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Environmental, preventive behavioral, and
socioeconomic determinants of dengue hemorrhagic
fever at Haji General Hospital Medan

Della Indriyani Sianturi', Rapael Ginting?®, Masryna Siagian?3

ABSTRACT

Background: Dengue hemorrhagic fever (DHF) remains a serious public health problem in Indonesia. The incidence of DHF
is influenced by interacting factors, including physical environmental conditions, community preventive behavior, and
socioeconomic conditions. This study aimed to analyze the factors associated with the incidence of DHF at Haji General Hospital
Medan and to determine the most dominant determinant.

Methods: This study used an observational analytic quantitative design with a cross-sectional approach. It was conducted at
Haji General Hospital Medan with 81 respondents. Data were collected through interviews using structured questionnaires and
observation sheets. Analysis was performed using univariate methods, bivariate analysis with the Pearson chi-square test, and
multivariate analysis with binary logistic regression.

Results: The majority of respondents lived in poor environmental conditions (55.6%), exhibited inadequate preventive behavior
(55.6%), and had low socioeconomic status (55.6%). A total of 26 respondents (32.1%) were diagnosed with DHF. Bivariate
analysis revealed a significant association between environmental factors (p = 0.000) and preventive behavior factors (p = 0.009)
with DHF incidence. Conversely, socioeconomic status did not show a statistically significant association (p = 0.089). Multivariate
analysis indicated that environmental factors were the most dominant determinant associated with DHF incidence (p = 0.004;
OR = 6.377; 95% CI: 1.808 to 22.494). Respondents living in poor physical environmental conditions were 6.377 times more
likely to contract DHF compared with those in good environmental conditions.

Conclusion: Physical environmental factors related to residential areas are the primary determinants influencing the incidence
of DHF among patients treated at Haji General Hospital Medan. It is recommended that the community intensify 3M Plus
mosquito breeding site eradication activities and maintain the cleanliness of the physical environment. The hospital and the
Health Office should intensify education regarding environmental management for DHF prevention.
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Introduction

Dengue hemorrhagic fever (DHF) is a mosquito-borne viral infection caused by dengue virus and
transmitted primarily through the bites of infected female Aedes aegypti and, to a lesser extent, Aedes
albopictus mosquitoes !. Tropical and subtropical environments, including much of Indonesia, provide
favorable conditions for vector proliferation, sustaining endemic transmission and periodic outbreaks,
particularly in densely populated urban and peri-urban areas with inadequate environmental sanitation 3.
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National surveillance data indicate that DHF incidence in Indonesia fluctuates annually, with seasonal peaks
during the rainy season and in regions characterized by high humidity. The disease imposes a substantial
burden on individuals, households, communities, and health systems, affecting all age groups, although
vulnerability varies according to local transmission intensity and population immunity profiles %*°. The
clinical spectrum ranges from undifferentiated febrile illness to severe manifestations, including plasma
leakage, hemorrhage, and shock, which can be fatal without timely and appropriate case management 7.
Consequently, prevention and control remain public health priorities, emphasizing integrated vector
management, early detection, and standardized clinical care 8.

Hospitals as referral health care facilities have an important role in the surveillance and management
of DHF. Medical records from Haji General Hospital Medan for the period January to June 2025 recorded a
total of 137 DHF cases. The highest number of cases occurred in January 2025 with 28 cases. The trend of
increasing cases at the beginning of the year shows a correlation with rainy season conditions, which support
the breeding of Aedes aegypti mosquitoes °. The early-year increase in cases corresponds with rainy-season
conditions that promote Aedes aegypti breeding. This pattern aligns with World Health Organization reports
indicating that DHF incidence rises in areas with high rainfall and suboptimal environmental management.
These findings indicate that DHF does not occur randomly but is influenced by multiple interrelated factors
10.11 " Previous studies demonstrate that demographic characteristics; environmental conditions such as
housing type and the presence of mosquito breeding sites; behavioral practices including draining, covering,
and recycling of water containers; and knowledge and attitudes all contribute to increased DHF risk 2715,
Because the strength and direction of these associations vary by setting and health care facility, context-
specific studies are needed to guide local prevention and control efforts.

