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A B S T R A C T

Introduction: Climate change has a significant impact on mental health and psychological well-being worldwide. 
However, the mental health consequences of rising seas linked to climate change remain limited, particularly in 
Indonesia. This paper aims to evaluate the risk of mental distress among individuals residing in coastal regions 
susceptible to climate-related natural hazards.
Method: This study utilised data from 642,419 adults who participated in the 2018 Indonesia Basic Health Survey 
(Riskesdas). The correlation between residing in coastal hazard zones and mental distress was analysed using a 
multivariable logistic regression. The analyses were adjusted for sociodemographic factors, health status, and 
access to healthcare.
Results: Approximately 201,109 (31.30%) live in coastal hazards area. Our analysis indicates that residents of 
coastal hazard areas have 1.16 times (95%CI: 1.01 – 1.33) increased likelihood of mental distress compared with 
non-coastal residents. Additionally, living in districts impacted by coastal abrasion and hurricane-prone areas 
was associated with slightly elevated odds of mental distress, 1.01 (95% CI: 1.00–1.03) and 1.00 (95% CI: 
1.00–1.01), respectively. Factors associated with lower odds of mental distress include older age, higher edu
cation, being married, being employed or retired, higher household expenditure, and healthy lifestyle behav
iours. In contrast, higher odds were observed among females, divorced individuals, active smokers, those with 
comorbidities, and individuals facing barriers to healthcare or family mental illness.
Conclusion: Residing in coastal hazard areas correlates with higher odds of mental distress. Targeted mental 
health interventions are essential to support these at-risk groups and lessen climate-related health risks.

1. Introduction

Climate change poses major global challenges with profound envi
ronmental and health impacts [1]. Rising temperatures are causing ris
ing sea levels through melting ice and warming oceans, threatening 
coastal communities globally [2,3]. Indonesia, the largest archipelagic 
nation, has approximately 150 million inhabitants along its coastlines, 
which are highly vulnerable to erosion, tidal flooding, and tropical 
storms [4–6]. The loss of land, infrastructure damage, and home 
displacement have serious economic and emotional consequences [4,6]. 
Beyond physical and material losses, the ongoing threats of 

environmental hazards fuel chronic stress, anxiety, and uncertainty [7,
8]. Understanding the impact of environmental change on mental health 
is crucial for developing support and adaptation strategies for vulner
able coastal communities.

An increasing amount of research has highlighted the psychological 
impacts of climate change [9–12], Particularly through the rising 
occurrence and intensity of extreme weather events, such as floods, 
heatwaves, and wildfires [9]. These climate-related stressors have been 
consistently associated with elevated psychological distress [9,13]. Ev
idence further suggests that people with pre-existing mental health 
conditions are especially vulnerable, facing higher risks of morbidity 

* Corresponding author to: Division of Nursing, Midwifery and Social Work, School of Health Sciences University of Manchester, Jean McFarlane Building Oxford 
Road, Manchester M13 9PL, UK.

E-mail address: asri.maharani@manchester.ac.uk (A. Maharani). 

Contents lists available at ScienceDirect

The Journal of Climate Change and Health

journal homepage: www.elsevier.com/locate/joclim

https://doi.org/10.1016/j.joclim.2026.100699
Received 30 September 2025; Accepted 7 May 2026  

29 (2026) 100699 

Available online 22 May 2026 
2667-2782/© 2026 The Authors. Published by Elsevier Masson SAS. This is an open access article under the CC BY license 
( http://creativecommons.org/licenses/by/4.0/ ). 

