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Self-reported heat-related illness and its association with perception of health risks and adaptation behavior to heat waves in Bangladesh
Abstract
Background
Climate change has increased the frequency and severity of heat waves, leading to a relatively high risk of heat-related illness. This study explores the heat-related illness risk in Bangladesh, focusing on the connection between perception of health risks, adaptation behaviors, and heat-related illness.
Methods
Using face-to-face surveys, data were gathered from 491 participants through multi-stage sampling techniques across six areas in Dhaka in 2024. The survey examined demographic factors, heat-related illness, perception of health risk, and adaptive behaviors. Binary logistic regression examined factors associated with heat-related illness, ordinal logistic regression assessed determinants of perception of health risk, and Poisson regression identified factors associated with adaptation behaviors. A significance value of p<0.05 was considered for all analyses. 
Results
Results showed that participants perceived heat waves as posing low (34%), moderate (24%), and high (42%) health risks, based on a 7-point Likert scale, where scores of 1–2 were classified as low risk perception, 3–5 as moderate, and 6–7 as high. Almost (99.8%) used at least one adaptation behavior. Heat-related illness was significantly higher among older adults, males, residents of the Dhaka North City Corporation, and those with lower family income. Binary logistic regression further showed that perceived high risk (AOR: 7.77) and higher adaptation behavior (AOR: 1.19) was associated with greater likelihood of reporting heat-related illness. 
Conclusion
This study provides novel evidence on the relationship between heat-related illness, perception of health risk, and adaptation behaviors in an urban climate-vulnerable setting in Bangladesh. These findings enhance understanding of heatwave vulnerability in this context and support the development of targeted, risk-informed public health interventions in rapidly urbanizing cities.
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Introduction	
Heatwaves are characterized by extended durations of extreme temperatures.  Previous studies reported a significant association between heat waves and mortality rates [1–4] and between heat waves and hospital admissions [4]. For example, European heatwaves caused an estimated 20,000‒35,000 premature deaths in the summer of 2003 [5], and the 2003 heatwave in Shanghai was also found to be associated with a higher risk of cardiovascular and respiratory mortality [6]. The most vulnerable groups are at risk, comprising elderly individuals [7], outdoor workers [8], low-income individuals [9], individuals living alone [7], and people with disabilities [10]. Previous studies reported that almost half of the people experienced heat illness symptoms during heatwaves, including headache, fatigue, thirst, exhaustion, and excessive sweating [11, 12]. Empirical evidence also shows an increasing trend in the frequency and duration of extreme heat events across South Asia. Some of the major historical heat-related events in South Asia include severe heatwaves in Odisha (1998), Andhra Pradesh (2003), Ahmedabad and other parts of Gujarat (2010), as well as the widespread 2015 heatwave affecting India and Pakistan, which resulted in approximately 3,500 deaths and caused substantial human and livestock losses [13]. In addition, Pakistan reported over 230 deaths in 2003 and more than 175 deaths in 2005 when temperatures exceeded 45 °C for prolonged periods [14].
Risk perception and adaptation behavior are interrelated [15, 16] and highly significant in minimizing the health impacts of climate change [17]. Sociodemographic factors, such as family size, low economic status, education, and gender, may also affect adaptation behavior [18–20]. Global warming is predicted to increase the frequency, and intensity of heatwaves, which may consequently increase heat-related illnesses, heatstroke occurrence, and mortality [21]. Some studies have reported an association between high temperature and heat-related illness such as heatstroke [22, 23], where, if treatment is delayed, the mortality rate can reach almost 80% [24]. A study revealed a significant relationship between high temperature and heatstroke risk among males and females, but males are at greater risk [25]. A prior study reported that 14.8%, 65.3%, and 19.9% of participants perceived heatwaves as a low, moderate, and high health risk, respectively, while 99.1% reported at least one adaptation behavior, and individuals with moderate or high risk perception were more likely to report heatstroke in the past year compared with those with low risk perception in China [21]. 
Previous studies in Bangladesh have shown that heatwave vulnerability is shaped by exposure, sensitivity, and adaptive capacity, with highly urbanized cities such as Dhaka being more exposed due to limited green infrastructure and uneven resilience [26]. Research among informal workers in Dhaka indicates that adaptation practices are common but mainly limited to simple behaviors such as hydration and staying indoors, while structural adaptations remain low and are strongly influenced by socioeconomic status, including education, income, and employment [27]. Another study among informal workers reported low preparedness despite moderate knowledge and attitudes toward heatwaves, highlighting important gaps in heatwave readiness among vulnerable populations [28]. A pilot study among informal workers in Dhaka further found that heat-related symptoms were highly prevalent, particularly among outdoor workers, and that occupation, education, and other sociodemographic factors significantly influenced heat stress and heatstroke risk [29]. 
