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Nowadays, science is advancing by leaps
and bounds, enabling a deeper understan-
ding of the factors that influence nutrition,
child development, mental health, and
chronic diseases. In this edition of Alerta, we
highlight key issues that reflect both the ad-
vances and challenges faced in these fields.

Recent narrative reviews underscore the
importance of adequate nutrition in pro-
moting motor development, language, and
anthropometric growth in malnourished chil-
dren. This research consolidates evidence on
how early nutritional intervention can rever-
se or mitigate the consequences of stunted
growth, highlighting the need to create inte-
grated public policies that prioritize food se-
curity and access to essential micronutrients.

It also explores the emerging role of
glutamate in the treatment of symptoms
associated with autism spectrum disorders.
Although still in the preliminary stages, stu-
dies suggest that glutamatergic modulators
could offer new therapeutic avenues to im-
prove the quality of life of these individuals.
However, it is essential to continue rigorous
research to determine optimal dosages and
minimize potential risks.

In an increasingly digitalized world, origi-
nal articles that incorporate artificial intelli-
gence (Al) to analyze large volumes of data
represent a revolutionary advance. The appli-
cation of intelligent algorithms allows for the
identification of complex patterns and the
prediction of trends with greater accuracy,
facilitating more informed and personalized

clinical decisions. The integration of Al into
biomedical research not only accelerates dis-
coveries but also opens up new perspectives
for addressing traditional problems through
innovative approaches.

Concerning the case report presented on
dilated cardiomyopathy in a young patient,
it is essential to highlight the importance
of this type of clinical report in broadening
our understanding of the manifestations and
possible etiologies of this disease in young
populations. The onset of dilated cardiom-
yopathy in young patients poses significant
diagnostic and therapeutic challenges, as
well as important considerations in the de-
velopment of preventive and management
strategies. This case underscores the need
for a thorough evaluation to identify un-
derlying causes, as well as the importance
of long-term follow-up to prevent severe
complications, such as heart failure or fatal
arrhythmias. Furthermore, it highlights the
importance of promoting research to un-
derstand better the genetic, environmental,
and infectious factors involved in its etiology,
thereby improving diagnostic and therapeu-
tic approaches for this population.

Finally, it highlights the value of letters
to the editor as vital spaces for scientific and
social dialogue. The recent letter on the cu-
rrent state of scientific research in health in
El Salvador reflects how the voices of the
academic community can influence public
policy and raise awareness in society about
critical issues related to public health.
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In line with this letter, it is necessary,
from this important space, to emphatically
highlight the significance of the entry into
force of the National Health Research Law,
promoted by the National Health Institu-
te, with national discussion and consensus
among all stakeholders involved in the is-
sue, emphasizing that this would be a fun-
damental tool for strengthening the health
system and promoting scientific advances
that benefits the entire population. The
need for specific legislation arises from the
current fragmentation of efforts, the lack
of timely and adequate funding, and the
absence of a regulatory framework that
solidly guarantees the ethics, quality, and
sustainability of research. In addition, a
national law would allow for the coordina-
tion of resources, promote collaboration
between public and private institutions,
and ensure that scientific results are trans-
lated into effective public policies.

In a context where health challenges are
increasingly complex, having a robust legal
framework is essential to drive innovation,
improve healthcare, and reduce inequali-
ties in access to scientific advancement.
Ultimately, this editorial reinforces that
such a law is not only necessary but also
urgent in order to consolidate a more equi-
table, efficient, and well-being-oriented
health research system.

In conclusion, this edition reaffirms
that interdisciplinary collaboration, com-
bining narrative reviews, technologi-
cal innovation, and active participation
through open communication is essential
to advance toward effective solutions to
global challenges in child health, men-
tal health, cancer prevention and control,
among others. At Alerta, we remain com-
mitted to promoting rigorous research
that contributes to improving human lives
through scientific knowledge.

DOI: 10.5377/alerta.v8i3.20768
Sandoval Lopez X.
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Abstract

Case presentation. A 33-year-old male patient, with recently diagnosed hypertension and chronic cocaine use, presented
with symptoms of congestive heart failure. He underwent an echocardiogram that reported dilatation of all four cardiac
chambers and decreased left ventricular ejection fraction. The etiology of the dilated cardiomyopathy was investigated,
and infectious causes were ruled out. Treatment. The patient was managed in the acute phase with diuretics, dobutamine
drip, beta-blockers, and digitalis, in addition to vericiguat, and presented with evident clinical improvement. Outcome. A
catheterization was recommended to rule out ischemic coronary artery disease as a differential diagnosis, in addition to
magnetic resonance or endomyocardial biopsy to rule out other infiltrative pathologies; however, these were not performed
due to the patient’s refusal and study limitations. The patient requested voluntary discharge, and medical management was
indicated, with continued outpatient study in a clinic.

Keywords
Heart Failure, Stroke Volume, Left Ventricular Dysfunction, Dilated Cardiomyopathy, Cocaine-Related Disorders.

Resumen

Presentacion del caso. Se describe el caso clinico de un paciente masculino, de 33 afos, con hipertension arterial de
reciente diagndstico y consumo crénico de cocaina, que debutd con sintomas de insuficiencia cardiaca congestiva.
Se le realizé un ecocardiograma que reportaba dilatacion de las cuatro cavidades cardiacas y una fraccion de eyeccion
del ventriculo izquierdo disminuida. Se investigo la etiologia de la cardiomiopatia dilatada, y se descartaron las causas
infecciosas. Intervencion terapéutica. Se manejo en la fase aguda con diuréticos, goteo de dobutamina, betabloqueadores,
digitalicos, ademds de uso de vericiguat, y el paciente presentd evidente mejora clinica. Evolucidn clinica. Se recomendd
realizar un cateterismo para descartar enfermedad coronaria isquémica como diagndstico diferencial, ademas resonancia
magnética o biopsia endomiocérdica para descartar otras patologias infiltrativas, sin embargo, no se realizaron por negativa
de paciente y limitaciones de estudios. El paciente solicité el alta voluntaria, y se indicé manejo médico y continuar estudio
ambulatorio en consulta externa.

Palabras clave

Insuficiencia Cardiaca, Volumen Sistélico, Disfuncion Ventricular Izquierda, Miocardiopatfa Dilatada, Trastornos Relacionados
con Cocaina.

Introduction

Dilated cardiomyopathy (DCM) is defined as
the presence of left ventricular dilatation and
global or regional systolic dysfunction not
explained solely by abnormal overload condi-
tions or coronary artery disease. This is one of
five types of cardiomyopathy (hypertrophic,

dilated, non-dilated left ventricular, arrhyth-
mogenic right ventricular, and restrictive).

It is an important cause of cardiovascular
morbidity and mortality due to congestive
heart failure, and in 20 % of cases, genetic
origins have been identified." Mortality due to
severe congestive heart failure can reach 50 %
two years after diagnosis.”

[238]



The prevalence of this disease is associ-
ated with 2 % to 3 % of left ventricular systolic
dysfunction and 1.5 % of congestive heart
failure in the general population™ Although
MD is most often diagnosed in mid-life it
is estimated that up to 36 % of cases occur
in young patients” These patients usually
present in emergency departments with
symptoms of frank heart failure, and upon
clinical evaluation, it is possible to identify
ventricular dilatation and remodeling, the
presence of myocardial fibrosis, and systolic
and/or diastolic  function  dysfunction.”
Therefore, a clinical case is presented as an
opportunity to describe the most frequent
etiologies of dilated cardiomyopathy, as well
as to address possible associated risk factors
and therapeutic options, based on a review of
the current literature.

Presentation of the case

A 33-year-old male patient, originally from
Guatemala, with a history of arterial hyper-
tension diagnosed six months prior to
consultation, has been under pharmacolog-
ical treatment since diagnosis with losartan
50 mg orally, once a day. He denied the use
of alcohol, tobacco, or illicit drugs; however,
he reported a clinical picture of one month of
evolution, characterized by bilateral edema of
the lower limbs with an ascending pattern up
to the infrapatellar region.

This was accompanied by dyspnea
initially induced by maximal efforts, with
gradual progression over two weeks, until
it was limited to minimal efforts. One day
prior to the consultation, he presented with
intolerance to dorsal decubitus, compat-
ible with orthopnea of recent onset. For this
reason, the patient was referred to a public
hospital for clinical evaluation, where signs
of pulmonary congestion and vital signs
were noted: blood pressure 130/80 mmHg,
respiratory rate 20 breaths per minute, and
oxygen saturation 99 %.

In addition, the patient verbally expressed
the history of cardiomegaly, so it was decided
to perform an echocardiogram, which
reported: dilatation of the four cardiac cavi-
ties, akinesia of the apex, anterior, septal, and
lateral walls, and severe hypokinesia of apical
and middle segments of the inferior wall, in
addition to severely decreased left ventricular
systolic dysfunction with LVEF (left ventricular
ejection fraction) of 22 %, right ventricular
systolic  dysfunction, mitral and tricuspid
insufficiency, and mild pulmonary arterial
hypertension PSAP (pulmonary artery systolic
pressure) of 32.9 mmHg.

For this reason, it was classified as conge-
tive heart failure, which was managed with

intravenous furosemide at a dose of one
ampoule every eight hours and oxygen
therapy with a nasal cannula at five liters per
minute. However, the patient was transferred
due to hemodynamic instability to a hospital
of higher complexity, where he was received
with a blood pressure of 130/80 mmHg, a
pulse of 110 bpm, a respiratory rate of 20 rpm,
and an Oz saturation of 97 %.

On physical examination, the jugular veins
were found to be ingurgitated in grade I, the
pulmonary semiology evaluation revealed
bilateral congestive type crepitant rales. A
gallop heart rhythm, systolic murmur in mitral
and tricuspid foci, Levine Il, and displacement
of the maximum impulse point towards the
sixth intercostal space were identified. At the
abdominal level, moderate ascites was found,
hepatojugular reflux was present, and in the
extremities, lower limb edema grade Il.

On admission, laboratory tests were
requested (lable 1); however, troponin
measurement was not included due to
the hospital center’s unavailability at the
time of care. A posteroanterior chest X-ray
showed grade IV cardiomegaly. The electro-
cardiogram showed sinus tachycardia, atrial
enlargement, and a T-wave inversion on the
lateral aspect (Figure 1).

On the third day of admission, new labo-
ratory studies were sent (Table 2). The results
included: IgG antibodies against Trypanosoma
cruzi, with negative results, and a non-reactive
rapid HIV (human immunodeficiency virus)
test. Surface antigen for hepatitis B with a value
of 0.3 S/CO (signal to cut-off index, reference
value: 0.0-0.9), antibodies for hepatitis C with a
value of 0.2 S/CO (reference: 0.0-0.9), and anti-
streptolysin O (ASO) of 125 IU/ml (reference
value: 0.0-200). All three had negative results
for these diagnostic suspicions.

Therapeutic intervention

The patient continued treatment with
intravenous diuretics (furosemide) as part of
the management of acute heart failure, in
addition to dobutamine 6 mg/min due to its
positive inotropic effect. According to what
was documented in the medical evolution,
the patient presented clinical improvement
during his hospital stay (however, the specific
Criteria supporting this assessment were not
detailed), so spironolactone was added to
the treatment, in a dose of half a tablet orally
every day, enalapril 5 mg orally every day,
beta-blockers such as carvedilol 6.25 mg
orally every day, clopidogrel 75 mg via orally
every day. In addition, the use of dapagliflozin
5 mg daily and vericiguat 2.5 mg orally daily
was indicated to improve prognosis and
reduce hospitalizations.

DOI: 10.5377/alerta.v8i3.20731
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An evaluation by a cardiologist was
requested, who indicated starting digoxin via
a digitalization scheme with an initial dose of
0.25 mg intravenously, followed by 0.25 mg
intravenously every eight hours, and then
continuing with 0.25 mg intravenously once a
day as a maintenance dose.

Clinical course

Since his admission to the referral hospital,
the patient was managed for acute decom-

Table 1. Laboratory tests

pensation of heart failure, and simulta-
neously, the etiological investigation of
MD was initiated. Infectious causes such
as Chagas disease, HIV, Hepatitis B and
C, and a streptococcal infection, which
could have triggered the indirect cardiac
damage, were ruled out. In the absence
of a clear etiology after initial examina-
tions, cardiaccatheterization was recom-
mended for further diagnostic evaluation;
however, the patient declined such a proce-
dure for personal reasons.

Examination Day 1 Day 3 Day 4 Units Reference value
Leukocytes 7,5 9,7 9,2 10%/mm? 5-10
Neutrophils (%) 66,1 633 63,4 % 50-70
Lymphocytes (%) 24,7 25,7 24,9 % 20-40
Monocytes (%) 74 9.6 10,2 % 3-12
Hemoglobin 16,7 17,5 16,9 g/dL 12-16
Hematocrit (%) 52,0 52,5 49,4 % 37-54
Platelets 211 240 221 10%/uL 150-400
Creatinine 1,2 1,1 0,9 mg/dl 04-1,2
Urea nitrogen 239 18,0 18,0 mag/dl 5-18
Sodium 137,0 141,0 139,0 mEq/I 135-150
Potassium 40 38 34 mEg/I 3,5-5,5
Calcium - 94 9,0 mg/dl 8,5-10,5
CPK - 52,0 - ul/L 38-174
CPK-MB 32,2 14,2 13,9 ul/L 0-25
Albumin - 39 - g/dL 3,5-50
TPT 250 - - Seg 24,2-32,8
TP 15,8 - - Seg 8,6-11,6
INR 14 - - - -
C Reactive Protein - 02 - mg/d| 0-8
Table 2. Complementary laboratory tests
Examination Day 4 Day 9 Day 10 Units Reference value
Total Cholesterol 101,0 - - mag/dL 140-200
HDL 33,0 - - mg/dL 35-65
LDL 530 - - mg/dL 75-100
Triglycerides 102,0 - - mag/dL 40-150
Free T3 34 - - pg/mL 2,5-39
Free T4 1,0 - - ng/dL 061-1,12
TSH 3rd generation 14 - - Ul/mL 0,34-5,6
Rheumatoid factor - 2,0 - Ul/mL 0-15
Uric acid - - 43 mg/L 2,3-6,1
Serum iron - - 1778 ug/dL 60-180
Ferritin - - 262,5 ug/L 10-120
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Figure 1. ECG. A 12-lead electrocardiogram is presented, velocity of 20 mm/s and voltage of 10 mm/mV. Heart rate of 110 bpm. QRS complex:

0.12 sec, P wave of 0.12 sec. T wave of 0.20 sec. Sinus tachycardia, atrial enlargement and T wave inversion on the lateral side.

Also, other etiologies could have been
explored in this patient by complementary
studies such as cardiac magnetic resonance
imaging or an endomyocardial biopsy with
Congo red staining, specific for amyloid,
which could have been very useful for the
differential diagnosis of infiltrative heart
disease, including sarcoidosis, amyloi-
dosis, and deposition cardiomyopathies
such as hemochromatosis. These studies
are essential because management and
prognosis vary significantly according to
etiology; however, they were not possible
to perform due to limitations in the
hospital center’s resources.

During hospitalization, and after multiple
clinical interrogations, the patient admitted a
history of chronic cocaine use lasting approx-
imately ten years. However, a confirmatory
toxicological study was not performed
due to a lack of resources and because the
patient requested voluntary discharge. The
patient was discharged with oral therapy
already established, outpatient cardiology
and internal medicine controls were indi-
cated; however, after discharge, the patient
did not attend his controls.

Clinical diagnosis

Congestive heart failure, cocaine-induced
dilated cardiomyopathy, biventricular systolic
dysfunction was diagnosed.
Discussion

DCM consists of ventricular dilatation and

decreased systolic function, leading to
heart failure It has a prevalence of 36 to

40 per 100 000 inhabitants, with a predomi-
nance in men under 50 years of age.! Well-
known causes have been described as
poorly controlled high blood pressure and
secondary causes such as coronary artery
disease, or excessive alcohol consump-
tioni. In this patient, the most relevant risk
factors were arterial hypertension and
chronic cocaine consumption. Arterial
hypertension favors ventricular pressure
overload and myocardial remodeling. At the
same time, cocaine, one of the most widely
consumed psychoactive substances world-
wide, induces coronary vasoconstriction,
hypertrophy, and myocardial fibrosis, which
together cause remodeling, accelerating

Studies have shown an increase in the
left ventricular end-systolic volume mass
index and a decrease in LVEF in patients with
long-term cocaine use, changes that, for the
most part, were found in the patient." The
common pathophysiological basis is the
loss of myocardial contractile capacity.”

The causes can be grouped into
two broad categories: genetic and non-
genetic*Among the non-genetic causes,
those of inflammatory-immunological origin
stand out, with viral myocarditis being one
of the most frequent etiologies, related to
agents such as cytomegalovirus (CMV), HIV,
or infiltrative diseases such as amyloidosis or
sarcoidosis. In this case, pathologies such as
HIV, diabetes mellitus, and thyroid dysfunc-
tion were ruled out. However, no specific
study for CMV, amyloidosis, or sarcoidosis
was performed, for reasons previously
stated, and given the patient’s refusal to
continue with complementary studies.
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Other possible causes, such as coronary
artery disease, previously known, should
also be considered. The main symptom
that motivated the patient to consult was
dyspnea, which is considered the most
frequent reason for consultation* The
manifestations of cardiomyopathies vary
according to the type of systolic, diastolic,
or both dysfunction.” In addition, cardiac
arrhythmias (especially atrial fibrillation),
weakness, or fatigue may be found. Radio-
logical findings may include cardiomegaly
and evidence of pulmonary congestion

Electrocardiographic ~ findings  are
usually nonspecific, sinus tachycardia,
cavity growth™ left systolic overload”
T-wave abnormalities, atrial fibrillationxi,
and LBBB (left bundle branch block). It is
worth noting that the latter finding is asso-
ciated with ventricular mechanical dyssyn-
chrony, which compromises hemodynamic
efficiency by reducing cardiac output.

The gold standard, at present, is cardiac
magnetic resonance imaging,* since it
provides information on etiology and
prognostic stratification;* however, in the
patient described in this case report, it was
not performed due to economic aspects.

Other resources that can be consid-
ered are positron emission tomography,
endomyocardial biopsy, and coronary
angiography (cardiac catheterization) in
persons with no known history of coronary
artery disease, to better define the coro-
nary anatomy and rule out occult ischemic
disease or to measure intracardiac pres-
sures, which are useful when evaluating
the degree of evolution of the disease,
response to treatment, or to establish an
indication for cardiac transplantation.

For the management of acute compli-
cations, such as heart failure, the use of
four drugs is indicated: beta-blockers,
mineralocorticoid receptor antagonists,
SGLT-2 inhibitors, and angiotensin/nepri-
lysin receptor antagonists (ARNI), as well as
other medications, including angiotensin-
converting enzyme inhibitors (ACE inhibi-
tors), diuretics, and digoxin

Beta-blockers can improve ventricular
remodeling, function, and clinical efficacy "
lvabradine can improve cardiac function
by reducing heart rate, which decreases
myocardial oxygen demand, improves
coronary perfusion, and optimizes ventric-
ular filling, thus favoring cardiac output XV
It should be taken into account whether the
etiology of DCM is known, in which case it
will have a specific treatment* Reduced
ejection fraction is associated with high
morbidity and mortality" Vericiguat,
which has been shown to be effective and

safe by stimulating soluble guanylate
cyclase (sGC), promotes vasodilatation and
improves ventricular function, contributing
to hemodynamic optimization in patients
with heart failure. While ACE inhibitors
have been shown to prolong survival
Nevertheless, MD treatment aims to reduce
mortality and improve quality of life
This clinical case highlights the impor-
tance of considering chronic cocaine
consumption as a relevant etiological
factor, given that in this young patient,
arterial hypertension and possible coronary
artery disease could be secondarily induced
by such consumption. In the absence
of an alternative etiology to explain the
clinical picture, and considering the well-
documented cardiovascular effects of
this substance, the case was classified as
cocaine- induced dilated cardiomyopathy.
This condition is a secondary form of
DCM, due to chronic cocaine use, charac-
terized by dilatation of ventricular cavities
(mainly left ventricle), systolic dysfunction;
in addition, it is secondary to catechol-
aminergic toxicity, fibrosis, ischemia, and
myocarditis caused by this drug.
Importantly, in patients with cocaine-
induced DCM, total abstinence can lead to
significantrecovery of ventricularfunction.™
Nevertheless, continued use increases
the risk of progression to advanced heart
failure, the development of life-threatening
arrhythmias, and increased mortality from
acute ischemic events .
Therefore, any young patient presenting
with clinical findings compatible with
heart failure and a history of cocaine use
should be considered as a probable diag-
nosis and approached as heart failure with
reduced LVEF. In addition, for adequate
etiological characterization, it is essential
to perform cardiac magnetic resonance
imaging and cardiac catheterization if
the exclusion of coronary artery disease
is required. The recurrent challenge of
dealing with cases with multiple possible
etiologies is evident, in which the patient’s
therapeutic compliance and access to
specialized studies can make the differ-
ence between clinical uncertainty and a
precise therapeutic intervention.

Ethical aspects

The Helsinki Declaration and interna-
tional ethical guidelines for health-related
research were followed. Patient confiden-
tiality was guaranteed, and an informed
consent form was prepared, in which the
patient authorized the use of their infor-
mation and images for publication.
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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.

Keywords
Substance-Related Disorders, Tobacco Use Disorder, Alcoholism, Risk Factors, Mental Health.

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 correlacién 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.

Palabras clave
Trastornos Relacionados con Sustancias, Tabaquismo, Alcoholismo, Factores de Riesgo, Salud Mental.

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 (WHQO), 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 gleas

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 < 0.0071.

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 % 1C95 % Moderate % 1C95 % High % IC 95 % value

Yes 244 914 (88,0-94.8) 22 82  (49-115) 1 04 (0411 267 37 <001
g/i'sg;ao‘:fa'm 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 00-00) 117 16 <001
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 (52-80) 5 04  (01-07) 1122 155 <001
Discrimination

No 5788 943 (93,6-95,0) 339 55 49-6,1) 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 (05,15 4 11 (01-21) 352 48 <001

No 329 935 (90,6-96,4) 19 54 3.1-7,7) 4 11 (0121 352 48 <001

Verylow 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 78 <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 (0107 1518 209 <001
Resilience Moderate 4795 94,1 (93,3-94,9) 291 57 (5,1-6,3) 10 02 (01030 509 702 <001

High 600 929  (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 942 (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 (3.8-8,8) 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 3,6, 3 01 (00,02 2615 360 <001

No 2476 947 (93,7-95,5) 136 52 (4,4-6,1) 3 01 (0003 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 5,7 @67,1) 5 04 (0109 1310 180 <001
Degrees of Moderate 236 937 (89,8-96,3) 16 63  (37-102) 0 0 00-15 252 35 <001
depression

Moderate- o 08 (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 <001

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  <00I

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 (5,1-7,9) 4 03 (0108 1159 160 <001
anxiety Moderate 181 948 (90,4-97,4) 10 52 (2,6-9,6) 0 0 00-1,9 191 26 <001

Severe 56 889 (77,8-95,8) 6 95  (36-196) 1 16 (0086 63 09 <001
Suicidal Yes 451 909 (87,8-933) 43 87  (64-115) 2 04  (01-14) 49 68 <001
ideation No 6380 943 (93,6-94,9) 370 55 (5,0-6,0) 14 02 (0104 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.
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Table 2. Distribution of alcohol consumption by psychological and mental health factors.

