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Abstract

Introduction. Addiction to psychoactive substances is a global challenge that impacts physical, mental, and emotional health,
generating significant social and economic consequences influenced by individual, psychological, family, and social factors.
Objective. Analyze the sociodemographic and mental health factors that influence dependence on alcohol, tobacco, and
psychoactive substances in El Salvador. Methodology. A cross-sectional analytical study was conducted using data from
the 2022 National Mental Health Survey. All participants were included and categorized according to their risk of tobacco,
alcohol, or psychoactive substance use. Descriptive and inferential statistical analyses were performed, along with correlation,
clustering, and logistic regression analyses. The programs used were RStudio 4.3.2 and QGIS 3.34.3. Results. The national rate
of high tobacco use was 0.36%, alcohol use was 0.5 %, and moderate use of psychoactive substances was 3.2 %. There was a
strong correlation between high alcohol use and moderate tobacco use (0.96), tobacco use and moderate substance use (0.93),
and moderate alcohol use and moderate substance use (0.90). In the multivariate model, being female, having resilience, and
having a partner are protective factors, while living in an urban area, anxiety and depression are risk factors for substance use.
Conclusion. Geographical environment impacts substance use and is associated with mental health problems, and the use of
one substance correlates with the use of additional substances.
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Resumen

Introduccidn. Las adicciones a sustancias psicoactivas son un desafio global que impacta la salud fisica, mental y emocional,
generando consecuencias sociales y econdmicas significativas, influenciadas por factores individuales, psicolégicos, familiares
y sociales. Objetivo. analizar los factores sociodemogréficos y de salud mental que influyen en la dependencia al alcohol,
tabaco y sustancias psicoactivas en El Salvador. Metodologia. Se realizé un estudio transversal analitico con datos de la
Encuesta Nacional de Salud Mental, 2022. Se incluyo a todos los participantes y se categorizaron segun el riesgo de consumo
de tabaco, alcohol o sustancias psicoactivas. Se realizaron analisis estadisticos descriptivos e inferenciales, asi como analisis
de correlacion, clustering y regresion logistica. Los programas utilizados fueron RStudio 4.3.2 y QGIS 3.34.3. Resultados. La
tasa nacional de consumo alto de tabaco fue 0,36 %, de alcohol 0,5 %, y de consumo moderado de sustancias psicoactivas
3,2 %. Hubo una fuerte correlaciéon entre el consumo alto de alcohol y el moderado de tabaco (0,96), el consumo de tabaco
y moderado de sustancias (0,93), y el moderado de alcohol y moderado de sustancias (0,90). En el modelo multivariado, ser
mujer, tener resiliencia y pareja son protectores, mientras que vivir en drea urbana, la ansiedad y la depresion son riesgos para
el consumo de sustancias. Conclusion. El entorno geografico impacta el consumo de sustancias, el consumo esté asociado a
problemas de salud mental y el uso de una sustancia se correlaciona con el consumo de otras adicionales.
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Introduction around the world. This phenomenon not only
has individual consequences but also genera-
Addiction to psychoactive substancesisaglo-  tes a significant social and economic impact,
bal challenge that affects the physical, mental, ~ contributing to increased criminality, family
and emotional health of millions of people  dissolution, and overloaded health systems.
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According to the World Health Organiza-
tion (WHO), in the year 2022, approximately
275 million people consumed some type of
drug, and more than 36 million presented
consumption-related disorders. In the same
year, in Latin America and the Caribbean, at
least 4.4 million men and 1.2 million women
suffered from drug use disorders.”

By 2020, 22.3 % of the world's popula-
tion was using tobacco." By 2021, it was
estimated that 7 % of the world's popula-
tion (400 million) suffered from tobacco
use disorders, while 3.7 % (209 million) had
alcohol dependence.v

Addiction to psychoactive substances,
including alcohol and tobacco, is a multifac-
torial phenomenon involving genetic, bio-
logical, psychological, social, and environ-
mental aspects.’ These elements may vary
according to the culture and context of each
region. In El Salvador, scientific evidence on
the causality of the phenomenon is limited,
which prevents a complete understanding
of the particular factors that determine the
problem in this population.

In this context, the National Mental
Health Survey of El Salvador (ENSM) provides
important data on the prevalence of mental
disorders and the use of psychoactive subs-
tances in different demographic groups.
The use of advanced statistical techniques,
computational methods, and machine lear-
ning models allows a deeper and more ac-
curate analysis of these data, contributing to
the identification of addressing knowledge
gaps in the population of El Salvador.

Therefore, the objective of the research
was to analyze the sociodemographic and
mental health factors that influence depen-
dence on alcohol, tobacco, and psychoacti-
ve substances in El Salvador using machine
learning techniques. This will allow a deeper
understanding of the problem and contri-
bute to the design of more effective inter-
ventions to address this issue in El Salvador.

Methodology

An analytical cross-sectional study was
conducted using secondary data from the
ENSM. This survey was conducted by the
Ministry of Health of El Salvador through
the National Institute of Health. It was de-
signed to obtain nationally representative
information on mental health problems in
the population from three years of age. For
this purpose, specific questionnaires were
administered to children (aged three to 12
years), adolescents (aged 13 to 17 years),
adults (aged 18 years or older), and older
adults (aged 60 years or older). These ques-
tionnaires were validated and reviewed by

psychologists and psychiatrists. Data collec-
tion took place between August and Nov-
ember 2022, involving 11 269 participants.”

