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ABSTRACT

Background: Tuberculosis (TB) is a global public health problem. Conventional approaches often
overlook the spatial components that influence transmission dynamics, highlighting the need for
more accurate area-based surveillance. This study aims to identify spatial risk patterns using a geo-
targeting approach and map vulnerable areas to support sustainable precision control strategies.
Methods: This study applied a quantitative design integrating spatial ecological analysis with a
case—control approach. A total of 1,658 registered TB cases were geocoded and analyzed to detect
spatial clustering patterns. Based on hotspot and non-hotspot classifications, a case—control survey
involving 226 respondents (113 cases and 113 controls) assessed environmental, socioeconomic,
and behavioral determinants. Data were collected through structured interviews, household
environmental observations, and secondary health records. Analysis used spatial statistical
techniques and multivariable logistic regression.

Result: Significant spatial clustering of TB was identified, with hotspots located in Gerung,
Lembar, Kuripan, and Sekotong, West Lombok. Increased TB risk was associated with high
household humidity (OR 5.40), low income (OR 5.42), low education level (OR 4.26), and elevated
indoor temperature (OR 2.87). Inverse associations were observed for smoking, infrequent health-
facility visits, and male sex, likely reflecting information bias rather than protective effects.
Conclusion: Integrating spatial hotspot mapping with epidemiological assessment improves
identification of TB transmission risk. In West Lombok, hotspot areas were linked to adverse
environmental and socioeconomic conditions, supporting geo-targeted TB interventions focusing
on housing improvement, socioeconomic support, and education-based risk communication.
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Introduction

Tuberculosis (TB) is an infectious disease
that remains one of the major causes of death
worldwide!. In Indonesia, TB is still
categorized as an urgent public health problem
due to its high incidence and the significant
burden of morbidity and mortality it causes?.
According to the World Health Organization
(WHO), Indonesia ranks second after India
among countries with the highest TB burden,
with an estimated 1,060,000 cases in 2023°.
This situation shows that TB is not only a
medical issue but also a social and public
health development concern®. The persistence
of TB transmission is related to various risk
factors that worsen its spread within
communities’Although ~ several  national
programs, such as the National Strategy for
TB Elimination and the Directly Observed
Treatment, Short-course (DOTS) approach,
have been implemented, the incidence of TB
in Indonesia has not shown a significant
decline®. This condition indicates the presence
of gaps in early detection and spatial risk
mapping, which are still too general in nature’.

Various studies have shown that the high
incidence of TB is influenced by social and
environmental factors such as population
density, housing quality, air ventilation,
lighting, and household sanitation®>!°. These
factors increase the risk of TB transmission in
the community, as demonstrated by spatial
studies that have found a significant
association between population density and
TB incidence!’"!. Most spatial studies on
tuberculosis in Indonesia have been conducted
in large urban areas such as Jakarta and
Surabaya, focusing primarily on population
density and environmental quality in
residential areas!>'*. However, based on the
existing literature, studies that integrate socio-
environmental  analysis  with  spatial
approaches in semi-rural areas, such as West
Lombok Regency, remain very limited.

West Lombok Regency continues to face a
relatively high burden of TB cases. According
to data from the District Health Office Dinas
Kesehatan in 20244, a total of 1,658 TB cases
were reported among adults, and 322 TB cases
were identified among children aged 0-14
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years. When classified by sex, TB cases were
more prevalent among males (61.9%, or 1,026
cases) compared to females (38.1%, or 632
cases). These data indicate that although TB is
more dominant among adults and males, the
number of cases in children remains
significant, reflecting ongoing active
transmission within the community. However,
the existing data have not yet been optimally
utilized to analyze the spatial patterns of TB
distribution. To date, no study has mapped
high-risk (hotspot) areas or examined their
relationship with environmental and social
factors in West Lombok Regency.

