
Abstract 
Alcohol consumption is a major health concern in Thailand 

contributing to addiction and disease. With 17 million Thai men 
regularly drinking alcohol, cultural norms and environmental fac-
tors influence consumption patterns. Geographic Information 
Systems (GIS) research has established connections between alco-
hol outlet density and increased drinking. Using Moran’s I, Local 
Indicators of Spatial Association (LISA), and spatial regression 
models, spatial clusters of alcohol consumption were identified 
across Thai provinces, with Chonburi Province showing the high-
est rate at 72.2% and Yala the lowest at 28.6%. Regular alcohol 
consumption among Thai men exhibited a positive spatial correla-
tion, with Moran’s I equal to 0.477. Bivariate analysis found sig-
nificant spatial autocorrelation between alcohol outlet density 
(0.301), population density (0.237) and access to medical facilities 
(0.290), showing high-high clusters in urbanized areas and low-
low clusters in southern regions. Spatial regression using the 
Spatial Lag Model (SLM) demonstrated that alcohol outlet densi-
ty, population density and the proportion of the population to med-
ical facilities are significant factors influencing alcohol consump-
tion, explaining 49.2% of the variation in alcohol consumption. 
The findings suggest the need for targeted public health interven-
tions in high-risk areas, especially in regions with dense alcohol 
outlets and urban populations, alongside developing policies to 
promote healthier behaviours and limit alcohol access. 

 
 
 

Introduction 
Alcohol consumption constitutes a significant global health 

burden associated with multiple adverse outcomes, including 
dependency, hypertension, diabetes, and psychiatric disorders. 
According to the World Health Organization (WHO), alcohol con-
tributes to 5.3% of all global deaths and 5.1% of the global disease 
burden, with Southeast Asia bearing a disproportionately high 
share due to limited access to treatment and prevention (WHO, 
2024). Between 2015 and 2021, Thailand recorded an estimated 
annual average of 20,039 alcohol-attributable deaths, with males 
accounting for the vast majority (17,726 deaths or 6.5% of the 
total annual male deaths) and females accounting for 2,312 deaths 
(1.1%) (Thailand National Statistics Office, 2021). While there 
was a temporary decline during the COVID-19 pandemic, recent 

Correspondence: Warangkana Sungsitthisawad, Department of 
Occupational Safety and Environmental Health, Faculty of Public 
Health, Khon Kaen University, Khon Kaen, Thailand.  
E-mail: warsun@kku.ac.th  
Key words: Moran’s I, LISA, spatial regression, alcohol consump-
tion, Thailand.  
Conflict of interest: the authors declare that they have no competing 
interests.  
Funding: this research received no specific grant from any funding 
agency in the public, commercial or not-for-profit sectors.  
Contributions: NM and CJ conceptualized and designed the study. 
NM, CM, RKM and WL contributed to data collection and manage-
ment. Data analysis was performed by NM, CJ, CM, RKM and WL. 
The manuscript was drafted by NM, RKM and CJ. WS provided 
critical supervision and revisions throughout the manuscript prepa-
ration. All authors reviewed, edited and approved the final version 
of the manuscript.  
Ethical approval: the study was approved by the Human Research 
Ethics Committee of KhonKaen University, Thailand (Reference 
No. HE652090) with approval granted on January 1, 2021.   
Availability of data and materials: the datasets used and/or analysed 
during the current study are available from https://doi.org/10.5281/ 
zenodo.16758575.  
Acknowledgments: the authors would like to express their gratitude 
to the National Statistics Office of Thailand for providing the raw 
data utilized in this study. Their support and dedication to making 
data accessible were crucial to the success of this study.  
Received: 22 May 2025. 
Accepted: 18 August 2025.  
©Copyright: the Author(s), 2025 
Licensee PAGEPress, Italy 
Geospatial Health 2025; 20:1406 
doi:10.4081/gh.2025.1406  
This work is licensed under a Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0). 
 
Publisher's note: all claims expressed in this article are solely those 
of the authors and do not necessarily represent those of their affili-
ated organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article or claim 
that may be made by its manufacturer is not guaranteed or endorsed 
by the publisher. 