The study To assess living conditions,
the following operational definitions were
constructed. Unsatisfied Basic Needs (UBN)
were defined as the lack of an individual or
household in at least one of the following
aspects: access to housing, access to health
services, access to education, and economic
capacity. Access to housing was evalua-
ted based on the criteria outlined in "The
method of unsatisfied basic needs and its
applications in Latin America" by the Econo-
mic Commission for Latin America and the
Caribbean (ECLAC), specifically focusing on
the variables of overcrowding and housing
quality. Housing was considered inadequate
if it had a dirt floor, dirt walls, roofs made of
natural fibers such as straw or palm leaves,
or was constructed from waste materials.
Overcrowding was defined as three or more
people sharing the same room.

Access to sanitation was assessed accor-
ding to the type of excreta disposal system
and the availability of basic services. Access
to education was measured by the atten-
dance of school-age children to educational
institutions. Economic capacity was analy-
zed in terms of the probability of insuffi-
cient income, taking into account the age,
educational level, household size, and em-
ployment status of household members. To
classify the risk of substance use, the WHO
screening test for alcohol, tobacco, and
substance use (ASSIST) was used.

For continuous variables, the Anderson-
Darling normality test was performed (p-va-
lue < 0.05), and the median was used, along
with interquartile ranges (IQR). Additionally,
frequency tables were constructed, inclu-
ding percentages, 95 % confidence intervals,
and p-values for differences in proportions.

El Salvador is politically divided into five
regions, which in turn are subdivided into 14
departments categorized by age group, sex,
and place of origin. The Mann-Whitney U
test was used to compare the medians bet-
ween the groups based on sex and urban or
rural origin. Similarly, the Kruskal-Wallis test
was used to assess the differences among
groups based on region, department, and
educational level. To analyze differences
in proportions, the Chi-square test was
applied. To identify specific differences bet-
ween more than two groups or measures,
the Bonferroni correction was used.

To construct the logistic regression mo-
del, a correlation matrix was generated, and
a cut-off point between -0.7 and 0.7 was
established to include the variables in the
model. The balance of the model was eva-
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luated by analyzing the outcome variables
and comparing the proportions of positive
and negative consumption risk records using
distribution plots. In addition, the Chi-square
test was applied to verify whether there were
significant differences in the distribution
of the outcome variable.

To address the class imbalance, the over-
sampling method was employed using the
"ROSE" package in RStudio and the "ovun.
sample" function with the "over" method to
increase the number of minority class sam-
ples and balance the training data.

Binomial logistic regression with machi-
ne learning was performed using a 77 % tra-
ining set and a 23 % test set for smoking, as
well asa 75 % training set and a 25 % test set
for alcohol and psychoactive substance use.

The effect of confounding variables was
controlled by stratification and covariate ad-
justment techniques in the model. The good-
ness of fit of the model was determined using
likelihood ratio, Wald, ROC curve, and confu-
sion matrix tests. For the geospatial analysis,
specific rates were calculated by department
and type of substance and represented in a
choropleth map at the departmental level,
stratified through a clustering analysis.

For data processing and analysis, RStudio
version 4.3.2 was used. For geospatial analy-
sis, QGIS version 3.34.3 was used, with the
WGS 1984/EPSG: 4326 coordinate system.

The research was carried out in accordan-
ce with good clinical practice. The database
was coded to maintain the confidentiality of
the participants, and the study protocol was
approved by the INS ethics committee un-
der registration CEINS/2024/005.

Results
Demographics

A total of 7260 adults were analyzed, 55.4 %
of whom were from rural areas, p < 0.01.
The median age of the population was 45
years (IQR = 31-61), with a minimum age of
18 years and a maximum of 97 years, p 0.01.
The median age of males was 47 years
(IQR = 31-63), and of females was 44 years
(IOR=31-60), p < 0.001.

According to their origin, the median
age of people from urban areas was 48 years
(IQR = 34-64), while those from rural areas
was 43 years (IQR = 30-59), p < 1. Regarding
the regions, the metropolitan area had the
highest median age at 48 years (IQR = 33-64),
while the lowest was observed in the eastern
region at 43 years (IQR = 30-60), p < 0.001.
Post-hoc comparisons showed differences
between the metropolitan region and the
western, eastern, and paracentral regions.

The paracentral region had the highest
proportion of the rural population (66.5 %),
while by the department, it was La Union
(788 %), p < 0.001. In contrast, San Salva-
dor had the highest proportion of urban
population (77.8 %), p < 0.001. San Miguel
showed no differences in the origin of the
participants (p < 0.599).

Of the participants, 69.9 % were women
(p < 0.001). The paracentral and western re-
gions showed the highest proportions of
women, with 71.9 % and 71.5 %, respectively
(p < 0.001). At the departmental level, the
highest proportions of women were found
in Cabanas (74 %), Sonsonate (73.3 %), and La
Paz (724 %), p < 0.01.

Sociodeographic, psychological,
and smoking variables

94.1 % of the population presented a low le-
vel of risk of tobacco use, while 5.7 % presen-
ted a moderate risk and 0.2 % a high risk The
metropolitan region had an 8 % moderate
risk, and the urban area had a 6.5 % modera-
te risk, p < 0.001. In terms of age group, the
group aged 20 to 29 years had the highest
percentage of moderate risk (7.1 %) and was
second in high risk (0.4 %). The group youn-
ger than 20 years had the highest proportion
of high-risk (0.5 %). According to sex, men
had the highest proportions of moderate
(14.7 %) and high ( 0.7 %) risk compared to
women (1.8 and 0 % respectively), p < 0.001.

People with a mental health diagnosis
showed a higher percentage of moderate
(8.2 %) and high (0.4 %) risk compared to
those without a diagnosis, p < 0.01. Anxiety
and its different degrees showed a significant
association with tobacco use, observing that
as the degree of anxiety increases, consump-
tion differences also increase (p < 0.001).