Level of risk . w4
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;sea‘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 1109 967  (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 O 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  (96,0-974) 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  (954-982) 17 26 (1,641 1 02 (00100 646 89 <0001
Stressful Yes 2662 963 (954-97,0) 91 33 (27-40) 12 04 (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 Q2430 1302 (01-03) 6817 939  <0,001
No 6618 971  (966-97,5) 186 27 (2430 1302 (0103 6817 939 <0001
ggimocji 345 938 (906:959) 17 46 (2873) 6 16 (0635 368 51 <0001
PTSD" Grades Moderte &7 es7  (e78985) 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  (968981) 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 961 (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
aiety Yes 1352 957  (94,4-967) 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 1159 160 <0001
anxiety Moderate 182 953  (91,0:97,7) 8 42 (20-82) 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 14 02  (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..
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Tabla 3.Distribution of psychoactive substance use by psychological and mental health factors.

Level of risk

Total % “p-
Variable Category Low % IC 95 % Moderate % 1C95 % High % IC 95 % value
i 243 910 (869-938) 24 90  (62-131) 267 37 <0001 267 37 <0001
g‘jg;ﬂ;sea‘th No 6670 970  (965-974) 205 30 (26-35) 6875 947 <0001 6876 947 <0001
Nodato 113 966 (915-986) 4 34 (14-85) 117 16 <0001 M7 16 <0001
Negative i 1098 957 (944-967) 48 43 (33-56) 1146 158  <0,001 1147 158 <0,001
thinking No 5928 970  (964-974) 185 30 (26-36) 6113 842 <0001 6113 842 <0001
Discrimina-  Sf 1066 950  (935-962) 56 50 (38-65) 1122 155 <0,001 1122 155  <0,001
tion No 5060 97,1  (965-975) 177 29 (25-35) 6137 845 <0001 6138 845 <0001
Stress by Sf 6684 968  (963-973) 223 32 (27-37) 6907 952 <0001 6908 952  <0,001
COVID-19 No 342 972 (946-986) 10 28 (14-54) 352 48 <0,001 352 48 <0001
No 342 972 (946-986) 10 28 (14-54) 350 48 <0001 352 48 <0001
Verylow 3059 966 (959-97,1) 106 34 (29-41) 3165 436 <0001 3166 436 <0001
CoVID-19 Bajo 3056 970  (964-975) 93 30 (25-36) 3149 434 <0001 3149 434 <0001
stress levels
Moderate 539 957  (937-97,1) 24 43 (29-63) 563 78 <0001 563 78 <0001
High 30 1000 (88,7-1000) 0 o - 30 04 <0001 30 04 <0001
Low 1461 962 (951-970) 56 38 (30-49) 1517 209  <0,001 1518 209  <0,001
Resilience Moderate 4936 969  (964-973) 160 31 (7-36) 509 702 <0001 509 702 <0001
High 629 974 (957-984) 17 26 (16-43) 646 89 <0001 646 89 <0001
Stressful Yes 2656 961  (953-968) 108 39 (32-47) 2764 381 <0001 2765 381 <0001
situation No 4370 972 (966-976) 125 28 (24-34) 4495 619 <0001 4495 619 <0,001
rep Yes 413 932 (904-952) 30 68  (48-96) 443 61 <0001 443 61 <0001
No 6613 970  (965-974) 203 30 (26-35) 6816 939 <0001 6817 939 <0001
No 6613 970  (965-974) 203 30 (26-35) 6816 939 <0001 6817 939 <0001
gﬂr!fe’md’ 347 943 (913-92) 21 57 (38-87) 368 51 <0001 368 51 <0001
PISD" Grades 'S\Aesgreerate’ 63 90,0  (802-953) 7 100 @47-198 70 10 <0001 70 10 <0001
iiﬁe 3 600 (170-927) 2 400 (73-830) 5 01 <0001 5 01 <0001
S— Yes 4466 96,1  (954-966) 178 39 (34-46) 4644 640  <0,001 4645 640  <0,001
No 2560 979  (97,2-984) 55 21 (16-28) 2615 360 <0001 2615 360 <0001
No 2560 979  (972-984) 55 21 (16-28) 2615 360 <0001 2615 360  <0,001
Minimum 2881 965  (957-97,1) 103 35 (29-43) 2084 41,1 <0001 2985 411 <0,001
Slight 1264 965  (953-973) 46 35 (27-47) 1310 180  <0,001 1310 180  <0,001
Degreesof  pModerate 235 933 (894-958) 17 67 (42-106) 252 35 <0001 252 35 <0001
depression
Moderate- o, 977 (770-939) 8 123 (61-2300 65 09 <0001 65 09 <0001
ly severe
Severe 29 879 (718-956) 4 121 (44-282) 33 05 <0001 33 05 <0001
aniety Yes 1351 956  (943-966) 62 44 (34-57) 1413195 <0,001 1413 195 <0,001
No 5675 97,1 (965-975) 171 29 (25-35) 5846 805 <0001 5847 805  <0,001
No 5675 97,01 (965-975) 171 29 (25-35) 5846 80,5 <0001 5847 805  <0,001
Degreesof  Shight 1114 96,1  (947-971) 45 39 (29-53) 1159 160  <0,001 1159 160  <0,001
anxiety Moderate 176 921  (874-951) 15 79 49-126) 191 26 <0001 191 26 <0001
Severe 61 %8  (888-991) 2 32 (09-112) 63 09 <0001 63 09 <0001
Suicidal Yes 455 917 (888-939) 41 83 (61-112) 4% 68 <0001 49 68 <0001
ideation No 6571 97,1  (966-975) 192 29 (25-34) 6763 932 <0001 6764 932 <0001
Suicidal Yes 89 848  (765-904) 16 152 (96-235 105 14 <0001 105 14 <0001
behavior No 6937 970 (965-974) 217 30 (26-35) 7154 986 <0001 7155 986 <0001
Total - 7026 968  (963-972) 233 32 (28-37) 7259 100 <0001 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), withthe 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 relevant findings 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
patternsX» - 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 useXixx
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 X

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-19xxixd

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% ClI 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 -26 (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 0,05 095 002 25 (0,92-099) 0,01
Negative thinking 012 113 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 (254-861) <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 -5,17 (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 =i 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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Abstract

Introduction. In the field of dentistry, the use of light-curing composite resins has grown to meet this demand. Objective.
Determine the influence of the battery charge of an LED lamp on the depth of cure of a Bulk Fill resin. Methodology. An
experimental study in vitro used 105 samples of Bulk Fill composite resin blocks, conformed into three groups. Each group
consisted of 35 samples, with the lamp loaded at 100 %, 50 %, and 10 % of its maximum capacity, respectively. A stainless
steel matrix was fabricated according to the ISO standard specifications in 20 seconds. The removal of unpolymerized
material was performed using the scraping test technique, resulting in polymerized (hardened) resin blocks, which were
subsequently measured with a certified and calibrated digital micrometer. Results. The battery level significantly influenced
the groups (p < 0.01), decreasing the polymerization depth as the load level decreased. Conclusion. The different battery
levels of the wireless LED curing unit did influence the depth of polymerization.

Keywords
Polymerization, Composite Resins, Pressure Drop.

Resumen

Introduccion. En el campo de la odontologia, el uso de resinas compuestas fotopolimerizables ha crecido para satisfacer
esta demanda. Objetivo. Determinar la influencia de la carga de la bateria de una lampara LED sobre la profundidad de
polimerizacién de una resina Bulk Fill. Metodologia. Estudio experimental in vitro, se emplearon 105 muestras de bloques de
resinas compuestas Bulk Fill conformadas en tres grupos, cada grupo estaba formado por 35 muestras en bloques de resina
cuando la ldmpara esté cargada al 100 %, al 50 %y al 10 % respectivamente. Se confeccioné una matriz de acero inoxidable
con las especificaciones que exige la norma ISO, por 20 segundos. La remocion del material no polimerizado se empled la
técnica de scraping test y obteniendo bloques de resina polimerizadas (endurecidas) las cuales han sido medidas con un
micrometro digital certificado y calibrado. Resultados. El nivel de la bateria influenci¢ significativamente entre los grupos p
<0,01 disminuyendo la profundidad de polimerizacion a medida que disminuye el nivel de carga. Conclusion. Los diferentes
niveles de baterfa de la unidad de curado LED inaldmbricas si influyeron en la profundidad de polimerizacion.

Palabras clave
Polimerizacién, Resinas Compuestas, Pérdida de Carga.

Introduction

Patients in the field of dentistry have beco-
me increasingly interested and demanding
long-lasting and esthetic treatment outco-
mes. Consequently, to meet this demand,
the use of light-curing composite resins
has increased. A resin composite produces

a cure when its dimethacrylate resin mono-
mer units react chemically, which creates a
rigid cross-linked polymer network'. Becau-
se they can be inserted into cavities and
light-cured in one step in increments up to
4-5 mm thick, block-filled composite resins
were developed to save time and simplify
the restorative process.™

[258]



Professionals should use curing lights
that provide the appropriate wavelengths
for each resin composite to achieve an ade-
quate amount of polymerization of the ma-
terial. Due of their narrower emission spec-
trum, their output peak being close to the
470 nm camphorguinone absorption peak,
and their ability to run on battery-operated,
according to some studies, light-emitting
diode (LED) photoactivation curing lamps
are the best choice.”

LED photoactivation devices that require
an electrical connection are less common
than those that are cordless. Lithium bat-
tery is present in most LED devices used
in dentistry, but little is known about how
it affects the performance of the material
polymerization process. The battery level
of some LED units may be affected as the
irradiance of the units decreases as it is dis-
charged, which deteriorates the properties
of the materials used.”"The objective of this
research is to determine the influence of the
loading of the battery of an LED lamp on the
polymerization depth of a Bulk Fill resin.

Methodology

This is an experimental in vitro study con-
ducted between August and October 2023
at the laboratory's facilities, which spe-
cialize in mechanical testing of materials
and calibration at HIGH LABTECHNOLO-
GY, File N.° 04661-2023, located in Jr. Ne-
pentas 364 Urb San Silvestre, San Juan de
Lurigancho - Lima- Peru.

The data collection was performed after
photoactivation to initiate the polymeri-
zation of the resins. The scraping test tech-
nique, endorsed by the ISO 4049 standard,
was used, which involves the removal of
polymerized resin with the head of a plastic
spatula.™ The processing technique per-
formed was necessary for both the scraping
test technigue and the decimal microme-
ter (Mitutoyo), which included a calibration
certification and a radiometer to verify the
required intensity of the LED. Furthermore,
the responsible person knew the 1SO 4049
standard and the scraping test pattern (The
ISO standard for resins mentions that it is the
process in which the scraping is performed,
which was codified as the depth of cure
measurement). ¥ For the preparation of
composite resin samples, a cylindrical steel
matrix (4 mm x 10 mm) with a fixing ring
was used, which was precisely made by a
turner, to which an amalgam matrix holder
was added with a matrix to make a tight fit.
This was done to maintain the exact mea-
surements, precision, and characteristics in
all the samples to be elaborated, thereby

avoiding variations and obtaining samples
with a standardized pattern for each group.
The perforation depth of the steel mold is
10 mm (height), and the internal circumfe-
rence is 4 mm, complying with the ISO 4049
standard, in which the Beautifil - Bulk resin
(manufactured by the Japanese company
Shofu) was introduced in sufficient quantity
to complete the matrix (4.5 g in "Universal"
shade). The glass plate was placed on the
base of the steel mold, and on top of the
steel mold, the acetate matrix covered the
resin cylinder. The polymerization process,
was carried out using a Woodpecker LED
lamp (manufactured by the Chinese com-
pany Woodpecker) was used for 20 seconds;
the manufacturer's recommendations were
followed at a light intensity (1000 mW / cm?
~ 2500 mW/ cm? power?), the P2 (regular) in-
tensity mode was used, with a light emission
power of 1200 mW/cm, and the recommen-
ded time is 20 seconds for good polymeriza-
tion. The photopolymerization of 35 samples
was carried out with the lamp at a load of
100 %. Then, the discharge was performed
with vacuum shots until reaching 50 % of
the battery capacity, and then 35 resin sam-
ples were photopolymerized again. Next, va-
cuum shots were performed until reaching
10 % of the battery capacity, and the last 35
resin samples were photopolymerized®,
With the technique of scraping, the test
ISO 4049 standard is used for the polymeri-
zation process of the resin blocks. The resin
cylinder is then carefully removed. The scra-
ping is performed with a plastic spatula that
has a non-sharp edge on the lower part,
which was not photopolymerized and sof-
tened due to a lack of light penetration. This
process was performed by only one person
to avoid variations of strength when doing
the scraping and also the location of the
LED lamp. After obtaining the resin cylinder,
a digital measuring micrometer was used to
make the appropriate measurements. It was
measured three times, at the ends and the
center, and the average was taken. To obtain
the measured value of the cylinder, the co-
rresponding notes were made on the data
collection sheet. This result was divided into
three parts, and the results of the depth of
cure for each sample were obtained. The 105
resin blocks were distributed in groups of 35
blocks per group. In group 1 (control) were 35
cylinders light cured at 100 % battery charge,
in group 2 were 35 cylinders light cured at
50 % battery charge, and in group 3 were 35
cylinders light cured at 10 % battery charge.
The wavelength of electromagnetic ra-
diation that determines the color is of a
measure of 400 to 700 nm; it was sugges-
ted to use the light of the dental lamps with
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blue color for having a wavelength that
goes from 400 to 515 nm; this wavelength
is necessary for the activation or initiation of
the photopolymerization process* ™ The
power or irradiance of the light coming out
of the tip of a LED lamp used was measured
with a digital radiometer, which is expressed
radiometrically as intensity and its unit of
measurement according to the internatio-
nal system is W/m?, with units of power over
area " The measurement of electromag-
netic radiation in all wavelengths of the
electromagnetic spectrum was used. Power
is defined as the amount of electromagnetic
energy emitted by a focus in a unit of time.
[ts unit of measurement is the joule per se-
cond (J/s), also known as the watt (W)

The discharge of the battery in the Woo-
dpecker LED lamp was performed to deter-
mine the percentage of the lamp's charge.
Vacuum discharges were made until com-
pletely discharging the shots of the lamp,
in which, using the simple rule of 3, the
percentage in which the shots were found
was determined. The lamp completed 606
cycles of 20 seconds each cycle, being
100 % of the cycles from 606 to 572, 50 % of
the cycles from 303 to 268, and finally, 10 %
of the cycles from 60 to 25.

Statistical methods

The data obtained from the experiment,
duly certified by the laboratory, were
analyzed using SPSS version 27 statistical
programs, which included measures of
central tendency, Shapiro-Wilk normali-
ty tests, and inferential analysis using the
ANOVA hypothesis test.

Results

Tests were performed on 105 resin blocks,
divided into three groups of 35 blocks per
group. Group 1 control (100 %), Group 2
(50 %), Group 3 (10 %).

Table 1 shows the polymerization depth
value of the Bulk Fill resin when the LED lamp
is loaded at 10 %, presenting a mean of 3.890
mm and a standard deviation of 0.174 mm;
the minimum value was 3.56 mm, and the
maximum value was 4.17 mm. In contrast,
whenthe LED lampisloaded to 50 %, it obtai-
ned a mean and standard deviation of 4.078
+ 0.147 mm. The minimum value was 3.80
mm, and the maximum value was 4.36 mm.
In the end, the polymerization depth value
of the Bulk Fill resin, when the LED lamp is
loaded at 100 %, presented a mean of 4.253
mm and a standard deviation of 0.187 mm.
The minimum value was 3.80 mm, and the
maximum value was 4.61 mm.

According to the results of the Shapiro-
Wilk normality test, the data are normally
distributed. Table 2 shows that according
to the results of the ANOVA test, there are
statistically significant differences (p < 0.05)
between the three groups studied. It was
observed that the battery charge of an LED
lamp influences the depth of polymeriza-
tion of a Bulk Fill resin.

The differences were observed the bat-
tery charge of a LED lamp at 10 % and 50 %
with a p-value < 0.001, when the battery
was charged at 10 % and 100 % with p-va-
lue <0.001, and finally, when comparing the
means of battery charge at 50 % and 100 %,
showed significant differences were obser-
ved with a p-value < 0.001.

Table 1. Measurement of the polymerization depth of Bulk Fill resin according to the percentage of LED lamp

load.
Battery charge Mean Standard deviation M(ijneig\tl:]m Maximum depth
10 % 3.890 mm 0174 3.56 mm 4.17 mm
50 % 4.078 mm 0,147 3.80 mm 436 mm
100 % 4253 mm 0,187 3.80 mm 461 mm

Table 2. Influence of the battery charge of an LED lamp on the depth of polymerization of a Bulk Fill resin.

Battery load Mean Standard deviation p-value
10 % 3.890 mm 0174 0,000
50 % 4.078 mm 0,147 0,000
100 % 4.253 mm 0,187 0,000

260

Alerta 2025; 8(3):258-263

Effect of the LED lamp charge on the polymerization depth of a Bulk Fill resin



Discussion

The factors involved in the polymeriza-
tion process are crucial to the success of
treatments based on resinous materials,
such as composite resin. One of these factors
is the percentage of battery power used by
LED lamp to proactive the composite resins,
allowing for the conversion of monomers to
polymers to occur. The final result is a fully
polymerized (hardened) resin.

In a study by Pereira et al. (2016) it is
shown that the load of an LED battery in-
fluences the physical, chemical, and mecha-
nical properties of acomposite resin asin the
degree of conversion, sorption, and solubili-
ty of the resin samples* coinciding with the
present study in which the load influenced
the depth of polymerization, resin property,
affecting the chemical property, where the
photoactivation of the composite resins is
performed by the conversion of monomers
to polymers in its entirety obtained by the
light intensity emitted by LED lamps.

The findings regarding the measure-
ment of the polymerization depth showed
a statistically significant difference between
the control and experimental groups, as
the control group E1 (high level) had a
battery percentage of 100 %. In contrast,
the experimental groups E1 (medium le-
vel) were charged at 50 % and E2 (low le-
vel) at 10 %. Cardozo (2019) reported that
the level of irradiance from LED units alte-
red various properties of the resins; among
them, the depth of polymerization was
altered, which is consistent with the fin-
dings of this research

The polymerization process can be in-
fluenced by the brand and type of lamp
used for photoactivation of the resin ma-
terial. Tongtaksin conducted a study to
determine the effectiveness of different
high-power LED lamps on the depth of
polymerization of Bulk Fill composite resin
where the results obtained show that the-
re is a significant difference in the depth of
polymerization of Bulk Fill composite resin
after being photopolymerized with diffe-
rent types of LED lamps; just as the battery
percentage of the LED lamp is a factor that
influences the polymerization process, so
are the physical protection barriers at the tip
of the LED lamps as a preventive measure in
the control of cross-infection control.*

Concerning LED lamps, currently gene-
ration lamps usually have better technical
characteristics than second-generation and
first-generation lamps; however, in a study
by Horna in 2019, an Elipar LED lamp with
a power of 1200 mW of second-generation
power of 3M brand, polymerized better in

terms of depth in Bulk Fill resins concerning
the Valo LED lamp (manufactured by the
US. company Ultradent Products, Inc) of
1400mW of power, showing that the power
does not influence the depth of polymeriza-
tion, in contrast to this study, in which it was
found to have an influence but about the
level of the load ¥

Dentistry is a profession that is constantly
being updated and improved, and even
more so in the different dental materials
that each time present better characteristics
in their uses and duration, so it is recom-
mended to carry out studies and constant
updates of materials such as resins and LED
lamps, among others, in order to know the
limitations that they could present.

Conclusion

The polymerization process can be influen-
ced by the type of lamp used for the pho-
toactivation of the resin material (composite
resin) in order to determine the effective-
ness of different high-power LED lamps on
the depth of polymerization of composite
resin Bulk Fill type. The battery percentage
of a third-generation LED lamp does in-
fluence the depth of cure of a Bulk Fill com-
posite resin. Therefore, as the battery of an
LED lamp is discharges, the irradiance level
decreases, which is directly proportional to
the light intensity emitted from the lamp
tip; consequently, the polymerization of the
resin will be affected.

Funding

No external funds were received for this work.

References

i. Vaca Altamirano G, Mena Silva P, Armijos
Briones M. Bulk fill resin as an innovative
material. Bibliographic review. Dilemas
contemporaneos: educacion, politica
y valores. 2021,8(spe3). DOL: 10.46377/
dilemas.v8i.2746

ii. Mauricio F, Medina J, Vilchez L,
Sotomayor O, Muricio-Vilchez C,
Mayta-Tovalino F. Effects of Different
Light-curing Modes on the Compressive
Strengths of Nanohybrid Resin-based
Composites: A Comparative In Vitro
Study. J Int Soc Prev Community Dent.
2021;11(2):184-189. DOIL: 10.4103/jispcd.
JISPCD 423 20

iii. Véasquez-Castro E, Portella-Atamari J,
Melendez-Murillo D, Ramirez-Vilchez

DOI: 10.5377/alerta.v8i3.20718
Farias Vera J, et al.

261



Vi.

Vil.

vii.

Xi.

N, Delgado-Cotrina L, Vasquez- Xii.

Castro E et al. Evaluacion del tiempo
de exposicién de una resina Bulk-

Fill en preparaciones profundas.
Revista Estomatoldgica Herediana.
2022;32(1):30-35. DOI: 10.20453/reh.
v32i1.4180

Valverde AJA, Vargas G del PA,
Fernandez JMD, Ramirez PAL,

Labajos DAQ, Socola KJA, et al.
Efectividad de fotopolimerizacion
usando ldmparas led: Una revision

de la literatura. Revista Cientifica
Odontoldgica. 2022;10(3):e120-e120.
DO 10.21142/2523-2754-1003-2022-
120

Prochnow FHO, Kunz PVM, Correr

GM, Kaizer M da R, Gonzaga CC.
Relationship between battery level
and irradiance of light-curing units and
their effects on the hardness of a bulk-
fill composite resin. Restor Dent Endod.
2022;47(4). DOI: 10.5395/rde.2022.47.
e45

Pereira A, Raposo L, Teixeira D, Gonzaga

R, Cardoso |, Soares C, et al. Influence XV.

of Battery Level of a Cordless LED

Unit on the Properties of a Nanofilled
Composite Resin. Operative Dentistry.
2016;41(4):409-416. DOL: 10.2341/15-
200-L

Tongtaksin A, Leevailoj C. Battery
Charge Affects the Stability of Light
Intensity from Light-emitting Diode
Light-curing Units. Operative Dentistry.
2017;42(5):497-504.D0I: 10.2341/15-
294-L

Nagi SM, Moharam LM, Zaazou MH.
Effect of resin thickness, and curing
time on the micro-hardness of bulk-

fill resin composites. J Clin Exp Dent.
2015;7(5):e600-e604. DOI: 10.4317/
jced.52536

Kogan A, Kogan E, Gutiérrez Valdez DH.
Estudio comparativo de profundidad
de curado y dureza entre dos sistemas
de resina "bulk-fill" con dos tiempos de
polimerizacién usando una ldmpara de
alta intensidad. Oral. 2016;17(54):1354-
1358.