Spatial autocorrelation patterns and factors associated with regular 
alcohol consumption behaviour among Thai men 
Naowarat Maneenin,1,2 Warangkana Sungsitthisawad,3 Chanwit Maneenin,4 Chananya Jirapornkul,2 Kittipong Sornlom,5 
Roshan Kumar Mahato,5 Wongsa Laohasiriwong5 
1Doctor of Public Health Program, Faculty of Public Health, Khon Kaen University, Khon Kaen; 2Department of Epidemiology and 
Biostatistics, Faculty of Public Health, Khon Kaen University, Khon Kaen; 3Department of Occupational Safety and Environmental 
Health, Faculty of Public Health, Khon Kaen University, Khon Kaen; 4Department of Anatomy, College of Medicine and Public Health, 
Ubon Ratchathani University, Ubon Ratchathani; 5Department of Health Management Innovative Technology, Faculty of Public Health, 
Khon Kaen University, Khon Kaen, Thailand

[page 354]                                                             [Geospatial Health 2025; 20:1406]                                                    

                Geospatial Health 2025; volume 20:1406



national surveys indicate a resurgence of the problem, especially 
among young adult males (Wiedemann et al., 2024). By 2014, 
Thailand had risen to the position of second globally in alcohol 
consumption rate (Chaiyasong & Thamarangsi, 2016). The leading 
causes of alcohol-attributable mortality include road traffic 
injuries, cirrhosis, other liver diseases and other unintentional 
injuries, highlighting the multifaceted health burden of alcohol 
consumption in the Thai population (Nontarak et al., 2025). 

Masculine traditional norms, such as self-sufficiency, emotion-
al restraint and competitive behaviour, exert considerable influ-
ence patterns of alcohol consumption. frequently correlate with 
alcohol consumption (Iwamoto et al., 2011). This association 
between alcohol use and masculine identity is particularly pro-
nounced among adolescent males navigating the transition 
between childhood and adulthood, and it is further reinforced 
through media representations that portray alcohol consumption as 
an integral component of an engaging social lifestyle (Iwamoto & 
Smiler, 2013). Social influence from peer groups and the desire for 
acceptance within predominantly male social environments further 
compound this issue, contributing to alcohol-related interpersonal 
violence and domestic disturbance (Sontate et al., 2021). In addi-
tion to psychosocial and cultural influences, environmental and 
spatial factors also shape alcohol use and related behaviours.  

Geographic information systems methodology has emerged as 
a valuable analytical framework for investigating spatial patterns 
of alcohol consumption (Kassew et al., 2022). Research demon-
strates that elevated densities of alcohol retail establishments, par-
ticularly those within one-kilometre proximity to residential areas, 
correlate with increased alcohol consumption (Martín-Turrero et 
al., 2022). Within Thailand, investigations have established signif-
icant associations between alcohol outlet density and heavy con-
sumption patterns among student populations (Vichitkunakorn et 
al., 2024). However, few studies have spatially analysed adult 
male alcohol use across the general population at the national 
level. Existing research is either population-specific or geographi-
cally limited, leaving a gap in understanding broader geospatial 
dynamics of alcohol use. The present study aimed to explore the 
spatial distribution of regular alcohol consumption among Thai 
males and to examine how geographic, social and demographic 
factors interact to influence alcohol use patterns. Using GIS-based 
methods integrated with nationally representative survey data, this 
study offers a novel spatial epidemiological approach to under-
standing alcohol consumption, a methodological innovation that 
enables identification of high-risk areas and informs place-based 
public health interventions. 

 
 
 

Materials and Methods 

Study area 
Thailand, located in Southeast Asia, comprises diverse geo-

graphic and socio-economic characteristics. It shares borders with 
Myanmar to the West and North, Laos to the Northeast, Cambodia 
to the Southeast and Malaysia to the South. The country covers 
approximately 513,120 km2 and is administratively divided into 77 
provinces, which vary in population density, economic activities 
and urbanization levels. Thailand’s geography consists of four 
major regions: the mountainous North, the fertile Central Plains, 
the arid Northeast (Isan) and the tropical South with extensive 
coastlines. These regional disparities significantly influence 

socioeconomic conditions, cultural practices and health 
behaviours, including patterns of alcohol consumption. 