General stress status showed no signifi-
cant differences (p = 0.617), general post-
traumatic stress disorder (PTSD) (p = 0.003),
and PTSD severity scale (p < 0.001) showed
significant differences. Persons with suicidal
ideation and behavior had higher percenta-
ges of moderate risk in tobacco use (8.7 %
and 18.1 %, respectively), p < 0.001. People
with depression and its degrees also showed
differences in tobacco use (p = 0.012 and
p = 0.008, respectively) (Table 1).

Sociodeographic, psychological
and alcoh%l ‘griai) eZ gieab

96.9 % of the participants had a low level
of risk in alcohol consumption, while 2.9 %
had a moderate risk and 0.3 % had a high
risk. The metropolitan region had 3.9 % mo-
derate risk, followed by the western and
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paracentral regions with 3 % and 2.8 %,
respectively, showing significant differen-
ces in moderate risk (p < 0.001) but not in
high risk (p = 0.334).

The urban area registered 3.3 % mode-
rate risk and 0.3 % high risk, with significant
differences in moderate risk (p < 0.001) but
no differences in high risk (p = 0.627). Male
sex presented higher moderate (7.5 %) and
high (0.7 %) consumption compared to
the female sex, with 0.9 % and 0.1 %, res-
pectively, p < 0.001.

The younger than 20 years groups and
20-29 years showed a higher moderate risk,
with 4.5 % and 3.6 %, respectively, with sig-
nificant differences in both moderate and
high risk, p < 0.001. Significant differences
were also found between mental health
diagnosis and moderate risk of alcohol use,
as well as having experienced discrimina-
tion (p < 0.01). In addition, PTSD, depression,
and anxiety showed significant differences
with moderate and high-risk levels of alco-
hol consumption (p < 0.01) ( ).

Sociodemographic and
psychological variables of
psychoactive substance use

96.8 % of the participants presented a low risk
of psychoactive substance use, while 3.2 %
showed a moderate risk. Only one person
was classified as high risk. This was a 44-year-
old woman, originally from Santa Ana, with
high consumption of sedatives, negative
thoughts, low resilience, stressful situations
due to her illness, depression, and a violent
situation. The metropolitan region had the
highest percentage of moderate consump-
tion (5.2 %), followed by the paracentral re-
gion (3.7 %) and the central region (3.5 %),
with a significant difference (p < 0.001). Ur-
ban areas also had higher moderate con-
sumption (3.7 %), with those under 20 years,
20-29 years, and 40-49 years showing the
highest levels of moderate consumption, at
5.5 9%, 3.6 %, and 3.8 %, respectively.

Men had a higher moderate risk of
psychoactive substance use (5.7 %) com-
pared to women (2.2 %), p < 0.001. Persons
who are divorced (6.5 %) and single (4.4 %)
showed higher moderate use compared to
those with a partner (p < 0.001).

People with a mental health diagnosis
had a higher risk of moderate consump-
tion (9.0 %) compared to those without a
diagnosis (3.0 %), p < 0.001. Likewise, those
who reported negative thoughts presented
a higher moderate risk (4.3 %) compared to
those who did not (3.0 %), p < 0.001. Those
with low and moderate levels of resilience
showed higher rates of moderate use (3.8 %

and 3.1 %, respectively) compared to those
with high resilience (2.6 %), p < 0.001. Signi-
ficant statistical differences were found bet-
ween levels of depression and anxiety and
psychoactive substance use (p < 0.01), as
well as among people with suicidal ideation
and behavior (p < 0.001) (Tabla 3).

Rates per 100 000 population of
tobacco, alcohol, and psychoactive
substance use

Regarding the risk of tobacco use, the natio-
nal rate of moderate risk of tobacco use was
9.4 %. Cabanas had the highest rate, with
13.9 %, followed by San Vicente (13.4 %) and
Santa Ana (13.3 %). For high risk, the natio-
nal rate was 0.36 %, with San Vicente (2.5 %)
and Cabanas (2.1 %) being the departments
with the highest rates.

Regarding alcohol consumption, the
national rate for moderate risk was 4.7 %.
San Vicente had the highest rate, with
84 %, followed by Chalatenango (7.7 %)
and Morazéan (7.2 %). For high risk, the na-
tional rate was 5.3 %, with Cabafas (2.1 %)
and Sonsonate (1.2 %) showing the hig-
hest rates per department.

Regarding the wuse of psychoactive
substances, the national rate for modera-
te risk was 5.3 %. San Vicente had the hig-
hest rate, with 10.9 %, followed by Cabafas
(9.6 %) and La Paz (8.6 %).

Clustering analysis

In the K-means clustering model applied to
the standardized rates of smoking (high and
moderate), alcohol consumption (high and
moderate), and psychoactive substance use
(moderate) in the different departments,
three clusters were defined. The high-risk
cluster included San Salvador, while the mo-
derate-risk cluster grouped the departments
of San Miguel, Santa Ana, Sonsonate, and
La Libertad (Figure 1).

Correlation analysis

A strong correlation was observed between
high alcohol consumption and moderate
tobacco consumption (0.96). A high co-
rrelation was also found between mode-
rate tobacco consumption and moderate
consumption of psychoactive substances
(0.93). In addition, there was a significant
correlation between moderate alcohol
consumption and moderate consumption
of psychoactive substances (0.90), as well
as between high tobacco consumption
and moderate consumption of psychoac-
tive substances (0.88).
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Table 1. Distribution of tobacco use by psychological and mental health factors.

