timely, actionable behavioural 
prompts. Therefore, the temporal changes observed are not merely a reflection of a time lag between knowledge 
acquisition and behaviour change but can be interpreted as the result of a shift in public communication 
strategy—from general awareness-raising to specific, real-time calls to action. This highlights the critical 
importance of timely risk communication in fostering sustained preventive actions.

Hasan et al.21 concluded that multi-faceted Heat-Health Action Plans—incorporating early warning systems, 
public information, and monitoring of vulnerable individuals—are highly effective in reducing heat-related 
morbidity and mortality. The “Heatstroke Alert” system in Japan can be seen as a practical application of the 
“early warning system” component recommended in their review. Our hypothesis that this “push-style” delivery 
of information encourages habitual action, rather than relying solely on knowledge, aligns with their finding that 
educational interventions combined with tangible resources are effective for behaviour change. The significant 
increase in preventive measures in Fukuoka between 2020 and 2022 is consistent with the intended outcomes of 
structured, government-led public health interventions, suggesting their potential contribution.

Limitations and future scope
This study has some limitations, which can be addressed by future research. Firstly, the findings of this work are 
derived from a municipal survey in Fukuoka City, which may limit direct generalizability to other regions with 
different demographics and climate conditions. Secondly, the questionnaire relies on self-reported experiences, 
which could be subject to recall bias or social desirability bias. Thirdly, the surveys were conducted in two 
different periods (2020 and 2022), and environmental or situational factors (such as temperature or public 
health campaigns) have differed across these periods. Furthermore, this study could not account for factors such 
as time spent outdoors for employed respondents, nor for other socioeconomic variables such as educational 
background or living arrangements (e.g., living alone), which could potentially influence HS risk and awareness 
levels. It should also be noted that survey weights were not considered in the analysis since this study focused on 
identifying the determinants of the outcomes of interest along with estimating their effects on HS experience, 
knowledge, and preventive-measures adaptation, rather than producing nationally representative estimates of 
specific indicators45–47.

Further studies are needed to address these issues and, more importantly, to establish a logical pathway among 
the three variables: past experience of HS, knowledge of HS symptoms, and HS preventive measures. A structural 
equation model could be employed to explore the interrelationships among these variables. Furthermore, a more 
nuanced, time-sequenced dataset should be collected to enable the use of quasi-experimental or mediation-based 
analytical approaches to more rigorously examine the pathways linking heat-related exposure, HS knowledge, 
and preventive behaviours.
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Conclusions
This study reveals key findings to enhance public health strategies against heatstroke (HS). Firstly, a robust 
understanding of HS symptoms is a more powerful driver of preventive behaviour than personal experience 
with mild symptoms. Secondly, the findings highlight distinct challenges across demographics: for older adults, 
who are already taking more preventive actions, interventions should focus on ensuring their knowledge leads to 
timely symptom recognition. For younger individuals, the focus must be on closing the critical behavioural gap, 
where frequent symptom experience is not translating into preventive action. Finally, the increase in preventive 
actions in 2022 suggests that trigger-based risk communication, such as Japan’s “Heatstroke Alert” system, may 
be a promising strategy for fostering community-wide change.

Data availability
The data supporting the findings of this study are available from the Fukuoka City Environmental Bureau, but 
restrictions apply to their availability. These data were used under license for the current study and are not pub-
licly available. However, data can be obtained from the corresponding authors upon reasonable request and with 
the permission of the Fukuoka City Environmental Bureau.
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