Cardoso |, Machado A, Teixeira D, Basilio
F, Marletta A, Soares P. Influence of
Different Cordless Light-emitting-diode
Units and Battery Levels on Chemical,

Mechanical, and Physical Properties of XX.

Composite Resin. Operative Dentistry.
2019:45(4):377-386.DOI: 10.2341/19-
095-L

ISO 4049:2019. International
Organization for Standardization.
Ginebra. Suiza. 2019. Available at:
https.//www.iso.org/es/contents/data/
standard/06/75/67596.html

xiii.

Xiv.

XVI.

XVil.

XViil.

XiX.

XXI.

Sampaio C, Pizarro P, Atria P, Hirata R,
Giannini M, Mahn E. Effect of Shortened
Light-Curing Modes on Bulk-Fill Resin
Composites. Operative Dentistry.
2020;45(5):496-505. DOI: 10.2341/19-
101-L

Savadamoorthi KS, Priyadharshini S,
Sherwood A, Jesudoss KP, Kumar VV,
Christopher A. In vitro Analysis and
Comparison on Depth of Cure in
Newer Bulk Fill Composite Resin with
Conventional Micro- and Nano-hybrid
Composite Resin Using Two Different
Light Sources Quartz-tungsten-
halogen and Light Emitting Diode with
Three Varying Intensities. Journal of
International Oral Health. 2017;9(1):12.
DOI: 10.4103/jioh jioh 24 16

Almeida R, Manarte-Monteiro P,
Domingues J, Falcao C, Herrero-Climent
M, Rios-Carrasco B, Lemos BF. High-
Power LED Units Currently Available for
Dental Resin-Based Materials-A Review.
Polymers (Basel). 2021;13(13):2165.

DOI: 10.3390/polym 13132165

Guillen X. Fundamentos de Operatoria
Dental. 2da Edicién. Nueva York.
Dreams Magnet, LLC; 2015. 241 p.
Santini A, Gallegos IT, Felix CM.
Photoinitiators in Dentistry: A

Review. Prim Dent J. 2013;2(4):30-33.
DOI: 10.1308/205016814809859563
Keskin G, GUndogar ZU, Tek GB. Fracture
Resistance of Teeth Restored with Bulk-
Fill and Fiber-Reinforced Composites

in Class Il Cavities. Odovtos -
International Journal of Dental Sciences.
2021;23(2):115-125. DOI: 10.15517/

ijds.2021.45159
Tsujimoto A, Barkmeier WW,

Takamizawa T, Latta MA, Miyazaki M.
Depth of cure, flexural properties and
volumetric shrinkage of low and high
viscosity bulk-fill giomers and resin
composites. Dental Materials Journal.
2017:36(2):205213. DOI: 104012/

Rivas CGP, Floresa DDC, Sevilla CTl, Ruiz
MA. Intensidad luminica de las lamparas
de fotocurado LED en los consultorios
odontoldgicos de Piura, Perd. Rev
Cubana Estomatol. 2022;59(2):e3767.
Available at: https:.//revestomatologia.
sld.cu/index.php/est/article/view/3767
Melendez D, Delgado L, Tay L. La
ciencia detras de las lamparas

de polimerizacién LED. RODYB.
2021;10(3):6-18. Available at: https:.//
www.rodyb.com/wp-content/
uploads/2021/08/2-L AMPARAS.pdf
Cardoso KAOR de F, Zarpellon DC,
Madruga CFL, Rodrigues JA, Arrais
CAG. Effects of radiant exposure values

Alerta 2025; 8(3):258-263
Effect of the LED lamp charge on the polymerization depth of a Bulk Fill resin



XXil.

using second and third generation
light curing units on the degree

of conversion of a lucirin-based

resin composite. J Appl Oral Sci.
2017,25(2):140-146. DOI: 10.1590/1678-

77572016-0388
Gonzalez DEG. Guia Basica de
Conceptos de Radiometriay

XXiii.

Fotometria. Sevilla. ESI-Universidad de
Sevilla. 2006. 41 p.

Horna Palomino H. Comparacion de la
profundidad de polimerizacién y grado
de conversidn de resinas compuestas
usando dos unidades de luz visible.
Universidad Nacional Mayor de San
Marcos; 2019.

DOI: 10.5377/alerta.v8i3.20718
Farias Vera J, et al.

263



Ed

© 2005 by the authors. This is an open access article distributed under the terms and conditions of the Creative Commons Attribution(CC BY) license (https://
creativecommons.org/licenses/by/4.0/).

E OPEN ACCESS

Analisis de supervivencia
de pacientes con cancer
gastrico en El Salvador

Suggested citation:

Castro Mendoza MS, Garcia
HC, Tejada DA. Survival
analysis of gastric cancer
patients in El Salvador.

Alerta. 2025;8(3):264-274.

DOI: 10.5377/alerta.v8i3.20718

Editor:
David Rivera.

Received:
September 10, 2024.

Accepted:
June 27, 2025.

Published:
July 31, 2025.

Author contribution:

MSCM': study conception, data
collection, MSCM', HCG?, DAT?:
manuscript design, literature
search, writing, revising and
editing. HCG?, DAT?: data or
software management, data
analysis.

Conflicts de interest:
No conflicts of interest.

Original Article

Survival analysis of gastric cancer
patients in El Salvador

DOI: 10.5377/alerta.v8i3.20718
Mariano Salvador Castro Mendoza', Hazel C. Garcia?, David Alexander Tejada®*

1. Department of Hemato-oncology, Rosales National Hospital, San Salvador, El Salvador.
2. National Institute of Health, San Salvador, El Salvador.
3. National Health Observatory, National Institute of Health, San Salvador, El Salvador.

*Correspondence

™Md avid.tejada@salud.gob.sv

1. ® 0009-0003-5304-8614
2.® 0000-0002-8515-5532
3.® 0000-0003-2502-1433

Abstract

Introduction. Gastric cancer is one of the most prevalent and deadly malignancies worldwide. The survival prognosis
depends on clinical presentation, diagnostic evaluation, initiation of treatment, and several other influencing factors. The
objective of this research was to analyze the four-year survival of gastric cancer patients in El Salvador. Methodology. A
retrospective cohort study was conducted with patients diagnosed with gastric cancer from a national hospital. Patient
characteristics were described, and overall survival rates at one year and four years was calculated using the Kaplan-Meier
method. The Tarone-Ware test was used to assess statistical significance with a p-value < 0.05 and 95% confidence intervals.
A Cox regression was performed to evaluate the association between independent and dependent variables. Results.
Seventy-nine patients were analyzed. Overall survival rates at one year and four years were 46.84% and 31.65%, respectively.
Chronic kidney disease was associated with a hazard ratio (HR) of 4.204, smoking with HR of 3.533, age with HR of 0.98, high
blood pressure with HR of 0.654, and alcoholism with HR of 0.367, all with p < 0.05. Conclusion. The four-year survival rate
is below 40 %. Smoking, chronic kidney disease, cancer stage, and adenocarcinoma decreased four-year survival in patients
with gastric cancer.

Keywords
Catheters; Umbilical Veins, Infant, Newborn.

Resumen

Introduccién. El cancer gastrico es una de las neoplasias malignas mas prevalentes y mortales a nivel global. El pronéstico
de supervivencia depende de la presentacion clinica, del estudio de diagnéstico, el inicio del tratamiento, asi como una
serie de factores que influyen en esta. Objetivo. Analizar la supervivencia a los cuatro afios de los pacientes con cancer
gastrico en El Salvador. Metodologia. Se realizé un estudio de cohorte retrospectiva con pacientes con cancer gastrico de un
centro hospitalario. Se hizo una caracterizacion de los pacientes incluidos en el estudio y se calcul6 la tasa de supervivencia
global al afio y a los cuatro anos, se utilizé el estimador de Kaplan-Meier y aplico la prueba de Tarone-Ware como prueba
para evaluar la significancia estadistica (p < 0,05 e intervalos de confianza al 95 %). Para comprobar la asociaciéon entre
las variables independientes y la dependiente, se realizd una regresion de Cox. Resultados. Se analizaron 79 pacientes.
La supervivencia general al afo fue del 46,84 % y a los cuatro afos del 31,65 %. La enfermedad renal crénica presentd un
hazard ratio de 4,204, el tabaquismo fue de 3,533, mientras que, la edad obtuvo un hazard ratio de 0,98, la hipertension
arterial un 0,654 y el alcoholismo un 0,367, todas con p < 0,05. Conclusién. La supervivencia a los cuatro afios es menor al
40 %. El tabaquismo, la enfermedad renal crénica, el estadio del cancer y el adenocarcinoma disminuyeron la supervivencia
a los cuatro afos en pacientes con cancer gastrico.

Palabras clave
Catéteres, Venas Umbilicales, Recién Nacido.

Introduction it is estimated that approximately 980 000
new cases of GC are diagnosed and 660 000
GC-related deaths occur globally." These fi-
gures reflect the high mortality burden as-
sociated with GC, especially in regions whe-
re early diagnosis and effective treatment

remain difficult to access.”

Gastric cancer (GC) is among the most pre-
valent and deadly malignant neoplasms
worldwide. It is currently the fifth most com-
mon cancer and the third leading cause of
cancer-related death globally" Each vyear,
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Five-year overall survival in GC patients
ranges from 20 % to 40 %." In general, youn-
ger patients have longer survival compared
to older adults, with the risk increasing with
advancing age." However, these differences
are determined by multiple factors, such as
clinical presentation, stage at diagnosis, pre-
sence of comorbidities, substance use, and
timely access to treatment "

Despite advances in diagnosis and
treatment, the survival of GC patients rema-
ins limited and varies significantly between
individuals ten due to clinical, biological, and
demographic factors that influence progno-
sis and treatment efficacy.” Identifying and
understanding of these factors is essential to
improve outcomes in patients with GC and
to implement effective and targeted strate-
gies for early detection of the disease."™

In El Salvador, the available information
on GCis limited, highlighting the importan-
ce of conducting a survival analysis of pa-
tients diagnosed in a tertiary care hospital.
This analysis aims to identify the variables
that influencesurvival duration in patients
with GC, providing valuable information
on the factors associated with prognosis. In
addition, it offers a comprehensive perspec-
tive on how different factors affect clinical
outcomes, contributing to a better unders-
tanding of the elements that determine the
evolution of the disease.

Methodology

A retrospective analytical cohort-type
analytical study was conducted with pa-
tients registered in the gastric cancer patient
database of a national tertiary care hospital
in El Salvador in 2019. All patients over 18
years, diagnosed for the first time, and with a
confirmatory histopathological diagnosis of
GC were included. Patients with incomplete
records, those who died within the first 24
hours of admission, those residing abroad
or identified as foreign nationals, and those
with duplicate records were excluded.

Initially, the database consisted of 81 re-
cords; however, after eliminating those that
did not meet criteria, the number was redu-
ced to 79. These individuals were followed
up until death or until the end of the study,
at which point censoring was considered.

Survival time was measured from
the date the biopsy was taken until
the date of patient death or the last re-
corded follow-up contact.

To collectthe data, a structured question-
naire was designed in digital format using
KoboToolbox, a tool for creating, collecting,
and managing digital forms. The question-
naire included the variables age, sex, edu-

cational level, marital status, work activity,
tobacco use, alcohol consumption, diagno-
ses of diabetes mellitus, dyslipidemia, arterial
hypertension, and chronic kidney disease,
as well as the stage of GC, date of biopsy,
presence of Helicobacter pylori, pathological
variant of cancer, date of death, basic cause
of death and the patient’s area of residence.

Statistical analysis

The normality of continuous variables was
assessed using the Anderson-Darling test.
When a p-value < 0.05 was obtained, the
median and interquartile range were used.
Statistical significance was set at p < 0.05,
with 95 % confidence intervals. For com-
parison between two independent groups,
the Mann-Whitney U test was used. Di-
fferences in proportions by area of origin,
sex, and place of origin were analyzed
using the Chi-square test.

To calculate the overall survival rate at
one and four years, the Kaplan-Meier estima-
tor was used. To test for differences among
the groups, the Tarone-Ware test was used
as a test of statistical significance with a p-
value < 0.05 and 95 % confidence intervals.

A Cox proportional hazards model was
constructed to evaluate the association bet-
ween predictor variables and time to event.
Prior to adjustment, the variables available
in the database and the presence of missing
data were identified. For variable selection,
multicollinearity was assessed using the
Variance Inflation Factor (VIF), and varia-
bles with a VIF > 5 were excluded. Missing
data were handled using multiple imputa-
tions with the predictive mean matching
method, as implemented in the mice packa-
ge in RStudio. The model was fitted on each
imputed dataset, and the results were com-
bined by pooling, a process that integrates
the results of the different analyses to obtain
a final estimate that considers the variability
caused by the missing data, thereby achie-
ving a more reliable result.

The goodness of fit of the model was
evaluated using the Likelihood Ratio test
and Wald test, with p-values < 0.05 to be
considered statistically significant. To eva-
luate the predictive capacity of the model|,
Harrell's concordance index (C-index) was
used. To verify the assumption of propor-
tionality of risks over time, the Schoenfeld
residuals analysis was used. Data proces-
sing and analysis were conducted using RS-
tudio version 4.3.2.

This study was conducted in accordan-
ce with the Declaration of Helsinki, the Nur-
emberg Code, the guidelines of the Council
for International Organizations of Medical

DOI: 10.5377/alerta.v8i3.20718
Castro Mendoza MS, et al.

265



Sciences (CIOMS), and other international
ethical guidelines for health research. Good
clinical practice was followed, and patient
identity was protected through data coding.
The study protocol was approved by the
Ethics Committee of the Hospital Nacional
Rosales, under act number 32/2024.

Results

Seventy-nine patients corresponding to
those diagnosed with GCin 2019in a tertiary
care hospital were analyzed; of these, 54 died
at the end of the study (68. 3 %). Fifty-nine
percent of the participants were male. The
median age was 66 years (Rl: 58-73), with a
minimum age of 36 years and a maximum
of 94 years. No significant difference was
observed between the medians by sex (p
= 0. 214). Fifty-six percent were from urban
areas (p = 0. 779), with the highest frequen-
cy in the department of San Salvador (39 %),
followed by La Paz (14 %) and Chalatenango
(10 %). However, there were patients from all
departments of El Salvador.

According to the sociodemographic va-
riables analyzed, 49 % of particpants were
married. In terms of educational level, 32 %
had first to sixth-grade education, while
11 % had completed seventh to ninth grade.
However, 29 % had no record of their educa-
tion level. Regarding occupation, 34 % were
farmers, followed by individuals engaged in
domestic cleaning services, with 29 %.

Table 1 summarizes the clinical and
pathological characteristics and comorbi-
dities of the patients with GC. The presen-
ce of Helicobacter pylori was identified in
34 % of the cases, while in 48 %, this infor-
mation could not be confirmed. Twenty-
nine percent of the patients were smokers,
and 26 % reported alcohol consumption.
Regarding comorbidities, 10 % of the pa-
tients were diagnosed with diabetes mellitus,
21 % had arterial hypertension, and 6 % had
chronic kidney disease.

Regarding the stage of GC at diagno-
sis, 34 % of patients were stage IV, followed
by stages Il and lll, each accounting for ap-
proximately 9 % each. However, 47 % of
the cases could not be staged. Regarding
pathological classification, 86 % of the pa-
tients had adenocarcinoma.

Survival of patients with gas-
tric cancer

Figure 1 shows the survival curve of GC
patients. A steady decline over time is ob-
served, with a sustained loss of patients,
especially pronounced during the first
two years of follow-up.

In the first year, the survival rate was
46.84 % (95 % Cl: 37.03 % - 59.24 %). From
the second year onwards, a stabilization of
the curve is observed; however, as time goes
by, the curve continues to decline, reaching
a survival rate of 31.65 % (95 % Cl: 22.89 %
- 4376 %) at the end of the study, equi-
valent to 25 of the 79 patients who made
up the initial cohort.

Figure 2 shows the survival curves of GC
patients at four years, classified by sex, area
of origin, smoking and alcohol consumption.

Regarding sex, the survival rate at one
year was 50 % (35.36 % - 70.70 %) in wo-
men and 44.68 % (3251 % - 61.42 %) in
men. At four years, survival rates were 37.5 %
(23.98 %-58.65 %) in women and 27.66 %
(17.42 % - 43.92 %) in men. Although women
showed a higher survival rate at both one and
four years compared to men, this difference
was not statistically significant (p > 0.05).

Regarding the area of origin, survival at
one year was 50 % (37.21 % - 67.19 %) in ru-
ral areas and 42.86 % (29.23 % - 62.83 %) in
urban areas. At four years, survival rates were
34.09 % (22.61 % - 51.41 %) in rural areas and
2857 % (16.92 % - 4824 %) in urban areas.
People living in rural areas had a higher survi-
val rate at one year; however, this difference
was reduced at four years (p> 0.05).

Regarding smoking, non-smokers had
a one-year survival rate of 57.5 % (44.05 %
-75.05 %), while smokers had a survival rate
of 39.13 % (23.50 % - 65.14 %). At four years,
survival rates are 37.5 % (25.14 %- 55.95 %) for
non-smokers and 30.43 % (16.41 % - 56.46 %)
for smokers; however, the difference was not
statistically significant (p > 0.05).

Concerning alcohol consumption, survi-
val at one year was 53.49 % (40.48 % - 70.68 %)
for non-drinkers and 47.62 % (3041 % -
74.58 %) for drinkers. At four years, survival was
32.56 % (21.18 % - 50.06 %) in non-drinkers
and 38.1 % (22.08 % - 65.71 %) in drinkers,
with no significant differences (p > 0.05).

Figura 3 shows the 4-year survival curves
for GC patients classified by arterial hyperten-
sion, diabetes mellitus, chronic kidney disea-
se, and pathological variant.

For arterial hypertension, the one-year
survival rate is 51.02 % (38.78 % - 67.13 %)
in those without the diagnosis and 52.94 %
(33.82 9% - 82.88 %) in those with the diagno-
sis. At four years, survival is 32.65 % (21.84 %
- 48.82 %) in those without hypertension and
41.18 % (23.33 % - 72.68 %) in those with hy-
pertension (p > 0.05).

For diabetes mellitus, the one-year survival
rate was 54.39 % (95 % Cl: 42.88 % - 68.98 %)
in those without the diagnosis and 37.5 %
(95 9% Cl: 1533 % - 91.74 %) in those with the
diagnosis. At four years, survival was 35.09 %
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Table 1. Clinical characteristics of patients diagnosed with gastric cancer at the tertiary hospital in El Salvador in 2019

Variable S‘(Jr:g’;’)rs % D(erfjgfsd % Total %
Yes 11 44,0 16 29,6 27 34,2
Helicobacter pylori No 6 24,0 8 14,8 14 17,7
No data 8 32,0 30 55,6 38 481
Yes 7 28,0 16 29,6 23 29,1
Smoker No 15 60,0 25 46,3 40 50,6
No data 3 12,0 13 241 16 20,3
Yes 8 32,0 13 241 21 26,6
Alcohol No 14 56,0 29 53,7 43 544
No data 3 12,0 12 22,2 15 19,0
Yes 3 12,0 5 93 8 10,1
Diabetes mellitus No 20 80,0 37 68,5 57 72,2
No data 2 8,0 12 22,2 14 17,7
Yes 0 0,0 1 19 1 1,3
Dyslipidemia No 23 92,0 40 74,1 63 79,7
No data 2 8,0 13 241 15 19,0
Yes 7 28,0 10 18,5 17 21,5
/Ij;tse”ri'emion No 16 64,0 33 61,1 49 62,0
No data 2 8,0 11 204 13 16,5
Yes 1 4,0 4 74 5 6,3
82 Z;Z'ec renal No 22 88,0 38 704 60 75,9
No data 2 8,0 12 22,2 14 17,7
Stage | 0 0,0 1 19 1 1.3
Stage |l 5 20,0 2 3,7 7 89
Cancer stage Stage lll 2 8,0 5 9,3 7 89
Stage IV 9 36,0 18 33,3 27 34,2
Not staged 9 36,0 28 519 37 46,8
?éiLngf:gﬂ:d 17 68,0 47 87,0 64 81,0
Poorly diffgrentiated . 40 3 56 4 51
Pathologic adenocarcinoma
classification Gastric GIST* 2 2 8,0 1 19 3 38
Bfnnr;ﬁgigakmls 4 16,0 3 56 7 89
Neuroendocrine tumor 1 4,0 0 0,0 1 1,3
*GIST: gastrointestinal stromal tumor.
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(95 % Cl: 24.65 % - 49.95 %) in those without
diabetes mellitus and 37.59% (95 % Cl: 15.33 % -
91.74 %) in those with the diagnosis (p > 0.05).

As for CKD, survival at one year is 55 %
(43.75 % - 69.15 %) in those without CKD
and 20 % (3.46 % - 100 %) in those with CKD.
At four years, survival is 36.67 % (26.29 % -
51.13%) in those without a diagnosis of chro-
nic kidney disease and 20 % (3.46 % - 100 %)
in those with the diagnosis, with significant
differences between the groups (p < 0.05).

When comparing survival between pa-
tients with adenocarcinoma and those with
other pathological variants, it is observed
that at one year, the survival rate of patients
with adenocarcinoma was 42.65 % (32.37 %
- 56.18 %), while those with other variants
reached 72.73 % (50.64 % - 100 %). This trend
was continued over four years, with survival
rates of 2647 % (17.81 % - 39.34 %) for pa-
tients with adenocarcinoma and 63.64 %
(40.71 % - 99.47 %) for those with other
variants; however, the differences were not
significant (p > 0.05).

Table 2 summarizes the results of the
multivariate Cox model analyzing the rela-
tionship between various clinical variables
and the risk of death from GC. Smoking
was associated with lower survival, with a
hazard ratio (HR) of 3.53 (95 % Cl: 1.31-9.48;
p= 0.0172). Similarly, chronic kidney disea-
se was associated with a significant increa-
se, with an HR of 4.20 (95 % Cl: 1.17-14.98;
p = 0.0329). On the other hand, alcoholism

showed a trend toward higher survival,
although it did not reach statistical signi-
ficance (HR = 0.37; 95 % Cl: 0.12-1.04; p =
0.0710). Finally, neither high blood pressure
nor age showed significant associations in
this analysis (HR = 0.65, p = 0.3467 and HR =
0.99, p = 0.3540, respectively).

The Schoenfeld test of the proportionali-
ty of hazards tests indicate that there are no
problems with the proportionality assump-
tion for the variables included in the model
(p > 0.05). The overall test also suggests that
the model as a whole adequately meets
this assumption (p > 0.05). In addition, the
statistical tests showed that the model is
significant, has a good fit, and provides an
adequate explanation of the outcome from
the included data (p < 0.01), showing mo-
derate agreement (0.623).