https://orcid.org/0000-0002-5931-8692
https://orcid.org/0000-0002-5931-8692
mailto:asri.maharani@manchester.ac.uk
www.sciencedirect.com/science/journal/26672782
https://www.elsevier.com/locate/joclim
https://doi.org/10.1016/j.joclim.2026.100699
https://doi.org/10.1016/j.joclim.2026.100699
http://crossmark.crossref.org/dialog/?doi=10.1016/j.joclim.2026.100699&domain=pdf
http://creativecommons.org/licenses/by/4.0/


and mortality during climate-related events [14,15].
While the health impacts of climate change are increasingly recog

nised, evidence on its mental health consequences remains limited in 
many high-risk settings, especially in lower- and middle-income levels 
(LMICs) [10,16]. In Indonesia, the psychological effects of 
climate-related hazards are understudied. Existing studies mostly focus 
on acute disasters or small-scale qualitative cases that do not reflect 
population-level trends [17–19]. To date, only one national study has 
examined the link between coastal hazards and mental health, focusing 
only on depression [8]. Major gaps persist: no studies have used vali
dated tools such as the Self-Reporting Questionnaire (SRQ)-20 to assess 
mental distress; few have examined coastal hazards’ effects on distress; 
and none have applied multilevel modelling to explore individual vul
nerabilities and district-level exposures.

This study addresses these gaps by investigating the relationship 
between coastal hazards and mental distress among Indonesian adults. 
We used nationally representative datasets, the 2018 Basic Health Sur
vey (Riskesdas) and 2018 Village Potential Statistics (PODES), to assess 
whether coastal residents face greater mental distress than non-coastal 
populations. This study provides a foundation for integrating mental 
health into climate adaptation and public health strategies for Indo
nesia’s coastal communities, thereby addressing mental health needs 
that are crucial for effective intervention.

2. Methods

2.1. Study design

This study used a cross-sectional design using Riskesdas and Podes 
2018 datasets. Riskesdas covers all 34 provinces and 514 districts using 
multistage systematic random sampling [20]. For this analysis, we 
included adults with complete responses to depression-related items, 
yielding a final sample of 642,419 individuals.

Data from the Riskesdas 2018 were then linked with data from the 
Podes 2018. Podes collects information at the village level in Indonesia 
[21]. While Podes village-level information, this study utilised 
district-level (kabupaten/kota) aggregates. Podes 2018 data were used 
to determine whether coastal districts experienced hazards (abrasion, 
hurricanes, and tidal flooding) between 2015 and 2017, based on village 
reports aggregated using Indonesian Statistical identifiers. These 
district-level hazard indicators were merged with individual-level Ris
kesdas 2018 data using standardised district codes, creating a nested 
dataset of individuals within districts. Hazard variables were therefore 
treated as district-level contextual exposures. Although this approach is 
common in studies linking Riskesdas and Podes data [8], it may not fully 
capture within-district variation.

2.2. Ethical clearance

Ethical approval for Riskesdas 2018 was obtained from the Ethics 
Committee of the NIHRD, Ministry of Health, Indonesia (No. LB.02.01/ 
2/KE.267/2017), with written informed consent obtained from all 
participants. PODES 2018, collected by Statistics Indonesia (BPS) under 
Law No. 16/1997, is publicly available in anonymised. No additional 
ethical approval was required for this secondary data analysis.

2.3. Measures of mental distress

Mental distress was assessed using the SRQ-20, a standardised 
screening tool for common mental disorders in community and primary 
care [22]. The SRQ-20 comprises 20 yes/no questions to capture anxi
ety, depressive, and somatic symptoms experienced in the past month (e. 
g., persistent sadness, sleep disturbance, fatigue, difficulty concen
trating). The instrument demonstrated high internal consistency in this 
study (Cronbach’s α = 0.86). Following USAID guidelines, a cut-off score 
of ≥10 was used to indicate mental distress. A sensitivity analysis using a 

lower cutoff of ≥6, as validated for the Indonesian population by Idaiani 
et al. [22], was conducted to evaluate robustness (Supplementary 
Table S1).

2.4. Measures of coastal hazards

Districts were classified as coastal if they included villages directly 
along the coast. Coastal abrasion refers to shoreline retreat due to wave- 
driven sediment movement [23]; tidal flooding to inundation of 
low-lying coastal areas during high tides, often intensified by sea-level 
rise [24]; and hurricanes to intense tropical cyclones with sustained 
winds ≥64 knots (118 km/h) [25]. Respondents were classified as living 
in a coastal hazard–affected district if at least one hazard occurred 
during the study period.