In Bangladesh, heat-related illness is not covered as a standalone insurance product. However, emerging climate-risk and weather-index insurance schemes provide indirect coverage for heat-related losses, particularly in agriculture and livestock sectors, where payouts are triggered by extreme temperature conditions [30]. Future heatwaves in Bangladesh are expected to become more frequent and increasingly predictable in advance due to identifiable atmospheric circulation patterns and soil moisture deficits, which may support early warning systems and timely public health preparedness [2]. Despite this growing body of evidence, most studies have focused on vulnerability, adaptation practices, and health impacts, while limited attention has been given to the relationship between heat-related illness, risk perception, and adaptation behaviors. Addressing this gap is important, as risk perception may influence protective behaviors and thereby affect heat-related health outcomes. Therefore, this study examined heat-related illness and its association with health risk perception and adaptation behaviors among residents of Dhaka City, Bangladesh.
Methods and materials
Study setting
Bangladesh has experienced increasingly frequent, prolonged, and intense heatwaves over the past three decades. Severe nationwide heatwave activity was documented in 1995, while 2014 recorded the highest number of heatwave events and heatwave days during the 1990–2019 period, indicating a marked increase in the frequency and persistence of extreme heat [31]. In 2002, Satkhira recorded 43.4°C, one of the highest temperatures ever observed in Bangladesh, highlighting the growing intensity of pre-monsoon heatwaves [31]. The 2019 heatwave lasted 23 consecutive days, making it the longest recorded heatwave at that time [31]. In 2023, Dhaka recorded 40.6°C, its highest temperature in 58 years, reflecting the escalating severity of extreme heat events [31]. During the unprecedented April 2024 heatwave, temperatures exceeded 43°C, making it one of the longest and most intense heat events recorded in the country [32]. Bangladesh officially reported at least 15 heatstroke-related deaths and 34 heatstroke cases, while millions of students were affected by nationwide school closures, highlighting the substantial health and societal impacts of extreme heat in 2024 [33]. Dhaka is the capital of Bangladesh and the sixth densest city in the world. Rapid and unplanned urbanization driven by population growth has reduced land cover and significantly increased temperatures in the Dhaka city [34]. According to meteorological observations, the annual average temperature in Dhaka city increased by approximately 0.57°C over the last decade, while the highest recorded temperature during this period was 41.2°C on April 25, 2021 [35]. In addition to high temperatures, Dhaka experiences high humidity levels, which can substantially increase perceived temperature and physiological heat stress by reducing the effectiveness of sweat evaporation, making heat exposure more hazardous than indicated by dry-bulb temperature alone. 
Sampling technique and sample size
The cross-sectional study was conducted from October 2024 to November 2024. The study area, Dhaka city, is administratively divided into Dhaka North City Corporation (DNCC) and Dhaka South City Corporation (DSCC), from which three areas were randomly selected from each city corporation. The selected areas were the Bashundhara residential area, Dhaka cantonment, and Vasantek slum from the DNCC, and Banasree residential area, Khilgaon, and Kamalapur from the DSCC. Bashundhara and Banasree are planned, high- and middle-income residential areas characterized by organized urban layouts and comparatively better infrastructure. Dhaka Cantonment is a highly regulated, low-density institutional and residential zone with relatively green and structured surroundings. In contrast, Vasantak Slum represents a densely populated informal settlement with limited infrastructure and high socio-economic vulnerability. Khilgaon is a mixed residential and commercial area with moderate urban density, while Kamalapur is a highly congested commercial and transport hub with dense built-up structures and limited open space. Each selected area was further subdivided into blocks and sections. A set of blocks and sections was randomly selected using a lottery method. Subsequently, specific roads within these selected blocks and sections were also chosen through the same random lottery technique. Finally, eligible residents residing along the selected roads were approached for participation using convenience sampling, and those who met the inclusion criteria and provided informed consent were enrolled in the study. The eligibility criteria were as follows: (i) being a Bangladeshi by birth, (ii) being above 18 years, and (iii) living in Dhaka city for at least two years. The sample size was calculated using the following formula: 
Minimum sample size