Discussion

This study provides an overview of survival
rates and variables associated with GC in pa-
tients diagnosed at a tertiary care hospital in
El Salvador during 2019. The findings offer
valuable insights into the prognosis and
clinical characteristics of the disease within
the Salvadoran context.

The Kaplan-Meier survival curve shows a
steep decline during the first two years after
diagnosis, followed by relative stabilization.
The one- and four-year survival rates reflect
the aggressive nature of the disease and un-
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Table 2. Results of the multivariable Cox model for gastric cancer risk

Variable Coefficient Hazard Ratio IC95% Standard z-statistic p-value
(HR) error

Chronic kidney 1436 4204 1,17-14,98 0,648 2215 0,0329

disease

Smoking 1262 3,533 131-948 0,504 2,504 00172

Age 0,012 0,988 0,96-1,01 0013 0,938 0,3540

ggﬁ”a' hyperten- 0424 0,654 027-1,56 0,446 0,952 03467

Alcoholism 1,003 0367 0,12-1,04 0,536 1,871 00710

Harrell's average C-index: 0. 623
Standard deviation of C-index: 0. 019
Likelihood ratio test: p=0. 01

Wald test: p=0. 01

Test score (log rank): p=0. 01

derscore the importance of early diagnosis
consistent with previous studies that have
reported similar survival rates in developing
countries ¥ The observed survival rate could
be related to various factors, such as diagno-
sis in advanced stages, limitations in access
to specialized treatment, the presence of co-
morbidities, and administrative aspects of
the health system, as reported by other stu-
dies in the region* |t is important to con-
sider that the hospital where the research
was conducted is the main referral center in
El Salvador; it usually treats more complex
cases and in advanced stages, which could
influence the survival rates observed.

Analysis using the Cox regression mo-
del determined that smoking is a factor
associated with lower survival in gastric
cancer. Current literature has established
smoking as an important risk factor not
only for gastric cancer but for multiple ty-
pes of cancersXThe mechanism by which
smoking increases the risk of gastric cancer
is multifactorial and includes exposure to
carcinogens, induction of chronic inflam-
mation, and alteration of the immune res-
ponseixxThe marked difference in survival
between smokers and non-smokers, mainly
in the early years, shows the importance of
public health interventions aimed at redu-
cing tobacco use

Lower survival rates was observed in
patients with chronic kidney disease, a fin-
ding consistent with previous studies re-
porting worse outcomes in patients with
cancer and chronic kidney disease20. This
condition may make cancer management
more difficult, limit treatment options, and
increase the risk of complications, which

could explain the lower survival found
in these patients

Regarding demographic factors, a trend
toward more prolonged survival was ob-
served in women compared to men; howe-
ver, this difference did not reach statistical
significance. This finding differs from some
previous studies, which have documented
significant differences in survival according
to sex, with a slight female predominan-
ceX The absence of statistical significan-
ce could be related to the sample size, the
characteristics of the patients treated in the
hospital, or to factors specific to the po-
pulation of El Salvador.

Patients from rural areas had slightly
longer survival compared to those from ur-
ban areas, although this difference was not
statistically significant. This result contrasts
with the trend observed in some studies,
which have shown higher mortality rates
in rural areas, mainly attributed to barriers
to accessing health services " However, in
the context of El Salvador, geographic ba-
rriers may not have a significant impact on
survival. Instead, factors such as diet, expo-
sure to environmental contaminants, the
presence of comorbidities, and lifestyle di-
fferences between populations may explain
this trend and have a more significant im-
pact on survival»v

Although no statistically significant as-
sociation was found between alcohol con-
sumption and GC survival, it is important to
highlight that non-drinkers showed a more
prolonged survival at 1-year follow-up. The
relationship between alcohol consumption
and GC is complex and has shown diver-
se results in different studies** Factors
such as the type of alcoholic beverage, the
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amount consumed, and the interaction with
other risk factors may influence this relation-
ship.*¥* However, a recent systematic re-
view suggests that even moderate alcohol
consumption carries a significantly increa-
sed risk compared to no consumption

No significant difference in survival was
observed between hypertensive and non-
hypertensive patients, which contrasts with
some studies that have suggested a possible
protective effect of certain antihypertensive
drugs on the development and progres-
sion of GC* Other studies have related
the occurrence of hypertension to the use
of certain drugs to treat cancer or even to
increased survival associated with more
effective therapies*®

Diabetic patients showed lower survival
rates at one year, although this difference
was not statistically significant; this trend was
also maintained at four years. The relation-
ship between diabetes and GC is complex
and may be influenced by factors such as
glycemic control, duration of diabetes, and
antidiabetic treatment** Recent studies in-
dicate that new therapies and lifestyle chan-
ges have improved blood glucose control,
which in turn contributes to a better quality
of life and longer survival in cancer patients
by reducing long-term complications

Although in this study, it was not possible
to accurately assess the association between
dyslipidemia and gastric cancer mortality
due to the small number of cases, some stu-
dies have suggested a possible relationship
between lipid disorders and GC risk, possibly
mediated by inflammatory mechanisms or
alterations in cellular metabolism xiixedv

The limitation in establishing an associa-
tion between dyslipidemia and gastric can-
ceropens new lines of research in El Salvador,
which could contribute to a deeper unders-
tanding of the pathogenesis of this disease.
Currently, some studies have shown that dys-
lipidemia is associated with an increased risk
of gastric cancer, even after adjusting for age,
sex, and other factors*Further studies are
needed to explore this relationship and as-
sess whether managing dyslipidemia could
impact the prevention or prognosis of GC.

Regarding pathological characteristics,
the study found evidenced that patients
with adenocarcinoma presented a higher
risk of mortality compared to other histolo-
gical variants; however, this difference did
not reach statistical significance. This con-
trasts with the literature, which has establis-
hed adenocarcinoma as the most common
and generally more aggressive histologic
type of GC. The shorter survival observed
in patients with adenocarcinoma highlights
the importance of accurate histologic diag-

nosis for risk stratification and treatment
planning.*" Recent studies have identified
molecular subtypes of gastric adenocarcino-
ma with different prognoses and responses
to treatment. Future studies in this popula-
tion could benefit from more detailed mole-
cular characterization to improve risk strati-
fication and guide personalized therapeutic
dedsions_xxiii,xxxvii

A significantly longer survival was ob-
served in patients diagnosed at early sta-
ges of the disease. This finding highlights
the importance of early diagnosis and early
detection programs in the management of
GCxiexviA - significant proportion of cases
may be diagnosed at advanced stages; this
pattern of late presentation is common in
many developing countries and highlights
the need for improved early detection and
GC awareness programs v Qn  the
other hand, the marked decrease in survival
during the first two years after diagnosis un-
derscores the urgency of implementing and
improving GC early detection programs. i

The main limitations of this study include
the relatively small sample size, which may
reduce the statistical power to detect signi-
ficant associations, especially in subgroup
analyses. As a retrospective cohort, the stu-
dy is subject to inherent biases such as the
presence of missing or incomplete data in
the medical records. Additionally, the lack
of direct interviews with patients restricted
the the collection of additional clinical or
contextual variables that were not routinely
documented, potentially affecting the com-
pleteness and interpretability of the results.

Despite these limitations, the study pre-
sents notablestrengths. It provides specific
data on GC in El Salvador, addressing a sig-
nificant gap in the national and regional lite-
rature. The use of Cox proportional hazards
models, along with appropriate performan-
ce metrics allowed for a robust assessment of
multiple prognostic factors simultaneously.
Consideration of multiple comorbidities pro-
vides a more comprehensive view of factors
influencing GC survival, and follow-up of up
to four years provided valuable information
on survival in this population.

Finally, this study provides an overview
of survival and factors associated with GC
survival in Salvadoran patients. The fin-
dings underscore the critical importance of
early detection, management of comorbi-
dities, and consideration of modifiable risk
factors such as smoking.

The identification of smoking and chro-
nic kidney disease as factors associated with
survival opens up new lines of research that
could have important implications for the
prevention and comprehensive manage-
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ment of CG. Further studies, preferably mul-
ticenter and prospective, are needed to con-
firm and extend these findings, as well as to
evaluate specific interventions aimed at im-
proving clinical outcomes in this population.

Conclusion

Survival of less than 40% at four years for GC
patients reflects the severity of the disease
and the complexity of its management from
diagnosis onwards, highlighting the persis-
tent challenge this condition poses particu-
larly in achieving favorable long-term prog-
nosis and ensuring adequate management.

The profile of patients diagnosed with
GC, characterized by a predominance of
older men, urban residency and a high rate
of Helicobacter pylori infection, suggests
deficiencies in the early detection of the
disease, highlighting the need to stren-
gthen prevention and improve early diag-
nosis strategies and the implementation of
intervention programs on the risk factors
identified in the study.

The factors most strongly associated
with reduced survival of patients with gas-
tric cancer were smoking, chronic kidney di-
sease, and, more decisively, the clinical stage
and histological type of tumor.
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Abstract

Introduction. Helicobacter pylori infection has become an prevalent disease and an economic and public health problem. The
main concern is that some strains are associated with gastric cancer, especially the vacA and cagA genes. Objective. Determine
the prevalent Helicobacter pylori genotypes in patients who attended the Specialty Clinic of the Salvadoran Social Security
Institute. Methodology. A quantitative, descriptive, cross-sectional study was conducted. The unit of analysis was endoscopic
gastric samples. A consecutive non-probabilistic sampling was performed. The selection of patients was carried out by a
gastroenterologist. The real-time polymerase chain reaction technique was applied to identify the virulence genes, cagA and
vacA of cultures positive for Helicobacter pylori, using standardized methods. Results. Ninety-seven participants were obtained,
from whom a biopsy sample was acquired and cultured; however, the recovery rate of Helicobacter pylori in culture was 26 %.
All samples were positive for the 165 rRNA ribosomal virulence genes and the cagA and vacA oncogenes. The infection was
predominant in females, with 76 %, and the average age was 55 years. It was found that 64 % of positive participants had
a previous diagnosis of infection with Helicobacter pylori. Conclusion. The virulence genes cagA and vacA were found in all
samples positive for Helicobacter pylori.

Keywords
Helicobacter pylori, Polymerase Chain Reaction, Oncogenes, Stomach Neoplasms, Virulence.

Resumen

Introduccion. La infeccion por Helicobacter pylori se ha vuelto un problema econémico y de salud publica, convirtiéndose
en una enfermedad prevalente. La principal preocupacion es que algunas cepas estdn asociadas con el cancer gastrico,
especialmente los genes vacA y cagA. Objetivo. Identificar la presencia de los genes vacA y cagA en cepas de Helicobacter
pylori aisladas a partir de muestras de biopsias gastricas. Metodologia. Se realizé un estudio transversal descriptivo. La unidad
de andlisis fueron las muestras gastricas endoscépicas. La seleccién de los pacientes la realizé un gastroenterélogo. Se aplicé la
técnica de Reaccion en Cadena de la Polimerasa en tiempo real para la identificacion de los genes de virulencia, cagA y vacA de
los cultivos positivos al Helicobacter pylori. Resultados. Se obtuvieron 97 participantes; sin embargo, se obtuvo un porcentaje de
recuperacion de Helicobacter pylori en cultivo de 26 %. Todas las muestras fueron positivas para el gen ribosomal rRNA16s y los
genes de virulencia cagA y vacA. La infeccién predominé en el sexo femenino con un 76 %, la edad promedio fue de 55 anos.
Se encontré que el 64 % de participantes positivos tenfan diagnostico previo de infeccion por Helicobacter pylori. Conclusion.
Los genes de virulencia cagA y vacA, se encontraron todas las muestras positivas a Helicobacter pylori.

Palabras clave
Helicobacter pylori, Reaccién en Cadena de la Polimerasa, Oncogenes, Neoplasias Gastricas, Virulencia.

Introduction

The highincidence of Helicobacter pylori (Hp)
infection probably contributes to the fact
that gastric cancer mortality ranks second
among cancer deaths, worldwide." Due
to the causal relationship between Hp and
gastric tumors, the International Agency for
Research on Cancer (IARC) recognized Hp
as a Group 1 carcinogen, indicating that it
is a definite carcinogen Currently, Hp is

the only bacterium that has achieved this
distinction, classified as dangerous in terms
of oncogenicity. According to this informa-
tion, gastric colonization by this bacterium
increases up to six times the risk of gastric
cancer up to six times, compared to people
who do not present colonization, so it has
been the only bacterium with a significant
association with gastric adenocarcinoma; in
addition, it has been related to one of the
main causes of cancer deaths worldwide.™
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This disease has become a public health
problem due to its high prevalence; in addi-
tion, prevention measures have not been
clearly identified, which makes it necessary
to have local data on the pathogenicity
of Hp strains, through the detection of
cagA and vacA genes, due to the conse-
quences that this infection and, specifically,
these oncogenes entail ¥

Real-time polymerase chain reaction
(RT-PCR) allows the identification of genes
relevant to the diagnosis of various diseases,
including the detection of Hp virulence
factors. Endoscopic tests in patients with Hp
infection and dyspepsia often reveal diag-
noses such as chronic antral gastritis, erosive
antral gastritis, and nodular antral gastritis,
which have been associated with the
presence of the Hp virulence genes cagA
and vacA. In addition, the most common
premalignant gastric lesions, such as gastric
atrophy, intestinal metaplasia, and low-
grade dysplasia, are also associated with
these same Hp virulence factors.”

The most common endoscopic diag-
noses in patients with dyspepsia are chronic
antral gastritis, erosive antral gastritis, and
nodular antral gastritis, as well as the pres-
ence of the cagA and vacA genes in isolated
strains. The most frequent premalignant
gastric lesions are gastric atrophy, intestinal
metaplasia, and low-grade dysplasia.”

The prevalence of the cagA oncogene
is 50 %, while that of the vacA oncogene
is 87.5 %M These data are essential for
the development of public health strate-
gies aimed at detecting and effectively
managing the infection.

The cagA and vacA proteins are consid-
ered important virulence markers in Hp.
These markers can be identified more easily
through the genes that encode them,
called virulence-associated genes. Further-
more, the simultaneous presence of Hp has
been detected in the oral cavity and gastric
mucosa, with variations in prevalence
depending on the population analyzed, the
sampling method, and the techniques used
for detecting the bacterium.™

The presence of Hp in the oral mucosa of
patients with dyspepsia leads to dissemina-
tion, with the potential for reinfection after
treatment for Hp eradication, soideally, treat-
ment for the oral cavity should be applied*

It is essential to identify strains with
carcinogenic potential in the general popu-
lation, especially those with histopatho-
logical features that increase their risk for Hp
infection. In cases of gastric cancer, these
strains are usually highly virulent, and it has
been documented that, in some individuals,
multiple oncogenic strains can coexist in

the gastric mucosa. Therefore, it is essen-
tial to further study the virulence genes
associated with oncogenicity in Hp, as well
as to strengthen strategies for eradicating
the bacterium

In El Salvador, there is no study on the
genetics of Hp, and the country lacks a
diagnostic service for the general popula-
tion; therefore, this research is relevant.
The objective of the study was to identify
the presence of the vacA and cagA genes
in Helicobacter pylori strains isolated from
gastric biopsy samples.

Methodology

The research was of a descriptive cross-
sectional type. It was conducted at the Santa
Ana Regional Hospital and the Specialty office
of the Salvadoran Social Security Institute
(ISSS), from October 2021 to March 2022.

The unit of analysis was endoscopic
samples from patients diagnosed with
gastric disease. All samples from patients
who attended in the period stipulated for
data collection were included, and those
who met the inclusion criteria, which were:
patients over 18 years of age and who
consulted in the gastroenterology depart-
ment at Santa Ana Regional Hospital or
Specialty Office in the department of San
Salvador. Likewise, patients with or without
previous treatments for Hp eradication or
patients who had received treatment with
amoxicillin, clarithromycin, or metronida-
zole in the last month for another reason,
even if not for Hp eradication, were consid-
ered; and the last criterion was patients
who agreed to participate in the study.

The selection of patients was made by
a gastroenterologist, based on the afore-
mentioned inclusion criteria, who indicated
to the researchers the patient who was a
candidate for inclusion in the study.

Regarding the variables and indica-
tors investigated, general information was
obtained from the participants, such as:
age, sex, history of infection, endoscopic
diagnosis, and the detection of Hp geno-
types, specifically VacA and CagA.

The data collection instrument was
a physical form. The information on the
variables of interest was collected in two
moments, the first was when the endo-
scopic sample was taken from the patient’s
file and the second when the results of the
sample processing were obtained at the
microbiology laboratory of the Evangelical
University of El Salvador (UEES); The samples
were transported in test tubes with distilled
water and in a cooler to perform the bacte-
rial culture and subsequent PCR-RT tech-
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nique to identify the VacA, cagA and 16s
rRNA genotypes of the Hp-positive cultures.

Each of the samples were double
seeded (sample 30 was used to improve
the percentage of bacterial recovery) on
Columbia agar enriched with 5 % horse
defibrinated blood and bacterial growth
enzyme inhibitors and placed in a COz incu-
bator with the following conditions: 5-10 %
02, 5-10 % COz 80-90 % Nz, 35 - 37°C,
95 % humidity, until seven days before the
culture was considered negativeX™" For
colonies suggestive of Hp, Gram staining
was performed to search for curved Gram-
negative bacilli before performing RT-PCR,
which was carried out using standardized
methodsX™¥ Nucleic acid extraction was
performed from gastric biopsies using the
NucleoSpin® Tissue kit (Macherey-Nagel,
Germany), following the manufacturer's
recommendations. Each kit allowed the
purification of up to 50 samples. Each
extraction yielded approximately 60 ulL of
genomic DNA, sufficient to perform the
reactions in duplicate and ensure the repro-
ducibility of the results.

For the amplification of the vacA and
cagA genes, the iTag™ Universal SYBR®
Green Supermix enzyme was used,
preparing the master mix according to the
manufacturer's instructions. The reactions
were performed in a final volume of 20 pL,
including specific primers for the vacA and
cagA genes. The primer sequences were
taken from the study by Ranjbar et al
which demonstrated high sensitivity and
specificity for these molecular targets.

Real-time PCR amplifications were
performed on the MiniOpticon Real-Time
PCR System MiniMyGo S® under previously
validated thermocycling conditions for the
detection of Hp genes. All procedures were
performed in a sterile and controlled envi-
ronment to avoid cross-contamination

The data obtained were processed using
Excel 2010 and presented in tabular form.
Qualitative variables were represented in
frequencies and proportions; quantitative
variables were presented using measures
of central tendency. The information was
stored by the researchers and subsequently
delivered to UEES for final storage. Aver-
ages, frequencies, and percentages were
calculated to obtain the results.

Each of the participants was asked for
informed consent upon verifying that they
met the inclusion criteria, in which the
importance of the study was explained to
them, as well as the respect for ethical prin-
ciples and confidentiality, that there was no
remuneration, and that the data would be
used in a group manner and for scientific

research purposes. The research protocol
was submitted for evaluation by the UEES
ethics committee and approved in minute
187, dated August 9, 2019. It was also
submitted for evaluation by the ISSS ethics
committee and was approved on June 29,
2020. It had the approval of the ISSS gastro-
enterologists, as well as the directors of
the health centers where the research was
carried out (Santa Ana Regional Hospital,
Specialty Clinic of the ISSS).

Results

Information was collected from 97 partici-
pants, from whom a biopsy sample was
obtained and submitted for culture.
However, Hp recovery was achieved in 26 %
of the cases, i.e. 25 samples were positive.
The results obtained from the Hp-positive
samples are presented below. According
to the general data collected, the infec-
tion predominantly affected females, with
a prevalence of 76 %. The average age
was 55 years (standard deviation, 16.3),
with a range from a minimum of 25 years
to a maximum of 85 years. Regarding the
history of Hp infection, it was found that
64 % of the positive participants had a
previous diagnosis of infection, which indi-
cates that they were probably reinfected
patients or those in whom the bacteria
could not be eradicated.

Within the endoscopic data collected
(Table 1), the diagnosis of gastropathy/acute
gastritis was the one that predominated
in 60 % of the cases, followed by erosive
gastropathy, with 20 %, in a smaller propor-
tion, with 8 %, nodular gastritis, esophagitis,
and gastric and duodenal ulcers in 4 %.

Table 2, shows that the two oncogenes,
vacA, cagA, were detected in all the samples
positive for Hp (n=25).

Discussion

The purpose of the study was to identify the
genotypes of Hp strains, for which endo-
scopic gastric samples were collected to
be cultured; however, a lower percentage
of recovery was obtained compared to the
number of samples collected. In a study
conducted in Costa Rica, the viability of Hp
bacteria culture was determined by obtaining
gastric biopsies from 44 participants. Hp was
recovered in 27 biopsies, with a recovery
percentage of 61.4 %" indicating that the
percentage of recovery in culture was lower
than the number of samples taken. This may
be because the conditions of transport and
growth of Hp are demanding; in addition, it
requires a medium reduced in Oz and loaded
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with COz, contrary to the great majority of
bacteria.In addition, as mentioned by Molina-
Castro et al, among some of the reasons
that can influence a false negative result in
the culture are excessive contamination,
because it does not allow successful isolation
of Hp colonies, an altered physiological state
of the bacteria and a low bacterial load in the
sample, since they produce an alteration in
their environment and reduce their viability,
hindering growth in culture media*"

Table 1. Endoscopic diagnosis

Diagnosis Frequency Percentage
Acutg gastropathy/ 15 60%
gastritis

Nodular gastritis 2 8%
Gastric and duodenal . 49
ulcer

Erosive gastropathy 5 20 %
Esophagitis 2 8%
Total 25 100 %

Table 2. Positive samples for Helicobacter pylori genes

using PCR-RT
Frequency
Genotype (n=25) Percentage
VacA 25 100 %
CagA 25 100 %

Among the study participants, the
female group was the predominant one;
unlike a study about the prevalence of Hp in
asymptomatic patients in Ecuador, where, it
was found that Hp infection predominated
in the male sex with 51.5 %; in addition, it
is exposed that hygiene habits influence
the significant increase of cases in the
male sex*However, it should be noted
that women are more likely to consult
than men, which may increase the propor-
tion of infected women!

Some studies show an increase in
the prevalence of Hp infection according
to sex ™ others report that infection
predominates in  the female sex ™
however, this difference is not so significant,
therefore, it is said that the distribution of
the disease is homogeneous, according to
sex > Models have even been created to
predict the prevalence of Hp infection as a
function of climatic conditions. In the end,
it is concluded that in developing countries,
the prevalence of this infection remains high,

apparently regardless of climatic conditions
or the sex of the patients

Regarding the age most affected by Hp
infection, a study from Cuba reported an
average age of 69 years for infected patients,
with the maximum age being between 60
and 69 years (57.1 % infected);* however, the
average age varies according to the region,™
i.e, the prevalence will behave differently in
each age group and region of the world. In
developing countries, the prevalence rates
are highest, ranging from 60 % to 80 % in
the adult population. In contrast, countries
with high socioeconomic development have
an infection rate reduced to 30-50 % in the
adult population* The highest prevalence
has been found in Africa (79.1 %), followed by
South America and the Caribbean (63.4 %),
and finally North America (37.1 %) and
Oceania (24.4 %) Variations in the region
are due to differences in hygiene conditions,
access to drinking water, overcrowding, food
availability and climate; additionally, they
depend on each country’s guidelines for
diagnosis and treatment xi

The average age of this study is within the
range reported by other researchers** The
recognition of the most affected age group
is important because surveillance, detection,
and treatment measures should be intensi-
fied in these groups.