Level of risk

*¥,
otal % P

Variable Category  Low % 1C 95 % Moderate % IC 95 % High % 1C 95 % value

Yes 244 914 (88,0-94.8) 22 82 49-11,5) 1 04  (041,1) 267 37 <0,01
g/i'sg;ao‘:fahh No 6481 943  (937-948) 380 55 (5,0-6,1) 15 02  (01-03) 6876 947 <001

No data 106 906 (85,3-95,9) 11 94 (41-147) 0 0 00000 117 16 <0,01
Negative Yes 1073 935 (92,1-94,9) 71 6,2 4.8-7,6) 3 03 (0006 1147 158 <001
thinking No 5758 94,2 (93,5-94,9) 342 56 (5,0-6,2) 13 02  (01-03) 6113 842 <001

Yes 1043 930 (91,5-94,5) 74 6,6 (5,2-8,0) 5 04  (01-07) 1122 155 <001
Discrimination

No 5788 943 (93,6-95,0) 339 55 4.9-6,1) 11 02  (01-03) 6138 845 <001
Stress by Yes 6502 943  (936,950) 394 55 49,6,1) 12 02 (01,03) 6908 952 <001
COVID-19 No 329 190  (160,220) 19 10 05,1,5) 4 11 0121 352 48 <0,01

No 329 935 (90,6-96,4) 19 54 3.1-7,7) 4 11 (0121 352 48 <0,01

Very low 2970 938 (92,9-94,7) 189 6,0 (5,2-6,8) 7 02  (01-03) 3166 436 <001
covib19 Low 2971 943 (934-952) 17355 @763 5 02 (0003 3149 434 <001
stress levels

Moderate 532 945 (92,4-96,6) 31 55 3,6-74) 0 0 - 563 7.8 <001

High 29 9,7  (91,3-100,0) 1 33 (0,0-9,7) 0 0 - 30 04 <001

Low 1436 946 (93,2-96,0) 76 50 (3,9-6,1) 6 04  (01-07) 1518 209 <001
Resilience Moderate 4795 94,1 (93,3-94,9) 291 57 (51-6,3) 10 02  (01-03) 509 702 <001

High 600 92,9 (90,6-95,2) 46 7,1 (5.2-9,0) 0 0 - 646 89 <001
Stressful Yes 2593 938 (92,8-94,8) 163 59 (50-6,8) 9 03  (01-05) 2765 381 <001
situation No 4238 943 (93,5-95,1) 250 56 (4,9-6,3) 7 02  (01-03) 4495 619 <001
. Yes 411 928 (90,0-95,6) 30 68 (4,4-9,2) 2 05  (00-12) 443 6,1 <001

No 6420 94,2 (93,6-94,8) 383 56 (5,1-6,1) 14 02 (01-03) 6817 939 <001

No 6420 94,2 (93,6-94,8) 383 56 (5,1-6,1) 14 02 (01-03) 6817 939 <001

Mild- 343 932 (90,6-95,8) 23 6.3 (3.8-8,9) 2 05  (00-12) 368 5,1 <001

moderate
PTSD* Grades -

Moderate- ) 914 (846-982) 6 86  (20-152) 0 0 - 70 10 <001

severe

severe- 4800  (4491151) 1 200 (00-551) 0 0 - 5 01 <001

extreme

Yes 4355 938  (93,1,945) 277 6,0 (53,66) 13 03 (01,04) 4645 640 <001
Depression

No 2476 947  (938,955) 136 52 43,6,1) 3 01 (00,02 2615 360 <001

No 2476 947 (93,7-95,5) 136 52 (4,4-6,1) 3 0,1 00-03) 2615 360 <001

Minimum 2801 938 (92,7-94,7) 177 59 (5.2-6,8) 7 02  (01-05) 2985 41,1 <001

Slight 1230 939 (92,5-95,1) 75 57 4,6-7,1) 5 04  (01-09) 1310 180 <001
Degrees of Moderate 236 937 (89,8-96,3) 16 6,3 (3.7-10,2) 0 0 00-15 252 35 <0,01
depression

Moderate- o 58 (g0,7-96,5) 5 77 (26170 1 15 (0083 65 09 <001

ly severe

Severe 29 879 (70,8-96,0) 4 121 (40-292) 0 0  (00-105) 33 05 <0,01

Yes 1318 933 (91,8-94,5) 90 64 (5.2-7,8) 5 04  (01-09) 1413 195 <001
Anxiety

No 5513 943 (93,5-94,9) 323 55 (5,0-6,1) 11 02  (01-03) 5847 805 <001

No 5513 943 (93,5-94,9) 323 55 (5,0-6,1) 11 02  (01-03) 5847 805 <001
Degrees of Slight 1081 933 (91,6-94,7) 74 64 (51-7,9) 4 03 (01-08 1159 160 <001
anxiety Moderate 181 948 (90,4-97,4) 10 52 (2,6-9,6) 0 0 00-1,9 191 26 <0,01

Severe 56 889 (77,8-95,8) 6 95 (3,6-19,6) 1 16 (00-86) 63 09 <001
Suicidal Yes 451 909 (87,8-93,3) 43 87  (64-115) 2 04  (01-14) 49 6.8 <0,01
ideation No 6380 943 (93,6-94,9) 370 55 (5,0-6,0) 14 02 (01-04) 6764 932 <001
Suicidal yes 86 81,9 (73,0-88,4) 19 181 (11,6-27,0) 0 0 00-34) 105 14 <001
behavior No 6745 943  (93,6-949) 394 55 (5,0-6,0) 16 02 (0104 7155 986 <001
Total - 6831 94,1 (93,3-94,7) 413 57 (5.2-6,2) 16 02  (01-04) 7260 100 -

*PTSD: Post-traumatic stress disorder.
** P-value of difference of proportions of risk level.
DO 10.5377/alertav8i3.20719 249

Sandoval Lopez X, et al.



Table 2. Distribution of alcohol consumption by psychological and mental health factors.