Multiple studies have examined risk factors for DHF in Indonesia and other endemic settings. Ismail
et al.'® conducted a case-control study in Borobudur Subdistrict, Magelang, Indonesia, and reported that the
presence of open water containers and low participation in mosquito nest eradication (PSN) were
significantly associated with household dengue infection. Mamenun et al.’> performed a spatiotemporal
analysis and demonstrated that climate factors, particularly rainfall and temperature, were correlated with
dengue incidence patterns. Rakhmani et al.!” conducted a knowledge, attitudes, and practices (KAP) survey
and found that a substantial proportion of respondents exhibited inadequate knowledge and suboptimal
preventive practices. Rahman et al.!® carried out a case-control study and identified travel history to endemic
areas and unfavorable house conditions as significant risk factors. In Medan, Purba et al.!” and Hutahaean et
al.?% reported that environmental and behavioral factors, including participation in mosquito nest eradication
and support from health workers, were associated with DHF incidence. Nevertheless, most of these
investigations were community-based and did not utilize medical record data from referral hospitals with
multivariate analysis.

The Health Belief Model (HBM) offers a robust framework for understanding preventive behaviors
related to dengue hemorrhagic fever (DHF). The model comprises six core constructs: perceived
susceptibility, perceived severity, perceived benefits, perceived barriers, cues to action, and self-efficacy 2!-22.
In the context of DHF, individuals who perceive themselves as susceptible to infection and recognize the
benefits of preventive measures are more likely to adopt protective behaviors. Conversely, low self-efficacy
and perceived barriers, such as limited resources or unclear guidance, may hinder adherence to preventive
practices. Preventive behavior is not solely determined by individual choice; it is also shaped by
environmental conditions, access to information, and available resources. Therefore, examining preventive
behaviors in conjunction with environmental and socioeconomic factors yields a more comprehensive
understanding of DHF risk and informs targeted public health interventions 2325,

Socioeconomic factors are frequently considered in studies of dengue hemorrhagic fever (DHF).
Education, income, occupation, and household density can influence knowledge, resources, and
opportunities to undertake preventive actions 2%?7. Studies conducted in Demak and Pekanbaru found that
physical environmental factors and community behaviors related to cleaning water containers strongly
influenced DHF risk 2%. However, the association between socioeconomic status and DHF is not always
consistent, suggesting that other factors may be more dominant in certain settings. In urban areas, DHF can
affect individuals across socioeconomic strata because mosquito vectors are mobile and can breed in both
well-maintained and poorly maintained environments. Socioeconomic status may influence access to
preventive resources, but it does not necessarily determine exposure if environmental conditions remain
favorable for vector breeding 26?7,
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The research gap addressed by this study concerns the need for local evidence from a referral hospital
in Medan regarding the relative contribution of environmental, behavioral, and socioeconomic factors to
DHF incidence. Most previous local studies were community-based and did not simultaneously examine
these three domains using multivariate analysis. Furthermore, the incidence of DHF at Haji General Hospital
Medan remains high, and a contextual analysis is needed to inform hospital and public health interventions.
By identifying the most dominant determinant, this study can help prioritize limited resources for prevention
and control.

This study aimed to analyze the factors associated with the incidence of DHF at Haji General Hospital
Medan and to determine the most dominant determinant. The specific objectives were to analyze the
association between environmental factors and DHF incidence, to analyze the association between
preventive behavior and DHF incidence, and to analyze the association between socioeconomic factors and
DHF incidence. The findings are expected to provide evidence for hospitals, health offices, and communities
in designing more effective and targeted DHF prevention strategies.

Method

This study employed an observational analytic cross-sectional design to assess independent and
dependent variables simultaneously without intervention. This approach is commonly used in dengue
epidemiological research to efficiently map environmental and behavioral risk factors. The research was
conducted from October 2025 to March 2026 at Haji General Hospital in Medan, North Sumatra. This facility
was purposively selected as a regional DHF referral center with a high case volume in 2025, providing
optimal access to compare exposure characteristics between confirmed DHF and non-DHF patients.

The study population comprised 19,860 patients treated at Haji General Hospital Medan between
January and December 2025, consisting of 423 confirmed DHF cases (ICD-10 codes A90 and A91) and
19,437 non-DHF cases. Applying the Slovin formula with a 0.10 margin of error yielded a target sample of
81 DHF patients. Although initially planned with a 1:1 case-control ratio, the final purposive sample
consisted of 81 total respondents with complete data, comprising 26 DHF cases and 55 non-DHF controls.
The study utilized purposive sampling to integrate secondary data from 2025 medical records with primary
questionnaire data gathered between March and April 2026. Participants were included if they possessed
complete, verifiable medical records for the studied variables, had a definitive diagnosis, and consented to
complete the questionnaire. Conversely, patients were excluded if their records were illegible or incomplete,
if they suffered from confounding infectious diseases, or if they were unable or unwilling to participate in
primary data collection.