Regarding the participants who had a
previous diagnosis of Hp infection, it can be
observed that most patients already had this
history. According to a study conducted in
Mexico, the annual recurrence of Hp infec-
tion was 9.3 %, with an annual reinfection
of 7 %. This data was lower compared to
data reported for developing countries
with a higher prevalence of Hp.*lt is also
mentioned that developed countries tend
to have a low prevalence of Hp infection
Regarding the type of strains found, cagA
and vacA were isolated in reinfection. The
reinfection rate for cagA was 10 % and 5.3 %
for vacAX The high prevalence of Hp infec-
tion could explain why the patients in this
study had a history of diagnosis of Hp infec-
tion and probable reinfection or recurrence.

The endoscopic diagnoses found in
this study were gastropathy, acute gastritis,
erosive gastropathy, gastric and duodenal
ulcer, nodular gastritis, and esophagitis in
patients reporting Hp infection. A study was
carried out in Panama,* where endoscopic
diagnoses of erosive gastritis (33.5 %), nodular
gastritis (3.5 %), non-erosive gastropathy
(48.6 %), gastric intestinal metaplasia (5.14 %),
duodenal ulcer (5.14 %), duodenal ulcer and
esophagitis were found, duodenal and gastric
ulcer (4.2 %), in which an association was
found between nodular gastritis, intestinal
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metaplasia, duodenal ulcer, and gastric ulcer
with Hp infection. Likewise, Duarte-Chang
mentions that there are studies reporting the
association between nodular gastritis, peptic
ulcer disease, and Hp infection

According to a Guatemalan study on
premalignant lesions, the found that among
the cases studied, 83 % presented some
premalignant lesion such as atrophy, meta-
plasia, or dysplasia, among which the most
frequent was gastric atrophy (70 %), followed
by gastric intestinal metaplasia (11 %) and
dysplasia (2 %). When reviewing the pres-
ence of Hp in these endoscopic findings,
it was found that in atrophy, 62 % had Hp
infection, in intestinal metaplasia, 66 % and
in gastric epithelial dysplasia, 67 %

Endoscopic findings are important in Hp
infection, since they allow the detection of
premalignant lesions; due to this, the Kyoto
classification criteria have been created,
which evaluate atrophy, intestinal metaplasia,
thickened folds and nodularity; however,
ideally, these patterns must have histological
confirmation, which at the moment is still
the gold standard for histopathological diag-
nosis. Nevertheless, optical endoscopic diag-
nosis is important, since it saves unnecessary
biopsies in certain cases; there is even talk
that the application of artificial intelligence
in endoscopic diagnosis could improve the
effectiveness of the diagnosis.*

Regarding genotyping, it was found
that the two oncogenes of interest for the
study, cagA, vacA, and the rRNA 16s ribo-
somal gene, were detected in all Hp-positive
participants. The prevalence of cagA and
vacA strains is said to be variable, with data
reported in Ghana of 74.8 %, Nigeria 90 %,
South Africa 95 %, Japan 100 %, Brazil 47.8 %,
in Colombia from 43 % to 90.5 %, among
others data in the range of the propor-
tions found in this study.

In'a 2021 study conducted in El Salvador,
the presence of Hp was detected by PCR
in 20 % of the irrigation water used for
food crops. Of these, 100 % of the isolated
strains carried the vacA and cagA genes;™
these findings coincide with the data
found in the present study.

Amplification of the 16S rRNA gene was
performed to confirm the identification of
Hp. This ribosomal gene is widely used for
the identification of Hp in stool, blood, and
biopsy samples using different techniques
(QRT-PCR, antibodies, antigens); in addition,
although it is not directly involved in antibi-
otic resistance, it is used in studies together
with other genes to track resistant strains.

The Maastricht V/Florence Consensus
Report takes up the topic of the importance
of Hp eradication and mentions that it can

be successful in preventing progression to
gastric cancer, because people who have
strains with one of the“gastric cancer pheno-
types”have an increased risk of cancer.

It also mentions that, in the case of
infected patients with active chronic
gastritis, eradication of Hp is the cure for this
disease, improving the symptomatology
and quality of life of affected individuals.
Several meta-analyses show that the
premalignant gastric atrophy lesion can
be reversed to a certain extent, both in the
antrum and in the gastric body."

Likewise, it takes up the clinical and
economic benefits of Hp eradication. It
refers that there are studies that have evalu-
ated the cost-effectiveness of Hp screening
and treatment policies for the preven-
tion of gastric cancer, concluding that Hp
screening and treatment is cost-effective
and that effects can be seen in the short
and medium term, and that the reduction
of infection and complication costs are seen
in the long term. This benefit may be most
significantin communities with a high risk of
gastric cancer, decreasing the severe burden
of morbidity and mortality from this disease.”

According to Maastricht V, countries
with a significantly increased risk of gastric
cancer, mainly due to the high prevalence of
oncogenic strains, should offer endoscopic
and/or serological screening and surveil-
lance, targeting mainly people between 50-
65 or 70 years of age.”

One of the most important limitations
of this study was its interruption due to the
COVID-19 epidemic, from the purchase of
supplies to the suspension of endoscopies.
This caused a delay in the research execution,
but the results were not affected.

According to the results of this research,
the importance of the implementation of
molecular techniques is notorious, for the
detection of oncogenes that are available to
thegeneral population,inaddition,the expan-
sion of the search should not only be limited
to oncogenes, but also to genes related to
antimicrobial resistance in order to perform
epidemiological surveillance for Hp. i

Conclusions

Most participants had a previous diagnosis
of Hp infection, which is important because
it implies the existence of reinfection, failure
to eradicate, or recurrence of the bacterium.

The main endoscopic diagnoses were
acute gastropathy/gastritis, followed by
erosive gastropathy, nodular gastropathy,
esophagitis, and gastric ulcer. Such find-
ings could be produced by the presence
of bacteria, and some of these endoscopic
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diagnoses are recognized as premalignant
lesions in other investigations.

In this study, the two virulence genes,
cagA and vacA, were found to be present
in all samples in which Hp was isolated; this
data is relevant due to the risk of gastric
cancer produced by these strains.
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Abstract

Malnutrition affects a significant proportion of children aged six to 24 months, causing low weight and shorter height for
their age, as well as a predisposition to multiple diseases. It is important because it is during these ages that the greatest
changes in children's early brain development occur. When this occurs, delays in motor and language development may result,
hindering children from achieving their optimal developmental outcomes. This literature review provides a summary of the
evidence on the effect of lipid-based nutritional supplements. The objective was to analyze the effect of lipid-based nutritional
supplements on anthropometric, motor, and language development in malnourished children between six and 24 months
of age. Original articles and literature reviews in Spanish and English, published from 2019 to August 2024, were included.
Databases such as Google Scholar, ScELO, HINARI, and PubMed were consulted. This review demonstrates that lipid-based
nutritional supplements improve length and weight for age, as well as motor and language development scores, making them
a valuable tool for addressing the described problem.

Keywords
Dietary Supplements, Child Development, Malnutrition.

Resumen

La desnutriciéon afecta una importante proporcion de los nifios en edades de seis a 24 meses, ocasiona bajo peso y menor
longitud para la edad, asi como predisposicién a multiples enfermedades. Presenta importancia ya que es en estas edades
donde se produce el mayor cambio en el desarrollo cerebral temprano de los nifios. Cuando este se afecta, se enlentece el
desarrollo motor y de lenguaje, evitando que los nifos alcancen su méaximo potencial. Esta revision bibliografica ofrece un
resumen sobre la evidencia del efecto de los suplementos nutricionales basados en lipidos. El objetivo fue analizar el efecto de
suplementos nutricionales basados en Iipidos en el desarrollo antropométrico, motor y lenguaje en nifios desnutridos, entre
seis a 24 meses de edad. Se incluyeron articulos originales y revisiones bibliogréficas en idioma espanol e inglés, publicadas de
2019 hasta agosto de 2024. Se consultaron bases de datos como Google Académico, SciELO, HINARI'y PubMed. Esta revision
evidencia que los suplementos nutricionales basados en lipidos incrementan la longitud y el peso para la edad, como también
los puntajes del desarrollo motory de lenguaje, esto los convierte en una herramienta Gtil para afrontar la problematica descrita.

Palabras clave
Suplementos Nutricionales, Desarrollo Infantil, Desnutricion.

Introduction

Child malnutrition encompasses clinical,
biochemical, and anthropometric altera-
tions of multifactorial origin, among which
the following stand out: inadequate diet,
presence of infections, poverty, poor sani-
tary conditions, and food insecurity.!

It manifests as low weight for height
and low weight for age, affecting more
than 50 million and 149 million children,
respectively, which makes it a public health
problem that remains prevalent because, in
the long term, it can impact the develop-
ment of children's learning skills and their

[282]

Malnutrition  predisposes to  acute
diseases, mainly of respiratory and gastroin-
testinal origin, by compromising the immune
system. In addition, there is evidence of a
lack of adequate growth, as indicated by
anthropometric measurements, a deficit in
cognitive development, and impairment in
motor and language development, primarily
during the first two years of life. This is
because proper functioning depends on
obtaining macromolecules in the diet, such
as proteins, lipids, and carbohydrates."¥

For this reason, in recent years, lipid-
based nutrient supplements (LNS) have
been studied, which are a fortified and indi-
vidually packaged paste, generally made
with a base of peanuts, cereals, vegetable
oils and powdered milk, intended to supple-
ment the diet of children from six months
of age, depending on their needs and nutri-
tional status."In addition, their formulation
also includes foods based on wheat or corn,
water fortified with vitamins and minerals.
There are also prepared foods intended for
children from six to 59 months, which are
consumed in small quantities and prepared
with a lipid base that provides proteins
and micronutrients."

Regarding their effects, an increase in
the concentration of essential fatty acids has
been observed in children with malnutrition
who received LNS. These acids are involved
in multiple processes in the body, such as
protection of the gastric mucosa, hemo-
stasis, maintenance of endothelial function,
reduction of the risk of developing allergies,
and improvement of the immune system."

Furthermore, LNS also increases high-
density lipoprotein (HDL) levels and their
ability to scavenge excess cholesterol from
tissues;* in addition, LNS has been shown
to decrease the prevalence of anemia and
iron deficiency* Additionally, improve-
ments in growth and reduction of under-
weight have been observed in children
aged six to 24 monthsX

The previously described effects enable
us to highlight the role of LNS in preventing
infant malnutrition, positioning it as a poten-
tial therapeutic and preventive approach to
mitigate short- and long-term alterations
related to infant malnutrition ™

This work consists of a narrative review
of original and review articles dated from
January 2017 to August 2024. Google
Scholar, SciELO, HINARI, and PubMed data-
bases were consulted in Spanish and English
language, the Boolean operators AND, OR,
and NOT were used, and the descriptors:
Child Nutrition Disorders, Child Develop-
mental Deviations, Childhood Malnutrition,
Growth Disorders, Lipid-based Nutritional

Supplements were used and combined in
different ways together with the Boolean
operators. This review aimed to analyze the
effect of lipid-based nutritional supplements
on the development of anthropometry,
motor skills, and language in malnourished
children aged six to 24 months.

Discussion

Composition and generalities
of lipid-based nutritional
supplements

LNS is formulated with basic foods such
as skim milk powder, peanut, soy, vitamin
and mineral premix, and carbohydrates
such as lactose, maltodextrin, and sucrose.
Among the main energy sources are lipids,
such as essential fatty acids, obtained
from vegetable sources

They are nutritional support strategies for
home use aimed at populations at nutritional
risk in low- and middle-income countries.
They are targeted as a supplementto the daily
diet to increase caloric and protein intake

There are currently three NS formula-
tions, each with a different daily portion,
nutritional value, and energy content. These
include: Small Quantity LNS (SQ), designed to
supplement the regular diet, which provides
3 g of protein and 10 g of fat in 20 g of
product; Medium Quantity LNS (LNS-MQ),
traditionally used to treat moderate acute
malnutrition in children, which provide 6 g of
protein and 16 g of fat in 45-90 g of supple-
ment; while Large Quantity LNS (LNS-LQ),
used in the treatment of severe acute malnu-
trition in children, provide 15 g of protein and
28 g of fat in 180-280 g of product.

Okronipa et al. reported in Mexico that
even sugar-free LNS are well accepted by
caregivers and children, thanks to their
pleasant taste and the possibility of being
consumed directly from the packaging or
mixed with water or other foods "

In other parts of the world, their accept-
ability is limited; however, Merrill et al.
evidenced in Bangladesh that designing and
manufacturing an LNS with locally and
culturally appropriate products improves
its acceptability compared to imported
nutritional products®

Lipid-based nutritional
supplements and anthropometric
development

Anthropometry is the study of measuring
the human body in terms of its dimen-
sions, including bone, muscle, and adipose
tissue, For children under two years of
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age, the Ministry of Health of El Salvador
recommends assessing nutritional status by
weight and length for age

Mbabazi et al, conducted a randomized,
double-blind trial in children aged 12 to
59 months with growth retardation, using
four formulations of LNS enriched with
milk protein, permeated whey, soy protein,
or maltodextrin, compared to a reference
group that did not receive any supplemen-
tation. In the children who did not receive
the intervention, there was no growth, and
they gained body fat, unlike those who
received an LNS, regardless of their formula-
tion, who presented an increase of 0.56 cm
in height, which reflects a recovery of 0.17
of the Z value of height and an increase in
fat-free mass deposits.

In a study by Griswold et al, in Sierra
Leone, 2691 children aged 6-59 months
with moderate acute malnutrition, defined
by a Mid-upper arm circumference (MUAC)
of > 115 cm and < 12.5 cm, were studied.
They were divided into four study arms: the
first, a soybean blend; the second, a soybean
blend with oil; the third, Super cereal Plus
amylase; and the fourth arm, LNS. Anthropo-
metric measurements were taken every 14
days. During their development, the partici-
pants gained an average of 13.1 + 175 g/
kg/day and an average MUAC of 0.4 + 0.03
cm/day. Recovery, defined in the study as a
MUAC > 12.5 cm in 12 weeks, was achieved
by 63 % of the children, with no significant
difference between interventions*"

In a longitudinal study conducted by
Fazid et al, in Pakistan in children aged 6-23
months, participants were divided into
two arms: a treatment arm that received
Ready-to-Use Supplementary Food (RUSF)
and health counseling and a control arm
that received counseling only. Of the 1680
children included in the study, 810 were
assigned to the treatment arm, of whom
256 had low height-for-age, 72 had low
weight-for-age; 870 were assigned to
the control group, of whom 362 had low
height-for-age, and 80 had low weight-for-
age. They performed monthly follow-ups
for one year, during which anthropometric
measurements were taken, and counseling
was provided. It was observed that in the
intervened arm, the participants presented
an increase in average height, from 73.4 cm
to 82.1 cm (a total of 8.52 cm difference), an
increase in height-for-age from-1.13t0-0.93
standard deviations (SD), and a total of 0.19
SD compared to the control arm, in which
no statistically significant increase in height-
for-age was observed

Huybregts et al, conducted a longitu-
dinal, cluster-randomized, controlled trial in

1132 children aged six to 23 months who
were free of acute malnutrition at enroll-
ment and were divided into two arms. One
received the Innovative Approaches for
the Prevention of Childhood Malnutrition
(PROMIS) intervention plus SQ-LNS supple-
mentation, while the other received no
intervention. The intervention arm showed
a 29 % reduction in the incidence of acute
malnutrition, mainly between six to ten
months of age, attributing the preventive
effect to the consumption of SQ-LNS*

In 2019, Das et al, conducted a system-
atic review of the effect of LNS in children
aged six to 23 months, including 17 studies
with a sample of 23 200 previously healthy
or at-risk children for prevalent diseases
such as malaria, diarrhea, and malnutri-
tion at baseline. In the groups using LNS,
there was evidence of a 7 % reduction in
the prevalence of moderate stunting and a
15 % reduction in the prevalence of severely
stunted children. In addition to improving
measures such as mean arm circumference
and serum hemoglobin, greater effective-
ness was achieved using LNS for a longer
period, recommending a minimum use of 12
months of LNS to obtain a more significant
recovery of anthropometric measures

A meta-analysis by Dewey et al,, included
14 randomized clinical trials of children
between six and 24 months at risk of malnu-
trition from countries with low or medium
economic income, where LNS was used.
In the groups that used the SQ-LNS, there
was evidence of a reduction in the preva-
lence of stunting, ranging from 9 % to 16 %,
compared to children who did not receive
the intervention. Additionally, a greater
benefit was observed in children with a
higher degree of malnutrition. i

Khan et al, evaluated the impact of
LNS-MQ in 870 children aged 6-23 months
at risk of stunting in Thatta and Sujawal
districts of Sindh, Pakistan, divided into two
groups: one receiving the intervention and
the other serving as the control. The initial
rates of stunting and wasting were compa-
rable in the two groups studied. There
was evidence of a reduction in the risk of
stunting, especially in children under 12
months of age, by approximately 9 % and in
wasted children by 22 %. This supports the
recommendations of a greater benefit at
ages of nutritional vulnerability. "

Dewey et al, conducted a two-stage
meta-analysis in 2022 that included 14
studies, which were conducted on 37 066
children aged six to 24 months at risk of
undernutrition in low- and middle-income
countries. In which the same participants
were measured at baseline and the end
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of the study; in some cases, longitudinal
post-intervention follow-up was performed,
ranging from six to 18 months. Those who
received SQ-LNS showed reductions in the
prevalence of severe wasting and stunting
of 31 % and 17 %, respectively

According to the document "The Double
Burden of Malnutrition," RUTF (Ready-to-Use
Therapeutic Food) is an effective strategy for
treating severe acute malnutrition, which
has been shown to reduce mortality. In food-
insecure contexts, LNS with lower energy
density, fat, and sugar content are used to
improve nutritional status, promote growth
in young children, and treat moderate
acute malnutrition.

Lipid-based nutritional
supplementation and motor and
language development

The brain is a heterogeneous organ
composed of multiple processes, neuronal
connections, neurotransmitters,  and
specific anatomical areas that each have
different functions. Due to its high func-
tional and structural complexity, brain
development extends from birth through
the first years of life, a period during which it
undergoes the most significant number of
changes, culminating in adulthood, when
its development is considered complete !
During the first years of life, a critical stage
for neuronal plasticity, the brain requires a
constant supply of nutrients to facilitate its
proper development* That is why malnu-
trition has been associated with multiple
cognitive, social, and motor deficiencies
during childhood development

LNS has been used in several studies
conducted in low- to middle-income
countries as a measure to improve motor
and language development. In a study
conducted in the Democratic Republic
of Congo, children aged six to 18 months
with malnutrition and at risk of malnutri-
tion belonged to two geographic areas
of interest to the researchers. Participants
were divided into two arms according to
area; one arm received intervention with
the government's infant and young child
feeding (IYCF) program plus an LNS, while
the control arm received only the govern-
ment's IYCF program without LNS. Motor
and language development were assessed
using the ASQ-3 tool in the Communi-
cation and Gross Motor Development
modules (Ages and Stages Questionnaire,
3rd edition). The results showed that chil-
dren in the treatment group scored higher
in communication and motor response
compared to those in the control group. In

addition, LNS decreased the likelihood of
motor developmental delay by 18 % and
the likelihood of language developmental
delay by 19 %, highlighting its preventive
role in language development ¥

Not only have LNS been observed to
prevent developmental delay in children
at risk of malnutrition, but studies have
also been conducted looking at the effi-
cacy of LNS in acutely malnourished chil-
dren. In a study by Olsen et al, conducted
in five hospitals in Burkina Faso, 1613
malnourished children were divided into
12 groups. Six groups received a soybean-
based supplement, and six groups received
an LNS. Using the Malawi development
assessment tool (MDAT), which assesses
four developmental domains (fine motor,
gross motor, language, and social skills), it
was found that at the end of the 12 weeks
of intervention, children who received LNS
increased their scores assessed with the tool
in the language and fine motor domains. >

In another study conducted by Mbabazi
et al, in Uganda, 1950 children with low
weight for height were divided into four
groups, depending on the composition of
the LNS administered to them, comparing
those containing milk protein, soy protein,
both or none of the above; it was found,
through an evaluation with the MDAT tool,
that all children who received the LNS, after
12 months of intervention, increased their
scores in the four domains of the evaluation,
with a greater increase observed in children
who consumed LNS with milk protein

In addition, in a meta-analysis conducted
by Prado et al, in which 14 studies were
evaluated from nine countries, with a total
population of more than 30 000 children
between six and 24 months of age, with
different nutritional status (incorporating
both healthy and malnourished children)
who received LNS, their results in language,
motor, and socio-emotional development
were compared mainly using tools such
as Extended Ages and Stages Question-
naire (EASQ), Developmental milestones
checklist (DMC), MDAT and Kilifi Develop-
ment Inventory (KDI). Increases in scores
in the areas of language, social-emotional,
and motor development were reported in
all the studies reviewed, corresponding to
each of the tests used. In addition, these
increases were found to be greater in chil-
dren with low height-for-age at the begin-
ning of the interventions. Individually, the
increases were more significant in those
with acute malnutrition »i
In a 6-month follow-up study by Cornelius M
etal,inanorthern province of South Africa in
undernourished children aged 6-12 months,
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a population of 750 children was divided
into three study groups, one with LNS-SQ,
one with LNS-SQ plus four additional nutri-
ents (phosphorus, magnesium, potassium,
and manganese) and a control group that
received no intervention. Each group under-
went anthropometric and psychomotor
development measurements at six and 12
months of age, using the 'Kilifi Develop-
mental Inventory (KDI)" tool, which includes
the assessment of skills such as movement
in space, motor coordination, dynamic
balance, and static balance. It was observed
that, when measured at 12 months of age,
children who received LNS-SQ plus four
additional nutrients scored 25 % higher on
the KDI than children in the control group.**

Currently, LNS is now considered one
of the most promising interventions to
improve language and motor development
in children with malnutrition due to its ease
of administration, which leads to good
adherence to indicated treatment. More
research is needed to support this inter-
vention as a primary tool to benefit chil-
dren affected by this condition, exploring
possible health effects.

Conclusion

The effectiveness of LNS in improving
anthropometric measures such as weight-
for-age and length-for-age in malnourished
children has been clearly demonstrated.
Regarding motor and language devel-
opment, the studies reviewed indicate
that children who receive NS achieve
better results on standardized tests
assessing these developmental areas.
Likewise, LNS is attributed with having a
preventive effect against delays in motor
and language development.