 

Independent variables 
This study incorporated five key spatial independent variables: 

i) alcohol sales points density that is operationalized to the propor-
tion of licensed establishments selling alcoholic beverages both 
domestic and imported per km2 with data (obtained from the 
Alcohol Research Centre (https://kb.hsri.or.th/dspace/handle/ 
11228/11?locale-attribute=en): ii) population density represented 
by the number of people per km2 in each province measured as a 
ratio scale (data sourced from the National Statistics Office 
(2021)): iii) industrial plant density accounts for the number of 
industrial plants per km2 within each province, also measured as a 
ratio scale, (data retrieved from the National Statistics Office 
(2021)); iv) proportion of population to medical facilities that is 
the ratio of the total population to the number of medical facilities 
in each province, reflecting healthcare accessibility (data obtained 
from the Department of Health Services Support 
(https://mrd.hss.moph.go.th/mrd1_hss/); and 5) tourism revenue 
index represents the total tourism revenue in each province, mea-
sured in the Thai baht currency, as documented by the Ministry of 
Tourism and Sports (https://www.mots.go.th/news/category/628) 

Dependent variable 
The outcome measure comprised the absolute number of male 

alcohol consumers per province, extracted from the Population 
Health Behaviour Survey 2021 by the Thailand National Statistics 
Office (2021).  

Data collection 
The raw data for this study was prepared, validated and cleaned 

thoroughly ensuring its accuracy and reliability. After validation, 
spatial and non-spatial data were integrated using Quantum GIS 
(QGIS) version 3.36 creating a shapefile visualizing the prevalence 
of regular alcohol consumption in Thailand that was used for a 
detailed spatial analysis carried out. GeoDa version 1.22. 

Data analysis 

Univariate and bivariate methodology 
Global Moran’s I (1948) was employed to detect broad trends 

of regular alcohol consumption across the entire country while 
Local Moran’s I (Anselin, 1995) was used to pinpoint clusters or 
hotspots at the local areas. The former was calculated by the fol-
lowing equation: 

                                                   
(Eq. 1)

 

and the latter by:  

                                                   
(Eq. 2)

 

where n represents the total number of districts; S0 the sum of all 
spatial weights (S0 = ∑i ∑j wіј); Zi and Zi the standardized deviation 

of the variable from its mean value ; and Wij the spatial 
weight between district i and j. 
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This study employed Anselin’s (1995) local indicators of spa-
tial association to assess the spatial autocorrelation of regular alco-
hol consumption prevalence among the provinces. Additionally, 
the LISA framework was also applied to determine whether indi-
vidual regions were part of a spatial cluster with similar regular 
alcohol consumption rate values (i.e. the High-High (HH) or Low-
Low (LL) clusters) or to explore spatial outliers (i.e. High-Low 
(HL) or Low-High (LH) clusters). A spatial weight matrix was 
constructed using the k-nearest neighbours (k=3) approach based 
on centroid-to-centroid Euclidean distances between provinces 
(Tabera Tsilefa & Raherinirina, 2024). The resulting spatial 
weights were row-standardized to ensure comparability across 
provinces with varying numbers of neighbours. This matrix was 
applied in both univariate and bivariate LISA analyses. A total of 
999 random permutations were conducted to assess the statistical 
significance of the local Moran’s I values, with a threshold of p< 
0.05 indicating significant clustering. 

Spatial regression analysis methodology 
In addition, three spatial regression models were considered: 

Ordinary Least Squares (OLS) that was estimated as a baseline 
model to examine the linear relationships between alcohol con-
sumption and independent variables. Since OLS does not account 
for spatial dependence, the diagnostic tests Moran’s I on residuals 
and Lagrange Multiplier (LM) tests were performed to determine 
the need for spatial models. When significant spatial dependence 
was detected, the spatial lag model was applied. The SLM incor-
porates a spatially lagged dependent variable to capture spill-over 
effects. The model equation is given as  

 

Y = ρWy+ Xβ + ε (Eq.3) 

 

where Y represents the dependent variable (number of male alco-
hol consumers) and 𝜌Wy captures spill-over effects, with W repre-
senting the spatial weight matrix and 𝜌 (Rho) the spatial autore-
gressive coefficient. X is the independent variables; β the coeffi-
cient vector; and ε the error term. Alternatively, if spatial depen-
dence was identified in the error terms rather than in the dependent 
variable, the Spatial Error Model (SEM) was employed. This 
model accounts for spatial autocorrelation in the residuals using 
the equation:  

 

Y = Xb+u; u=λWu+ε (Eq.4) 

where λ (lambda) represents the spatial error coefficient that indi-
cates the extent of spatial correlation in the model’s residuals. The 
model selection was based on the Akaike Information Criterion 
(AIC), Log-Likelihood (LL) and Likelihood Ratio (LR) to deter-
mine the best-fit spatial model. To ensure the robustness of the 
results, the Variance Inflation Factor (VIF) analysis was conducted 
to assess multicollinearity among the independent variables, while 
spatial Durbin models were tested to evaluate the presence of indi-
rect effects from neighbouring regions. 