Along with the advancement of
epidemiological methods, spatial analysis has
become an important approach in
understanding the distribution of infectious
diseases, including TB'*. Various studies have
demonstrated that spatial mapping can
identify areas with high case density
(hotspots) that are closely associated with
environmental and social factors!'®!’. This
spatial approach supports more precise, area-
based control efforts, allowing interventions
to be focused on high-risk regions. Geo-
targeting refers to the utilization of spatial data
to direct health interventions accurately
toward areas with the highest disease
burden'®, Consequently,  geo-targeting
enables TB control programs to be
implemented in a more precise, efficient, and
sustainable manner. However, research that
develops spatial risk models based on geo-
targeting, particularly in West Lombok
Regency, remains very limited. This
limitation has resulted in a lack of scientific
basis for decision-making in TB control
programs at the district level. Therefore, this
study aims to develop a spatial risk model
based on geo-targeting that integrates social
and environmental factors in mapping TB
hotspot areas as a foundation for precise and
sustainable TB control. The findings of this
research are expected to make a substantial
contribution to strengthening TB elimination
programs in West Lombok Regency.

Methods

This study employed a quantitative
approach integrating two complementary
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designs: a spatial ecological study and a case—
control study. The research was conducted in
West Lombok Regency, West Nusa Tenggara
Province, covering 20 primary health centers
(puskesmas) as the defined catchment areas.
Data collection was carried out from August
to September 2025.

In the spatial ecological component, the
study population comprised all 1,658
Tuberculosis (TB) cases recorded in the 2024
West Lombok District Health Office Profile.
All cases with complete address information
were analyzed wusing a total sampling
technique and mapped through a geocoding
process in QGIS 3.34. Spatial analysis was
performed using GeoDa 1.20, applying the
Moran’s I test to assess global spatial
autocorrelation and the Getis-Ord Gi* statistic
to identify hotspot and non-hotspot areas. The
results were presented in the form of
distribution maps, cluster maps, and TB
hotspot maps.

The subsequent stage involved a case—
control study comprising 226 respondents,
consisting of 113 cases and 113 controls,
selected using a purposive sampling technique
based on their residence within hotspot and
non-hotspot zones. Inclusion criteria included
tuberculosis patients aged >15 years with
complete residential addresses, residing
within the study area, and willing to
participate. Primary data were collected
through structured interviews using a
questionnaire and direct observation of
household environmental conditions.

The  variables  assessed  included
environmental, socioeconomic, and health
service access factors. Environmental factors
comprised lighting, ventilation, and housing
density. Lighting was defined as the
availability of adequate natural or artificial
light inside the house, ventilation referred to
the presence of sufficient air circulation
openings, and housing density was measured
as the ratio of household members to floor area
and classified according to national healthy
housing standards. Socioeconomic factors
included household income categorized based
on the regional minimum wage, education
level defined as the highest formal education
attained, and occupation classified by
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employment status. Access to health services
was assessed through distance to the nearest
health facility and frequency of healthcare
utilization, categorized based on accessibility
and visit patterns.

Secondary data were obtained from the
West Lombok District Health Office, as well
as administrative maps sourced from the
Geospatial Information Agency (BIG) and the
Regional Development Planning Agency
(Bappeda).  Statistical  analyses  were
conducted using licensed IBM SPSS Statistics
version 26. Descriptive analysis was
performed to summarize the distribution and
characteristics of the study variables.
Bivariate analysis using the Chi-square test
was applied to assess the association between
independent  variables and tuberculosis
incidence. Variables with a p-value < 0.25 in
the bivariate analysis were included in the
multivariate logistic regression model to
identify dominant risk factors while
controlling for potential confounding
variables. The results were presented as
adjusted odds ratios (AORs) with 95%
confidence intervals.

This study obtained ethical approval from
the Health Research Ethics Committee of
Nahdlatul Ulama University of West Nusa
Tenggara (NTB) with approval number
102/LP2M/UNU/2025. All participants were
provided with a clear explanation of the study
objectives and signed an informed consent
form prior to participation. The confidentiality
of respondents’ identities was strictly
maintained, and all data were used solely for
research purposes.

Result

This study analyzed tuberculosis (TB) case
data from 20 primary health centers
(Puskesmas) covering 122 villages across
West Lombok Regency. All TB data were
processed using Microsoft Excel and
subsequently analyzed with GeoDa version
1.20 (open- source software) employing the
Moran’s Index Analysis method. The analysis
began with the construction of thematic maps
of TB case distribution, aimed at illustrating
the proportional spread of TB cases based on
each health center’s catchment area.
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A. Description of the Study Area

The study area comprised 122 villages
within the catchment areas of 20 primary
health centers (Puskesmas) in West Lombok
Regency. Figure 1 presents the map of the
study location, which serves as the spatial
reference framework for all subsequent
analyses in this study.