It is important to note that more signifi-
cant improvements were observed when
LNS administration was combined with
interventions that promote good feeding
practices—such as the IYCF program and
the PROMIS strategy—along with food
security and proper handwashing.

Therefore, it should be emphasized that
using LNS as a standalone intervention may
not produce the same benefits in develop-
ment and anthropometric measures as
when it is combined with the aforemen-
tioned strategies. Additionally, the formula-
tions of lipid-based nutritional supplements
can differ depending on the region where
they are produced. This review considers the
results of studies that used various types of
lipid-based nutritional supplements, recog-
nizing that outcomes may vary depending
on the specific formulation.
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Abstract

The potential effects and risks of benzodiazepine use have been documented for several decades, with older adults being
particularly affected due to the significant changes in pharmacokinetics and pharmacodynamics associated with aging. The
objective of this narrative review was to provide answers regarding the effects of benzodiazepine use on the physical and
mental health of older adults. A search was conducted in PubMed, Cochrane, Scielo, and LILACS, as well as in the repository of
the Library, Documentation, and Information System of the University of Costa Rica. The effects on physical health identified
were an increased risk of falls and fractures, while in mental health, an increased risk of dementia and decreased cognitive
processing speed were reported. The results emphasize the importance of limiting the prolonged use of benzodiazepines in
older adults and promoting non-pharmacological therapeutic alternatives, such as cognitive-behavioral therapy, especially for
the management of insomnia and anxiety. Raising awareness among those who prescribe this type of medication is essential
so that they seek alternative ways to address conditions such as insomnia and anxiety in this population.

Keywords
Substance-Related Disorders, Aging, Benzodiazepines, Metabolic Side Effects of Drugs and Substances, Quality of Life.

Resumen

Los efectos y riesgos potenciales por el consumo de benzodiazepinas han sido documentados durante varias décadas. Las
personas adultas mayores tienen un efecto particularmente importante por los cambios relevantes en la farmacocinética y
farmacodinamia propios del envejecimiento. El objetivo de esta revision narrativa fue dar respuesta sobre los efectos por el
consumo de benzodiazepinas en la salud fisica y mental de las personas adultas mayores. Se realizé una busqueda en PubMed,
Cochrane, Scielo y LILACS y en el repositorio del Sistema de Bibliotecas Documentacion e Informacién de la Universidad de
Costa Rica. Los efectos en la salud fisica identificados fueron mayor riesgo de caidas y fracturas; mientras que, en salud mental
se reportd mayor riesgo de demencia y disminucion de la velocidad del procesamiento cognitivo. Los resultados recalcan
la importancia de limitar el uso prolongado de benzodiazepinas en personas adultas mayores, promoviendo alternativas
terapéuticas no farmacoldgicas, como la terapia cognitivo-conductual, especialmente para el manejo del insomnio y ansiedad.
La sensibilizacion dirigida a quienes prescriben este tipo de medicamentos es fundamental, de manera que busquen formas
alternativas de abordar los padecimientos de esta poblacién como el insomnio y la ansiedad.

Palabras clave
Trastornos Relacionados con Sustancias; Envejecimiento; Benzodiazepinas; Efectos Metabdlicos Secundarios de Drogas y
Sustancias; Calidad de vida.

Introduction The uses of these drugs are broad.

However, the literature indicates that in

The effects and potential risks of benzodi-
azepine use have been documented for
several decades'and have been identified
for different age groups. However, in the
elderly, this effect is particularly important,
as there are relevant changes in pharma-
cokinetics and pharmacodynamics that are
typical of the physiology of this life cycle”

older adults, they are mainly used for anxiety
and insomnia.™ In addition, prolonged use
has been documented, which contravenes
the stipulations of the management guide,
which indicates that they should not be
prescribed for more than four weeks.” The
aim is to prevent dependence and avoid the
development of potentially harmful effects.

[290]

On the other hand, improvements in
healthcare technologies and overall living
conditions have contributed to the increase
in life expectancy. This also translates into
a challenge for society and health systems
as a whole since the population is reaching
old age with a series of health problems
or multiple pathologies and consequently
consumes a large number of drugs, which
leads to a decrease in the quality of life.”

In line with the above, an increased
consumption of benzodiazepines has been
documented in the older adult population,
together with adverse effects such as depen-
dence, cognitive impairment, gait distur-
bances, and increased risk of falls, among
others¥™ii All these effects are directly
related to basic activities of daily living
such as personal hygiene, independence
at home, and moving from one room to
another within their own home or outside it,
affecting, to some extent, the socialization of
older adults. In addition, they require a great
deal of assistance, which causes dependence
on third parties for their care.

Consistent concerns have been docu-
mented in the international literature
regarding the prolonged use of benzodiaz-
epines in older adults. Studies conducted in
countries such as Finland, the United States,
France, and the Netherlands have reported
adverse cognitive effects associated with
their use, which has led to calls for attention
to their use in this population.™ Nonethe-
less, its prescription remains a frequent
practice. At the same time, it has been
shown that a significant proportion of users
-particularly older adults- are not fully aware
of the potential risks associated with the use
of these drugs. On the other hand, recent
reviews have addressed relevant pharma-
cokinetic aspects, as well as the limitations
in detecting consumption due to the fact
that, in some cases, people do not report
their use voluntarily.

Similarly, some authors™ propose a
change in the approach to caring for
various health problems, with the aim
of improving the conditions of older
adults and, consequently, their quality of
life. In addition to the above, the World
Health Organization has declared the
current decade as the "Decade of Healthy
Aging," which increases the need to influ-
ence modifiable factors that contribute
to favoring this initiative, one of which
involves polypharmacy and specifically the
prescription of benzodiazepines ¥

In this same line, important variables are
determined on which actions should be
generated to favor healthy aging, among
which are independence, autonomy, and

informed consent in health matters. All the
aspects mentioned are linked to medica-
tions that have effects on these compo-
nents, such as benzodiazepines.

This research design responds to a narra-
tive review of the literature. A search was
conducted in PubMed, as well as in the
Cochrane, Scielo, and LILACS databases and
the repository of the Library Documentation
and Information System from the University
of Costa Rica. Studies on the effects on
physical and mental health of benzodiaz-
epine use in older adults (over 60 years of
age) were included. The search strategy
included the following keywords: benzo-
diazepines, aging, adverse effects, adverse
effects, long-term adverse effects, mental
health, physical health, benzodiazepines,
physical and human conditioning, long-
term adverse effects, benzodiazepines, and
long-term adverse effects, health status and
aging. The identified citations were collated
and loaded into EndNote 20, a bibliographic
software or citation management system
(Clarivate Analytics, PA, USA).

This review aimed to provide answers
about the effects of benzodiazepine use
on the physical and mental health of
older adults. Thus, the importance of this
research is highlighted, as it adds valuable
information to the growing literature and
helps to understand better the impact of
this type of medication on older adults.
Consequently, it provides input for devel-
oping better strategies in a comprehensive
approach to this issue.

Discussion

This study aimed to map the physical and
mental effects associated with long-term
consumption of benzodiazepines in older
adults, a particularly vulnerable popula-
tion due to the physiological and cognitive
changes associated with aging. The find-
ings identify specific adverse effects in two
major areas: physical health and cognitive
health. This also revealed an interrelation-
ship between the two "dimensions" since
the effects in one dimension tend to exac-
erbate those in the other, enhancing the
overall negative impact. Given the above,
the information obtained from the review
provides a comprehensive overview of
the potential risks associated with these
substances, detailing their documented
effects and potential implications for clinical
practice and public health.

Given the aforementioned and to
contextualize, it should be noted that drugs
belonging to the benzodiazepine family
comprise a group of substances widely used
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inmedicinetotreat different conditions,some
of which are anxiety disorders, insomnia,
seizures, and withdrawal syndrome, among
othersX"In addition to the above indications,
they are being used for all population groups
according to their particular condition and
need. ™ixv Despite the above, there are
various studies indicating that the population
stratum that uses it most or has the greatest
number of indications is the elderlyX

In view of the above, it should be noted
that the normal aging process involves
natural physical and mental changes, but
certain drugs can promote an acceleration
in the manifestation of these changes or
induce greater deterioration. In addition, it
is particularly important to clarify that aging,
itself, does not always result in a severe
reduction of physical and mental capacities.
Nevertheless, it is a stage of life in which
some bodily and cognitive functions may
gradually diminish and this makes them
especially vulnerable or sensitive to the
effect of different substances.”

As mentioned above, in older adulthood,
the body undergoes physiological changes,
some of which can manifest themselves
as a decrease in muscle mass, loss of bone
density and a decrease in cardiovascular
capacityx Similarly, the brain undergoes
modifications, such as a slight decrease
in information processing speed and
memory, which are considered to be part of
normality in this phase.

However, the use of certain medica-
tions, especially in inappropriate doses or
for prolonged periods, can exacerbate these
changes, such as BZDs, commonly used to
treat anxiety or insomnia in older adults*”
which can intensify drowsiness, confusion,
and affect motor coordination, increasing
the risk of falls and fractures i |n addi-
tion to the above, age-related changes in
liver and kidney function or the distribution
of drugs in the body will alter the normal
or expected response of the body during
older adulthood;™ this may result in some
drugs interacting with the aging process and
generating more pronounced side effects
at this stage of life. This is associated with an
increased risk of falls and fractures among
those who consume these substances
as a result of the effects of benzodiaz-
epines, in addition to the changes expected
at this stage of life.

In the review conducted by Zhong
et al, in addition to the results observed in
Table 1, it was found that patients, recent
users of BZD, defined according to most of
the studies included in the review as less
than two years of use, also had an increased
risk of dementia (RR 1.55; 95 % Cl 1.33 - 1.83;

p 0.32; 1’=15.0)20. An increased risk was also
found (RR 1.55; 95 % ClI 1.17-2.03; p < 0.01;
I2=72.6) when evaluating patients with a
history of BZD use, with the last dose admin-
istered between two and 12 years prior to
the start of the studies.

In the review published by Goémez et al.,
in addition to the adverse effects described
(Table 1), therewasalso evidence ofhighBZD
consumption in the population > 60 years
of age and that the use of BZDs was more
frequent in women. However, the limited
number of studies in the region does not
allow for the generalization of results, which
suggests that the exploration of BZD use in
MA is in its initial stages and has denoted a
need for further and more in-depth study.”

Although the study by Young et al. did
not find an increased risk of angle-closure
glaucoma in BZD users (Table 1), it was
reported that new users (without exposure
to BZD 30 days prior to the index date) did
present an increased risk (Adjusted OR 1.62;
95 % Cl 1.09 - 2.37) of this disease.™

Now, in response to the objective of this
review, itisimportanttodistinguish between
the effects of the physical and mental
components. However, the fact that they are
linked is emphasized, as the effects on the
mental component enhance the effects on
the physical component, and vice versa.*

Effects on physical health

This population group faces changes in
muscle mass and strength,* ™ due to condi-
tions such as sarcopenia;* the consumption
of BZD aggravates this age-related effect,
and, as a result, there are more cases of falls
and fractures among users of these drugs*"
The above reinforces what is reported in
the literature when it expresses concern about
the indiscriminate prescription and consump-
tion of benzodiazepines among the elderly.
In this same line of argumentation,
another group of effects is also found, such
as an increase in the risk of acute closed
glaucoma and an increased risk of cancer
(although it should be clarified that this
study included people who were not older
adults since age was not a selection crite-
rion), decreased sexual desire, anorgasmia
and erectile dysfunction, regarding these
the literature mentions that some may be
dose-response and others require more
research. However, it is worth mentioning,
as they should be addressed in greater
depth in future research*™i |n addition,
it is noteworthy to understand that new
studies are associating the consumption of
these with inflammation processes, which,
in turn, are related to the appearance of
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certain types of cancer and with the serious
and complex behavior of conditions such
as asthma or pneumonia; however, more
research is required in this regard >

The aforementioned is particularly
important in a society with an increasing
number of older adults, and the trends of
the main health organizations (PAHO and
WHO) indicate a decade of healthy aging

and improved quality of life for older adults.
The regularization of benzodiazepines,
which are used in this age group to treat
insomnia and anxiety* is fundamental.
There are other alternatives for these
conditions, including some non pharma-
cological ones. BDZ consumption is among
the modifiable factors that contribute to
achieving optimal aging.

Table 1. Effects on physical and mental health of long-term benzodiazepine use in the elderly population

Health effects identified

Author Description of the study Time of use

and year

Zhong,Wang,  Study Type: systematic review and Ever use: whether
Zhang, Zhao, meta-analysis. they used BZD
2015 Objective: quantify the relationship during the follow-

between long-term benzodiazepine  up time of the

use and dementia. studies, maximum

Population: six studies were included  follow-up ranged

for a total of 45 391 participants. from eight to 25
years.

For the risk of dementia in
patients who have ever used
BZD compared to those who
never used them, significant
pooled RRs were obtained
(RR 149,95 % Cl 1.30- 1.72)
with low heterogeneity

(p 0.19,1235.1).

Poly TN, Islam  Study type: systematic review and Studies in which

In studies that included

MM, Yang HC,  meta-analysis. patients had at participants > 60 years, a
LiYJ) 2019 Objective: assess the magnitude least 14 days of pooled RR for hip fracture risk
of hip fracture risk with benzodiaz- exposure to ben-  of 1.35(95 % Cl 1.24-1.47,
epines. zodiazepines were  p < 0.0001) was obtained
Population: 30 studies were included included. with a moderate risk of het-
in the review. erogeneity between studies
(1?73.37,Q90.12; r* 0.02).
Diaz, Martinez-  Type of study: systematic review The follow-up BZD exposure is associated
Cengoti- Objective: collect updated data on period of the with the risk of falls in older
tabengoa, the relationship between benzodiaz-  included studies adults; among the drugs
Saez, Cano, epine use and the risk of falls in older ~ ranged from five  evaluated were lorazepam,
Martinez-Cen-  adults. days to ten years.  alprazolam, clonazepam, and
gotitabengoa,  Population: 12 articles were included. flurazepam.
etal, 2017
Goméz, Ledn,  Type of study: systematic review Not specified The most frequent adverse
Macuer, Alves,  Objective: conduct a review of the effect identified in studies
Ruiz, 20171 available information on the use of included in this review was

benzodiazepines in older adults in
Latin America.
Population: 21 articles were included.

the risk of falls and fractures
due to falls. Other adverse
events identified were chronic
headache, insomnia, and
dependency.

Youngetal, Type of study: case-control One to 30 days
2019 Objective: investigate whether BZDs

increase the risk of acute angle-

closure glaucoma in a geriatric popu-

BZD use did not significantly
increase the risk of acute
angle-closure glaucoma
(adjusted OR, 1.14; 95% Cl,

lation. 0.94-1.37).

Population: 1117 cases and 4468

controls.
Liu, Jia, Type of study: systematic review and ~ Not specified Impairment in processing
Jian, Zhou, meta-analysis. speed was found in BZD
ZhouWu, Tang, Obijective explore the following two users (N 253; SMD -0.61;
2020% questions in the elderly: is benzodi- 95% ClI-0.91-031;0;p <

azepine use associated with impaired
cognitive functions in the elderly? And,
which cognitive domains have de-
creased functionality associated with
benzodiazepine use and abuse?
Population: 13 articles were included
in the review, but only eight could be
included in the meta-analysis.

0.0001). There was no signifi-
cant cognitive deficit in BZD
users (N 9262; SMD -0.18;

95 % Cl-0.36- 0.00; 1> 87; p
0.05), but there was in those
who abused (N 7726 SMD
-0.23;95 % C1-0.44 - -0.03; I’
86 p 0.02).

SMD: Standardized Mean Difference.
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Effects on cognitive health

Older adults frequently present alterations
in their cognitive functions as part of the
aging process. Among these changes are
difficulties in memory, especially in the
short term, and in processing speed, which
means that tasks are performed more
slowlyi Additionally, they experience
difficulties with concentration and certain
executive functions, including problem-
solving and decision-making.

This frames what are considered some
of the main psychological changes of aging,
which should be considered and confronted
with the common effects of benzodiaz-
epines. In this regard, the literature refers to
disorientation, confusion, mood changes,
and sleep disturbances, among others.
This reinforces the evidence found, which
details how they affect cognitive processes
and slow down learning and memory,**
increasing the risk of dementia, cognitive
impairment, and the speed at which infor-
mation is processed.vixivxv

From the mapping of the evidence
compiled in this review, it is observed that,
in the context of various national and inter-
national policies aimed at promoting active,
healthy, and functional aging, with the full
participation of older adults in society, the
use of benzodiazepines requires special
attention. The literature suggests that their
prescription should be careful and, pref-
erably, carried out by specialists such as
geriatricians, who can assess the changes
inherent to aging and adequately weigh the
risk-benefit ratio when prescribing these
drugs to treat common conditions such as
insomnia or anxiety.*

It is important for health professionals to
be aware that cognitive deterioration can
lead to long-term physical deterioration
and vice versa and to take into account the
importance of restrictions in the prescription
of this group of drugs.

Limitations and recommendations
of the review

Among the main limitations identified were
the time required for the search process
and the scarcity of studies with large
samples, long follow-up periods, and direct
comparisons  between benzodiazepine
users and non-users. Nevertheless, the
information gathered is relevant, especially
when considering the projected growth of
the older adult population. In addition, it
highlights the need for research to investi-
gate the causes of prolonged prescription
of these drugs and to explore therapeutic

alternatives to address common problems
such as insomnia or anxiety. This allows to
identify priority areas for future research.

The similarities between the studies
are explained by the nature of the docu-
mented adverse effects, such as falls and
cognitive impairment. On the other hand,
differences in specific findings, such as
oncologic risks, can be attributed to varia-
tions in methodological designs, population
characteristics, and prescribing practices in
different geographic regions.

These results underscore the importance
of limiting the prolonged use of benzodiaze-
pinesin olderadults and promoting non-phar-
macological therapeutic alternatives, such as
cognitive-behavioral therapy, especially for
the management of insomnia and anxiety.*

On the other hand, it is important to
recommend the importance of continuing
medical education to sensitize prescribers
of the risks associated with the use of benzo-
diazepines, as well as strict prescription and
follow-up protocols, prioritizing the interven-
tion of specialists such as geriatricians.

All of the above cannot be overlooked;
however, it is recommended that longitudinal
research be conducted to compare consumers
and non-consumers, evaluating the long-
term effects on various health dimensions.

Conclusion

The main side effects on physical and mental
health identified were increased risk of falls,
dementia, as well as loss of cognitive abili-
ties. According to the available evidence, it
has been found that there is a reduction in
the quality of life and the possibility of self-
care of older adults associated with the side
effects of benzodiazepines. The literature
emphasizes the importance of adopting
alternative measures to improve the quality
of life for the older adult population. There-
fore, it is essential to raise awareness among
those who prescribe this type of medication
so that they seek alternative ways of dealing
with the ailments of this population, such
as insomnia and anxiety.
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Abstract

Autism spectrum disorder is a complex and persistent condition that has received increasing attention through the recent
decades. Numerous research studies have highlighted the role of the neurotransmitter glutamate in this disorder, suggesting
that alterations in its function could be significant in the development of the disorder’s symptoms. Literature research was
conducted in the PubMed, MEDLINE, Google Scholar, Scielo, and PsycARTICLES databases from 2019 to 2024, original and
review articles in English and Spanish were selected to evidence the influence of neurochemical imbalance on the development
of autism symptoms. The findings proved a relationship between the neurochemical imbalance of glutamate and some
symptoms of ASD, suggesting that the receptors of this neurotransmitter could be involved as therapeutic targets, positive
developments were observed in verbal intellectual quotient and improvement in social responsiveness after treatment with
allosteric modulators of glutamate receptors.

Keywords
Autism Spectrum Disorder, Glutamate Receptors, Neurodevelopmental Disorders.

Resumen

El trastorno del espectro autista es una condicion compleja y persistente que ha recibido cada vez mas atencion en
las Ultimas décadas. Diversas investigaciones han resaltado el papel del neurotransmisor glutamato en este trastorno,
sugiriendo que las alteraciones en su funcionamiento podrian desempefar un papel clave en el desarrollo de sus sintomas.
Para la elaboracién de esta revision narrativa, se realizé una busqueda bibliogréfica en las bases de datos PubMed, MEDLINE,
Google Académico, SCIELO y PsycARTICLES de los afios 2019 a 2024, se seleccionaron articulos originales y de revision en
inglés y espafol, con el objetivo de evidenciar la influencia del desequilibrio neuroquimico en el desarrollo del trastorno del
espectro autista. Se demuestra la existencia de una relacion entre el desequilibrio neuroquimico del glutamato y algunos
sintomas del trastorno del espectro autista, que permite involucrar los receptores de dicho neurotransmisor como objetivos
terapéuticos; se ha observado un desarrollo positivo en el coeficiente intelectual verbal y una mejora en la capacidad de
respuesta social después del tratamiento con moduladores alostéricos de los receptores de glutamato.

Palabras clave
Trastorno del Espectro Autista, Receptores de Glutamato, Trastornos del Neurodesarrollo.

Introduction

Autism spectrum disorder (ASD) is a set
of complex and persistent neurodevel-
opmental disorders characterized by two
main domains: social interaction and

communication and restrictive and repeti-
tive behaviors. It is important to mention
that symptoms must be present from the
early stages of development and cause
clinically significant social and occu-
pational impairments.
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This spectrum encompasses a diver-
sity of disorders that share characteristics
such as difficulties in social communica-
tion, restricted behaviors and the display
of repetitive behaviors." In recent decades,
the incidence of ASD has increased globally,
affecting both boys and girls, and this could
be due to the increase in diagnostic tools
for this disorder. The World Health Organi-
zation (WHO) estimates that one in every
100 children is diagnosed with ASD in the
United States; by 2016, one in every 36 chil-
dren was diagnosed with this disorder.” ASD
poses economic and social challenges to
the patients, with maintenance and subsis-
tence costs exceeding $60 000 per year in
the United States. In addition, only 15-20 %
of adults with ASD are employed."

Currently, the origin of ASD is not fully
understood. However, it is recognized as
a complex condition in which genetic,
neurobiological, and environmental factors
interact.” An example of this is mutations in
genes responsible for encoding receptors
for various neurotransmitters, which are
compromised in ASD and thus contribute
to some of its distinctive features, such as
glutamate, a crucial neurotransmitter with
inhibitory effects that are involved in ASD."
There are several studies, such as those by
Hardan et al., Schiller et al,, or Soorya et al.,
which have demonstrated the efficacy of
drugs acting on the regulation of glutamate
concentrations at the brain level to provide
a new therapeutic tool for symptom control
in ASD patients, which is of utmost impor-
tance due to the limited number of treat-
ments available."™ Preclinical and clinical
studies have corroborated the efficacy of
glutamate receptor allosteric modulators in
regulating neuronal excitability and synaptic
conduction, which decreases the behavioral
and cognitive effects of ASD

A literature search of databases was
conducted for this narrative review,
including PubMed, MEDLINE, Google
Scholar, Scielo, and PsycARTICLES. Keywords
such as autism, "intervention’, "glutamate”,
"receptors" and "therapies’, both in Spanish
and English, were used to broaden the
search results. Fifty scientific articles were
selected according to the inclusion and
exclusion criteria selected from the publica-
tions obtained using the search filters. One
of the inclusion criteria for selecting studies
was that they had to be published between
2019 and 2024. Additionally, only experi-
mental and descriptive studies, available in
Spanish or English, were considered. Those
with a lack of adequate documentation for
diagnostic confirmation by standardized
tools were excluded in order to evidence

the influence of neurochemical imbalance
with the development of symptoms of
autism spectrum disorder.