Here, 95% confidence level → Z=1.96, prevalence p=0.5 (maximum variability), margin of error d=0.05. Therefore, the minimum sample size was 385. Considering neighborhood-level diversity and potential clustering effects within urban communities, a larger sample was targeted. 
Data collection
A pilot survey was conducted to ensure a clear understanding of the questionnaire and survey procedure and to test the reliability of the questionnaire for our country. Cronbach’s alpha was 0.65 for the questionnaire. Cronbach’s alpha > 0.60 indicates that internal consistency can be acceptable with caution [36]. The data were collected through face-to-face interviews by the authors, who were aware of the study objectives. To minimize potential interviewer bias, authors received standardized training and used a structured questionnaire with uniform data collection procedures. Data were analyzed according to a predefined statistical analysis plan to reduce subjective interpretation. A total of 578 eligible individuals were approached for participation, of whom 491 completed the interview, resulting in a response rate of 85%, indicating a high level of participant engagement. Data were checked for completeness prior to analysis, and no missing values were observed among the completed questionnaires; therefore, all 491 participants were included in the final analyses.
Ethical issues
The research adhered to the ethical standards established in the Declaration of Helsinki and its subsequent revisions for research involving human subjects [37]. Before data collection, we informed each participant of the study’s purpose, procedures, confidentiality, and anonymity of their information. Almost all the participants provided informed consent orally and participated in the study. It is also a part of approved research by the Research Ethics Committee at Khulna University, Bangladesh (KUECC-2024-08-54). 
Measurement of variables
Sociodemographic information
Sociodemographic variables were considered for the study, including age, sex, level of education, occupation, family income, family size, and area of residence.
Heat-related illness
To identify heat-related illness, participants were asked whether they had been diagnosed with heat-related illness by a physician or had experienced any related symptoms during heatwaves in the past year [21]. Symptoms included dizziness, headache, nausea, vomiting, chest stuffiness, palpitation, and muscle spasms. Individuals were classified as having heat-related illness if they reported a physician-confirmed diagnosis or, in the absence of clinical diagnosis, reported relevant symptoms during heatwaves that could not be attributed to other identifiable causes (e.g., intestinal infection) [21].
Perception of health risks related to heat waves
Health risk perception regarding heatwaves was assessed using a single-item question: “How dangerous do you think heatwaves are to your health?” [21]. Responses were recorded on a 7-point Likert scale ranging from 1 (“not dangerous at all”) to 7 (“extremely dangerous”), with higher scores indicating greater perceived health risk. Based on their responses, participants were categorized into three groups: low risk perception (scores 1–2), moderate risk perception (scores 3–5), and high risk perception (scores 6–7) [21].
Adaptation behaviors to heat waves
The participants were asked to select their adaptation behaviors during heat waves from a list comprising opening windows, drinking more water, wearing light clothes, bathing more frequently, staying in the house, reducing activity, going to a public place with air conditioning, resting in the shade, using an air conditioner, and using a sunshade or sunhat [21, 27]. Participants were also given an “Other” option to specify any additional adaptation behaviors not captured by the listed responses.
Data analysis
The data were analyzed using R programming (version 4.3.2). Data management, data summarization, and regression analyses were performed using the dplyr and gtsummary packages, while Cronbach’s alpha was calculated using the psych package. Frequencies and percentages described categorical demographic characteristics. Binary logistic regression was used to examine factors associated with heat-related illness, while ordinal logistic regression was applied to assess determinants of perception of health risks related to heatwaves. Poisson regression with robust standard errors was performed to identify factors associated with the number of adaptation behaviors. Model diagnostics showed no evidence of overdispersion (Pearson dispersion statistic = 0.51; Cameron–Trivedi test: dispersion = 0.50, p = >0.9), supporting the use of the Poisson regression model. Variables included in the multivariable regression models were selected based on prior epidemiological evidence and theoretical relevance rather than solely on statistical significance in univariate analyses. Age, gender, education, occupation, household income, family size, and area of residence were included as potential confounders, while heat-related illness, perceived heat-related health risks, and adaptation behaviors were included in the relevant models to evaluate their independent associations with each outcome [38–42]. Prior to regression analyses, multicollinearity was assessed using variance inflation factors (VIFs), with all values below 2 indicating no multicollinearity concerns. A significance value of p<0.05 was considered for all tests.
Results
Characteristics of the participants
Table 1 presents the characteristics of the 491 respondents from Dhaka city who had lived for at least 2 years in Dhaka city and were 18 years or older. 55% of the participants were 18-35 years old. More than half of the respondents were male (61%). Nearly half (43%) of the participants’ educational status was primary or low. Furthermore, the participants' occupations were roughly equal and were split into three groups: businessman, employee, and unemployed or retired. Nearly half (43%) of the respondents belonged to income range 20,000-50,000 BDT per month. More than half (51%) of the respondents had smaller family sizes, comprising 1 to 4 members. The most significant portion of the respondents were living at DNCC (54%). 24% of the respondents reported that they had heat-related illness. 