 

 

Results 
The prevalence of regular alcohol consumption among Thai 

men was 49.6%. The highest provincial prevalence was observed 
in Chonburi (72.2%), while the lowest was in Yala (28.6%). 
Provinces were categorized into 10 deciles based on prevalence 
rates. The highest quintile (57.1%–72.2%), which is represented in 
the dark red colour in Figure 1, included Chonburi, Buriram, Sa 
Kaeo, Rayong, Pathum Thani, Phuket, Phrae, and Nong Khai. 
Conversely, the lowest quintile (28.6%-39.7%), shown in the green 
colour in the figure, comprised Yala and other southern provinces 
(Figure 1). 

The study reveals a positive spatial correlation for regular 
alcohol consumption and Thai men, as evidenced by Moran’s I 
value of 0.477, a value suggesting moderate spatial autocorrela-
tion, with a significant spatial pattern. HH clusters characterized 
by elevated alcohol consumption rates were identified in several 
provinces, including Chonburi, Nakhon Ratchasima, 
Chanthaburi, Lampang, Chachoengsao, Prachinburi, Rayong and 
Samut Prakan. Conversely, LL clusters, indicating notably lower 
consumption rates, were found in the provinces of Songkhla, 
Surat Thani, Yala, Phatthalung, Chai Nat, Pattani and Narathiwat 
(Table 1 and Figure 2). The bivariate analysis examining the rela-
tionship between the density of alcohol outlets and regular alco-
hol consumption among Thai men demonstrated moderate spatial 
autocorrelation, as indicated by Moran’s I value of 0.301. This 
finding suggests that areas with either high or low alcohol con-
sumption are more likely to be spatially clustered rather than ran-
domly distributed. HH clusters, characterized by both a high den-
sity of alcohol outlets and elevated alcohol consumption, were 
observed in the provinces of Chonburi, Rayong, and Samut 
Prakan. Conversely, LL clusters, where there is a low density of 
alcohol outlets and lower rates of alcohol consumption, were 
identified in the provinces of Songkhla, Surat Thani, Yala, 

                 Article

[page 356]                                                             [Geospatial Health 2025; 20:1406]                                                                               

Table 1. Spatial distribution of regular alcohol consumption among Thai men. 

Moran’s I                                                    Local indicators of spatial association (LISA)                                            P-values 
                                     HH                                                LL                                    LH                                   HL                        

0.477                                 Chonburi*                                           Songkhla*                                                                                                      0.05* 
                                          NakhonRatchasima*                           SuratThani*                                                                                                   0.01** 
                                          Chanthaburi**                                     Yala***                                                                                                        0.001*** 
                                          Lampang*                                           Phatthalung*                                                                                                          
                                          Chachoengsao***                               ChaiNat*                                                                                                               
                                          Prachinburi***                                    Pattani**                                                                                                                
                                          Rayong*                                              Narathiwat***                                                                                                       
                                          SamutPrakan*                                                                                                                                                                   

HH, high-high clustering; LL, low-low clustering; *low-level significance; **moderate level of significance; ***strong level of significance.



Phatthalung, Chai Nat, Pattani, and Narathiwat (Table 2 and 
Figure 3). 

Moran’s I for the bivariate analysis of population density and 
regular alcohol consumption among was 0.237, indicating moder-
ate spatial autocorrelation. Here HH clusters were observed in 
provinces such as Chonburi and Samut Prakan, urbanized areas 
where alcohol consumption rates are relatively high, likely due to 
greater access to alcohol outlets. Conversely, LL clusters, were 
identified in provinces such as Songkhla, Surat Thani, Yala, 
Phatthalung, Chai Nat, and Narathiwat (Table 3 and Figure 4). 