The dependent variable was DHF incidence, established through clinical criteria and laboratory
examination results, while independent variables encompassed environmental factors, preventive behavior,
and socioeconomic status. Environmental factors evaluated physical home conditions influencing Aedes
aegypti breeding, including standing water, cleaning frequency, and overall cleanliness, measured via a 1-5
observation sheet and categorized as good or poor. Preventive behavior measured 3M Plus practices, DHF
knowledge, and self-efficacy using a 1-5 Likert-scale questionnaire, applying the same threshold for good
versus poor categories. Socioeconomic factors assessed education, occupation, monthly income, and
household density; for statistical analysis, overall socioeconomic status was categorized into low (combining
low and medium tiers) and high based on data distribution.

Primary data were obtained through direct interviews and questionnaire completion by respondents or
family members using structured instruments. The questionnaire contained questions on environmental
factors, preventive behavior based on Health Belief Model constructs, and socioeconomic conditions. The
observation sheet was used to assess physical environmental conditions. Secondary data were obtained from
medical records of Haji General Hospital Medan, DHF epidemiological data from the Medan City Health
Office, and relevant articles and journals. Secondary data were used to strengthen the analysis and support
the discussion of external environmental factors.

Data collection was carried out after obtaining ethical clearance and research permission. Respondents
were approached during their visit or hospitalization. They were informed about the purpose of the study,
and written informed consent was obtained. For respondents who were unable to complete the questionnaire
independently, family members assisted with the answers. The researcher ensured that all questions were
understood and that responses reflected actual conditions. Observation of the home environment was not
conducted directly at the residence; instead, environmental information was obtained through structured
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questions and observation of available information. This is a limitation because direct observation may
provide more objective data.

Data analysis comprised univariate, bivariate, and multivariate procedures. Univariate analysis derived
frequency distributions and percentages to describe variable characteristics. Bivariate analysis examined
associations using the chi-square test, reporting odds ratios or prevalence ratios with 95% confidence
intervals. Multivariate analysis employed binary logistic regression to identify independent predictors and
the strongest influences. Variables with p < 0.25 during bivariate selection or high substantive importance
entered the initial model. Model refinement involved backward elimination of non-significant variables (p >
0.05), while retaining any variable that altered remaining odds ratios by over 10% as a confounder. Linearity
and interactions were evaluated to establish the final model.

Results

A total of 81 respondents participated in this study. Respondent characteristics are summarized in
Table 1. The majority of respondents were female (n = 43; 53.1%), while male respondents accounted for 38
(46.9%). The largest age group was younger than 20 years (n = 34; 42.0%)), followed by 20 to 35 years (n =
25; 30.9%) and older than 35 years (n = 22; 27.2%). Education was dominated by senior high school (n =
48; 59.3%), followed by D3 or S1 (n = 30; 37.0%) and elementary school (n = 3; 3.7%). Occupation was
mostly self-employed (n = 30; 37.0%), followed by farmer (n = 24; 29.6%), housewife (n = 14; 17.3%), and
civil servant (n = 13; 16.0%). Income was mostly in the 1 to 3 million rupiah category (n = 34; 42.0%),
followed by less than 1 million rupiah (n = 33; 40.7%) and more than 3 million rupiah (n = 14; 17.3%). A
history of DHF was reported by 39 respondents (48.1%), while 42 respondents (51.9%) had no prior DHF.

Table |. Frequency distribution of respondent characteristics

Variable / Category n %
Sex

Male 38 46.9

Female 43 53.1
Age

Less than 20 years 34 42.0

20 to 35 years 25 30.9

More than 35 years 22 27.2
Education

Elementary school 3 37

Senior high school 48 59.3

D3 or S| 30 37.0
Occupation

Housewife 14 17.3

Farmer 24 29.6

Self-employed 30 37.0

Civil servant 13 16.0
Income

< | million rupiah 33 40.7

1-3 million rupiah 34 42.0

> 3 million rupiah 14 17.3
History of DHF

Yes 39 48.1

No 42 51.9
Total 8l 100.0

The distribution of factor categories associated with DHF is presented in Table 2. Environmental
factors were mostly in the poor category (n = 45; 55.6%) compared with the good category (n = 36; 44.4%).
Preventive behavior was also dominated by the poor category (n = 45; 55.6%) compared with the good
category (n = 36; 44.4%). Socioeconomic factors were mostly in the low category (n =45; 55.6%) compared
with the high category (n = 36; 44.4%). A total of 26 respondents (32.1%) had DHF, while 55 respondents
(67.9%) did not.
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Table 2. Frequency distribution of factor categories associated with DHF