Level of risk . w*4p-
Variable Category Low % 1C95 % Moderate % IC 95 % High % 1C95 % Total * value
Yes 254 951 (916-97,2) 13 49 (28-84) 0 00 - 267 37 <0001
g/;jg;ﬂ;fa‘th No 6664 969  (964-973) 192 28 (2432 20 03  (03-04) 6876 947 <0001
No data 115 983  (93,5-99,5) 2 17 (056,5) 0 0 - 17 16 <0001
Negative Yes 109 97  (954-97,6) 31 27 (1939 7 06 (0313 1147 158 <0001
thinking No 5924 969 (964-97,3) 176 29 (2533) 1302 (0204 6113 842 <0001
Secmion S 1068 952  (93,6-964) 48 43 (32-56) 6 05 (0209 1122 155 <0001
No 5065 972 (966-97,6) 159 26 (2230 14 02 (0305 6138 845 <0001
Stress by Yes 6692 969  (964-973) 197 29 (2533) 19 03  (03-04) 6908 952  <0,001
COVID-19 No 341 969  (94,0-982) 10 238 (1,5-5,1) 1 03 (00100 352 48  <0,001
No 341 969 (940982 10 28 (155 1 03 (00100 352 48 <0001
Verylow 3064 968  (960-974) 95 30 (2436) 7 02 (0307 3166 436 <0001
Sct?evs‘SDl’;Vle Bajo 3055 970  (962-976) 84 27 (21-33) 10 03 (0510 3149 434  <0,001
Moderate 543 964  (94,5-976) 18 32 (20-50) 204  (O1-1,1) 563 78 <0001
High 30 1000 (884-100) 0 00 - 0 0 - 30 04 <0001
Low 1471 969 (957-97,7) 43 28 (2139 4 03  (01-07) 1518 209  <0,001
Resilience Moderate 4934 968  (96,1-97,3) 147 29 (2533) 15 03 (0205 5096 702 <0001
High 628 972 (954982 17 26 (1,641 1 02 (00100 646 89 <0001
Stressful Yes 2662 963 (954-97,0) 91 33 (27-40) 1204 (0207 2765 381  <0,001
situation No 4371 972 (96,5-97,7) 116 26 21-31) 8 02  (01-04) 4495 619 <0001
. Yes 415 937 (90,7-956) 21 47 GBI 7 16 (0733 443 61 <0001
No 6618 97,1  (966-97,5) 186 27 243)) 1302  (01-03) 6817 939  <0,001
No 6618 971  (966-97,5) 186 27 (243 1302 (0103 6817 939 <0001
g!?e?mdi 345 938 (906:959) 17 46 (2873) 6 16 (0635 368 51 <0001
PTSD" Grades Moderte &7 es7  (878985) 2 20 0799 1 14 ©277) 70 10 <0001
2 e 3600 (17,1-927) 2 400 (73829 0 0 - 5 01 <0001
Depression ves 4482 965 (957-971) 146 31 (737 17 04 (02-06) 4645 640 <0001
No 2551 976  (96898,1) 61 23 (1830 301 (0003 2615 360 <0001
No 2551 976 (968-98,1) 61 23 (1830 301 (0003) 2615 360 <0001
Minimum 2893 969  (96,1-97,5) 85 28 (2335 7 02 (0105 2985 41,1 <0001
Slight 1259 96,1 (94,8:97,1) 46 35 (26-46) 5 04 (0109 1310 180 <0001
Degrees of Moderate 239 948  (91,2:97,0) 9 36 (18-66) 4 16 (05400 252 35 <0001
depression
fffﬁfe’ff 63 969 (893992 > 31 08107 0 0 i & 09 <0001
Severe 28 848  (68,1-938) 4 121 (48266) 1 30 (05-149) 33 05 <0001
aiets Yes 1352 957  (94,4-96,7) 51 36 (27-47) 10 07 (0412 1413 195 <0001
No 5681 972 (96697,6) 156 27 (2330 10 02 (01-03) 5847 805 <0001
No 5681 972 (966-97,6) 156 27 (2330 10 02 (01-03) 5847 805  <0,001
Degrees of Slight M3 960 (94,5-97,1) 38 33 (24-45) 8 07 (0313 115 160 <0001
anxiety Moderate 182 953  (91,0:97,7) 8 42 (2082 1 05 (0128 191 26 <0001
Severe 57 905  (80,0-959) 5 79 (33-176) 1 16 (0384 63 09 <0001
Suicidal Yes 459 925 (89,7-94)5) 31 63  (44-88) 6 12 (0526) 49 68 <0001
ideation No 6574 972 (967-97,) 176 26 (2330 1402  (01-03) 6764 932 <0001
Suicidal Yes 94 895  (82,0:94,1) 10 95  (52-169) 1 10 (0254 105 14 <0001
behavior No 6939 970  (965-97,4) 197 28 (2430 19 03 (0204 7155 986 <0001
Total - 7033 969  (96597.2) 207 29 (2533 20 03 (02-04) 7260 100  <0,001

*PTSD: Post-traumatic stress disorder.
** P-value of difference of proportions of risk level..

250 Alerta 2025; 8(3): 245-257
Factors influencing the consumption of tobacco, alcohol, and psychoactive substances using machine learning



Tabla 3. Distribution of psychoactive substance use by psychological and mental health factors.