2.5. Covariates

Covariates were grouped into five domains: demographic (age, sex), 
socio-economic (education, marital status, employment, household 
expenditure quintiles), health behaviour (smoking, alcohol consump
tion, physical activity), health status (self-reported chronic conditions), 
and household characteristics (having a family member with psychosis). 
Access to healthcare was measured using a principal component analysis 
(PCA) index based on transportation mode, travel time, and cost, 
dichotomised into “easy” versus “difficult” access. All covariates were 
derived from standard Riskesdas items and reflect established de
terminants of mental health in prior population-based studies using the 
same dataset [8,26].

2.6. Statistical analysis

Respondents' characteristics were summarised using frequencies and 
percentages. Bivariate associations between mental distress and socio
demographic characteristics among residents of hazard-affected districts 
were examined using χ² tests (chi-square analyses).

Multilevel logistic regression was used to calculate odds ratios (ORs) 
and 95% confidence intervals (CIs) for mental distress, with a random 
intercept at the district level. Models examined associations between 
mental distress and exposure to coastal hazards, adjusting for covariates 
described above. Hazard-specific models were estimated separately to 
avoid collinearity, as hazards often co-occur geographically; these an
alyses do not distinguish between single- and multi-hazard exposure. 
The analyses used adaptive Gauss–Hermite quadrature (five points) and 
were conducted in Stata 18.0.

3. Results

3.1. Characteristics of respondents

The analysis included 642,452 adults across Indonesia, of whom 
201,109 (31.3%) lived in districts exposed to coastal hazards (Table 1). 
The prevalence of mental distress was significantly higher in hazard- 
prone areas (3.25%) than in non-hazard areas (2.56%) (p < 0.001). 
Descriptive analysis showed significant associations between distress 
and covariates. Mental distress was more common among middle-aged 
adults, particularly those aged 45–54. Women accounted for 63.96% 
of distressed individuals in coastal areas. Educational attainment was 
inversely related to distress, with 64.48% of cases reporting only pri
mary education or less.

Unmarried and unemployed respondents reported higher distress; 
38.49% of distressed residents were unemployed. Those in the lowest 
expenditure quintile had the highest prevalence (27.32%), with rates 
declining across higher quintiles. Non-smokers and ex-smokers reported 
more distress than daily smokers, and heavy drinkers had slightly higher 
distress than moderate drinkers. Physical inactivity, chronic illness 
(especially multimorbidity), and family history of psychosis were also 
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linked to elevated distress. Finally, those reporting difficulty accessing 
healthcare showed a strikingly higher prevalence (18.82%).

3.2. Multilevel logistic regression analysis

As shown in Table 2, living in a coastal hazard-affected district was 
associated with significantly higher odds of experiencing mental distress 
(OR: 1.16; 95% CI: 1.01–1.33; p<0.05), after adjusting for covariates. 
Coastal abrasion and hurricanes are modestly associated with mental 
distress (OR: 1.01; 95% CI: 1.00–1.03; p<0.05 and (OR: 1.00; 95% CI: 

1.00–1.01; p<0.05). In contrast, tidal flooding was not significantly 
correlated with mental distress.

Age showed a protective effect against mental distress, with those 
aged 55–74, especially 65–74 (OR: 0.69; p<0.001), having lower odds 
than those aged 18–24. The most substantial protective effect was 
observed among those aged 65–74 (OR: 0.69; 95% CI: 0.63–0.76; p <
0.001). Female respondents had nearly twice the odds of reporting 
mental distress compared to males (OR: 1.98; 95% CI: 1.87–2.10; p <
0.001). Higher levels of education, being married, being employed or 
retired, and higher household expenditure were independently 

Table 1 
Characteristics of all respondents categorized by residential area (with or without coastal hazards).