The intersectional patterns show clear overlap among occupation, age, gender, and education (Table 2). Employees were mainly aged 18–35 years (n = 90), whereas businessmen were more concentrated in the 36–55 years group (n = 79). A substantial proportion of unemployed/retired participants were also aged 18–35 years (n = 113). Males predominated in both the businessman (n = 133) and employee (n = 122) categories, while females were more represented in the unemployed/retired group (n = 121). Regarding education, graduates were primarily aged 18–35 years (n = 116), whereas primary/low education was more frequent among participants aged 36–55 years (n = 101). Males were also more frequently represented among graduates (n = 97) and primary/low education groups (n = 120), compared with females (n = 53 and n = 90), respectively.
Factors associated with heat-related illness
Logistic regression was performed to examine the factors associated with heat-related illness (Table 3). In the multivariate analysis, age remained significantly associated with heat-related illness, with higher odds among participants aged 36–55 years (aOR = 2.37, 95% CI 1.30 to 4.39, p = 0.005) and those above 55 years (aOR = 4.12, 95% CI 1.51 to 11.5, p = 0.006). Male participants had lower odds of heat-related illness than females (aOR = 0.42, 95% CI 0.21 to 0.82, p = 0.012). Monthly family income of 20,000–50,000 BDT was associated with reduced odds of heat-related illness (aOR = 0.21, 95% CI 0.10 to 0.44, p < 0.001), whereas the association for income above 50,000 BDT was not statistically significant after adjustment. Participants residing in DNCC had higher odds of heat-related illness compared with those in DSCC (aOR = 2.32, 95% CI 1.19 to 4.61, p = 0.015). High perceived health risk from heatwaves remained strongly associated with heat-related illness (aOR = 7.77, 95% CI 3.91 to 16.3, p < 0.001). The number of adaptation behaviors was also significantly associated with heat-related illness in the multivariate model (aOR = 1.19, 95% CI 1.02 to 1.40, p = 0.032).
Factors associated with perception of health risks related to heatwaves 
Among the sampled respondents, 34%, 24%, and 42% reported that heat waves presented a low, moderate, and high threat to their health, respectively. Both univariate and multivariate logistic regression were performed to examine the associated factors of risk perception (Table 4). In the multivariate analysis, age remained significant, with participants aged 36–55 years showing higher odds of risk perception compared with the youngest group (aOR = 1.93, 95% CI 1.15 to 3.38, p = 0.013). Employees were less likely to report high risk perception compared with businessmen (aOR = 0.47, 95% CI 0.27 to 0.81, p = 0.001). Higher family income was strongly associated with increased risk perception, both for the 20,000–50,000 BDT group (aOR = 2.63, 95% CI 1.49 to 4.70, p < 0.001) and the >50,000 BDT group (aOR = 4.03, 95% CI 1.82 to 9.25, p < 0.001). Participants with prior heat-related illness had substantially higher odds of reporting high risk perception (aOR = 4.64, 95% CI 2.46 to 9.22, p < 0.001). Gender, area of residence and number of adaptation behaviors were not significantly associated with risk perception in the adjusted model.
Factors associated with adaptation behavior to heat waves
We also investigated the respondents' adaptation behavior to heat waves. The results revealed that 99.8% of the participants employed at least one adaptation behavior. The common adaptation behaviors were "drinking more water," "wearing light clothes," "bathing frequently," "opening windows," and "resting in the shade." In contrast, the less common adaptation behaviors were "using a sunshade or sunbonnet," "decreasing activity," "staying in the house," "going to a public place with air conditioning," and "using an air conditioner" (Figure 1).
[bookmark: _Hlk236502657]Poisson regression was performed to examine the associated factors of the adaptation behaviors (Table 5). Multivariable Poisson regression model found that compared with participants with graduate or higher education, those with higher secondary (aIRR = 0.90, 95% CI 0.83 to 0.97, p = 0.005), secondary (aIRR = 0.76, 95% CI 0.69 to 0.85, p < 0.001), and primary or lower education (aIRR = 0.74, 95% CI 0.68 to 0.81, p < 0.001) reported significantly fewer adaptation behaviors. Employees reported fewer adaptation behaviors than businessmen (aIRR = 0.84, 95% CI 0.78 to 0.91, p < 0.001). Participants with monthly household incomes of BDT 20,000–50,000 (aIRR = 1.18, 95% CI 1.09 to 1.28, p < 0.001) and >50,000 (aIRR = 1.10, 95% CI 1.00 to 1.22, p = 0.048) reported significantly more adaptation behaviors than those with household incomes below BDT 20,000. Compared with residents of DSCC, those living in DNCC reported fewer adaptation behaviors (aIRR = 0.92, 95% CI 0.86 to 0.98, p = 0.013). Participants with a history of heat-related illness reported 11% more adaptation behaviors than those without such a history (aIRR = 1.11, 95% CI 1.04 to 1.19, p = 0.004).
Discussion
To our knowledge, this study investigates the heat-related illness and its association with health risk perception and adaptation behavior to heat waves in Dhaka, Bangladesh. Our findings revealed that heat-related illness is associated with health risk perception and the number of adaptation behaviors to heat waves in Dhaka city, Bangladesh.
The majority of participants reported moderate to high heatwave risk perception, indicating a generally elevated awareness of heat-related health risks in the study population. A prior study regarding heatwave vulnerability assessment across major Bangladeshi cities found that Dhaka and other urban centers experience high exposure to extreme heat due to rapid urbanization, dense built-up areas, and limited green space [43]. These conditions may be associated with greater heat stress and may partly explain the high level of heatwave risk perception observed in the present study. In the broader South Asian context, studies report that rising temperatures and more frequent heat extremes have intensified heat-related health concerns across India, Pakistan, and Bangladesh, leading to increased recognition of heatwaves as a serious public health threat [44].