Level of risk

¥y
Total % P

Variable Category  Low % 1C95 % Moderate % 1C95 % value

Yes 243 910  [869-938] 24 90  [62-131] 267 37 <0001
Mental health 6670 97,0 96,5-974 205 30 26-35 6875 947 0,001
diagnosis °© ' (96,5 -97:4] ' (26-35] ' <V

No data 113 966  [91,5-986) 4 34 [14-85] 117 16 <0001
Negative Yes 10908 957  [94/4-967) 48 43 3.3-56] 1146 158  <0,001
thinking No 5928 970  (964-974) 185 30 2,6-36) 6113 842 <0001

Yes 1066 950  (93,5-962) 56 50 (3.8-6,5) 1122 155 <0001
Discrimination

No 5060 971  (96,5-97,5) 177 29 2,5-35) 6138 845 <0001
Stress by Yes 6684 968  (963-97,3) 223 32 2,7-37) 6908 952  <0,001
COvID-19 No 342 972 (946-986) 10 28 (14-54) 352 48 <0001

No 342 972 (946-986) 10 28 (14-54) 352 48 <0001

Very low 3059 966  (959-97,1) 106 34 2,9-41) 3166 436 <0001
COVID-19 Bajo 3056 970 (964-9759) 93 30 (25-36) 3149 434 <0001
stress levels

Moderate 539 957  (93,7-97,1) 24 43 2,9-63) 563 78 <0001

High 30 1000 (887-1000) 0 0 - 30 04 <0001

Low 1461 962  (95,1-97,0) 56 38 (3,0-49) 1518 209  <0,001
Resilience Moderate 4936 969  (964-973) 160 3,1 2,7-36) 5096 702 <001

High 629 974  (957-984) 17 26 (16-43) 646 89 <0001
Stressful Yes 2656 96,1  (953-96,9) 108 39 (3.2-47) 2765 381 <0001
situation No 4370 972  (96,6-97,6) 125 28 (4-34) 4495 619 <0001
. Yes 413 932 (904-952) 30 6.8 4,8-96) 443 6,1 <0,001

No 6613 970  (96,5-97,4) 203 30 2,6-35) 6817 939 <0001

No 6613 970  (96,5-97,4) 203 30 2,6-35) 6817 939 <0001

Mild- 347 943 (913-9672) 21 57 (3:8-87) 368 51 <0,001

moderate
PTSD* Grades B

Moderate- o3 900 (802-95.3) 7 100 (47-198) 70 10 <0007

severe

Severe- 3 60,0 (17,0-92,7) 2 40,0 (7,3-83,0) 5 0,1 <0,001

extreme

Yes 4466 96,1 (954-96,6) 178 39 (34-46) 4645 640  <0,001
Depression

No 2560 979  (97,2-984) 55 21 (1,6-29) 2615 360 <0001

No 2560 979  (97,2-934) 55 21 (16-29) 2615 360 <0001

Minimum 2881 965 (957 -97,1) 103 35 2,9-43) 2085 41,1 <0001

Slight 1264 965  (953-973) 46 35 2.7-4,7) 1310 180 <0001
Degrees of Moderate 235 933  (894-958) 17 67  (42-106) 252 35 <0001
depression

Moderate-

57 877  (77,0-939) 8 123 (61-230) 65 09 <0001

ly severe

Severe 29 879  (71,8-956) 4 121 (44-282) 33 05 <0001
. Yes 1351 956  (94,3-966) 62 44 (3/4-5,7) 1413 195 <0001

nxiety

No 5675 971 (96,5-97,5) 171 29 (2,5-3,5) 5847 805 <0001

No 5675 971 (96,5-97,5) 171 29 (2,5-3,5) 5847 805  <0,001
Degrees of Slight 1114 961  (94,7-97,1) 45 39 2,9-53) 159 160 <0001
anxiety Moderate 176 92,1  (874-951) 15 79 (49-126) 191 26 <0001

Severe 61 %8  (888-991) 2 32 (09-11,2) 63 09 <0001
Suicidal Yes 455 917 (88,8-939) 41 83  (61-1122) 496 68 <0001
ideation No 6571 971  (966-97,5) 192 29 2,5-34) 6764 932 <0001
Suicidal Yes 89 848  (765-904) 16 152 (96-235) 105 14 <0001
behavior No 6937 970  (965-974) 217 30 (26-35 7155 986 <0001
Total - 7026 968  (963-97,2) 233 32 2:8-37) 7260 100 <0,001

*PTSD: Post-traumatic stress disorder.

** P-value of difference of proportions of risk level.
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Multivariate analysis

In tobacco use, age (OR=0.99; p < 0.01), hig-
her educational level (OR= 0.63; p < 0.01),
and female sex (OR=0.09; p < 0.01) showed
a protective effect, whereas living in urban
areas was associated with an increased risk
of tobacco use (OR=1.46; p < 0.01). Anxiety
(OR=1.81; p < 0.01), having a mental health
diagnosis (OR=1.41; p < 0.01), and depres-
sion (OR=1.29; p < 0.01) were associated
with an increased risk of tobacco use, while
a better work environment presented a pro-
tective association (OR=0.95; p = 0.01).

For alcohol consumption, older age
(OR = 097, p < 001) and female sex
(OR=0.08; p < 0.01) showed a protective as-
sociation, while living in an urban area was
associated with a risk (OR = 1.79; p < 0.01).
Work environment had a significant protec-
tive association (OR=0.95;p=<0.001), while
anxiety (OR=2.01; p < 0.01) and depression
(OR=1.47;p <0.01) were associated withrisk.

In the consumption of psychoactive
substances, older age (OR = 0.99; p < 0.01)
and female sex (OR=0.09; p < 0.01) showed
a protective association, while urban areas
represented risk (OR = 1.46; p < 0.01).

Significant protective associations were
found for work environment (OR = 0.95;
p = 0.013), community participation index
(OR =0.92; p = 0.009), adequate economic
income (OR=0.81; p=0.005), having a part-
ner (OR = 0.88; p = 0.013), higher education
level (OR=0.63;p < 0.01), with the risk factors

W High risk
.Moderate risk
Low risk

being anxiety (OR = 1.81; p < 0.01), mental
health diagnosis (OR = 1.41; p = 0.005), and
depression (OR =1.29; p < 0.01) (Tabla 4).