Variables All respondents Respondents living in coastal hazard districts (N= 201,109)

Non-coastal hazard districts 
(N=441,343)

Coastal hazard districts 
(N=201,109)

p- 
value*

Not mentally distressed (N 
= 192,604)

Mental distressed (N =
6,534)

p- 
value*

Mental distress ​ ​ <0.001 ​ ​ <0.001
No 425,855 (96.49%) 192,604 (95.77%) ​ ​ ​ ​
Yes 11,292 (2.56%) 6,534 (3.25%) ​ ​ ​ ​
Age ​ ​ <0.001 ​ ​ <0.001

18-24 years old ​ ​ ​ 25,971 (13.48%) 837 (12.81%) ​
25–34 years old 59,746 (13.54%) 26,962 (13.41%) ​ 40,680 (21.12%) 1,051 (16.09%) ​
35–44 years old 90,473 (20.50%) 41,953 (20.86%) ​ 45,748 (23.75%) 1,432 (21.92%) ​
45–54 years old 104,336 (23.64%) 47,358 (23.55%) ​ 38,035 (19.75%) 1,377 (21.07%) ​
55–64 years old 58,999 (13.37%) 39,594 (19.69%) ​ 24,991 (12.98%) 948 (14.51%) ​
65–74 years old 26,677 (6.04%) 12,909 (6.42%) ​ 11,994 (6.23%) 551 (8.43%) ​
75 years old or above 12,736 (2.89%) 6,145 (3.06%) ​ 5,185 (2.69%) 338 (5.17%) ​

Sex ​ ​ <0.001 ​ ​ <0.001
Female 231,287 (52.41%) 106,431 (52.92%) ​ 101,163 (52.52%) 4,179 (63.96%) ​
Male 210,023 (47.59%) 94,678 (47.08%) ​ 91,441 (47.48%) 2,355 (36.04%) ​

Education ​ ​ <0.001 ​ ​ <0.001
Primary or lower 191,904 (43.48%) 98,072 (48.77%) ​ 92,242 (47.89%) 1,367 (64.48%) ​
Junior high school 79,851 (43.48%) 32,617 (16.22%) ​ 31,533 (16.37%) 954 (14.60%) ​
Senior high school 169,555 (38.42%) 70,420 (35.02%) ​ 68,829 (35.74%) 4,213 (20.92%) ​

Marital status ​ ​ <0.001 ​ ​ <0.001
Single 68,421 (15.50%) 30.423 (15.13%) ​ 28,894 (15.00%) 940 (14.39%) ​
Married 329,056 (74.56%) 151,013 (75.09%) ​ 145,928 (75.77%) 4,449 (68.09%) ​
Divorced and a widower 43,833 (9.93%) 19,673 (9.78%) ​ 17,782 (9.23%) 1,145 (17.52%) ​

Occupation ​ ​ <0.001 ​ ​ <0.001
Employed or retired 56,378 (12.77%) 21,946 (10.91%) ​ 21,633 (11.23%) 287 (4.39%) ​
Self-employed 66,687 (15.11%) 24,635 (12.25%) ​ 24,035 (12.48%) 547 (8.37%) ​
Informal worker 149,199 (33.81%) 75,227 (37.41%) ​ 72,380 (37.58%) 2,572 (39.36%) ​
Others 27,415 (6.21%) 15,663 (7.79%) ​ 15,175 (7.88%) 443 (6.78%) ​
Jobless 128,695 (29.16%) 57,798 (28.74%) ​ 53,742 (27.90%) 2,515 (38.49%) ​
Student 12,936 (2.93%) 5,840 (2.90%) ​ 5,639 (2.93%) 170 (2.60%) ​

Quintile ​ ​ <0.001 ​ ​ <0.001
1st Quintile 72,460 (16.42%) 41,935 (20.85%) ​ 39,539 (20.53%) 1,785 (27.32%) ​
2nd Quintile 80,993 (18.35%) 40,228 (20.00%) ​ 38,301 (19.89%) 1,502 (22.99%) ​
3rd Quintile 87,415 (19.81%) 39,936 (19.86%) ​ 38,265 (19.87%) 1,293 (19.79%) ​
4th Quintile 94,449 (21.40%) 40,326 (20.05%) ​ 38,881 (20.19%) 1,143 (17.49%) ​
5th Quintile 105,993 (24.02%) 38,684 (19.24%) ​ 37,618 (19.53%) 811 (12.41%) ​

