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The Elderly populations in tidal flood-prone areas face heightened vulnerability to lep-
tospirosis due to environmental hazards, recurrent inundations, and psychosocial stress-
ors. This study analyzed an integrated socio-epidemiological model that accommodates
a community-based intervention, targeting perceived stress, self-efficacy, and clean and
healthy living behavior (PHBS), along with a system dynamics simulation to forecast
leptospirosis incidence. This quasi-experimental study design was implemented with 70
participants (35 intervention and 35 control). The participants reside in flood-affected
villages of Demak Regency, Indonesia, in 2024 (Purwosari, Sriwulan). Perceived stress
(PSS-10), self-efficacy, and PHBS scores were measured at pre- and post-intervention.
Statistical analyses included Mann-Whitney, Wilcoxon, and paired t-tests. Delta scores
were integrated into a stock-flow model (PowerSim Studio 10) incorporating behavioral
and environmental risk variables to simulate leptospirosis cases for 2024-2029. The in-
tervention group demonstrated significant improvements in self-efficacy (A=+5.69+8.17,
p<0.001) and PHBS (A=+9.37+4.59, p<0.001), alongside a non-significant but clinically
relevant reduction in perceived stress (A=-7.20+8.33, p=0.733 vs control). The dynamic
model projected a 25-30% reduction in leptospirosis cases over five years with interven-
tion, compared to a <5% decline without behavioral programs. Visual validation indi-
cated alignment between simulated and real incidence trends (2020-2024). Integrating
psychosocial behavioral interventions with dynamic modeling provides a reliable frame-
work for leptospirosis control in flood-prone populations.

Introduction

et al., 2024). Coastal communities in Indonesia,

Leptospirosis remains a critical public
health challenge in tropical, flood-prone
regions, where frequent floods damage
livelihoods, facilitate zoonotic transmission,
and exacerbate psychosocial distress (Allan
et al., 2015; Sulistyawati, Nirmalawati and
Mardenta, 2016; Marbawati and Pramestuti,
2017; Ab Rahman et al., 2018; Kurniawati and
Nuryati, 2018; Sijid et al., 2022; Dwisiswanarum

particularly elderly populations, face amplified
risks due to chronic exposure, limited mobility,
and inadequate health system access. While
prior research highlights environmental and
biological determinants, few models integrate
psychosocial and behavioral dimensions to
inform interventions and predictive tools
(Convertino et al., 2021). This study bridges
this gap by evaluating a dual-pronged strategy:
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(1) a community-based intervention enhancing
stress management, self-efficacy, and PHBS
among elderly residents, and (2) a system
dynamics model projecting leptospirosis
incidence under intervention versus control
scenarios. The findings aim to inform evidence-
based, multi-sectoral health policies for
disaster-prone regions.

In addition to the risk of physical
infection, prolonged tidal flooding (rob) triggers
significant psychosocial impacts (Budiati,
RE.; Hadisaputro, S; Sakundarno, 2025).
Communities in these areas must continuously
adapt to environmental changes, the threat
of livelihood loss, and limited access to clean
water (Aksa and Afrian, 2022). Preliminary
studies conducted in Bedono Village revealed
relatively high stress levels, with the majority
of residents experiencing moderate to
severe stress. Elevated perceived stress can
compromise the immune system, increase
vulnerability to infection, and negatively
affect the community’s clean and healthy
living behaviors (PHBS). Various leptospirosis
control efforts have been implemented through
surveillance, rodent control, and cross-sectoral
health education(Peters et al., 2017; Santos et
al., 2018). However, evaluations indicate that
existing approaches have not comprehensively
integrated the psychosocial factors experienced
by communities living under chronic rob
conditions. Control models focusing only
on environmental or biological aspects have
proven insufficient to reduce disease incidence
significantly (Djati et al., 2020).

Given these conditions, this study
employed an integrated socio-epidemiological
approach combining social determinants,
psychological aspects (perceived stress and
self-efficacy), PHBS behaviors, and the
environmental context of rob into a unified
control framework. Through a module-
based educational intervention, the program
is expected to reduce infection risk and
strengthen the community’s psychosocial
resilience (Shaluhiyah et al., 2021). The model
was developed in the previous research (Budiati
et al., 2025). The use of dynamic system
modeling to estimate leptospirosis incidence
aims to project the long-term impact of the
intervention, thereby providing practical input
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for coastal leptospirosis control strategies in
rob-affected areas.(Convertino et al, 2021).
This study aimed to analyze an integrated socio-
epidemiological model in reducing perceived
stress, increasing self-efficacy, and improving
PHBS among the target community and to
estimate leptospirosis incidence using a system
dynamics modeling approach.