The relationship between industrial density and regular alcohol 
consumption among Thai men produced a Moran’s I value of 
0.060 indicating very weak spatial autocorrelation and implying 
that variations in alcohol consumption across regions are not 
strongly influenced by industrial density patterns, and that the dis-
tribution of alcohol consumption are more random (Table 4 and 
Figure 5). With regard to the proportion of the population to med-
ical facilities and regular alcohol consumption among Thai men 
Moran’s I was 0.290 indicating moderate spatial autocorrelation. 
Notably, HH clusters, characterized by both a high proportion of 
the population to medical facilities and elevated alcohol consump-
tion, were identified in provinces such as Nakhon Ratchasima and 
Lampang, while LL clusters were located in Yala, Phatthalung, 
Chai Nat, Pattani, and Narathiwat (Table 5 and Figure 6).  

The bivariate analysis of tourism revenue and regular alcohol 
consumption among Thai men yielded a Moran’s I value of 0.052 
indicating a weak spatial autocorrelation. This suggests that the 
relationship between tourism revenue and alcohol consumption 
does not exhibit a clear spatial clustering pattern (Table 6 and 
Figure 7).  

The spatial modelling results from OLS regression indicated 
that the density of alcohol outlets, population density, and the pro-
portion of the population to medical facilities were significant fac-
tors influencing regular alcohol consumption among Thai men. 
The OLS model explained 24.5% of the variation in alcohol con-
sumption (R2=0.2448). The SLM and SEM approaches enhanced 
the explanatory power, with the former accounting for 49.2% of 
the variation (R2=0.4919) and the latter for 48.0% (R2=0.4803). 
The values of the AIC, as well as the Bayesian Information 
Criterion (BIC) indicated that SLM performed best (AIC = 
487.447, BIC = 503.853), with SEM resulting in AIC = 488.542 
and BIC = 502.605. Therefore, SLM with the highest R2 value 
(49.2%), was considered the most effective in explaining the spa-
tial distribution of regular alcohol consumption among Thai men 
(Table 7). 

 
 

Discussion 
The results reported above shows that the prevalence of regular 

alcohol consumption among Thai men exhibits significant provin-
cial variation throughout the country, with Chonburi Province 
recording the highest prevalence and Yala Province the lowest. In 
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Figure 1. Spatial distribution of regular alcohol consumption 
prevalence among Thai males by province (quintile classification). 
Provinces are grouped into 10 deciles based on the prevalence of 
regular alcohol consumption, ranging from lowest (28.59%-
39.71%) to highest (57.12%-72.23%). Each decile is represented 
by a distinct colour gradient, with red colour indicating higher 
prevalence rates.

Table 2. Bivariate analysis of density of alcohol outlets and regular alcohol consumption among Thai men. 

Moran’s I                                                      Local indicators of spatial association (LISA)                                          P-values 
                                       HH                                              LL                                    LH                                   HL                        

0.301                                   Chonburi*                                         Songkhla*                             NakhonRatchasima*                                        0.05* 
                                            Rayong*                                            SuratThani*                          Chanthaburi**                                                 0.01** 
                                            SamutPrakan*                                   Yala***                                 Lampang*                                                      0.001*** 
                                                                                                      Phatthalung*                         Chachoengsao***                                                   
                                                                                                      ChaiNat*                               Prachinburi***                                                        
                                                                                                      Pattani**                                                                                                               
                                                                                                      Narathiwat***                                                                                                      

HH, high-high clustering; LL, low-low clustering; LH, outlier clustering (low-high); *low-level significance; **moderate level of significance; ***strong level of significance. 



numerous regions, alcohol constitutes a central element of social-
ization and community traditions as cultural and traditional factors 
significantly influence these patterns. In the North, consuming 
boiled liquor during community events and ceremonies is consid-
ered essential to social gatherings (Moolasart & Chirawatkul, 
2012). Furthermore, the colder climate in certain northern regions 
contributes to alcohol consumption preferences, as it is traditional-
ly believed to provide warmth. This practice is transmitted inter-
generationally and continues to shape contemporary drinking 
behaviours (Ventura-Cots et al., 2019). Overall, the intertwining of 
cultural traditions, environmental conditions, and historical prac-

tices highlights the complexity behind alcohol consumption pat-
terns, demonstrating how deeply embedded these practices are in 
regional identities and social structures. 

Accessibility of alcohol within different regions can indeed 
influence consumption patterns significantly. In the Northeast of 
Thailand, where alcohol production is more concentrated, the ease 
of access can lead to higher consumption rates, as locally produced 
beverages are more readily available and potentially cheaper. This 
can result in alcohol becoming a more integral part of social and 
community activities. In contrast, the northern region’s fewer offi-
cial production sites may limit accessibility to commercially pro-

                 Article

Table 5. Proportion of population to medical facilities and regular alcohol consumption among Thai men. 