Age was significantly associated with heat-related illness in this study, with higher odds among participants aged 36–55 years and those aged 55 years or older. This finding is consistent with evidence that aging reduces the body’s ability to regulate temperature, including decreased sweating, reduced skin blood flow, and lower heart and blood vessel capacity, which increases the risk of heat-related illness [45]. Experimental study also showed that older adults experience faster increases in core body temperature and greater heat storage during heat exposure due to weaker body cooling and nervous system control [46]. In addition, a longitudinal study from China found higher heatwave-related death risk among older adults, especially those with poor physical function and limited social support, showing that older age increases vulnerability during extreme heat [47].
Participants aged 36–55 years reported higher perception of health risk related to heatwaves compared with the youngest group. Appraisal Theory conceptualizes risk perception as a cognitive evaluation process in which individuals interpret environmental events based on their perceived relevance, severity, and controllability (Keller et al., 2012). The higher heatwave risk perception observed among participants aged 36–55 years may reflect greater cumulative exposure and experiential learning from prior heat-related events. In contrast, younger individuals may perceive lower risk due to limited lived experience and optimism bias, which may partly explain the lower risk perception observed in this group.
[bookmark: _Hlk236343406]The study found that male participants had lower odds of heat-related illness than females. This may be explained by physiological differences, as women generally have lower sweat rates, higher skin temperatures, greater body heat storage, and reduced blood volume regulation during heat stress, increasing vulnerability to heat-related illness [48]. Women may also experience greater cardiovascular strain under extreme heat, further increasing heat-related illness risk [48].
The lower odds of heat-related illness among participants with monthly family income of 20,000–50,000 BDT, as well as the lower perception of health risk and higher adaptation behaviours among relatively higher-income groups, are consistent with the Social Determinants of Health (SDH) framework, which highlights that health outcomes, perceptions, and adaptive capacity are strongly shaped by socioeconomic conditions such as income, housing quality, occupation, and access to resources [49]. Individuals with relatively higher income are more likely to live in better housing conditions with improved ventilation and greater access to cooling facilities, healthcare services, and heat-related information, may be associated with lower heat exposure and greater adaptive capacity. At the same time, greater financial stability may be associated with greater adoption of protective and adaptive measures during extreme heat events. Supporting this explanation, a recent study in Dhaka reported that low-income populations experience greater heat exposure, unstable income, and increased physical workload during heatwaves, limiting their ability to cope with heat stress, whereas comparatively higher-income groups are better able to adapt and protect themselves from heat-related health risks [50].
The lower health risk perception and fewer reported adaptation behaviors among employees compared with businessmen may be related to differences in occupational exposure, perceived vulnerability, and autonomy in managing work conditions. Businessmen often have greater flexibility to adjust schedules and reduce heat exposure, which may be associated with higher risk awareness and greater adoption of protective behaviors. In contrast, employees may have less flexibility to modify work schedules and heat exposure than businessmen, which may partly explain the differences observed in risk perception and adaptation behavior. Meta-analytic evidence shows that outdoor and physically demanding workers experience higher core temperature and cardiovascular strain under heat exposure, which may be associated with greater perceived susceptibility to heat-related health risks [51]. Conversely, employees in more structured or indoor settings experience lower direct heat exposure and physiological stress, which may be associated with lower perceived health impacts of heatwaves such as fatigue, dehydration, and heat stress [52]. Accordingly, the lower perceived health risk observed among employees may partly explain their lower level of reported adaptation behaviors compared with businessmen.
The higher odds of heat-related illness among residents of Dhaka North City Corporation (DNCC), along with their significantly lower adaptation behaviour scores compared with Dhaka South City Corporation (DSCC) residents, can be explained by spatial heterogeneity in Urban Heat Island (UHI) intensity and heat vulnerability within Dhaka. Evidence shows that high and very high heat-risk zones are concentrated in densely built-up areas with limited vegetation cover, where rapid urbanization and impervious surfaces elevate land surface temperatures, particularly in northern and central Dhaka [53]. These environmental conditions may be associated with greater heat exposure among DNCC residents and fewer opportunities for effective adaptation, such as cooling, safe outdoor avoidance, and thermal comfort management, due to reduced green space, higher congestion, and constrained living environments. These environmental differences may partly explain the observed associations between residence in DNCC, higher odds of heat-related illness, and fewer reported adaptation behaviors.
This study found that lower educational attainment was associated with fewer adaptation behaviors. Education is widely recognized as an important factor associated with of health literacy, risk awareness, and the ability to translate information into preventive actions. Individuals with lower education may have limited access to accurate heat-health information, reduced ability to interpret warnings, and fewer resources to implement protective strategies such as modifying outdoor activity, hydration practices, or cooling behaviours. In contrast, higher educational attainment is consistently linked with greater climate awareness and adaptive capacity. A recent study found that better-educated populations demonstrate significantly higher climate adaptability and engagement in protective behaviours, which has been attributed to improved knowledge processing and access to information networks [54]. Similarly, evidence from urban Bangladesh shows that higher education is associated with greater adoption of heatwave adaptation strategies, including behavioural changes and use of cooling measures [27].