Methods

This study employed a  quasi-
experimental design and was conducted
from December 2024 to February 2025 in
Sayung Subdistrict, Demak Regency, Central
Java. The intervention was implemented in
Purwosari Village, while Sriwulan Village
was the control site. Seventy elderly residents
were recruited through purposive sampling
and divided equally into intervention (n = 35)
and control (n = 35) groups. The intervention
group consisted of active community members
to ensure effective participation and delivery
of the intervention sessions. In contrast, the
control group was drawn from a separate
village to minimize contamination between
groups. Inclusion criteria included being aged
60 years or older, residing for at least 10 years,
and not having severe cognitive impairment or
medical conditions that would prevent active
participation. Ethical considerations were
maintained throughout the study, and informed
consent was obtained from all participants
before data collection.

The intervention consisted of six weekly
sessions lasting 100 minutes each. The content
included education on flood-related health
risks, training on Clean and Healthy Living
Behaviors (Perilaku Hidup Bersih dan Sehat—
PHBS), stress management techniques such as
mindfulness and breathing exercises, and self-
efficacy empowerment modules. Conversely, the
control group received only standard Ministry
of Health informational leaflets concerning
flood-related health risks and PHBS. The
dependent variables were perceived stress, self-
efficacy, PHBS, and environmental parameters
used in the dynamic model, including flood
frequency, sanitation conditions, and rodent
activity. Perceived stress was measured using
the Perceived Stress Scale (PSS-10), self-efficacy
using the General Self-Efficacy Scale, and PHBS
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using the standardized questionnaire developed
by the Ministry of Health. The independent
variable was the health promotion intervention
program.

Pre- and post-test data were analyzed
using the Wilcoxon signed-rank test for within-
group comparisons and the Mann-Whitney U
test for between-group differences. A paired
t-test was used for PHBS scores when normality
assumptions were met. Delta (change) scores
were then integrated into a PowerSim stock-
flow model calibrated by surveillance data from
the Demak Health Office (2020-2024). Two
simulation scenarios were applied, comparing
community health trends with and without the
intervention. This mixed approach, combining
psychosocial-behavioral — intervention and
dynamic modeling, was designed to provide a
robust framework for leptospirosis control in
flood-prone elderly populations.

Results and Discussion

The participants characteristics were
presented in Table 1., including age, gender,
education, occupation and marital status.

Table 1. Participant Characteristics

The outcomes of the intervention on
perceived stress, self-efficacy, and PHBS are
presented in TABLE 2, comparing pre- and
post-intervention scores between the groups.

Table 2 describes perceived stress
variables of both groups and shows reductions of
post-interventions (intervention A=-7.20+8.33,
control A=-6.60+9.00), with no significant
between-group delta difference (p=0.733). Self-
efficacy in Intervention participants exhibited
a significant increase (A=+5.69+8.17, p<0.001)
versus a decline in controls (A=-1.89+4.64).
The PHBS variable in Intervention participants
improvedby A=+9.37+4.59 (p<0.001) compared
to minimal change in controls (A=+0.51%1.63).
The observed changes in perceived stress, self-
efficacy, and PHBS served as essential inputs for
the next stage, where a system dynamics model
was constructed to capture and simulate the
intervention’s broader impact.

Based on these findings, the subsequent
stage involved constructing a system dynamics
model to visualize the interrelationships among
key variables. Figure 1 presents the Modified
Causal Loop Diagram (CLD). The elements

Variables Intervention (n=35) Control (n=35) p-value
Age (years) 47+12.66 47+8.68 0.016
Gender (Male/ 12/23 15/20 0.461
Female)
Education Primary-Tertiary Primary-Tertiary 0.187
Occupation Mixed (Farmers, IRT, Mixed (Laborers, Traders) 0.001
Laborers)
Marital Status 30 Married, 5 Widowed 34 Married, 1 Single 0.014
Source : primary data, 2025
Table 2. Changes in Perceived Stress, Self-Efficacy, and PHBS (Pre vs Post)
Variables Pre (Mean+SD) Post A (Mean+SD) p-value
(Mean+SD)
Perceived Stress 59.60+11.33 52.40%7.59 -7.20+8.33 0.733
(between-
group)
Self-Efficacy 71.46+£13.63 77.14+£8.56 +5.69+8.17 <0.001
PHBS 67.54+7.50 76.91+8.14 +9.37+4.59 <0.001
Control Group Notes ~ Minimal change

across variables

Source : primary data, 2025
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highlighted in pink represent modifications
derived from the current study (perceived
stress, self-efficacy, and PHBS), expanding
upon the original CLD developed by Djati AP
et al. These additions illustrate how the present
research contributes to and refines the existing
framework.
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Figure 1. Modified Causal Loop Diagram (CLD)
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This model also considers other external
determinants, such as population density,
sanitation conditions, and community habits
in maintaining environmental hygiene, thus
aligning with a systems-based epidemiological
approach that emphasizes the importance
of interactions among multiple factors in
predicting disease occurrence.