=

Figure 1. Map of West Lombok Regency

This study analyzed tuberculosis (TB) case
data obtained from the 20 Puskesmas across
all 122 villages. Spatial data processing was
performed using Microsoft Excel for data
cleaning and GeoDa 1.20 for spatial analysis.
Thematic maps of TB case distribution were
generated to illustrate the variation in TB
burden among Puskesmas catchment areas.
Global and local spatial autocorrelation
analyses (Moran’s I and LISA) were then
conducted to identify the presence and pattern
of clustering of TB cases.

B. Spatial Distribution Pattern Analysis

1. Global Moran’s Index Analysis

Global spatial autocorrelation was assessed
using Moran’s [ to evaluate the overall
distribution pattern of tuberculosis (TB)
Incidence across West Lombok Regency. A
Queen Contiguity spatial weight matrix was
applied to define neighborhood relationships
based on shared boundaries between
Puskesmas catchment areas. The analysis
indicated notable spatial variation in TB
incidence between regions.

Moran’s | values for both 2023 and 2024
demonstrated statistically significant positive
Spatial autocorrelation, confirming that TB
cases were not randomly distributed but
tended to form spatial clusters. Higher-
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incidence areas, as visualized in the thematic
maps (Figure 2 and 3), appeared concentrated
in specific zones, suggesting the influence of
environmental and socio-economic conditions
on spatial clustering.

Figure 2. Spatial distribution map of Tuberculosis
(TB) cases in West Lombok Regency in 2023

LISA Cluster Map TB 2024
[ Not Significant (75)
- 20y

Figure 2. 2024 with the result of Global Spatial
Autocorrelation analysis using Moran’s I Index.

The Global Moran’s I analysis showed
significant spatial clustering of tuberculosis
(TB) cases in West Lombok Regency for both
study years. In 2023, the Moran’s I value was
0.459 (p < 0.001), indicating non-random
spatial aggregation of cases. The clustering
pattern strengthened in 2024, with an
increased Moran’s I value of 0.521 (p <
0.001). These findings confirm the presence of
statistically significant spatial concentrations
of TB cases across specific areas in the
regency.

C. Local Cluster
Analysis)

Analysis  (Hotspot

Local cluster analysis using the Getis-Ord
Gi* statistic identified statistically significant
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hotspot and lowspot areas of TB incidence
across West Lombok Regency. The resulting
hotspot map shows villages with high TB
concentration surrounded by similarly high-
incidence areas, as well as low- incidence

clusters (coldspots).

Not Significant (78)

I High (21)
B Low (22)
I Neighborless (1)

Figure 3. Hotspot and Coldspot Map of
Tuberculosis (TB) in West Lombok Regency, 2023
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Not Significant (74)
I High (24)

W Low (23)

I Neighborless (1)

Figure 3. Hotspot and Coldspot Map of
Tuberculosis (TB) in West Lombok Regency, 2024

Based on the hotspot analysis using the
Getis-Ord Gi* statistic, as shown in Figure 3,
the identification of TB hotspot areas across
122 villages in West Lombok

Regency revealed several locations with
statistically significant clustering of high TB
incidence (hotspots). The following areas
were identified as primary hotspot zones:

Continued Table 1. Tuberculosis (TB) Hotspot Areas in West Lombok Regency 2023

High (highspot) Low (lowspot) Neighborless
1. Babussalam 1. Batu Kumbang Gili Gede Indah
2. Batu Putih 2. Batu Layar Barat
3. Dasan Geres 3. Batu Mekar
4. Gerung Utara 4. Dasan Tereng
5. Giri Tembesi 5. Dopang
6. Jagaraga 6. Golong
7. Jembatan Gantung 7. Grimax Indah
8. Jembatan Kembar 8. Jeringo
9. Jembatan Kembar Timur 9. Keru
10. Kedaro 10. Lebah Sempage
11. Kuripan 11. Lembuak
12. Kuripan Timur 12. Lingsar
13. Kuripan Utara 13. Mekar Sari
14. Lembar 14. Narmada
15. Pelangan 15. Pakuan
16. Sekotong Barat 16. Peresak
High (highspot) Low (lowspot) Neighborless
17. Sekotong Tengah 17. Peteluan Indah
18. Suka Makmur 18. Sedau
19. Taman Baru 19. Selat
20. Tempos 20. Senggigi
21. Buwun Mas 21. Sesaot