Another important finding of this study was the association between heatwave health risk perception and heat-related illness. Participants with higher perception of health risk were more likely to report heat-related illness, which is consistent with previous studies showing that risk perception is closely related to prior exposure to heat stress and heat-related illness [21, 55]. Similarly, participants who had heat-related illness reported higher perception of health risk. This finding is consistent with the Protection Motivation Theory (PMT), which proposes that perceived severity and perceived vulnerability are key determinants of threat appraisal [57]. It is possible that previous heat-related illness is associated with greater awareness of personal susceptibility and higher perceived risk. At the same time, the relationship may operate in both directions, as individuals with higher risk perception may be more aware of and more likely to recognize and report heat-related symptoms. However, owing to the cross-sectional design, the temporal sequence between heat-related illness and heatwave risk perception could not be determined. Further longitudinal studies are needed to better understand the direction and underlying mechanisms of this association.
[bookmark: _Hlk236344848]We also found that heat-related illness was positively associated with the number of adaptation behaviors employed to heat waves. One possible interpretation is that individuals who have experienced heat-related illness may subsequently adopt more adaptation behaviors. This finding is also consistent with the Health Belief Model, which posits that health behaviors are driven by perceived susceptibility and perceived severity [58]. Accordingly, participants with a history of heat-related illness may report greater perceived vulnerability to heat-related health risks and a higher number of adaptation behaviors. However, due to the cross-sectional design, the temporal relationship between heat-related illness and adaptation behaviors cannot be established, and reverse causation cannot be ruled out. Therefore, longitudinal studies are needed to better understand the directionality of this relationship and the effectiveness of adaptation behaviors in preventing heat-related illness. 
The findings of this study have important implications for urban heat-health adaptation in Bangladesh. The higher likelihood of heat-related illness among older adults, women, low-income households, and residents of high-risk urban areas highlights the need for targeted interventions rather than a one-size-fits-all approach. Public health authorities and city corporations should strengthen heat-health action plans by expanding community-based heat risk communication, improving access to cooling spaces and drinking water, increasing urban green infrastructure, and prioritizing vulnerable populations during heatwave events. Integrating heat-health education into existing primary healthcare and community outreach programs may further improve risk awareness and promote preventive adaptation behaviors.
Strengths and limitations
This study has several strengths. This study is one of the first to examine heat-related illness and its association with perception of health risk and adaptation behavior to heat waves in Bangladesh. Another strength of this study is that data were collected through face-to-face interviews, which helped pick up on nonverbal cues from the respondents' confusion about the question. This study had some limitations. First, this was a cross-sectional study, limited to identifying causal relationships. Second, participants were recruited using convenience sampling within randomly selected locations, which may have introduced selection bias and limited the representativeness of the sample. Third,  heat-related illness combined physician-confirmed diagnoses and self-reported heat-related symptoms, which represent different levels of diagnostic certainty and may have resulted in outcome misclassification and affected the accuracy of heat-related illness estimation. Fourth, the adaptation behavior scale demonstrated moderate internal consistency (Cronbach's α = 0.65). Fifth, the study was conducted outside the peak heatwave season, which may have introduced recall bias. Sixth, the adaptation behavior scores combined behaviors with varying effectiveness, cost, and accessibility, and household access to air conditioning was not assessed, potentially affecting the interpretation of adaptation behavior. Finally, as the study was limited to Dhaka, the findings may not be generalizable to all populations in Bangladesh.
Conclusions
This study investigated heat-related illness and its association with perception of health risk related to heatwaves and adaptation behaviors in Dhaka, Bangladesh. The findings show that heat-related illness was associated with both higher perception of health risk and a greater number of adaptation behaviors. In addition, variations in risk perception and adaptation behaviors were observed across key sociodemographic groups, with higher risk observed among older adults, individuals with lower education and income, employees, and residents of Dhaka North City Corporation. These findings highlight important population-level disparities in heat-related risk and adaptive responses. Targeted public health interventions are therefore needed to strengthen heatwave preparedness, particularly among these high-risk groups. Such interventions should include community-based heat-health awareness programs, improved access to cooling facilities and safe drinking water during heat events, and promotion of simple protective behaviors such as hydration and reduced outdoor exposure. At the urban level, expanding green spaces and developing heat-resilient infrastructure are essential to reduce exposure in highly vulnerable areas. Future research should employ longitudinal study designs to better understand the direction of relationships between heat-related illness, risk perception, and adaptation behaviors. In addition, follow-up studies should incorporate clinically confirmed or objectively measured heat-related health outcomes, such as hospital or health facility records, to improve data accuracy and reduce potential bias associated with self-reported heat-related illness.
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 Figure 1. Frequency and percentage of reported adaptation behaviors during heat waves in Dhaka City, Bangladesh.