Discussion

This study providesan overview of the demo-
graphic and psychological characteristics of
the use of tobacco, alcohol, and psychoacti-
ve substances in adults in El Salvador.

One of the most relevantfindings was the
strong correlation between the consump-
tion of different substances, where indivi-
duals who consume one are highly likely to
consume others. These patterns are consis-
tent with previous research, which suggests
that consumption is a gradual process that
usually involves polyconsumption."

Substance use showed differentiated
patterns according to origin, with higher
risk levels in the metropolitan region and
urban areas, similar to what has been obser-
ved in other research, which suggests that
consumption is due to greater availability of
drugs,""* advertising, and social acceptance
of them,*increasing the probability of con-
sumption and development of addictions.

Likewise, the cluster analysis confirmed
the grouping of departments with simi-
lar consumption characteristics, revealing
significant variations between groups. This
finding coincides with previous studies that
show regional and territorial differences,
highlighting how the geographical context
influences consumption patterns i<

0 15 30 60 90 120

e e e l0meter

Figure 1. Geospatial analysis of substance use and risk through clusters in El Salvador, ENSM 2022
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Young people showed a higher risk of
consumption than older adults, consis-
tent with previous studies indicating that
the consumption of addictive substances
usually begins in adolescence and young
adulthood, thus explaining the observed
patterns i Significant  differences in
substance use were identified between
men and women, with the risk being hig-
her in men, a finding widely documented
in the scientific literatureX Sociocultural
factors, such as masculinity norms, sociali-
zation patterns, and substance availability,
could contribute to these differences i

People with lower educational levels
showed a higher risk of substance use com-
pared to those with higher educational
levels, a pattern supported by previous re-
search associating lower education with a
higher prevalence of substance useXvixx
This could be related to a lower perception
of risk, lack of access to information and
adequate coping strategies, as well as un-
favorable socioeconomic conditions that
may increase vulnerability to this type of
consumption v

Single people presented a higher risk of
consumption, which is consistent with the
literature, which indicates that the lack of
a social support network and exposure to
environments prone to consumption and
addictions may influence this behavior
The lack of a stable partner and family struc-
ture could increase the vulnerability of single
adults to substance use. However, multiple
other factors also influence this behavior

The multivariate analysis determined
that the better the working conditions, the
lower the probability of consumption. This
association was described by other studies
that consider that unemployment or pre-
carious working conditions can generate
an environment that increases anxiety and
stress and thus increases susceptibility to
addictions.™ix< |n this sense, an adequa-
te economic income was associated as a
protective factor for tobacco consumption
but as a risk factor for alcohol consumption.
Economic factors play a complex role in
addictions since greater economic capacity
can facilitate access to substances and in-
crease the frequency of consumption " In
contrast, adverse economic conditions can
increase stress and anxiety, predisposing in-
dividuals to resort to consumption as a co-
ping mechanism; however, multiple factors
converge in the phenomenon of addictions
and influence their development i

An association was found between va-
rious mental health problems and the use
of psychoactive substances; a comprehen-
sive approach to mental health, as well as

strategies to prevent and address drug use
and addictions, could contribute to solving
these problems v

Regarding depressive or anxious symp-
toms, the multivariate model found that
these were associated with an increased risk
of substance use. The relationship between
mental health problems and substance
use has been widely documented, relating
substance use as a coping mechanism v

Other studies point to the influence
of neurobiological and genetic factors in
the development of mental disorders and
addictions* However, other research indi-
cates that psychological problems condi-
tion a lower capacity for control and a grea-
ter propensity to addiction !

PTSD also showed an association with
psychoactive substance use, similar to that
observed in other studies that found a re-
lationship between PTSD and substance
use as a mechanism to manage trauma.
i This association highlights the need
to implement interventions that not only
address substance use but also consider
the psychological and social factors rela-
ted to addictions*®

The COVID-19 pandemic has also con-
tributed to the aggravation of addictions.
Recent studies documented an increase in
substance use as a way to cope with uncer-
tainty and isolation.** Other studies repor-
ted a significant increase in substance use
as a consequence of high levels of stress
and anxiety related to COVID-19xxix

In this study, community involvement
acted as a protective factor for substance
use. Some studies indicate that supportive
social networks provide an environment
that promotes resilience and emotional
well-being, which reduces vulnerability to
substance use i Social support is cen-
tral to addiction prevention and treatment,
highlighting its importance as an integral
part of intervention strategies !

Resilience also acted as a protective fac-
tor, coinciding with the literature, which in-
dicates that people with coping skills, espe-
cially those with family resilience, can face
life's difficulties without resorting to the use
of addictive substances

Finally, behavioral theories consider that
the human being is the result of multiple in-
teractions among biological, psychological,
and social factors that condition the develo-
pment and course of addictions.¥" Similarly,
addictions are also seen as developmental
disorders influenced by risk factors accumu-
lated throughout life.