Smoking status ​ ​ <0.001 ​ ​ <0.001
Everyday 118,580 (26.87%) 54,712 (27.21%) ​ 53,012 (27.52%) 1,428 (21.85%) ​
Not everyday 20,187 (4.57%) 9,706 (4.83%) ​ 9,277 (4.82%) 356 (5.45%) ​
Ex-smoker 24,107 (5.46%) 9,630 (4.79%) ​ 9,066 (4.71%) 394 (6.03%) ​
Not smoker 278,436 (63.09%) 127,061 (63.18%) ​ 121,249 (95.43%) 4,356 (66.67%) ​

Alcohol consumption ​ ​ <0.001 ​ ​ <0.001
Under standard 11,145 (2.53%) 6,685 (3.32%) ​ 6,387 (3.32%) 278 (4.25%) ​
More than standard 6,261 (1.42%) 6,420 (3.19%) ​ 6,105 (3.17%) 302 (4.62%) ​
No alcohol 423,904 (96.05%) 188,004 (93.48%) ​ 180,112 (93.51%) 5,954 (91.12%) ​

Physically active ​ ​ <0.001 ​ ​ <0.001
Less active 43,399 20,216 ​ 19,379 (10.06%) 717 (10.97%) ​
Active 397,911 180,893 ​ 173,225 (89.94%) 5,817 (89.03%) ​

Have comorbidities ​ ​ <0.001 ​ ​ <0.001
No comorbid (0) 349,380 (79.16%) 161,445 (80.28%) ​ 155,978 (80.98%) 4,167 (63.77%) ​
Low comorbidities (1-3) 91,029 (20.63%) 39,284 (19.53%) ​ 36,339 (18.87%) 2,301 (35.22%) ​
High comorbidities (4-8) 901 (0.20%) 380 (0.19%) ​ 287 (0.15%) 66 (1.01%) ​

Have a family member with 
psychosis

​ ​ <0.001 ​ ​ <0.001

No 437,596 (99.15%) 199,287 (99.09%) ​ 191,197 (99.27%) 6,369 (97.47%) ​
Yes 3,714 (0.84%) 1,822 (0.91%) ​ 1,407 (0.73%) 165 (2.53%) ​

Have difficulty accessing 
healthcare

​ ​ <0.001 ​ ​ <0.001

No 361,986 (82.02%) 150,424 (74.80%) ​ 144,946 (75.26%) 4,032 (61.71%) ​
Yes 40,706 (9.22%) 24,654 (12.26%) ​ 23,191 (12.04%) 1,230 (18.82%) ​
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associated with reduced odds of distress.
Health behaviour variables were also significantly associated with 

mental distress. Compared to daily smokers, former smokers had higher 
distress odds than daily smokers, while non-smokers had lower odds. 
Abstainers from alcohol had lower distress odds than moderate drinkers, 
while heavy drinkers had higher. Physically active individuals had 
slightly lower odds of distress.

Health status and psychosocial variables also showed strong effects. 
Having comorbid chronic illnesses increased the risk of mental distress. 
Those with a family member diagnosed with psychosis had over three 
times the odds of mental distress. Difficulty accessing healthcare is also 
linked to higher mental distress. These findings highlight the complex 
factors influencing mental distress, including environment, health be
haviours, and social vulnerabilities.

4. Discussion

This study explored the link between coastal hazards and mental 
distress among Indonesian adults, and how demographic, socio- 
economic, health behaviour, and household factors influence these re
lationships. Individuals in regions affected by climate hazards faced 
higher odds of mental distress. This aligns with research from multiple 
countries showing the negative mental health impacts of coastal hazards 
[27,28]. A regional review across South and Southeast Asia and the 
Pacific found strong associations between coastal hazard exposure and 
stress, depression, anxiety, and distress [27], while a study in 
Bangladesh similarly showed higher psychological distress in 
high-vulnerability areas [28].