22. Suranadi
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Continued Table 1. Tuberculosis (TB) Hotspot Areas in West Lombok Regency, 2024

High (highspot) Low (lowspot) Neighborless

1. Babussalam 1. Batu Kumbang Gili Gede Indah
2. Bagik Polak 2. Batu Layar Barat
3. Batu Putih 3. Batu Mekar
4. Beleke 4. Bengkaung
5. Bengkel 5. Dasan Tereng
6. Dasan Geres 6. Dopang
7. Gerung Utara 7. Gegerung
8. Giri Tembesi 8. Grimax Indah
9. Jagaraga 9. Jeringo
10.Jembatan Kembar 10. Keru
11.Jembatan Kembar 11. Lebah Sempage

Timur
12.Kebon Ayu 12. Lembuak
13.Kedaro 13. Mekar Sari
14.Kuripan 14. Mekarsari
15.Kuripan Timur 15. Narmada
16.Kuripan Utara 16. Peresak
17.Lembar 17. Peteluan Indah
18.Lembar Selatan 18. Ranjok
19.Pelangan 19. Sandik
20.Sekotong Barat 20. Selat
21.Sekotong Tengah 21. Senggigi
22.Taman Baru 22. Sesaot
23.Tempos 23. Suranadi

24. Buwun Mas

The results of the Getis-Ord Gi* analysis in
2024 revealed that out of 122 villages
examined, 24 villages (19.67%) were
identified as statistically significant highspot
areas. These highspot areas represent villages
with a high incidence of tuberculosis (TB) that
are surrounded by other villages also
exhibiting high TB incidence, forming a
distinct spatial cluster. Conversely, the
analysis also identified 23 villages as lowspot
areas, characterized by a low concentration of
TB cases, while the remaining villages
showed no statistically significant spatial
clustering.

D. Factor Risk Analysis

A total of 1,658 tuberculosis (TB) cases
were reported in West Lombok Regency in
2024. Most cases were male (61.9%) and the
majority occurred among adults aged >15
years (80.6%). The detailed distribution of
case characteristics is presented in Table 3.

Table 3. Characteristics of Tuberculosis
(TB) Cases in West Lombok Regency 2024

Category  Variables n %
Sex Male 1.026  61,9%
Female 632 38,1%
Age Group SR (O-14 550 19 404
years)
Adult (213 1336 80,6%
years)
Lol 1.658  100,0%
ases

Following the spatial analysis, 22 villages
were identified as TB hotspot areas based on
statistically significant high clustering of TB
incidence using the Getis-Ord Gi* statistic.
These villages were selected as sampling sites
for the case group to represent populations
residing in areas with higher TB transmission
risk. Villages classified as lowspot areas,
characterized by significantly lower TB
incidence clustering, were selected as control
locations to allow comparison between
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populations  with  differing levels of characteristics of respondents, including
transmission risk. A total of 226 respondents education  level.occupation,  household
were included in the study, consisting of 113 income, comorbidities, frequency  of
cases and 113 controls. Table 4 summarizes healthcare visits, temperature, humidity, and
the sociodemographic and environmental housing density.