Variable / Category n %
Environmental Factor

Good 36 444

Poor 45 55.6
Preventive Behavior

Good 36 444

Poor 45 55.6
Socioeconomic Factor

Low 45 55.6

High 36 444
DHF Incidence

Yes 26 32.1

No 55 67.9
Total 8l 100.0

The results of the bivariate analysis examining the relationship between environmental factors,
preventive behavior, socioeconomic status, and DHF incidence are summarized in Table 3. Of the 81
respondents, 26 (32.1%) were diagnosed with DHF and 55 (67.9%) were non-DHF controls. Among the 36
respondents categorized as having good environmental conditions, 4 (11.1%) had DHF, whereas 32 (88.9%)
did not. In contrast, among the 45 respondents with poor environmental conditions, 22 (48.9%) had DHF
compared with 23 (51.1%) who did not. The Pearson chi-square test yielded a p-value of 0.000, indicating a
statistically significant relationship between environmental conditions and DHF incidence. Respondents
living in poor environmental conditions had a substantially higher proportion of DHF than those residing in
favorable physical environments.

Table 3. Bivariate analysis of independent variables and DHF incidence

Variable DHF: Yes n (%) DHF: No n (%) Total n (%) p-value
Environmental Factors 0.000
Good 4 (11.1) 32 (88.9) 36 (100.0)
Poor 22 (48.9) 23 (51.1) 45 (100.0)
Preventive Behavior 0.009
Good 6 (16.7) 30 (83.3) 36 (100.0)
Poor 20 (44.4) 25 (55.6) 45 (100.0)
Socioeconomic Factors 0.089
Low 18 (40.0) 27 (60.0) 45 (100.0)
High 8(22.2) 28 (77.8) 36 (100.0)
Total 26 (32.1) 55 (67.9) 81 (100.0)

Regarding preventive behavior, among the 36 respondents with good practices, 6 (16.7%) had DHF
while 30 (83.3%) did not. Among the 45 respondents with poor preventive behavior, 20 (44.4%) had DHF
compared with 25 (55.6%) who did not. The Pearson chi-square test revealed a p-value of 0.009, confirming
a statistically significant association between preventive behavior and DHF incidence. Respondents with
inadequate preventive behaviors had a higher occurrence of DHF than those who consistently practiced good
preventive measures.

For socioeconomic factors, in the low socioeconomic group (n = 45), 18 (40.0%) had DHF while 27
(60.0%) did not. Among the 36 respondents in the high socioeconomic group, 8 (22.2%) had DHF whereas
28 (77.8%) did not. Although the proportion of DHF cases was higher in the low socioeconomic group, the
Pearson chi-square test yielded a p-value of 0.089. Thus, there was no statistically significant relationship
between socioeconomic factors and DHF incidence in this study. Overall, environmental factors and
preventive behavior were identified as significant risk factors associated with DHF incidence, whereas
socioeconomic factors did not show a statistically significant relationship.

Multivariate analysis was performed using binary logistic regression. The results are presented in
Table 4. Of the three variables included in the model, only the environmental factor category had a significant
relationship with DHF incidence (p = 0.004). The Exp(B) value of 6.377 indicates that respondents in the
poor environmental factor category had 6.377 times higher odds of DHF than respondents in the good
environmental factor category (95% CI: 1.808 to 22.494). The Wald value of 8.297 indicates the strongest
statistical contribution compared with the other two variables in the model.

Preventive behavior did not show a significant relationship with DHF incidence after adjustment for
other variables (p = 0.576). The Exp(B) value of 1.420 indicates a tendency toward 1.420 times higher odds
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of DHF in the poor preventive behavior category compared with the good category, but this result was not
statistically significant because the 95% confidence interval (0.416 to 4.849) included 1.