Table 1. Sociodemographic characteristics of the study participants (n=491).
	Variables
	n (%)

	Age group (years)
	

	    18-35
	270 (55)

	    36-55
	185 (38)

	    Above 55
	36 (7)

	Sex
	

	    Male
	300 (61)

	    Female
	191 (39)

	Educational status
	

	    Primary or low
	210 (43)

	    Secondary
	59 (12)

	    Higher Secondary
	72 (15)

	    Graduate or more
	150 (31)

	Occupation
	

	    Businessman
	164 (33)

	    Employee
	161 (33)

	    Unemployment or retired
	166 (34)

	Family income (monthly, BDT†)
	

	    <20,000
	187 (38)

	    20,000-50,000
	211 (43)

	    >50,000
	93 (19)

	Family size (members)
	

	    (1-4)
	250 (51)

	    Above 4
	241 (49)

	Area of residence
	

	    DNCC‡
	263 (54)

	    DSCC‡
	228 (46)

	Heat-related illness
	116 (24)

	†BDT = Bangladeshi Taka (currency) and 1 USD = 119.51 BDT as of Nov 02, 03:08 a.m. UTC. 
‡Area of residence ‘DNCC’ and ‘DSCC imply Dhaka North City Corporation and Dhaka South City Corporation, respectively.
Frequency and percentage analyses were done. 



Table 2. Key intersectional characteristics of respondents
	Dimension
	Group
	n

	Occupation × Age
	Employee, 18–35 years
	90

	
	Employee, 36–55 years
	69

	
	Businessman, 36–55 years
	79

	
	Businessman, 18–35 years
	67

	
	Unemployed/retired, 18–35 years
	113

	
	Unemployed/retired, >55 years
	16

	Occupation × Gender
	Businessman, Male
	133

	
	Employee, Male
	122

	
	Unemployed/retired, Female
	121

	Education × Age
	Graduate, 18–35 years
	116

	
	Primary/low education, 36–55 years
	101

	
	Secondary education, 36–55 years
	31

	Education × Gender
	Graduate, Male
	97

	
	Graduate, Female
	53

	
	Primary/low education, Male
	120

	
	Primary/low education, Female
	90



Table 3. Predictors of heat-related illness among the residents of Dhaka City, Bangladesh
	Characteristic
	Univariate
	Multivariate

	
	OR
	95% CI
	p-value
	aOR
	95% CI
	p-value

	Age
	
	
	
	
	
	

	    18-35
	Reference

	    36-55
	3.38
	2.13, 5.45
	<0.001
	2.37
	1.30, 4.39
	0.005

	    Above 55
	7.50
	3.57, 16.0
	<0.001
	4.12
	1.51, 11.5
	0.006

	Gender
	
	
	
	
	
	

	    Female
	Reference

	    Male
	0.40
	0.26, 0.61
	<0.001
	0.42
	0.21, 0.82
	0.012

	Level of study
	
	
	
	
	
	

	    Primary or low
	2.73
	1.61, 4.75
	<0.001
	1.29
	0.52, 3.25
	0.6

	    Secondary
	1.64
	0.75, 3.50
	0.2
	1.09
	0.38, 3.06
	0.9

	    Higher Secondary
	1.40
	0.66, 2.92
	0.4
	1.85
	0.71, 4.79
	0.2

	    Graduate or more
	Reference

	Occupation
	
	
	
	
	
	

	    Businessman
	Reference

	    Employee
	0.79
	0.46, 1.35
	0.4
	1.41
	0.70, 2.86
	0.3

	    Unemployment or retired
	1.44
	0.88, 2.37
	0.2
	1.08
	0.50, 2.34
	0.8

	Family income
	
	
	
	
	
	

	    <20,000
	Reference

	    20,000-50,000
	0.22
	0.13, 0.36
	<0.001
	0.21
	0.10, 0.44
	<0.001

	    >50,000
	0.56
	0.32, 0.97
	0.042
	0.50
	0.19, 1.32
	0.2

	Family size
	
	
	
	
	
	

	    1-4
	Reference

	    Above 4
	1.90
	1.25, 2.93
	0.003
	1.70
	0.99, 2.97
	0.056

	Area of residence
	
	
	
	
	
	

	    DSCC
	Reference

	    DNCC
	3.21
	2.04, 5.16
	<0.001
	2.32
	1.19, 4.61
	0.015

	Perception of health risks related to heat waves
	
	
	
	

	    Low impact
	Reference

	    Moderate impact
	0.85
	0.36, 1.92
	0.7
	1.05
	0.40, 2.65
	>0.9

	    High impact
	7.34
	4.19, 13.6
	<0.001
	7.77
	3.91, 16.3
	<0.001

	Number of adaptation behaviors
	1.05
	0.95, 1.16
	0.4
	1.19
	1.02, 1.40
	0.032

	OR= Odds Ratio, aOR= Adjusted Odds Ratio, CI = Confidence Interval. Binary logistic regression analyses were done.