Our analysis showed that people in coastal abrasion areas had 
experienced slightly higher mental distress, which, despite the small 
effect size, may have meaningful population impacts or effects from 
prolonged exposure. This aligns with studies from Bangladesh linking 
sea-level rise and shoreline abrasion to depression, anxiety, and stress 
[29]. Similarly, research in eastern Quebec, Canada, found that those 
exposed to coastal hazards were 2.33 times more likely to report higher 
stress than unaffected groups [30].

The psychological stress of coastal abrasion exposure may arise from 
direct trauma and chronic uncertainty. Qualitative evidence from Ker
ala, India, shows that repeated erosion exposes communities to persis
tent fear, housing loss, and livelihood insecurity, contributing to 
hypervigilance, sleep disturbances, and anxiety [31]. The gradual, cu
mulative nature of abrasion may also produce anticipatory or “pre-
traumatic” stress, compounded by social disruption and economic 
insecurity [29,30].

Another key finding was a higher mental distress among people 
living in hurricane-exposed areas, consistent with evidence that 

Table 2 
Results of multivariable logistic regression analysing the relationship between 
residing in coastal hazard areas and mental distress.

Variables Model 1‡ Model 2‡ Model 3‡ Model 4‡

Living in coastal 
hazards

1.16 (1.01 – 
1.33)*

​ ​ ​

Living in district with 
coastal abrasion

​ 1.01 (1.00 – 
1.03)*

​ ​

Living in district area 
with hurricanes

​ ​ 1.00 (1.00 – 
1.01)*

​

Living in district with 
tidal flooding

​ ​ ​ 1.00 (0.99 – 
1.02)

Age group (Ref: 18- 
24 years old)

​ ​ ​ ​

25–34 years old 0.90 (0.84 – 
0.97)*

0.90 (0.84 – 
0.97)*

0.90 (0.84 – 
0.97)*

0.90 (0.84 – 
0.97)*

35–44 years old 0.94 (0.88 – 
1.02)

0.94 (0.88 – 
1.02)

0.94 (0.88 – 
1.02)

0.94 (0.88 – 
1.02)

45–54 years old 0.91 (0.85 – 
0.99)*

0.91 (0.85 – 
0.99)*

0.91 (0.85 – 
0.99)*

0.91 (0.85 – 
0.99)*

55–64 years old 0.72 (0.67 – 
0.79)***

0.72 (0.67 – 
0.79)***

0.72 (0.67 – 
0.79)***

0.72 (0.67 – 
0.79)***

65–74 years old 0.69 (0.63 – 
0.76)***

0.69 (0.63 – 
0.76)***

0.69 (0.63 – 
0.76)***

0.69 (0.63 – 
0.76)***

75 years old or 
above

0.78 (0.70 – 
0.88)***

0.78 (0.70 – 
0.88)***

0.78 (0.70 – 
0.87)***

0.78 (0.70 – 
0.88)***

Sex (Ref: male) ​ ​ ​ ​
Female 1.98 (1.87 – 

2.10)***
1.98 (1.87 – 
2.10)***

1.98 (1.87 – 
2.10)***

1.98 (1.87 – 
2.10)***

Education (Ref: 
Primary or lower)

​ ​ ​ ​

Junior high school 0.76 (0.72 – 
0.79)***

0.76 (0.72 – 
0.79)***

0.76 (0.72 – 
0.79)***

0.76 (0.72 – 
0.79)***

Senior high school 0.57 (0.54 – 
0.59)***

0.57 (0.54 – 
0.59)***

0.57 (0.54 – 
0.59)***

0.57 (0.54 – 
0.59)***

Marital status (Ref: 
Single)

​ ​ ​ ​

Married 0.67 (0.62 – 
0.71)***

0.67 (0.62 – 
0.71)***

0.67 (0.62 – 
0.71)***

0.67 (0.62 – 
0.71)***

Divorced or 
widowed

1.05 (0.97 – 
1.14)

1.05 (0.97 – 
1.14)

1.05 (0.97 – 
1.14)

1.05 (0.97 – 
1.14)

Occupation (Ref: 
Jobless)