Discussion

General aspects of autism
spectrum disorder and glutamate
receptors

ASD is a pervasive neurodevelopmental
disorder that can hinder skill acquisition.
The WHO defines it as difficulties in social
skills and communication with the envi-
ronment, as well as inflexible or repetitive
behaviors, unusual interests, and variations
in the perception of sensory stimuli. Its
development is influenced by a variety of
factors, including environmental, genetic,
and prenatal aspects X

It is characterized by a multifactorial
etiology, although a precise cause trig-
gering the associated neurological changes
has not yet been identified. However, an
alteration in brain connectivity, both in
function and structure, has been observed.
“IThis phenomenon can occur in individuals
of various races, ethnicities, socioeconomic
backgrounds, and gender. However, it is
more prevalent in boys than in girls, with a
ratio of approximately two to one"

Clinical symptoms are typically identified
during the second year of life, although they
may appear earlier in some cases. They can
manifest in different ways: in some cases,
a child follows a typical development and
then experiences stagnation; in other cases,
the opposite may occur, where children
who have followed a normal pattern experi-
ence regression in language, communica-
tion, and loss of previously acquired skills

The Diagnostic and Statistical Manual
of Mental Disorders, fifth edition (DSM-5)
categorizes ASD into three levels of
severity, which include symptoms associ-
ated with social communication, repeti-
tive and restricted behaviors. The first level
implies a need for support, the second
level a substantial need for support, and
the third level denotes a very substan-
tial need for support.»

Several factors influence the biological
origin of ASD at the brain level. Among
them, alterations in the neuronal path-
ways stand out, particularly the imbalance
between the glutamatergic (excitatory)
and GABAergic (inhibitory) pathways, as
well as dysfunctions in the cholinergic
pathway, synaptic plasticity, and oxidative
stress processes. Similarly, several comorbid
disorders have been reported in ASD, such
as anxiety disorder, sensory processing,
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sleep, attention deficit, oppositional defiant
disorder, intellectual disability, obsessive-
compulsive disorder, etcX

Glutamate, a key neurotransmitter in the
central nervous system (CNS), plays a crucial
role in the normal transmission between
neurons, thereby facilitating communica-
tion between them. It also plays a crucial
role in the plastic changes of the CNS during
development, as well as in learning and
memory processes. Its dysfunction has been
associated with several diseases, including
Alzheimer's disease, Parkinson's disease, and
certain forms of epilepsy, and is involved in
the treatment of ASDX

Advances in genetic technology and
diagnostic testing have made it possible
to identify specific causes of ASD in
approximately 40 % of patients with access
to specialized genetic services. These
studies focus on the detection of genetic
syndromes, molecular and cytogenetic
alterations, as well as metabolic disorders.
For example, mitochondrial disorders may
affect up to 20 % of people with ASD, along
with the possible involvement of other
metabolic disorders "

Glutamate and its receptors in the
development of autism

Brain development is a highly complex
process involving numerous events such as
synaptogenesis, axonal and dendritic arbo-
rization, neuronal migration, and synaptic
plasticity, among others. These processes
aim to establish the full functionality of the
brain* However, sometimes, alterations
at the cellular, biochemical, and structural
levels may occur during neonatal develop-
ment. Among the possible neurobiological
causes of autism, the presence of abnor-
malities in the formation and function of
synapses has been suggested ™

Glutamate, which is a substance used as
a substrate in protein synthesis, is the most
prevalent excitatory neurotransmitter in
the brain, used in approximately two-thirds
of synapses. Glutamatergic transmission
plays a crucial role in regulating motor,
sensory, and cognitive systems and is
involved in fundamental processes such as
synaptic plasticity, adult neurogenesis, and
neurodegeneration

During brain development, glutamate
receptors change their distribution and
molecular characteristics, rendering the
brain more susceptible to variations in gluta-
mate neurotransmission during growth. For
this reason, the role of neurotransmitters
and their receptors during the early stages of
development is of paramountimportance i

During the 19905, early studies focusing
on plasma glutamate levels revealed a
significantincrease in these levels in children
with ASD compared to controls. Similarly,
more recent research has demonstrated a
decrease in plasma glutamine levels, which
are directly related to glutamate levels*This
same glutamate-glutamine relationship has
been observed in relatives of patients with
ASD, as well as when comparing patients
with autism with healthy individuals. These
investigations clearly underline the impli-
cation of glutamate concentration in the
development of this disorder

The imbalance between GABA, the main
inhibitory neurotransmitter, and glutamate,
the main excitatory neurotransmitter, is an
area of interest in autism spectrum disorder
research because it has been suggested
that this imbalance may contribute to the
symptoms observed in autism spectrum
disorder® On the other hand, it has been
proposed that there may be hyperactivity of
the glutamatergic system or under activity
of the GABAergic system in certain areas
of the brain of individuals with ASD, which
may contribute to increased neuronal
excitability, problems in the modulation of
sensory processing, and difficulties in the
integration of sensory information, which
are common features of autism.*

Inastudy by Ajrametal,areduced GABA/
glutamate ratio was found in the frontal
lobe of children with autism, in the occipital
lobe of adolescents with high-functioning
ASD, and the prefrontal cortex of adults with
this disorder*" On the other hand, a 2020
investigation in New Jersey by Bhandari
et al, observed increased GABA levels in
the visual cortex, decreased GABA levels in
the sensory-motor cortex, and a decreased
GABA/creatinine ratio in the anterior cingu-
late cortex in children with ASD compared
to control individuals. These findings under-
score the importance of maintaining a
balance between excitatory and inhibitory
stimuli in the development of autism i

It is worth mentioning that excitatory
neurotransmitter signaling, mediated by
glutamate receptors, regulates cognitive
functions such as memory and learning,
which are often compromised in autism.
Furthermore, being found throughout the
central nervous system, glutamate plays a
key role in brain development by influencing
processes such as neuronal migration, differ-
entiation, survival, and synapse formation
However, at high concentrations, glutamate
can act as a potent neurotoxin that causes
cell death, which could be part of the patho-
physiology of certain neurological disorders,
including ASD. Although glutamate has
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difficulty crossing the blood-brain barrier, its
plasma and CNS levels are closely related

Children with ASD have been found
to have significantly higher plasma gluta-
mate concentrations compared to healthy
controls and controls with intellectual
disability, which has been corroborated in
post-mortem studies revealing anatomical
changes in regions such as the cerebellum
and hippocampus*®  These findings
support the idea that alterations in gluta-
mate signaling may play an important role
in the pathophysiology of autism. However,
more research is needed to understand
from a mechanistic perspective the
basis of the origin of ASD.

It is critical to recognize that autism is
a complex and multifactorial disorder and
that the relationship between imbalance
in GABA and glutamate neurotransmission
with ASD symptoms is not yet fully under-
stood. Nevertheless, this area of research
remains highly relevant and may offer new
insights into the underlying biology of ASD
and possible therapeutic approaches i

Moreover, it is important to mention that
metabotropic glutamate receptors (mGluRs)
are atype of G-protein-coupled receptors that
are activated by glutamate action in the CNS.
In general, they are responsible for modu-
lating synaptic efficiency and regulating the
precision of neurotransmission. Among the
eight subtypes, mGIuR1 and mGluR5 belong
to the group 1(Gp1) family and are associ-
ated with various neurological disorders,
including Alzheimer's disease, autism, and
Parkinson's disease*” Groupl mGluRs are
distributed differently throughout the CNS.
While mGIuR1 is mainly found in the hippo-
campus, cerebellum, and substantia nigra,
mGIuR5 is expressed in the hippocampus,
amygdala, olfactory bulb, striatum, nucleus
accumbens, septum, and dorsal horn. v

In addition, Gp1 mGluRs can also be
affected by the allosteric binding of certain
modulators, such as positive allosteric modu-
lators (PAMs) and negative allosteric modu-
lators (NAMs), which cause sensitization or
desensitization of these receptors. PAMs and
NAMs indirectly regulate glutamate trans-
mission and are therefore used in clinical
trials targeting related CNS disorders.

While the exact pathogenic mechanism
of ASD remains elusive, studies in mouse
models of ASD and patients suggest the
involvement of Gp1 mGluRs in the disor-
der®vi CEMTI, a selective mGluR1 antago-
nist, ameliorates MK-801-induced social
interaction deficits in rodents, suggesting
the therapeutic potential of mGluR1 antago-
nists in addressing pathological social inter-
actions. il However, research on mGluRT

has focused primarily on cognitive rather
than emotional and behavioral dysfunc-
tions in rodent models of ASD. Although
mGIluR1 antagonists have shown efficacy
in schizophrenia models, their application
in ASD has not been as extensively studied.
Research in this area is limited, and further
studies are required to determine the effi-
cacy and safety of these treatments in the
management of ASD .

ASD is influenced by genetic and envi-
ronmental factors, suggesting that treat-
ment with Gp1 mGIluRs antagonists may
address individual symptoms rather than
the disorder as a whole. Therefore, a combi-
nation treatment of multiple therapies may
be necessary to intervene in the progres-
sion of ASD effectively.

Glutamate receptor antagonists
and symptom control in patients
with autism

Treatment for ASD is carried out in several
areas, including a set of cognitive-behavioral
interventions with speech, occupational,
and physical therapies, as well as, in some
cases, pharmacological treatments. From
the cognitive perspective, the aim is to
provide a systematic and regular approach,
which encourages the application of the
child's self-requlatory skills in a variety of
social situations

Although there are currently no
approved medications for the management
of the core symptoms of ASD, psychophar-
macological treatment is used to address
other common symptoms in patients with
autism " This includes the use of stimu-
lants, alpha-2 agonists, anticonvulsants,
and antidepressants for the intervention of
symptoms such as hyperactivity, inatten-
tion, impulsivity, irritability, aggression, self-
injurious behavior, repetitive behaviors, and
insomnia. In addition, antipsychotics such
as risperidone and aripiprazole are licensed
for the management of irritability associated
with the disorder'

Given the extensive role of glutamate
in neurotransmission and its connection to
the development of various pathologies,
clinical trials have been conducted using
several drugs that block NMDA receptors,
a ionotropic subtype of glutamate recep-
torsX1This has made it possible to establish
links between these receptors and central
nervous system disorders such as epilepsy,
pain, ischemia, addictions, neurodegenera-
tive diseases, and social deficits

Recognition of the involvement of gluta-
mate in various neurological conditions has
prompted the search and investigation of
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drugs that specifically modulate the gluta-
matergic pathway, with a focus on metabo-
tropic glutamate (mGlu) receptors. Special
attention has been given to memantine,
which acts on NMDA receptors ™ Meman-
tine is a non-competitive antagonist with a
remarkable selectivity for NMDA receptors
in the brain. This action allows it to restore
physiological glutamatergic neuronal trans-
mission and ameliorate the pathological
effects associated with elevated synaptic
glutamate concentrations i

Hardan et al, in their double-blind
study, compared memantine treatment of
children with ASD; half of the participants
received memantine as an adjuvant, while
the other half received only a placebo. The
study focused on evaluating the efficacy
and safety of memantine in children with
autism. In terms of safety, the study found
that 64 % of individuals experienced mild
adverse effects, such as dizziness, head-
ache, fatigue, nausea, constipation, or
diarrhea. In comparison, only 0.7 % experi-
enced serious effects that resulted in treat-
ment discontinuation."!

An improvement in social responsiveness
was observed in all study groups (memantine
and placebo). However, after the end of treat-
ment, participants who received a placebo
or a reduced dose showed a worsening
on the Social Responsiveness Scale (SRS),
with increases of ten to 20 points over their
scores during treatment. In addition, a higher
percentage of placebo patients (73 %) had a
significant increase in SRS score compared to
those treated with reduced-dose (66.7 %) and
full-dose memantine (64.3 %), suggesting
that memantine may offer more sustained
improvement in ASD symptoms."

In the clinical trial conducted by Soorya
et al, the use of memantine as an adjuvant
compared to placebo in adolescents with
autism was investigated to assess its impact
on social skills. The results revealed a signifi-
cant improvement in verbal recognition
memory among participants treated with
memantine. Furthermore, when analyzing
the 1Q of individuals who received meman-
tine, a positive development in verbal 1Q
was observed after treatment "

This is consistent with the clinical trial
conducted by Schiller, et al, in 2023, in
which the effect of memantine was exam-
ined in patients with epileptic encepha-
lopathy, including ten patients who had
previously been diagnosed with attention
deficit hyperactivity disorder and eight
patients previously diagnosed with autism
spectrum disorder. During the study,
significant improvements were identified
in the electroencephalograms (EEGs) of the

memantine-treated participants, including
a reduction in the amplitude and frequency
of epileptiform discharges, fewer nocturnal
awakenings, and the absence of seizures on
follow-up EEGs in two patients who initially
had seizures. Less functional impairment
was also observed in these participants,
although no significant differences were
found with respect to placebo.”

In neuropsychological  assessment,
participants with ADHD and ASD treated
with memantine showed lower scores on
scales such as the Conners-3 (p = 0.039)
compared to their baseline values. In
contrast, the placebo group showed no
significant changes (p > 0.05). In addition,
those treated with memantine showed a
reduction in global indices of impulsivity
and emotional lability, suggesting an
improvement in social and cognitive skills.”

Due to this new research, therapies
involving  mGluR allosteric modulatory
drugs can be extended to regulate neuronal
excitability and synaptic conduction selec-
tively. This allows for reduced behavioral
and cognitive effects characteristic of many
brain disorders such as ASD and improves
the social responsiveness of patients*
Although a direct relationship between the
reduction of ASD symptoms and the use
of glutamate receptor allosteric drugs has
not been demonstrated, some research has
concluded that there is an improvement in
certain social abilities, which is an important
precedent for future studies.

Conclusion

Autism spectrum disorder is a complex
condition that encompasses a variety of
disorders that share characteristics such
as difficulties in social communication,
restricted behaviors, and the display
of repetitive behaviors. Research has
highlighted the role of glutamate in this
disorder,demonstrating that alterationsin its
function are significant in the development
of the disorder. These alterations affect
communication between neurons and,
consequently, contribute to the symptoms
of autism, including difficulties in social
interaction and repetitive behavior patterns.
Due to experimental studies, both at the
preclinical and clinical level, it is possible
to verify that therapies with allosteric
modulator drugs of metabotropic receptors
manage to selectively regulate neuronal
excitability and  synaptic conduction,
which allows less behavioral and cognitive
effects typical of autism spectrum disorder
and helps its social responsiveness,
especially at a verbal level.
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Abstract

Survival analysis is a statistical method that focuses on the time it takes for an event of interest to occur. It combines time,
which is a continuous variable, with the occurrence of the event, a dichotomous variable; in addition, its distinctive feature
is the presence of censored data. The Kaplan-Meier method is a nonparametric test that estimates the probability of survival
over time, which is calculated each time an event occurs. The log-rank test is used to compare survival patterns between
independent groups. Cox proportional hazards regression is the most widely used multivariate model in survival analysis;
it evaluates predictive factors and estimates the Hazard Ratio as a measure of association. The use of traditional models
requires assumptions such as proportional hazards and non-informative censoring, and when this criteria is not met,
researchers must choose appropriate techniques according to their objectives, population and resources. Options include
Bayesian models, stratified, time-dependent covariates or artificial intelligence techniques; the latter offers an alternative
for modeling complex scenarios, handling large volumes of data and overcoming the limitations of conventional methods.
Keywords

Survival Analysis, Investigative Techniques, Biostatistics, Kaplan-Meier Estimate, Cox Model.

Resumen

El'andlisis de supervivencia es un método estadistico que se centra en el tiempo que tarda en ocurrir un evento de interés.
Esta combina el tiempo, que es una variable continua, con la ocurrencia del evento, una variable dicotémica; ademas, su
caracteristica distintiva es la presencia de datos censurados. Se realizé una busqueda de publicaciones del 2019 al 2024, con
el objetivo de describir los principales métodos para realizar analisis de supervivencia y las diferentes opciones cuando no es
posible usar los modelos tradicionales. Se elabord una revision narrativa de las técnicas mas utilizadas, limitaciones y sesgos
encontrados con mayor frecuencia en las investigaciones publicadas. El método Kaplan-Meier estima la probabilidad de
supervivencia a lo largo del tiempo, el test de log-rank compara patrones de supervivencia entre dos grupos independientes.
La regresién de riesgos proporcionales de Cox es el modelo multivariado usado con mayor frecuencia y estima la influencia
de las variables predictoras en la probabilidad de supervivencia en un tiempo determinado usando el Hazard Ratio como
medida de asociacion. Para la utilizacion de estas pruebas se requiere cumplir supuestos como proporcionalidad de riesgos
y censura no informativa, cuando esto no es posible, los investigadores deben elegir técnicas adecuadas seguin sus objetivos,
poblacién y recursos. Las opciones incluyen modelos bayesianos, estratificados, covariables dependientes del tiempo o
técnicas de inteligencia artificial; esta Ultima ofrece una alternativa para modelar escenarios complejos, manejando grandes
voluimenes de datos y superando las limitaciones de los métodos convencionales.

Palabras clave
Analisis de Supervivencia, Técnicas de Investigacion, Bioestadistica, Estimacion de Kaplan-Meier, Modelo de Cox.

Introduction

Survival analysis is a statistical method
in which the variable of interest is the time
it takes for an event to occur This variable
comprises two components: time, which
is continuous, and the occurrence or non-
occurrence of the event, which is dichoto-

mous.™ The method was originally used
to analyze the time until death of patients,
hence its name.* While this remains one of
its most common applications, the event of
interest does not have to be death; it can
also refer to the occurrence of a complica-
tion, such as acute myocardial infarction, or
a patient’s recovery from illness. ™
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A distinctive feature of survival analysis
is the presence of incomplete information,
or "censored data"’ This occurs when the
event of interest does not happen during
the patient's follow-up period." The most
frequent form of censoring in this type of
study is right-censoring, which occurs when
the outcome happens after the end of the
observation period.™

Two other, less common types of
censoring are left-censoring, which occurs
when the event happens before observation
begins.” For instance, a study examining the
prevalence of dementiain Germany between
2004 and 2012 revealed how incorporating
left-censored data (cases diagnosed prior to
2004) could impact the outcome of the anal-
ysis.X The second type is interval censoring,
where only the time interval during which
the event occurred is known, not the exact
time.™ This is common in school-based
oral health programmes that rely on fixed-
interval assessments, such as annual or bian-
nual examinations, where the exact moment
when a tooth cavity develops is unknown
Censoring can be classified as either infor-
mative or non-informative. Non-informative
censoring, also known as independent
censoring, is not related to the risk of experi-
encing the event of interest.” Since failure to
meet this assumption could bias the results,
survival analysis assumes non-informative
censoring.”" The presence of censored data
requires the use of statistical methods that
go beyond simple linear regression.”

Additionally, survival curves are non-
negative, meaning they always show posi-
tive progression. This is because the events
studied are cumulative, with their incidence
accumulating over a defined period of
time. Typically, survival time distributions
are skewed, which limits the applicability
of parametric models that assume a normal
distribution. This requires either non-para-
metric models or logarithmic transforma-
tions for proper analysis. Vv

Nowadays, survival analysis is frequently
employed in cohort studies and clinical
trials. It has proven useful in fields such as
epidemiology, oncology and cardiology for
comparing the efficacy and safety of medical
and surgical treatments, and for estimating
recovery time, time to recurrence as well as
disease-free and complication-free periods™
Given how useful and frequent survival
analysis is in health research and publica-
tions, it is crucial for health professionals to
familiarize themselves with the methods
used in these analyses*’ However, certain
elements and methods are often overlooked
in existing reviews, such as non-proportional
hazard models, Bayesian approaches, arti-

ficial intelligence applications, and the
common limitations and biases found in
these types of studies.

A search was conducted in the PubMed,
Virtual Health Library, Google Scholar and
Scielo databases for articles published
between 2019 and 2024, using the following
keywords: “Survival Analysis’, “Kaplan Meier”,
“Cox proportional hazards’, “Non propor-
tional hazard”,"Proportional hazards assump-
tion”, “Andlisis de supervivencia’, “Riesgos
proporcionales de Cox” and “Modelos de
riesgos no proporcionales” Figures were
generated in RStudio version 9.4.19 1370
using simulated data. The objective of the
narrative review was to describe the main
methods used in survival analysis in health
research and outline alternative options

when traditional models are not applicable.
Discussion
General considerations

The methodology of survival analysis can be
summarized in three key steps. The first step
involves estimating the survival function,
also known as the survival curve. The second
step involves comparing survival curves. The
third step involves estimating the effects of
explanatory variables on survival time.”

The "survival function" refers to the prob-
ability that a patient will survive for a given
period of time ™ A related concept is the
"hazard function”, which represents the
probability of an event occurring within a
specific time period.” "Median survival" is
defined as the time at which the event has
occurred in 50 % of observed subjects A
key assumption relating to the hazard func-
tion is the "proportional hazards assump-
tion" (PHA), which posits that the risk of
experiencing an event remains constant
throughout the follow-up period.*

In survival studies, two timepoints must
be clearly defined: the start and end of
follow-up, based on the study objectives.
The follow-up period must be long enough
to allow for the observation of a reason-
able number of events."Each patient has a
different starting date for follow-up, known
as "calendar time" or "secular time"¥ These
dates are standardized to a common refer-
ence point in time, known as "time zero"*"
A patient's follow-up period spans from
time zero until the event occurs or they
are censored.” Regardless of the variable
under analysis, the time it takes for the event
to occuris commonly referred to as "survival
time"*" In clinical trials, time zero is usually
the moment of randomization, or when the
patient begins the intervention.
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In observational studies, however, it can
vary, potentially corresponding to study
entry, the start of exposure to a risk factor, or
the occurrence of an index event!

Sample size calculation in survival
analysis

Unlike other types of study, the reliability and
power of survival analysis depend not on the
total number of individuals in the sample,
but on the number of observed events

A practical rule for determining the
appropriate sample size is to ensure there
are at least ten events per covariate for reli-
able Cox regression analysis. For example,
if five covariates are to be analyzed,
then 50 events would be required.i*
However, this approach may not reflect the
complexity of the relationships between
predictors and outcomes .

There are, statistical methods available
for determining the appropriate sample size
in such studies, including the Freedman,
Schoenfeld and Lakatos methodsX First,
the number of events required for the
analysis must be calculated, and then the
number of patients needed to observe
that number of events must be estimated.
“I Thorough analysis of the population char-
acteristics and study objectives is essential
to select the appropriate sampling method

The actuarial life table

The study duration is divided into fixed-
length time intervals, during which each
patient is observed " The length of these
intervals is determined by the frequency
of the event.” Follow-up time is expressed
as the number of intervals until the
event or censoring occurs, based on the
assumption that censoring occurs at the
midpoint of each interval!