Table 4. Binary logistic regression results of factors associated with DHF incidence

Variable B S.E. Wald df Sig. Exp(B) 95% Cl for Exp(B)
Environmental Factor 1.853 0.643 8.297 | 0.004 6.377 1.808 to 22.494
Preventive Behavior 0.351 0.627 0.313 | 0.576 1.420 0.416 to 4.849
Socioeconomic Factor 0.704 0.558 1.591 | 0.207 2.022 0.677 to 6.037
Constant -3.478 1.222 8.096 | 0.004 0.031

Socioeconomic factors also did not show a significant relationship with DHF incidence after
adjustment for other variables (p = 0.207). The Exp(B) value of 2.022 indicates a tendency toward 2.022
times higher odds of DHF in the low socioeconomic category compared with the high category, but this
relationship was not statistically significant because the 95% confidence interval (0.677 to 6.037) included
1. Thus, environmental factors were the most dominant variable associated with DHF incidence in this
research model.

Discussion

This study found that environmental factors were the most dominant determinant of DHF incidence at
Haji General Hospital Medan. Bivariate analysis showed a statistically significant relationship between
environmental factors and DHF incidence (p = 0.000). Respondents with poor physical environmental
conditions had a much higher proportion of DHF (48.9%) compared with respondents in the good
environmental category (11.1%). After controlling for preventive behavior and socioeconomic factors in the
multivariate model, environmental factors remained significantly associated with DHF incidence (p = 0.004;
OR = 6.377; 95% CI 1.808 to 22.494). This finding indicates that respondents living in poor physical
environmental conditions had 6.377 times higher odds of DHF compared with those in good environmental
conditions. This result is consistent with the Agent-Host-Vector-Environment model, which places
environmental conditions as a key determinant of vector-borne disease transmission. The physical
environment provides the necessary conditions for vector survival and reproduction. Without suitable
breeding sites, the vector population cannot be sustained, and transmission risk declines 2°73!,

Physical environmental factors, such as the presence of open water containers, piles of used goods,
and drainage cleanliness around residential areas, are the main media for the development of Aedes aegypti
mosquito vectors. Aedes aegypti mosquitoes prefer clear water that is not in direct contact with the soil for
laying eggs. When physical environmental sanitation conditions in respondents' settlements are poor, the
number of mosquito breeding places increases, and the density of adult mosquitoes also increases. This is
directly proportional to the increased risk of dengue virus transmission to humans through female mosquito
bites. This finding is consistent with Ismail et al.!®, who reported that the presence of open water containers
and poor household environmental sanitation were closely associated with dengue virus infection. Similarly,
Hendayani et al.?> and Anliyanita et al.3* found that physical environmental factors and water-container
cleaning behavior strongly influenced DHF risk. Hutahaean et al.?’ in Medan also found that environmental
factors were associated with DHF incidence. The consistency of these findings across different settings
suggests that environmental management is a key pillar in DHF prevention. It also suggests that interventions
focusing only on individual behavior without addressing environmental conditions may have limited
effectiveness.

The second main finding is that preventive behavior was significantly associated with DHF incidence
in bivariate analysis (p = 0.009). The proportion of respondents who experienced DHF in the group with
poor preventive behavior was 44.4%, while in the group with good preventive behavior it was 16.7%.
Preventive behavior measured in this study included the implementation of 3M Plus mosquito nest
eradication, namely draining, covering, recycling or burying, and additional preventive actions such as using
mosquito repellent or bed nets. Lack of discipline or consistency in draining water containers at least once a
week allows the mosquito life cycle from egg to adult to proceed, which takes approximately 9 to 10 days.
The Health Belief Model perspective explains that low preventive behavior is often influenced by a lack of
perceived susceptibility and perceived severity of DHF attacks, as well as low self-efficacy in carrying out
preventive actions routinely. This finding is consistent with Rakhmani et al.!” and Pasang et al.**, who
reported that inadequate knowledge and self-efficacy directly affect low adherence to 3M Plus mosquito nest
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eradication. The finding is also consistent with Hutahaean et al.?’, who found that mosquito nest eradication
behavior and health worker support played a major role in DHF incidence in Medan Johor District.

However, after multivariate analysis, preventive behavior was no longer significant (p = 0.576). This
suggests that its effect may be mediated or confounded by environmental factors. In other words, even
individuals with good preventive behavior may remain at risk if their surrounding environment supports
mosquito breeding. The environment sets the boundary conditions for transmission. If breeding sites remain
available, the effect of individual behavior is attenuated. This interpretation is supported by the fact that
environmental factors remained significant while behavior did not. It also highlights the need for collective
environmental management rather than relying solely on individual action *3. Community-level interventions
that reduce breeding sites can complement individual preventive practices *¢. The combination of
environmental management and behavior change is likely to be more effective than either approach alone.