Moran’s I                                               Local indicators of spatial association (LISA)                                                  P-values 
                                      HH                                     LL                                LH                                      HL                                  

0.290                                   NakhonRatchasima*               Yala***                             Chonburi*                                Songkhla*                      0.05* 
                                           Lampang*                               Phatthalung*                     Rayong*                                   SuratThani*                   0.01** 
                                                                                           ChaiNat*                           Chanthaburi**                                                               0.001*** 
                                                                                           Pattani*                             Chachoengsao***                                                                 
                                                                                           Narathiwat***                  Prachinburi***                                                                      
                                                                                                                                     SamutPrakan*                                                                        

HH, high-high clustering; LL, low-low clustering; LH, outlier clustering (low-high); *low-level significance; **moderate level of significance; ***strong level of significance. 

Table 6. Proportion of tourism revenue and regular alcohol consumption among Thai men. 

Moran’s I                                              Local indicators of spatial association (LISA)                                                   P-values 
                                      HH                                     LL                                LH                                      HL                                  

0.052                                  Chonburi*                                SuratThani*                      Chanthaburi**                         Songkhla*                      0.05* 
                                           NakhonRatchasima*               Yala***                             Lampang*                                                                       0.01** 
                                           Rayong*                                   Phatthalung*                     Chachoengsao***                                                          0.001*** 
                                                                                            ChaiNat*                           Prachinburi***                                                                       
                                                                                            Pattani**                           SamutPrakan*                                                                        
                                                                                            Narathiwat***                                                                                                                 
HH, high-high clustering; LL, low-low clustering; LH, outlier clustering (low-high); *low-level significance; **moderate level of significance; ***strong level of significance. 

Table 3. Bivariate analysis of population density and regular alcohol consumption among Thai men. 

Moran’s I                                                Local indicators of spatial association (LISA)                                                 P-values 
                                        HH                                    LL                                LH                                      HL                                  

0.237                                    Chonburi*                              0.05*                                 NakhonRatchasima*               Pattani**                        0.05* 
                                             SamutPrakan*                        0.01**                               Rayong*                                                                         0.01** 
                                                                                            0.001***                           Chanthaburi**                                                                      
                                                                                                                                      Lampang*                                                                     0.001*** 
                                                                                                                                      Chachoengsao***                                                                  
                                                                                                                                      Prachinburi***                                                                       

HH, high-high clustering; LL, low-low clustering; LH, outlier clustering (low-high); *low-level significance; **moderate level of significance; ***strong level of significance. 

Table 4. Industrial plant density and regular alcohol consumption among Thai men. 

Moran’s I                                               Local indicators of spatial association (LISA)                                                  P-values 
                                       HH                                    LL                                LH                                      HL                                  

0.060                                   Chonburi*                               Songkhla*                         NakhonRatchasima*                                                      0.05* 
                                            Rayong*                                 SuratThani*                      Chanthaburi**                                                                0.01** 
                                            SamutPrakan*                        Yala***                             Lampang*                                                                             
                                                                                           Phatthalung*                     Chachoengsao***                                                         0.001*** 
                                                                                           ChaiNat*                           Prachinburi***                                                                       
                                                                                           Pattani**                                                                                                                          
                                                                                           Narathiwat***                                                                                                                 

HH, high-high clustering; LL, low-low clustering; LH, outlier clustering (low-high); *low-level significance; **moderate level of significance; ***strong level of significance. 
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duced alcohol, possibly leading to different patterns of consump-
tion, such as reliance on locally brewed or unregulated 
products (Talek et al., 2024). The lack of regulations in production 
can also influence the types of alcohol consumed and the safety of 
these products. These regional differences in accessibility are cru-
cial in understanding and addressing patterns of alcohol consump-
tion and their social impact. 