Table 4. Predictors of perception of health risks related to heatwaves among the residents of Dhaka City, Bangladesh
	Characteristic
	Univariate
	Multivariate

	
	OR
	95% CI
	p-value
	aOR
	95% CI
	p-value

	Age
	
	
	
	
	
	

	    18-35
	Reference

	    36-55
	1.51
	1.01, 2.27
	0.044
	1.93
	1.15, 3.28
	0.013

	    Above 55
	1.38
	0.67, 3.03
	0.4
	1.23
	0.50, 3.14
	0.7

	Gender
	
	
	
	
	
	

	    Female
	Reference

	    Male
	0.42
	0.28, 0.63
	<0.001
	0.60
	0.35, 1.03
	0.063

	Level of study
	
	
	
	
	
	

	    Primary or low
	0.76
	0.49, 1.17
	0.2
	1.35
	0.67, 2.76
	0.4

	    Secondary
	1.30
	0.68, 2.59
	0.4
	1.65
	0.70, 4.05
	0.3

	    Higher Secondary
	1.35
	0.73, 2.57
	0.3
	1.11
	0.54, 2.35
	0.8

	    Graduate or more
	Reference

	Occupation
	
	
	
	
	
	

	    Businessman
	Reference

	    Employee
	0.39
	0.24, 0.61
	<0.001
	0.47
	0.27, 0.81
	0.001

	    Unemployment or retired
	1.40
	0.85, 2.31
	0.2
	1.05
	0.55, 1.99
	0.9

	Family income
	
	
	
	
	
	

	    <20,000
	Reference

	    20,000-50,000
	1.87
	1.24, 2.83
	0.003
	2.63
	1.49, 4.70
	<0.001

	    >50,000
	4.01
	2.22, 7.59
	<0.001
	4.03
	1.82, 9.25
	<0.001

	Family size
	
	
	
	
	
	

	    1-4
	Reference

	    Above 4
	1.02
	0.70, 1.48
	>0.9
	1.07
	0.68, 1.68
	0.8

	Area of residence
	
	
	
	
	
	

	    DSCC
	Reference

	    DNCC
	0.59
	0.40, 0.87
	0.007
	0.63
	0.37, 1.07
	0.087

	Heat-related illness
	
	
	
	
	
	

	    No
	Reference

	    Yes
	4.17
	2.43, 7.59
	<0.001
	4.64
	2.46, 9.22
	<0.001

	Number of adaptation behaviors
	1.28
	1.16, 1.41
	<0.001
	1.12
	0.99, 1.27
	0.074

	OR = Odds Ratio, aOR = Adjusted Odds Ratio, CI = Confidence Interval. Ordinal logistic regression analyses were done.



Table 5. Predictors of the number of adaptation behaviors among the residents of Dhaka City, Bangladesh
	Characteristic
	Univariate
	Multivariable

	
	IRR
	95% CI
	p-value
	aIRR
	95% CI
	p-value

	Age
	

	    18–35
	Reference

	    36–55
	0.90
	0.83, 0.97
	0.007
	1.02
	0.95, 1.08
	0.628

	    Above 55
	0.95
	0.82, 1.09
	0.400
	1.08
	0.95, 1.23
	0.234

	Gender
	
	
	
	
	
	

	    Female
	Reference

	    Male
	0.93
	0.86, 1.00
	0.044
	0.96
	0.90, 1.02
	0.198

	Level of study
	
	
	
	
	
	

	    Primary or lower
	0.69
	0.64, 0.76
	<0.001
	0.74
	0.68, 0.81
	<0.001

	    Secondary
	0.77
	0.68, 0.87
	<0.001
	0.76
	0.69, 0.85
	<0.001

	    Higher Secondary
	0.95
	0.86, 1.06
	0.400
	0.90
	0.83, 0.97
	0.005

	    Graduate or more
	Reference

	Occupation
	
	
	
	
	
	

	    Businessman
	Reference

	    Employee
	0.86
	0.78, 0.94
	0.002
	0.84
	0.78, 0.91
	<0.001

	    Unemployed or retired
	1.12
	1.03, 1.22
	0.011
	1.02
	0.95, 1.10
	0.565

	Family income (BDT)
	
	
	
	
	

	    <20,000
	Reference

	    20,000–50,000
	1.30
	1.20, 1.42
	<0.001
	1.18
	1.09, 1.28
	<0.001

	    >50,000
	1.46
	1.32, 1.61
	<0.001
	1.10
	1.00, 1.22
	0.048

	Family size
	
	
	
	
	
	

	    1–4
	Reference

	    Above 4
	0.94
	0.88, 1.02
	0.120
	0.99
	0.94, 1.05
	0.728

	Area of residence
	
	
	
	
	
	

	    DSCC
	Reference

	    DNCC
	0.79
	0.74, 0.85
	<0.001
	0.92
	0.86, 0.98
	0.013

	Heat-related illness
	
	
	
	
	

	    No
	Reference

	    Yes
	1.03
	0.95, 1.12
	0.500
	1.11
	1.04, 1.19
	0.004

	Perception of health risks related to heat waves
	
	
	

	    Low impact
	Reference

	    Moderate impact
	1.20
	1.09, 1.33
	<0.001
	1.05
	0.98, 1.13
	0.172

	    High impact
	1.19
	1.10, 1.30
	<0.001
	1.07
	1.00, 1.15
	0.063

	IRR = Incidence Rate Ratio; aIRR = Adjusted Incidence Rate Ratio; CI = Confidence Interval. Poisson regression models with robust standard errors were performed.
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