Following the development of the
Modified CLD, a Stock and Flow Diagram
(SFD) was constructed to translate the feedback
structures into quantifiable stocks and flows.
Figure 2 illustrates the SFD, which integrates
behavioral variables with epidemiological
stocks and flows. The use of a stock-flow
structure is essential because it allows for the
simulation of accumulations and dynamic
changes over time, thereby providing a more
rigorous representation of how behavioral
factors interact with the epidemiological
process.

Figure 2 illustrates the SFD, which
integrates  behavioral  variables  with
epidemiological stocks and flows. The stock-
flow structure is crucial because it enables
the representation of accumulations (stocks)
and movement or transitions (flows) over
time, thus allowing dynamic simulations of
system behavior. The elements highlighted
in red represent new contributions from
this study, extending the existing framework
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by incorporating additional behavioral and
epidemiological dynamics identified through
the research findings. Simulation output (2024-
2029) in projected leptospirosis cases under
intervention vs no-intervention scenarios with
observed data overlay (2020-2024).

Figure 4 compares Leptospirosis
prediction in real data with simulation
results for 2020-2024. The real data (dashed
line) show a steady upward trend, while the
simulation results (solid line) closely follow
the observed values up to 2023. The simulation
results indicate a decline in leptospirosis cases
compared to the projected trend based on
real data. It suggests that the predictive model
successfully demonstrated the potential impact
of the intervention, thereby achieving its
intended purpose of reducing the future burden
of leptospirosis. This study affirms the critical
value of integrating psychosocial and behavioral
health components within epidemiological
modeling frameworks to address leptospirosis
in ecologically vulnerable, flood-prone settings
(Djati et al., 2020). By embedding constructs
such as perceived stress, self-efficacy, and
clean and healthy living behaviors (PHBS)
into the design and evaluation of community-
based interventions, the study advances the
understanding of how psychological resilience
and behavioral empowerment can influence
infectious disease control (Lopez-Garrido,
L= 6 )
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Figure 3. Simulation Output in Predicted Leptospirosis Cases (2024-2029)
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Figure 4. Comparison of Real Data and Simulation Results Incorporating Research Findings

2023; Budiati, RE.; Hadisaputro, S; Sakundarno,
2025).

Although the reduction in perceived
stress was not statistically significant, the
observed improvement in  self-efficacy
and PHBS was substantial and aligned
with established health behavior theories,
particularly Banduras Social  Cognitive
Theory (1997)(Lopez-Garrido, 2023), which
emphasizes the role of self-belief in driving
sustained behavior change. These results also
resonate with the World Health Organization’s
guidelines on community engagement and
psychosocial support in emergency settings,
highlighting the importance of contextualized,
people-centered  approaches to  health
promotion (Zam, Handayani and Sugiharto,
2019; Knight et al., 2021; Meyer et al., 2022).
Furthermore, the application of system
dynamics modeling provided valuable insight
into the potential long-term and population-
level impact of the interventions. Causal
loop diagrams (CLDs) and simulation-based
forecasting illustrated feedback mechanisms
between psychosocial determinants, behavior
change, and environmental risks, reinforcing
the utility of dynamic tools in public health
planning. These simulations validated observed
outcomes and highlighted intervention points
for future policy refinement (Djati et al., 2019;
Tam et al., 2020; Graham, Gariépy and Orpana,
2023).

Notably,  integrating  psychosocial
dimensions into leptospirosis forecasting
models marks a significant extension of prior
work in the field.(Convertino et al., 2021) While
conventional epidemiological approaches often
focus on environmental and biological risk
factors, this study demonstrates the added
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value of incorporating human behavioral and
emotional responses, offering a replicable
framework that aligns with the principles of
the One Health approach (Djati et al, 2020).
In conclusion, sustained and multidimensional
interventions—combining health education,
psychosocial ~ resilience  building, and
environmental management—are essential for
mitigating the burden of leptospirosis in flood-
prone communities. Future research should
prioritize longitudinal validation of the model
across diverse ecological contexts, as well as
the institutionalization of integrated strategies
within local health systems to ensure scalability
and sustainability (Djati et al., 2020).

Conclusion

The findings of this study demonstrate
that the socio-epidemiological integration
module for leptospirosis in tidal flood-prone
areas can significantly reduce perceived stress,
enhance self-efficacy, and improve clean
and healthy living behaviors (PHBS) among
vulnerable communities. Structured training
combined with psychosocial interventions
fostered behavioral change and psychological
resilience. Moreover, the application of system
dynamics modeling enabled accurate estimation
of leptospirosis incidence and facilitated the
visualization of intervention outcomes under
varying environmental conditions. These results
indicate that an integrated approach, linking
behavioral, psychosocial, and epidemiological
strategies, can be a practical and adaptive
solution for mitigating leptospirosis risks and
strengthening community resilience in coastal
areas affected by tidal flooding.
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