Tourism and economic factors also contribute to alcohol con-
sumption behaviours. Provinces with high tourist influxes, such as 
Phuket, experience increased alcohol consumption due to higher 
population density and enhanced socialization opportunities 
(Örnberg & Room, 2014). Local economies dependent on tourism 
often demonstrate elevated alcohol consumption rates. Conversely, 
in certain southern regions of Thailand where religious practices, 
like those of some Buddhist communities, have a strong influence, 
alcohol consumption may be lower. Religious and cultural beliefs 
can often lead to stricter social norms and reduced accessibility to 
alcohol (Phoosuwan, 2019). These communities may enforce pro-
hibitions or discourage drinking, resulting in different consump-

tion behaviours compared to more tourist-driven areas. Overall, 
the interplay between tourism, local economic dependence on 
alcohol sales, and cultural or religious factors creates a diverse 
landscape of alcohol consumption patterns across different 
regions. The bivariate analysis and LISA results indicated moder-
ate spatial autocorrelation, suggesting clustering patterns in alco-
hol consumption and outlet density. HH clusters were identified in 
highly urbanized and tourism-centric provinces, suggesting a rela-
tionship wherein outlet availability facilitates consumption. The 
strong positive correlation between alcohol outlet density and con-
sumption implies that alcohol accessibility constitutes a primary 
driver of regular consumption patterns in these regions. A key con-
tributing factor is the concentration of alcohol production in the 
central region, leading to greater availability and competitive pric-
ing (Jernigan & Babor, 2015). Additionally, socio-cultural factors 
and tourism-driven economies in eastern provinces likely con-
tribute to normalized alcohol consumption, particularly among 
younger populations. These findings align with research conducted 
in Spain that established a positive relationship between alcohol 
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Table 7. Spatial regression models that influence the regular alcohol consumption of Thai men. 

Spatial factors                                                          OLS                                                   Spatial regression model 
                                                                                                                                              SLM                                 SEM 

Density of alcohol outlets                                                 1.830**                                                     1.505***                                 1.506** 
Population density                                                            -0.013**                                                     -0.011**                                -0.009** 
Population to medical facilities proportion                      0.0004*                                                      0.0003*                                   0.0002 
Constant                                                                              45.304                                                         20.947                                    46.660 
𝜌 (the spatial autoregressive coefficient)                               -                                                               0.514                                          - 
Lamda (the spatial error coefficient)                                     -                                                                   -                                          0.213 
R2                                                                                         24.48                                                           49.03                                      48.03 
AIC (the Akaike information criterion)                            509.086                                                      487.547                                  488.542 
BIC (Bayesian information criterion)                              523.149                                                      503.853                                  502.605 
Moran’s I                                                                          4.321***                                                                                                            
SLM                                                                                 3.061***                                                          49                                              
SEM                                                                                 15.869***                                                                                                           
OLS, ordinary least squeres; SLM, spatial lag model; SEM, spatial error model; *correlation significance at the 0.05 level; ** correlation significance at the 0.01 level;  
*** correlation significance at the 0.001 level. 

 

                                                                               [Geospatial Health 2025; 20:1406]                                                            [page 359]

Figure 2. Moran’s I and LISA analysis of regular alcohol consumption among Thai men.



outlet density and consumption (Marco et al., 2017). Moreover, the 
cultural acceptance of drinking in certain Thai regions integrates 
alcohol consumption into social practices, especially in tourist 
areas (Pedrero-García, 2018).  Addressing alcohol consumption in 
such contexts necessitates both access control and public education 
to mitigate potential health risks. 

The moderate spatial autocorrelation observed between popu-
lation density and alcohol consumption suggests clustering of 

regions with similar consumption behaviours based on population 
density. HH clusters in urban provinces, such as Chonburi and 
Samut Prakan, reflect urbanization processes where population 
density facilitates access to alcohol outlets. This relationship indi-
cates how urbanization and higher population densities may create 
increased opportunities for alcohol consumption through greater 
availability and social interactions. However, the weak negative 
correlation between population density and alcohol consumption 
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Figure 3. Moran’s I and LISA analysis of density of alcohol outlets and regular alcohol consumption among Thai men.

Figure 4. Moran’s I and LISA analysis of population density and regular alcohol consumption among Thai men. 

Figure 5. Moran’s I and LISA analysis of industrial plant density and regular alcohol consumption among Thai men.



suggests that population density itself is not a significant driver of 
consumption patterns. While urban areas may have more outlets, 
the relationship with alcohol consumption may be overshadowed 
by other factors such as cultural attitudes, local regulations, and 
alcohol availability (Dixon & Chartier, 2016). The weak correla-
tion further suggests that in densely populated areas, alcohol con-
sumption might be influenced more by socio-economic status, edu-
cational attainment, and lifestyle factors rather than population 
numbers alone. This finding aligns with previous research indicat-
ing that urbanization can have variable effects on alcohol con-
sumption, with social factors exerting greater impact than popula-
tion density (Collins, 2016; Sun et al., 2019). The absence of a 
stronger correlation suggests that while population density may 
increase social interactions, it is not the primary factor driving 
alcohol consumption in these regions. Instead, a combination of 
social, economic, and cultural factors appears to exert a greater 
impact on these behaviours. This complex interplay suggests that 
interventions to moderate alcohol consumption need to consider a 
broad range of contextual factors beyond merely controlling popu-
lation density or urbanization. 