The third main finding is that socioeconomic factors were not significantly associated with DHF
incidence (p = 0.089). Although the low socioeconomic group had a higher proportion of DHF (40.0%)
compared with the high socioeconomic group (22.2%), the difference was not statistically significant.
Socioeconomic factors in this study included education level, type of occupation, and family income level.
The absence of a significant relationship indicates that DHF in urban areas such as Medan can affect anyone
regardless of socioeconomic status. A person with a high level of education or income remains at risk of
dengue infection if the environmental conditions around their home are poor or if the mosquito vector is
active in places of activity outside the home, such as school or workplace *’. Aedes aegypti mosquitoes are
anthropophilic and active during the day, so individual mobility outside the home also plays a role. This
result is consistent with previous studies showing that socioeconomic factors are indirect determinants.
Socioeconomic status plays a greater role in shaping access to information and purchasing power for
preventive tools, but is not a direct risk factor for the biological transmission of dengue virus when compared
with the physical presence of mosquito vectors and sanitation conditions 3.

This finding also aligns with the results of Rahman et al.'8, who found that house conditions and travel
history were more important than socioeconomic status in determining dengue risk. Similarly, Liu et al.*®
found that community-based environmental factors were stronger predictors of dengue infection than
socioeconomic variables. The lack of a significant socioeconomic effect in this study may also be due to the
relatively homogeneous socioeconomic distribution of the sample, with most respondents having low to
moderate income. When the distribution is narrow, statistical power to detect differences is reduced.
Moreover, socioeconomic status may influence the ability to modify the environment, but it does not
determine whether the environment is suitable for vector breeding. A high-income household can still have
containers that collect water, and a low-income household can maintain a clean environment. Therefore,
targeted environmental interventions may be more effective than socioeconomic-based targeting.

The multivariate model confirmed that environmental factors were the most dominant determinant.
The odds ratio of 6.377 indicate a strong association. The Wald value of 8.297 was the highest among the
variables, indicating the strongest statistical contribution. The confidence interval did not include 1,
confirming statistical significance. The practical implication is that DHF prevention programs should
prioritize environmental management. This includes regular draining of water containers, proper waste
disposal, and improvement of drainage systems *’. Fogging may be useful during outbreaks, but it has
temporary effects and does not address the root cause #°. Sustainable environmental improvement is
necessary to reduce vector breeding sites. Community participation is essential 2. Health education should
emphasize not only knowledge but also skills and self-efficacy to perform preventive actions. Health workers
can support community efforts by providing information, facilitating clean-up campaigns, and monitoring
larval indices *.

This study has several limitations, including a cross-sectional design that precludes causal inference,
self-reported data subject to recall and social desirability biases, and a small single-hospital sample size that
limits generalizability and statistical power. Furthermore, environmental assessments lacked direct home
observation, and key vector determinants, such as entomological indices (house, container, and Breteau
indices) and climatic variables, were not evaluated. To address these gaps, future studies should adopt
prospective cohort designs, integrate GIS spatial analysis, measure field larval indices directly, and account
for climatic factors. Developing predictive risk-stratification models and evaluating community-based
environmental management interventions will also strengthen evidence for targeted policy. Ultimately, this
research confirms that poor physical environmental conditions are the primary determinant of DHF incidence
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at Haji General Hospital Medan, whereas preventive behavior is significant only at the bivariate level, and
socioeconomic factors show no statistically significant association.

Conclusion

Environmental factors (p = 0.000) and preventive behavior (p = 0.009) showed significant associations
with DHF incidence at Haji General Hospital Medan, whereas socioeconomic factors demonstrated no
statistical significance (p = 0.089). Multivariate analysis identified physical environmental conditions as the
dominant determinant (p = 0.004; OR = 6.377), with poor environments increasing DHF risk 6.377 times
after controlling for behavioral and socioeconomic variables. To address these findings, community
members should consistently implement 3M Plus mosquito nest eradication measures, particularly weekly
water-container draining and environmental sanitation. The local Health Office and Community Health
Centers should strengthen vector surveillance, conduct periodic larval monitoring, and emphasize proactive
environmental management over temporary fogging. Additionally, Haji General Hospital Medan should
enhance its medical record system by incorporating detailed spatial and domicile data to enable hotspot
mapping and deliver targeted health education to patients and families. Finally, future researchers are advised
to utilize prospective cohort designs, integrate spatial GIS and climate data, and perform direct field
measurements of larval indices to further refine DHF determinants.
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