Themainlimitationsofthestudyarerelated
to its cross-sectional design, which prevents
the establishment of causal relationships and
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Tabla 4. Multivariate analysis of factors associated with the use of tobacco, alcohol, and psychoactive substances in the adult population,

ENSM 2022

Substance Variables Coefficients OR Standard error z-value 95% CI p-value
(Intercept) 2,14 - 0,29 7,5 (4,84-14,89) <0,01
Age -0,01 0,99 0,00 -4,7 (0,99 - 1,00) <0,01
Female sex -2,36 0,09 0,05 -43,5 (0,08-0,11) <0,01
Urban area 0,38 1,46 0,06 6,8 (131-1,62) <0,01
Can read and write -0,03 097 0,08 -04 (0,83-1,14) 0,71
Community participation index -0,08 0,92 0,03 -2,6 (0,87 -0,98) 0,01
Has a partner -0,13 0,88 0,05 -2,5 (0,80-0,97) 0,01

Tobacco * Higher education level -047 063 0,09 54 (053-0,74) <0,01

(Intercept) Work environment -0,05 095 0,02 25 (0,92-099) 0,01
Negative thinking 0,12 113 0,07 1,7 (0,98-1,29) 0,09
Adequate economic income -0,21 0381 0,08 -28 (0,70-0,94) 0,00
Mental health diagnosis 0,34 1,41 0,12 28 (1,11-1,78) 0,00
Depression 0,25 1,29 0,06 44 (1,15-1,44) <0,01
Anxiety 0,59 1,81 0,07 88 (1,59-2,07) <0,01
Works -0,26 0,77 0,18 -14 (0,54-1,10) 0,15
NBI** -0,15 0,86 0,07 -2,0 (0,74 -1,00) 0,06
(Intercept) 1,54 - 031 4,95 (254-8,61) <0,01
Age -0,03 0,97 0 -16,2 097-097) <0,01
Female sex -2,57 0,08 0,06 -44,89 (0,07 -0,09) <0,01
Urban area 0,58 1,79 0,06 9,86 (1,59-2,01) <0,01
Can read and write -0,58 0,56 0,08 -6,89 (0,48 -0,66) <0,01
Community participation index -0,24 0,78 0,03 -7,47 (0,74 - 0,84) <0,01
Has a partner -0,28 0,76 0,05 -517 (0,68-0,84) <0,01

Alcohol + Higher education level 0,03 1,03 0,08 0,31 (0,87-1,21) 0,754
Work environment -0,06 0,95 0,02 -2,79 (0,91-0,98) 0,005
Negative thinking -0,07 0,93 0,07 -094 (0,81-1,08) 0349
Adequate economic income 0,38 1,47 0,08 495 (1,26-1,71) <0,01
Mental health diagnosis -0,11 0,9 014 -0,74 (0,68 -1,19) 0,461
Depression 0,39 147 0,06 6,51 (1,31-1,65) <0,01
Anxiety 07 2,01 0,07 10 (1,75-2,30) <0,01
Works 1,65 518 0,22 741 (3,35-801) <0,01
NBI** 0,04 1,04 0,07 051 (0,90 - 1,20) 0611
(Intercept) 0,915 - 0,253 3,62 (1,52-4,10) <0,001
Age -0,008 0,99 0,001 -6,23 (0,99-0,99) <0,001
Female sex -1,235 0,29 0,046 -26,95 (0,27-0,32) <0,001
Urban area 0,458 1,58 0,045 10,28 (1,45-1,73) <0,001
Can read and write -0,187 083 0,067 -2,79 (0,73-0,95) 0,005

Psychoactive With partner -0,137 0,87 0,043 -3,19 (0,80-0,95) 0,001

substances A Negative thinking 0,194 1,21 0,057 342 (1,09-1,36) 0,001
Mental health diagnosis 0,921 2,51 0,093 9,9 (2,09-3,01) <0,001
Depression 0,872 2,39 0,052 16,73 (216-2,65) <0,001
Resilience -0,635 0,53 0,228 -2,79 (0,34-083) 0,005
PTSD symptoms*** 0.696 0,696 2,01 0,082 8,46 (1,71-236) <0,001
Anxiety 0,132 1,14 0,057 2,32 (1,02-1,28) 0,02

**UBN: Unsatisfied Basic Needs.

*¥**PTSD: Post-traumatic stress disorder.
*AUC del 85,8 %.

+AUC del 82,4 %.

A AUC del 70,1 %.

Likelihood ratio test and Wald test (p <0,01).
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may lead to the underestimation of substance
use. However, the strength of the study lies
in its representativeness at the national level,
which provides an overview of the situation
in El Salvador and allows for a comprehensive
analysis, applying precise statistical models
that strengthen the findings. Additionally,
the use of artificial intelligence, machine
learning, and clustering techniques has
been crucial in optimizing the analysis and
interpretation of the data.

The results obtained from the ENSM con-
firm the multifactorial nature of addictions,
highlighting the need for interventions that
integrate mental health services and ad-
dress risk factors effectively

Due to its multifaceted nature = 3
comprehensive approach that considers
mental health problems > economic
conditions, and access to social support
networks™ is recommended to offer in-
terventions tailored to the needs of indivi-
duals. Furthermore, considering that addic-
tions result from multiple interactions, it is
necessary to integrate various disciplines
and standardize care processes in health
systems and to create regulations that ad-
dress specific problems such as mental
health and addictions.

Conclusion

Young people presented a higher risk of
substance use compared to older adults,
highlighting vulnerability and the need to
target prevention strategies for this group.
Additionally, the geographical environment
plays a key role in shaping consumption
patterns, exhibiting significant variations
that are closely tied to social and econo-
mic factors. A strong correlation was ob-
served between mental health problems
and the consumption of tobacco, alcohol,
and psychoactive substances, suggesting
that mental disorders are not only a conse-
quence of consumption but also important
predisposing factors for the development
of addictions. A high correlation was obser-
ved between the consumption of different
substances, where the use of one increases
the probability of consuming others, which
aggravates mental health problems and
complicates the treatment of addictions.

These findings are important for desig-
ning prevention and intervention strate-
gies to address the problem of addiction in
El Salvador. In addition, they serve as a ba-
sis for generating new research questions
and identifying areas of knowledge that
require further study, thereby guiding futu-
re work on this problem.
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