The bivariate analysis between the proportion of population to 

medical facilities and alcohol consumption demonstrated moderate 
spatial autocorrelation (Moran’s I = 0.290), with clustering of 
regions exhibiting both high population-to-medical-facility ratios 
and high alcohol consumption rates, as observed in provinces like 
Nakhon Ratchasima and Lampang. However, the negligible posi-
tive correlation (0.0003) between medical facility availability and 
alcohol consumption suggests limited direct influence of health-
care infrastructure on consumption behaviours. This finding indi-
cates that while healthcare access is essential for public health pro-
motion, it does not significantly impact alcohol consumption inde-
pendently, particularly in areas where healthcare services may be 
underutilized or where consumption is predominantly influenced 
by cultural factors (Sudhinaraset et al., 2016). Limited access to 
timely health services in rural or remote regions could exacerbate 
alcohol-related harm due to insufficient infrastructure and person-
nel for effective health education campaigns (Davis & O’Neill, 
2022). Inadequate healthcare access in certain regions may con-
tribute to insufficient alcohol-related education and prevention 
efforts, increasing vulnerability to alcohol-related health issues 
(Manthey et al., 2023). Furthermore, the mere availability of med-
ical facilities may not translate into effective interventions unless 
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Figure 6. Moran’s I and LISA analysis of the proportion of population to healthcare facilities and regular alcohol consumption among Thai men.

Figure 7. Moran’s I and LISA analysis of tourism revenue and regular alcohol consumption among Thai men.



complemented by targeted public health campaigns addressing 
local beliefs and behaviours. In areas where alcohol consumption 
is influenced by cultural, social, and religious factors, merely 
increasing healthcare access may be insufficient to reduce con-
sumption. Therefore, enhancing healthcare infrastructure, while 
integrating public health education with cultural understanding, 
could more effectively reduce alcohol consumption in these 
regions. 

Strength and limitations 
This study employs advanced spatial analysis techniques, pro-

viding a detailed understanding of the geographical distribution of 
alcohol consumption patterns in Thailand. The identification of 
HH and LL consumption clusters across provinces offers valuable 
insights for targeted interventions and resource allocation. By 
examining multiple factors such as alcohol outlet density, popula-
tion density, industrial plant density, medical facilities, and tourism 
revenue, the study presents a comprehensive analysis of influences 
on alcohol consumption. The spatial regression models, SLM and 
SEM in particular, enhance the explanatory power of the analysis 
and provide a robust understanding of spatial dependencies in con-
sumption patterns. Nevertheless, several limitations warrant con-
sideration. For example, the reliance on provincial-level data 
potentially obscures finer variations in alcohol consumption within 
individual areas. In addition to the factors studied, socio-economic 
status, education levels, and local regulations, which may signifi-
cantly influence consumption patterns, remain unexamined. The 
analysis of tourism revenue, which demonstrated no significant 
spatial autocorrelation, suggests that tourism may not directly 
impact alcohol consumption patterns in the studied regions, indi-
cating possible limitations in tourism revenue measurement 
methodology or its actual influence on consumption behaviours. 

 
 
 

Conclusions 
This study provides a comprehensive analysis of the spatial 

distribution and factors influencing regular alcohol consumption 
among Thai men. The findings highlight the significance of alco-
hol outlet density, population density, and access to medical facil-
ities as contributors to consumption patterns. Areas with higher 
alcohol outlet density and urbanization demonstrated higher con-
sumption levels. The spatial regression models, particularly SLM, 
underscored the importance of spatial dependencies in explaining 
provincial variation in alcohol consumption. The results emphasize 
the need for targeted public health interventions in high-risk 
provinces and areas with high alcohol outlet densities. Future 
research should consider longitudinal data to better understand 
causal relationships and incorporate additional socio-economic 
and cultural factors. 
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