Table 4. Characteristics of Case and Control Respondent

Variables Case Control Total
n % n % n %
Education
No formal education 21 18,6 18 15,9 39 17,3
Completed Elementary School / 28 248 7 6,2 35 15,5
Equivalent
Completed Senior High School 10 8,8 2 1,8 12 5,3
(SMA/SMU/MAN) / Equivalent
Completed Diploma I /11 (D1/D2) 2 1,8 4 3,5 6 2,7
Completed Diploma IIT / IV 0 0,0 3 2,7 3 1,3
(D3/D4)
Completed Bachelor’s Degree (S1) 4 3,5 15 13,3 19 8,4
Type of Occupation
Unemployed / Housewife 25 22,1 34 30,1 59 26,1
Student / Pupil / Equivalent 4 3,5 15 13,3 19 8,4
Farmer / Breeder / Fisherman 22 19,5 8 7,1 30 13,3
Trader 11 9,7 9 8,0 20 8,8
Laborer 33 29,2 20 17,7 53 23,5
Entrepreneur / Self-employed 2 1,8 13 11,5 15 6,6
Civil Servant / Military / Police / 9 8,0 6 5.3 15 6,6
Teacher
Others 7 6,2 8 7,1 15 6,6
Income Level
<Rp.5.00.000 28 25.0 19 16.8 47 20.9
Rp. 1000.000 60 53.6 39 34.5 99 44.0
<Rp. 2.000.000 13 11.6 18 15.9 31 13.8
Rp. 2.000.000-Rp.4.000.000 9 8.0 19 16.8 28 12.4
Rp. 4.000.000-Rp.7.000.000 2 1.8 17 15.0 19 8.4
>Rp.7.000.000 0 0.0 1 0.9 1 0.4
Type of Comorbid Disease
Diabetes Mellitus 5 4.4 4 3,5 9 4.0
Hypertension 3 2,7 5 4,4 8 3,5
Asthma 5 4.4 2 1,8 7 3,1
Heart Disease 3 2,7 1 0,9 4 1,8
No comorbidity 97 85,5 101 89,4 198 87,6
Frequency of Health Facility Visits
Rarely 66 58,4 101 89,4 167 73,9
Moderately 30 26,5 12 10,6 42 18,6
Frequently 17 15,0 0 0,0 17 7,5
Temperature
Mean 31,42 30,70 31,06
Median 31,10 30,70 30,85
Std Deviasi 2,32 2,48 2,42
Minimum 25,0 24,5 245
Maksimum 36,4 36,4 36,4
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Continued Table 4. Characteristics of Case and Control Respondent

Variables Case Control Total
n % n % n %

Humidity

Mean 57,55 53,67 55,62

Median 57,00 55.00 56,00

Std Deviasi 4,64 8,41 7,03

Minimum 49,0 0,00 0,0

Maksimum 67,0 65,00 67
Density

Mean 11,59 13,72 12,65

Median 10,00 12,00 10,50

Std Deviasi 5,71 6,52 6,21

Minimum 6,00 5,60 5,60

Maksimum 42,00 50,00 50,00

Based on Table 4, there were clear 1,000,000), whereas the control group

differences in the  sociodemographic
characteristics between case and control
respondents. The case group tended to have
lower educational attainment, with elementary
school being the most frequent level
completed, whereas the control group showed
a higher proportion of respondents with
university education. Occupational patterns
also differed, where many TB cases were
employed in labor-intensive jobs such as
laborers and farmers, while the control group
was dominated by unemployed individuals,
housewives, and students.

Income distribution showed that most TB
cases had low monthly income (< IDR

E. Bivariate Analysis Results

exhibited a more diverse income structure
with a greater proportion earning higher
income.  Comorbid  conditions  were
uncommon in both groups, with the majority
reporting no chronic diseases.

Differences were also observed in
healthcare-seeking behavior. Most TB cases
had infrequent or moderate visit patterns,
while nearly all respondents in the control
group reported infrequent healthcare visits.
Environmental characteristics showed slightly
higher mean temperature and humidity in the
case group compared to controls, whereas the
control group had higher housing density.

Table 4. Association Between Independent Variables and Tuberculosis Incidence Based on the
Chi-Square Test

p- OR (95%
Variables Case Control Total value I
n % n % n %
Age
Productive (15-50) 70 61,9 63 55,8 133 58,8 0,658 1,29
Not Productive (>50) 43 38,1 50 442 93 41,2 (0,76-2,19)
Sex
Male 40 354 63 55,8 103 45,6 0,003 0,43
Female 73 64,6 50 442 123 54,4 (0,25-0,74)
Housing Density
Not Eligible 36 31,9 15 13,3 51 22,6 0,001 3,05
Eligible 77 68,1 98 86,7 175 77,4 (1,56-5,98)
Humidity
Not Eligible 41 36,3 12 10,6 53 23,5 <0,001 4,79
Eligible 72 63,7 101 89,4 173 76,5 (2,35-
Moderate 47 41,6 12 10,6 59 26,1 9,756)
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Table 4. Association Between Independent Variables and Tuberculosis Incidence Based on the
Chi-Square Test