​ ​ ​ ​

Employed or 
retired

0.60 (0.56 – 
0.65)***

0.60 (0.56 – 
0.65)***

0.60 (0.56 – 
0.65)***

0.60 (0.56 – 
0.65)***

Self-employed 0.80 (0.75 – 
0.85)***

0.80 (0.75 – 
0.85)***

0.80 (0.75 – 
0.85)***

0.80 (0.75 – 
0.85)***

Informal worker 0.85 (0.81 – 
0.89)***

0.85 (0.81 – 
0.89)***

0.85 (0.81 – 
0.89)***

0.85 (0.81 – 
0.89)***

Others 0.78 (0.73 – 
0.84)***

0.78 (0.73 – 
0.84)***

0.78 (0.73 – 
0.84)***

0.78 (0.73 – 
0.84)***

Student 0.83 (0.74 – 
0.93)

0.83 (0.74 – 
0.93)*

0.83 (0.74 – 
0.93)*

0.83 (0.74 – 
0.93)*

Quintile (Ref: 1st 

Quintile)
​ ​ ​ ​

2nd Quintile 0.90 (0.86 – 
0.95)***

0.90 (0.86 – 
0.95)***

0.91 (0.86 – 
0.95)***

0.90 (0.86 – 
0.95)***

3rd Quintile 0.87 (0.82 – 
0.91)***

0.87 (0.82 – 
0.91)***

0.87 (0.82 – 
0.91)***

0.87 (0.82 – 
0.91)***

4th Quintile 0.78 (0.74 – 
0.83)***

0.78 (0.74 – 
0.83)***

0.78 (0.74 – 
0.83)***

0.78 (0.74 – 
0.83)***

5th Quintile 0.64 (0.61 – 
0.68)***

0.64 (0.61 – 
0.69)***

0.64 (0.61 – 
0.69)***

0.64 (0.61 – 
0.68)***

Smoking status (Ref: 
Everyday)

​ ​ ​ ​

Not everyday 1.16 (1.06 – 
1.26)**

1.16 (1.06 – 
1.26)**

1.16 (1.06 – 
1.26)**

1.16 (1.06 – 
1.26)**

Ex-smoker 1.28 (1.19 – 
1.38)***

1.28 (1.19 – 
1.38)***

1.28 (1.19 – 
1.38)***

1.28 (1.19 – 
1.38)***

Not smoker 0.73 (0.68 – 
0.77)***

0.73 (0.68 – 
0.77)***

0.73 (0.68 – 
0.77)***

0.73 (0.68 – 
0.77)***

Alcohol consumption 
(Ref: Under 
standard)

​ ​ ​ ​

More than 
standard

1.08 (0.95 – 
1.23)

1.08 (0.95 – 
1.23)

1.08 (0.95 – 
1.23)

1.08 (0.95 – 
1.23)

Table 2 (continued )