o
Variables Case Control Total p-value ORC(I9)5 %
n % n % n %
Temperature
Not Eligible 65 57,5 50 442 115 50,9 0,062 1,70
Eligible 48 42,5 63 55,8 111 49,1 (1,00-2,88)
Education Level
Basic Education 60 53,1 27 239 87 38,5 <0,001 3,60
Higher Education 53 46,9 86 76,1 139 61,5 (2,04-6,36)
Employment Status
Unemployed 35 31,0 49 434 84 37,2 0,074 0,58
Employed 78 69,0 64 56,6 142 62,8 (0,34-1,01)
Income Level
<UMR 102 90,3 73 64,6 175 77,4 <0,001 5,08
>UMR 11 9,7 40 35,4 51 22,6 (2,44-
10,56)
Smoking Habit
Smoker 60 53,1 89 78,8 149 65,9 <0,001 0,30
Non-Smoker 53 46,9 24 21,1 77 34,1 (0,17-0,54)
History of Contact
History of contact with 98 86,7 105 92,9 203 89,8 0,187 0,49
TB patient (0,20-1,22)
No history of contact 15 13,3 8 7,1 23 10,2
Comorbidity
With comorbidity 94 83,2 97 85,8 191 84,5 0,71 0,81
Without comorbidity 19 16,8 16 15,5 35 15,5 (0,39-1,68)
Distance to Health
Facility
Far 2 1,8 0 0,0 2 0,9 0,x47 2,01
Near 111 98,2 113 100 224 99,1 (1,78-2,30)
Frequency of Visit
Rarely 66 58,4 101 894 167 73,9 <0,001 0,16
Moderate 47 41,6 12 10,6 59 26,1 (0,82-0,33)

The bivariate analysis identified several
variables that were significantly associated
with tuberculosis incidence. Respondents
living in households that did not meet housing
density standards had more than three times
higher odds of having TB (OR = 3.05; 95%
CIL: 1.56-5.98; p = 0.001). Similarly, non-
compliant humidity levels were strongly
associated with TB, with cases being almost
five times more likely to live in high-humidity
environments (OR =4.79; 95% CI: 2.35-9.76;
p < 0.001). Individuals with only primary
education were also more likely to develop
TB, with a more than threefold increase in risk
compared to those with higher education (OR
= 3.60; 95% CI: 2.04—6.36; p < 0.001). Low-

income respondents (SUMR) showed the
strongest association, having over five times
higher odds of being TB cases (OR = 5.08;
95% CI: 2.44-10.56; p <0.001). In contrast,
sex and smoking status showed significant
statistical differences between groups but did
not reflect increased TB risk. Male
respondents were more common in the
control group (p = 0.003; OR = 0.43), and
smoking was also more prevalent among
controls (p < 0.001; OR = 0.30). These
findings suggest that although statistically
significant, these variables do not represent
direct risk factors for TB in this population.
Other variables including age group,
temperature, employment status, history of TB
contact, comorbidity, distance to health
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facilities, and frequency of health facility
visits did not show statistically significant
associations with TB incidence.

F. Multivariate Analysis

Multivariate analysis was conducted to
assess the effect of each risk factor on the
occurrence  of  tuberculosis  while
simultaneously  controlling for the
influence of other variables. A summary
of the results from this analysis is
presented in Table 5.

Table 5. Multivariate Analysis Results

Variables B Adjuste 95%C  p-
d OR I value
Gender - 0.24 0.11- <0.00
1.3 0.53 1
9
Housing 0.8 2.42 0.95- 0.062
Density 8 6.11
Humidity 1.6 5.40 1.97-  0.001
8 14.75
Temperatur 1.0 2.87 1.37-  0.005
e 5 6.02
Education 1.4 4.26 1.92- <0.00
Level 5 9.48 1
Family 1.6 542 1.98-  0.001
Income 9 14.81
Smoking - 0.18 0.07- <0.00
Habit 1.6 0.432 1
8
Frequency - 0.14 0.05- <0.00
of Visit 1.9 0.36 1
3
Employme - 0.57 0.26- 0.152
nt Status 0.5 1.23
6

The multivariate analysis included ten
variables that met the inclusion criteria based
on the bivariate screening (p < 0.25), namely
sex, housing density, humidity, temperature,
education level, employment status, family
income, smoking habits, history of TB
contact, and frequency of health visits. In the
final model, seven variables remained
statistically significant (p < 0.05). High
humidity was identified as the strongest risk
factor, increasing the likelihood of TB by
more than fivefold (Adjusted OR = 5.40; 95%
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CI: 1.97-14.75), followed by low family
income (Adjusted OR = 5.42; 95% CI: 1.98—
14.81) and low education level (Adjusted OR
= 4.26; 95% CI: 1.92-9.48). Elevated
temperature also showed a significant
association, nearly tripling the risk of TB
(Adjusted OR = 2.87; 95% CI: 1.37-6.02).
Conversely, smoking habits (Adjusted OR =
0.18; 95% CI: 0.07-0.43), sex (Adjusted OR
=0.24; 95% CI: 0.11-0.53), and frequency of
health visits (Adjusted OR = 0.14; 95% CI:
0.05-0.36) demonstrated a protective effect in
the model. Housing density showed an
increased risk tendency (Adjusted OR =2.42),
although the association was not statistically
significant (p = 0.062). Employment status
also remained non-significant (p = 0.152) but
was retained in the final model due to its
influence (>10% change) on the estimates of
other variables.

Discussion

This study indicates that the burden of
tuberculosis (TB) in West Lombok Regency
predominantly affects the adult population
and tends to be higher in males compared to
females. This pattern aligns with the Global
Tuberculosis Report WHO 2023% which
states that globally, TB incidence among adult
males is nearly twice that of females. Previous
studies also support this finding, reporting that
new TB cases occur more frequently in males
than in females.?!””> These differences are
generally associated with behavioral risk
factors, such as smoking, alcohol
consumption, and occupational exposure,
which  increase = the  likelthood  of
Mycobacterium tuberculosis infection.!®? In
addition,  socio-economic  determinants,
including nutritional status, access to health
services, and living conditions, further
enhance the vulnerability of this population
group.?

Spatial analysis in this study shows that
clustering of TB cases intensified from 2023
to 2024, indicating that case distribution is not
random but concentrated in specific areas.
This finding aligns with previous studies®®
showing that TB cases tend to form clusters,
with spatial autocorrelation related to
population density, socioeconomic
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disadvantage, body height, and distance
between patients’ homes.?” Another study?®
also found a higher concentration of TB cases

in regions with low socioeconomic
conditions, suggesting that local
environmental and socioeconomic

characteristics in West Lombok likely
reinforce ongoing transmission patterns.
Univariate and multivariate analyses
revealed that environmental and
socioeconomic factors play a dominant role in
shaping TB transmission dynamics. This is in
line with the social epidemiology model®’
which emphasizes interactions between
structural  determinants and individual
behaviors. Notably, non-optimal humidity and
temperature emerged as strong predictors of
TB risk in this study. These findings are

consistent ~ with  previous  research®
demonstrating  that monthly  average
temperature and  relative humidity

significantly affect TB notification rates, with
increased risk observed at temperatures of
16.3-17.3 °C (peak at 16.8 °C, OR = 1.18;
95% CI: 1.02-1.35) and humidity levels
around 69% (OR = 1.06; 95% CI: 1.01-1.11).

Educational and income disparities also
contributed significantly to TB burden, where
respondents with primary-level education and
incomes below the regional minimum wage
(UMR) faced greater barriers to early
diagnosis and treatment adherence. This
aligns with the social determinants of health
framework explaining that low education
limits understanding of TB prevention, while
poverty restricts access to adequate nutrition
essential for immune function.*® Supporting
evidence includes a study in Georgia reporting
poorer treatment outcomes among low-
income TB patients (OR = 6.18; 95% CI:
1.83-20.94)*!. and a study in Washington
State showing that areas with low
socioeconomic status have substantially
higher TB incidence (incidence ratio
10.4:1).2

These findings highlight the importance of
community-based interventions combining
TB education with economic support. A
study®® showed that economic assistance in
the form of monthly vouchers could improve
treatment adherence, although the effect was

25

limited by low compliance. Peer-led
community approaches have also
demonstrated effectiveness in improving case
detection and reducing stigma.** In the
Indonesian context, the findings indicate that
income levels at or below the regional
minimum wage (UMR) represent not merely
a correlational factor but an independent
causal determinant that warrants targeted
redistributive  policies. A multisectoral
approach involving the health, social, and
economic sectors is therefore essential to
address the social inequalities that exacerbate
the TB burden.