Variables Model 1‡ Model 2‡ Model 3‡ Model 4‡

No alcohol 0.66 (0.60 – 
0.72)***

0.66 (0.60 – 
0.72)***

0.66 (0.60 – 
0.72)***

0.66 (0.60 – 
0.72)***

Physically active 0.92 (0.87 – 
0.98)*

0.92 (0.87 – 
0.98)*

0.92 (0.87 – 
0.98)*

0.92 (0.87 – 
0.98)*

Have comorbidities 1.85 (1.81 – 
1.89)***

1.85 (1.81 – 
1.89)***

1.85 (1.81 – 
1.89)***

1.85 (1.81 – 
1.89)***

Have a family 
member with 
psychosis

3.56 (3.19 – 
3.97)***

3.56 (3.19 – 
3.97)***

3.56 (3.19 – 
3.97)***

3.56 (3.19 – 
3.97)***

Have difficulty 
accessing 
healthcare

1.48 (1.41 – 
1.55)***

1.48 (1.41 – 
1.55)***

1.48 (1.41 – 
1.55)***

1.48 (1.41 – 
1.55)***

Number of 
observations

572,341 572,341 572,341 572,341

‡ Note: Presented are Odds ratio and 95% Confidence intervals
*** p < 0.001
** p < 0.005
* p < 0.05
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repeated or severe hurricane exposure has cumulative psychological 
impacts. Studies from the U.S. show that repeated hurricane exposure is 
associated with higher levels of depression, anxiety, and post-traumatic 
stress [32,33]. An extensive systematic review further found that hur
ricane and flood exposure consistently resulted in greater psychological 
distress compared with unaffected populations [33]. Long-term fol
low-up of Hurricane Katrina survivors indicates that pre-disaster trauma 
may compound these effects over time [34]. Hurricanes can lead to 
lasting mental distress through direct trauma exposure, including injury, 
life threat, and bereavement, with more severe or prolonged exposure 
linked to greater risks of PTSD, anxiety, and depression distress [35,36]. 
They also disrupt social networks and community cohesion through 
displacement and loss of support reduces coping capacity and increasing 
vulnerability to distress [36,37]. Additionally, socioeconomic disrup
tion, such as job loss, financial strain, and unstable living conditions, 
creates chronic stressors that hinder psychological recovery [35,36].

In contrast to hurricanes and coastal abrasion, tidal flooding was not 
significantly associated with mental distress in this study, possibly 
reflecting adaptation or normalisation in repeatedly exposed commu
nities. However, evidence from Indonesia suggests that tidal flooding 
may be psychologically harmful in a specific context, with high levels of 
stress and depressive symptoms reported among adolescents and 
affected households in Semarang and Pekalongan [38,39]. The absence 
of an association in our analysis may therefore reflect community-level 
coping and social capital, which have been shown to buffer mental 
health impacts in both Indonesian [39] and Quebec [30] settings.

Beyond coastal hazards, covariate patterns were consistent with 
established determinants of mental health. Older age and socio- 
economic resources were generally protective, while women, chronic 
conditions, healthcare access difficulties, and household psychosocial 
stress were associated with higher distress. Health behaviours showed 
differential associations, with smoking demonstrating stronger and 
more consistent links to mental distress than alcohol use, suggesting its 
relevance as a behavioural marker of mental health risk in hazard- 
exposed populations.

Several limitations should be noted. First, the cross-sectional design 
prevents causal inference. Second, mental distress was measured with a 
screening tool rather than a clinical diagnosis, which may under- or 
overreport symptoms [40]. Third, although some associations were 
statistically significant, the very large sample size means that small ef
fect sizes are detectable; therefore, results should be interpreted with 
attention to effect magnitude rather than statistical significance alone. 
Fourth, the analysis is specific to Indonesia, and findings may not be 
fully applicable to other coastal areas with different hazards, health 
systems, or social contexts. Moreover, psychosocial vulnerability was 
assessed via the Riskesdas indicator of household member psychosis, 
reflecting available data but not broader mental health stressors. Lastly, 
as climate risks intensify, our findings may not fully reflect current ex
posures. Future research should use more recent data and mixed 
methods to understand the evolving mental health impacts better.

As an exploratory analysis, this study aimed to characterize 
population-level associations between coastal hazards and mental 
distress rather than test predefined hypotheses. The purpose was to 
generate preliminary evidence on an underexamined public health issue 
and to identify patterns warranting further investigation. The associa
tions observed here therefore provide a foundation for targeted hy
potheses in future studies. Our findings suggest that mental distress is a 
critical outcome of coastal hazards, but it is often overlooked in climate 
adaptation planning. While global adaptation strategies increasingly 
emphasise hybrid and community-driven approaches [41,42], Indone
sian frameworks such as FOLU Net Sink 2030 remain largely focused on 
environmental mitigation, with limited attention to mental health im
pacts [43]. Strengthening community-based and culturally sensitive 
mental health support, including integration into disaster planning and 
early detection pathways, could help address these gaps in coastal set
tings [44,45].

5. Conclusion

This study shows that exposure to coastal hazards, particularly 
abrasion and hurricanes, is linked to greater mental distress among 
Indonesian adults, even after adjusting for covariates. These findings 
highlight the importance of integrating mental health into climate 
adaptation, especially in vulnerable coastal areas. Strengthening 
community-based services, embedding psychosocial support in disaster 
planning, and expanding culturally sensitive care are essential to reduce 
the long-term mental health burden of sea level rise.
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