Interestingly, the multivariate analysis
revealed that smoking behavior, male gender,
and low visit frequency appeared to have a
protective association with tuberculosis (TB)
incidence. Such results are counterintuitive
and deviate from established epidemiological
evidence. The seemingly protective effect of
smoking (OR = 0.18) is most likely explained
by information bias during questionnaire
responses—particularly the tendency of
former smokers to classify themselves as non-
smokers. This misclassification may distort
risk estimates and generate a reversed
statistical ~ association. These  findings
contradict a substantial body of literature
demonstrating  that smoking increases
susceptibility to TB infection, accelerates
progression from latent to active disease, and
worsens clinical outcomes.>¥ Moreover, a
recent study published in Pathogens®® further
confirmed that both active and passive
smoking serve as independent risk factors for
TB infection, disease reactivation, greater
pulmonary lesion severity, and TB-related
mortality. Therefore, the observed protective
association in this study is more plausibly
explained by information bias or residual
confounding rather than a genuine biological
effect.

In addition, the lower proportion of males
in the case group (OR = 0.24) may also be
interpreted as an indication of underdiagnosis
among women due to social and cultural
factors, such as stigma surrounding TB,
domestic responsibilities, and limited access
to healthcare facilities. This finding is
consistent with the study by*’ which reported
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up to a 40% diagnostic disparity and
highlighted gender inequities in access to TB
diagnosis and treatment services.

Meanwhile, the seemingly protective
effect of infrequent healthcare visits (OR =
0.14) likely reflects better baseline health
conditions among the control group rather
than negligence in seeking medical care. In
resource-limited settings, reactive Vvisits
among TB cases often indicate delayed
treatment, which contributes to prolonged
infectious periods and increased community
transmission of TB.*® Therefore,
interpretation of this finding should consider
behavioral, social, and health system factors
as contextual determinants that shape the
observed patterns of TB risk in the population.

Variables such as housing density and
employment status, which were not
statistically significant in the multivariate
model despite their promise in the univariate
analysis, indicate potential mediation by
dominant environmental factors. High
housing density may be more relevant to
community level TB transmission rather than
isolated household exposure an insight that
enriches the understanding of transmission
dynamics in rural Indonesia, contrasting with
the predominantly urban focus reported in
previous studies.?’ The overall implication
underscores the need to strengthen the End TB
Strategy through integrated interventions that
combine environmental control such as based
humidity ventilation improvement and
socioeconomic empowerment (SES). Such
integrated measures could potentially reduce
the national TB burden by 15-25% if
implemented comprehensively.*

Nevertheless, this study has several
limitations. The retrospective case—control
design is prone to recall bias, particularly in
assessing contact history and healthcare visits.
The relatively small sample size (n = 226)
may also limit the statistical power, especially
for subgroup analyses such as comorbid
conditions. In addition, environmental
measurements were based on cross-sectional
data, which may not adequately capture
temporal variations in climatic factors. Future
research should employ a prospective design
integrated with spatial modeling (GIS) to
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validate the influence of climatic determinants
and incorporate immunological biomarkers to
explore underlying biological mechanisms.
Such an approach would enhance the evidence
base and support the development of more
adaptive, evidence-informed national TB
control policies.

An additional limitation relates to the
imbalance in the distribution of respondents
between the case and control groups. The case
group included a higher proportion of female
participants, whereas the control group was
predominantly male. Given that smoking
behavior is more prevalent among males, this
disproportionality may have influenced the
observed inverse associations for sex and
smoking variables. Consequently, the effects
of gender and smoking on tuberculosis
incidence may be partially driven by sample
composition rather than true protective
effects, potentially leading to residual
confounding and biased risk estimation.

Conclusion

This study concludes that tuberculosis
(TB) incidence in West Lombok Regency is
strongly influenced by environmental and
socioeconomic determinants, particularly
humidity, temperature, education level, and
household income. These findings confirm
that TB transmission in the region is spatially
clustered and shaped by local contextual
factors rather than occurring randomly. The
results advance current knowledge by
demonstrating the importance of integrating
spatial epidemiology with social determinants
to identify high-risk areas and vulnerable
population groups more precisely.

The study also highlights the need for
targeted interventions, especially those
combining health education, socioeconomic
support, and environmental control strategies,
to strengthen TB prevention and control
efforts. Despite paradoxical findings in
several variables, such as smoking behavior
and visit frequency, these inconsistencies are
likely attributable to information bias and
underline the importance of improved data
accuracy in future studies.

To build upon these findings, future
research should employ prospective designs,
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incorporate temporal environmental
monitoring, and integrate immunological or
biomarker-based assessments to better
understand the biological mechanisms
involved in TB transmission. Expanding
spatial modeling using more granular
geospatial data will also enhance the precision
of TB risk prediction and support more
effective, evidence-informed policy
formulation in high-burden regions.
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