Kaplan Meier

This is the most widely used method of
survival analysis in health science."™" It is
a non-parametric test which estimates the
probability of survival over time by updating
this probability each time an event occurs.
Therefore, there will be as many estimates
as there are events, unless multiple events
occur simultaneously."™ For the model to
be valid, censoring must be non-informa-
tive. The model is typically represented in
graphs, with the X-axis denoting time and
the Y-axis representing survival probability.
Marks (e.g. "+" signs) are added to indicate
censored data® (Figure 1).

The software used for these analyses
usually provides confidence intervals (Cls)
for each survival probability point. Many
researchers then connect these points
to illustrate the confidence band of the
curve. While these Cls are valid for each
point, additional statistical adjustments are
needed to depict the full confidence bands
appropriately* Other options to Kaplan-
Meier include the Breslow estimator or the
Breslow-Aalen method.”

Log-rank test

This is a non-parametric test based on the
chi-squared distribution, which is the most
commonly used method for comparing
survival curves.™iXit Rather than comparing
final or median survival, it compares overall
survival patterns¥ The null hypothesis is
that there is no difference between the
survival curves of two or more independent
groups™ (Figure 2). The survival curves must
notcross;ifthey do, the test may fail to detect
differences.” ™" In such cases, weighted log-
rank tests, " or the Lin and Wang modified
log-rank test'are recommended. The test's
alternatives to Kaplan-Meier test include
the Tarone-Ware, Peto-Peto-Prentice or
Fleming-Harrington tests.”

Cox proportional hazards
regression model

Cox Proportional Hazards Regression
Model (CPR) is the most widely utilised
multivariable model in the field of survival
analysis.™" |t is used to analyze predictive
factors (covariates) that influence survival.
"It yields a measure of association known
as the Hazard Ratio (HR), which is defined
as the hazard function of the exposed
or treated group divided by the hazard
function of the unexposed or control group.
“The HRis analogous to the Odds Ratio (OR)
from logistic regression and is interpreted
similarly. HR > 1 indicates increased risk,
HR =1 indicates no difference, and HR < 1
indicates reduced risk."

As with any statistical model, the Cox
model is predicated on several assump-
tions: proportional hazards, non-informative
censoring and independence of survival
between individuals. The latter indicates
that the survival of one participant does
not impact the survival of another® In
addition, the log-linear assumption is refer-
enced, which stipulates that the relationship
between the natural logarithm of the instan-
taneous hazard rate of the covariates or
predictor variables must be linear* Testing
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the Proportional Hazards Assumption Prior
to the formulation of inferences from the
model, it is essential to verify the PHA; other-
wise, the analysis may be biased.™ A number
of methodologies are at researchers' disposal
for the purpose of testing this assumption.”"
The most common of these is the Schoen-
feld residuals test, which compares observed
versus expected events. The null hypothesis
posits that the residuals are independent of
time. In the event of its rejection, it is assumed
that risks vary over time and the assumption
is broken*i(Figure 3).

100 %+
75 %

50 %

Another useful method is the log-minus-
log plot. The survival function is changed
usingadoublelogarithmictransformationfor
the covariates. If the PHA holds, the resulting
lines will be parallel and non-crossing. "
It is recommended to use more than one
method in order to verify this assumption.
“»INon-Proportional Hazard Models
A wide range of tests for analysing non-
proportional hazards is available, and no clear
consensus exists on the optimal approach.
it One preliminary strategy is to partition
the follow-up period into intervals where the

40 % survival

Survival probability

25 %+
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U
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Figure 1. Kaplan-Meier Graph. Five-year survival of a group of patients with a given health condition. The curve
starts at 100 % and decreases with each event. Crosses (+) represent censored data. In this example, the five-year

survival rate is 40 %.
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Figure 2. Log-Rank Test. This compares an intervention group with a control group. Figure 2A shows that
p <0.01, so the null hypothesis is rejected and a statistically significant difference between the groups is indica-
ted. Figure 2B shows that p = 0.65, which means the null hypothesis is not rejected and suggests no significant

difference between the groups.
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PHA holds and to construct separate models
for each interval **For instance, in a study
that made a comparison between endovas-
cular repair and open surgery for abdominal
aortic aneurysms, since the PHA was not
met, the analysis was divided into four time
periods: six-month survival, four-year survival
among those who survived the first period,
eight-year survival, and survival beyond
eight years.*Further possibilities for explora-
tion include the stratification of the model
based on variables that contravene the PHA,
and the extension of the model through the
incorporation of time-dependent covariates.
xxd The |atter approach is most frequently
employed in the context of clinical trials.*"
For example, a study analyzed the relation-
ship between CA19-9 levels and survival
in pancreatic cancer patients receiving
chemotherapy. Following the discovery
that the PHA had not been met, the
researchers proceeded to implement a Cox
model with time-dependent covariates.
This entailed the introduction of periodic
CA19-9 measurements into the model. The
baseline HR was established at 1.56, with a
maximum recorded of 2.0 HR attained two
months following the commencement
of chemotherapy treatment*Additional
techniques that may be employed include
frailty or random effects models, " para-
metric models such as piecewise exponen-
tial and accelerated failure time models, and
machine learning (ML) approaches i

Bayesian Survival Models

Bayesian survival analysis is a flexible tool
that allows for the modelling of the time to
an event, such as death or recovery. This is
achieved by integrating prior information
through a priori distributions and enabling
dynamic decision-making. In contrast to
conventional methods, Bayesian approaches
do not necessitate the PHA Techniques such
as the Integrated Nested Laplace Approxi-
mation have been proven to be especially
useful due to their capacity to process large
datasets with great expediency and accu-
racy. Bayesian models provide credibility
intervals, which offer a more intuitive anal-
ysis in complex clinical and epidemiological
settings by better reflecting uncertainty*®

They are also useful when the sample
size or number of events is small in relation
to the number of variables. For example, in a
survival analysis of 299 heart failure patients,
of whom 96 died, 11 variables were analyzed.
According to traditional rules, at least 110
events would have been needed (ten per vari-
able), so a Bayesian Cox regression provided
a more reliable analysis in this context

Use of Artificial Intelligence in
Survival Analysis

Artificial intelligence (Al), along with its
branches of ML and deep learning (DL), has
become a valuable tool in survival analysis.
These technologies facilitate the processing
andanalysis of large volumes of data, enabling
the identification of complex patterns and
relationships that are difficult to discern
using traditional statistical methods.*

ML and DL methods have transformed
survival analysis by overcoming the limita-
tions of traditional models. Prominent ML
models include multitask logistic regression
networks, DeepSurv and survival random
forests. These methods can handle complex
and non-linear relationships, identify patterns
in high-dimensional data and provide more
accurate predictions. Their flexibility allows
the integration of clinical, biomarker, and
genomic data, thereby enhancing treatment
personalization and informed decision-
making*" DL models are particularly effec-
tive at analyzing high-dimensional datasets
where the number of features exceeds the
number of observations, which is a challenge
for traditional methods**il Deep neural
networks can model complex nonlinear rela-
tionships between variables and outcomes,
such as disease progression or death, thereby
improving prediction accuracy. Their capacity
to learn from large datasets enables them to
identify significant patterns that traditional
methods may overlook xiflxx

One example of the utility of machine
learning (ML) in survival analysis is a study
that analyzed 100 544 pathological images
from 78 patients, successfully predicting
one-year progression-free survival
following immunotherapy in patients with
small-cell lung cancer

Limitations of Survival Analysis

If the probability of the event of interest is
low, a large sample size is required to ensure
a sufficient number of events for reliable
analysis. When the event takes a long time
to occur, extended follow-up periods are
necessary, which can lead to an increased
number of censored cases due to patients
dropping out of the study*' Furthermore,
the risk of the event occurring may vary over
long timeframes, which breaks the PHA

Models recommended for long-term
survival analysis, such as in cancer studies,
include milestone survival analysis, restricted
mean survival time analysis, area under the
survival curve model, nomograms, and the
previously mentioned accelerated failure
time models and ML technigues
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Figure 3. Schoenfield test. The objective of this study is to ascertain the factors that influence the probability of complications in patients
undergoing surgical treatment one year after the intervention. It is necessary to determine whether the Cox proportional hazards model is
adequate for the analysis. To this end, a Schoenfeld test will be performed to ascertain whether the variables included meet the assumption of
proportionality of risks. Figure 3A rejects the null hypothesis (p < 0.05), thus indicating that the proportional hazards are not met. This implies
that the risk of complications is not constant throughout the follow-up period, necessitating the use of an alternative model for the compari-
son of treatments. As depicted in Figure 3B, the null hypothesis is not rejected, thereby validating the proportionality of risks and affirming the
efficacy of the Cox regression model.
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Biases in Survival Analysis

Informative censoring is regarded as a form
of selection bias, arising when censored
subjects exhibit a higher or lower risk of
the event in comparison to those who
remain in the study.™

Anillustration of this phenomenon can be
found in the context of a clinical trial, in which
a patient was excluded from further partici-
pation due to the emergence of an adverse
effect related to the study medication or the
necessity to modify the therapeutic regimen.”

Ininstances where the occurrence of infor-
mative censoring is suspected, researchers
may decide to exclude these patients from
the analysis or utilize adjusted models such as
stratified models, standard regression adjust-
ments, joint modelling, or inverse probability
of censoring weighting estimation."

Lead-time bias occurs when a disease is
detected at an early stage, prior to the onset
of symptoms, through screening,” which
may lead to an overestimation of survival
time and intervention effectiveness i
To exemplify this, consider the scenario in
which two patients develop cancer at the
age of 15 and both succumb at the age of 60.
In this case, it can be deduced that the actual
survival time for both patients is equivalent.
However, if an individual is diagnosed at the
age of 40 and another at 50, it may give the
erroneous impression that the latter has
a longer survival time. To circumvent this
issue, it is imperative to initiate follow-up
evaluations at the commencement of the
intervention or exposure under scrutiny. X

The phenomenon of stage migration bias
occurs when patients with cancer who are
at the threshold between stages are more
likely to be assigned to the more advanced
stage. This approach has been shown to
enhance survival outcomes in both stages
of the disease. In the initial stage, it functions
by excluding more aggressive cancers, while
in the subsequent stage, it encompasses a
relatively lower proportion of cases that are
less severe. This phenomenon is referred to
as the Will Rogers effect.¥ A competing risk
is defined as an event that either prevents
or modifies the occurrence of the event
of interest™To cite an example, in a study
where the outcome is kidney failure, if a
patient dies before developing this condi-
tion, death becomes a competing risk. In
a similar vein, if the outcome is cardiovas-
cular death and a patient dies from another
cause, that other cause is also considered
a competing risk i

The employment of classical methods,
such as the Kaplan-Meier or Cox regression,
in the context of competing risks may result

in the introduction of bias and an overes-
timation of the effect of the treatment or
exposure under investigation **" The most
common methods for conducting these
analyses are cause-specific hazard models
and the Fine and Gray model X

It is imperative to exercise caution
when conducting a comparative analysis
of surgical interventions and conservative
management strategies. Surgical compli-
cations are more likely to occur in the
perioperative period, violating the PHA.
Furthermore, the benefits of surgery often
manifest over an extended timeframe,
which may not be captured if the follow-
up period is too briefVi In such cases, it is
advised that the efficacy and safety of the
treatments be evaluated independently.
In order to evaluate the effectiveness of
preventive surgeries, it is advised that the
follow-up process commence in the post-
operative period i

Limitations of the Review and
Recommendations

A broad spectrum of survival analysis
methods and adjusted models exists for a
variety of applications, rendering it imprac-
tical to describe all variations and statistical
foundations in this review. Nevertheless,
the objective of this study was to highlight
the most commonly used methods, with
a view to assisting researchers in selecting
the most appropriate techniques for
their research objectives and identifying
common biases in such studies.

[t is recommended that the event(s)
of interest and the start and end points of
follow-up be clearly defined; that potential
biases be assessed before data collection;
and that an appropriate sample size calcu-
lation method tailored to survival analysis
be applied. Following the selection of the
statistical model in accordance with the
study's objectives, it is imperative to under-
take a thorough verification of the under-
lying assumptions and ensure their validity.

Conclusion

The most frequently employed methods
for survival analysis are the Kaplan-Meier
method and the CPR model. However, it
is imperative to verify that the necessary
assumptions for the application of these
statistical techniques, such as PHA and
non-informative censoring, are met prior
to their implementation.

In instances where the implementation
of conventional methodologies is unfea-
sible, researchers are required to select
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appropriate analytical techniques in accor-
dance with their research objectives, the
characteristics of their population, and the
availability of resources.

The advent of technological advance-
ments has enabled the integration of Al
into survival analysis, thereby facilitating
the modelling of complex scenarios, the
management of voluminous data, and
the identification of intricate patterns. This
development has served to overcome the
limitations of conventional approaches,
consequently generating novel prospects in
the domain of medical research.
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Abstract

Population aging is one of the most relevant demographic phenomena of the 21st century. The relationship between oral
health and overall health is complex and multifaceted, especially among older adults. Some general health conditions
that are prevalent in this age group may act as predisposing factors for oral health deterioration, such as diabetes, which
can lead to xerostomia or reduced salivary flow. Moreover, due to the aging process, this population is more lilkely to
experience nutritional problems, caused by decreased regulation of food intake, assimilation, and metabolism, as well as by
physical, psychological, and social changes, and the coexistence of age-related diseases. A literature search was conducted
in scientific databases such as PubMed, LILACS, and the Virtual Health Library The review included open access articles
published in Spanish and English, between August 2019 and August 2024. This review aimed to describe the main oral
diseases in older adults and how they influencenutritional status. Preventing and treating oral diseases is essential to
preservingoral health and proper nutrition in this population.

Keywords

Oral Health, Nutritional Status, Older Adult, Dental Caries, Periodontitis.

Resumen

El envejecimiento poblacional es uno de los fenémenos demograficos mas relevantes del siglo XXI. La relacion entre la salud
bucodental y la salud general es compleja y multifacética, especialmente entre las personas mayores. Algunas condiciones
de salud general prevalentes en este grupo de edad pueden actuar como factores predisponentes para el deterioro de
la salud bucal, como la diabetes, que puede inducir a xerostomia o reduccién del flujo saliva. Ademas, por el proceso de
envejecimiento, esta poblacion presenta mayor probabilidad de problemas nutricionales, debido a una disminucion en
la regulacion de la ingesta, asimilacién y metabolismo de los alimentos, como también cambios fisicos, psicolégicos y
sociales y coexistencia de enfermedades propias a esta edad. Se realizd una busqueda bibliogréfica en bases cientificas
como PubMed, Lilacs, Biblioteca Virtual en Salud, se incluyeron articulos de libre acceso publicados en espafol e inglés,
entre agosto de 2019 hasta agosto de 2024, con el objetivo de describir las principales enfermedades bucodentales en el
adulto mayor y cémo influyen con el estado nutricional. La prevencion y el tratamiento de las enfermedades bucales, son
fundamentales para mantener la salud bucal y la nutricién en esta poblacion.

Palabras clave
Salud Bucal, Estado Nutricional, Adulto Mayor, Caries Dental, Periodontitis.

Introduction El Salvador reflects aging trends, influenced

by country-specific factors such as birth,

The aging of the population is a global
phenomenon that has gained particular
relevance in recent decades. According to
data from the World Health Organization
(WHO), the number of individuals aged
60 years or older is expected to double
by 2050. This demographic shift presents
significant public health challenges, partic-
ulary in addressing the specific needs of
older adults. The demographics profile of

mortality, and migration rates. According
to the most recent national population
censusconducted in 2024, the population
aged 60 years or older was 894 433, repre-
senting 14.83 % of the total population.
Of these 381 668 (42.7 %) were men and
512765 (57.3 %) were women." Older adults
face unique health challenges, including
declining functional capacity, the onset of
chronic diseases, and loss of independence.

[315]
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Oral health is a fundamental component of
overall health, yet its impact on nutritional
status remains underdocumented.

According to the WHO, nearly 3.5 billion
people are affected by oral diseases, with
three out of four residing in middle-income
countries."Oral diseasesareamongthe most
prevalent human conditions. It is estimated
that over 1 billion cases of oral diseases
occur globally, surpassing the combined
total of the five major noncommunicable
diseases, mental disorders, cardiovascular
diseases, diabetes mellitus, chronic respira-
tory diseases, and several types of cancer.

Oral problems such as dental caries,
periodontal disease, tooth loss, and the
presence of inadequate dentures can limit
the ability to chew and swallow, thereby
affecting nutrient intake and absorption.
In older adults, this interrelationship is
even more pronounced due to the higher
prevalence of oral diseases and physi-
ological decline in functional capacity."A
literature search was conducted for articles
published in PubMed, LILACS, the Virtual
Health Library, in both Spanish and English,
between August 2019 and August 2024.
Boolean operators and the following search
terms were used: Oral Health AND Nutri-
tional Status AND Aged; Oral Health AND
Aged AND Periodontitis; Oral Health AND
aged AND Dental Caries. A total of 225
articles were obtained. Of these only docu-
ments from the United Nations, narrative
reviews, systematic reviews, randomized
clinical trials and epidemiological surveys
were considered, resulting in 46 articles.
Of those, studies that did not include data
on the nutrition status of the study popula-
tion were excluded. As a result, 35 articles
were included in this review. The objective
of this review was to describe the main oral
diseases in older adults and how they influ-
ence nutritional status.

Discussion

Most oral disorders can be prevented and
treated in their early stages. However, he
global prevalence of these oral conditions
continuestoincrease, driven by rising urban-
ization and changes in living conditions.” In
addition, the marketing and consumption
of sugar-rich foods and beverages, as well
as tobacco products and alcoholic bever-
ages, has intensified, contributing to the
development of oral disorders and other
noncommunicable diseases."

The association of oral health with general
health, morbidity,and mortalityin olderadults
underscores its relevance healthy aging.’

Oral health is a key component of well-
being in the general population, especially
amoung older adults, and is directly influ-
enced bys ocioeconomic conditions and
access to health services. Poor oral health is
not an inherent of aging. Early detection of
common diseases increases the likelihood
of maintaining good oral health in later life.

Oral diseases and many chronic systemic
diseases share common risk factors, including
unhealthy diets, tobacco and alcohol use,
which can be improved with health coun-
seling. A growing body of evidence has docu-
mented a bidirectional association between
oral health and chronic systemic diseases,
highlighting the importance to incorpora-
teoral health into chronic disease manage-
ment strategies. WHO recommends a multi-
disciplinary approach to oral health, do to the
inseparable links between oral and systemic
health. However, it is essential to promote
awareness of the importance amoung all the
healthcare personnel in order to optimize
prevention and care' Regarding epidemio-
logical data from El Salvador, some articles
were identified that address oral health prob-
lems in older adults, however, these do not
establish a relationship with nutritional status.

Escobar et al, reported important find-
ings from a population in El Salvador: 100 %
(n= 553) of respondents aged 60 years or
older had some type of edentulism, of which
90.6 % (n=501) presented partial edentulism
and 94 % (n = 52) complete edentulism.
The same study found that 52.98 % (n= 293)
of this population reported no changes in
their quality of life, while 34.18 % (n= 189)
reported moderate changes, and 12.84 % (n=
71) reported severe or very severe changesin
their quality of life."

Vizcaino K et al, noted that the older
adult population in Latin America is the most
affected by adverse oral health conditions,
such as dental caries, periodontal disease,
tooth loss, and oral cancer, in addition to
having more limited access to and less effec-
tive use of dental services.

Impact of nutrition on oral health

Nutrition refers to the intake of macronu-
trients: proteins, carbohydrates, and fats, as
well as micronutrients, including vitamins
and minerals, that are essential for the proper
functioning of the body* Fating habits,
food choices, culinary preparations, portion
sizes and frequency of intake may all influ-
ence oral health¥ as there is a bidirectional
relationship between oral health, diet, and
nutrition. Food and nutrients influence the
condition of oral tissues; and compromised
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oral health can reduce the body's ability to
adequately utilize the nutrients consumed”

Oral diseases that affect nutrition
in older adults
Thereareseveraloraldiseasesthatcandirectly
affect nutrition in older adult, including:

A. Dental caries

Dental caries is the most common oral health
problem worldwide X' It is a dental condition
characterized by the demineralization of
the tooth structure, caused by cariogenic
bacteria that metabolize sugars to produce,
primarily, lactic acid "

Themain contributingfactorstothe devel-
opment of dental caries are largely related to
inadequate oral hygiene practices. Key risk
factors include the presence of cariogenic
bacteria, frequent consumption of sugary
drinks, and a diet high in carbohydrates

Due to age-related changes in salivary
function and immune response, along with
the presence of multiple comorbidities and
drug-induced xerostomia, caries becomes
the most prevalent dental disease among
older adults.* In addition, gingival recession,
which is common in this stage of life, increas-
esthe risk of root caries.

The relationship between systemic
diseases and dental caries is significant, as
several medical conditions, such as diabetes,
polypharmacy, and xerostomia substantially
increasing the risk of caries development *

B. Periodontal disease
Periodontal disease includes gingivitis and
periodontitis. It is characterized by bacterial
infection that leads to gingival inflammation,
tooth loss, bone resorption, and gingival
recession. " Gingivitis is the earliest stage of
periodontal disease and refers to inflamma-
tion between the gumline and the tooth.
Gingivitis is often reversible with improved
oral hygiene practices®" Periodontitis
occurs when inflammation, triggered by
microorganisms and mediated by the host
response, progresses into a chronic, destruc-
tive, and irreversible condition that damages
the tooth attachment and supporting bone.
Tooth loss and edentulism, defined as the
partial or total loss of teeth, represent the
final stages of untreated periodontitis. ™
Genco et al,, report that with increasin-
gage, there is a greater loss of periodontal
support, and by the age of 65, aproximately
70 % of individuals are affected by periodon-
titis>* O'Connor J et al, emphasize that age-
related changes, including immune system
alterations, cellular aging, inflammation, and
altered wound healing play key roles in the
pathogenesis of periodontal disease. Risk

factors for periodontitis in older adults are
similar to those in younger age groups and
include inadequate brushing and flossing,
limited financial resources, lower levels
of education, lack of medical follow-up,
and cigarette smoking.*

Among the aging population, systemic
diseases have been identified as accelerators
of periodontal disease progression. Diabetes
mellitus, respiratory disease, cardiovascular
disease, stroke, osteoporosis, osteoporosis,
arthritis and Alzheimer's disease have all
been linked to an increased risk of peri-
odontal disease. A bidirectional relationship
exists between periodontitis and systemic
disease, with well-established associations
between periodontitis and a higher risk of
several chronic diseases, including cardio-
vascular disease, diabetes, rheumatoid
arthritis, cancer, and chronic obstructive
pulmonary disease (Figure 1)

C. Xerostomia (hyposalivation)

Xerostomia is the sensation of dry mouth,
characterized by reduction in salivary
flow and alterations in saliva composi-
tion. Itaffects approximately one-third of
the older adult population*" Age-related
changes, chronic diseases, and medication
use contribute to xerostomia in older adults.
A decrease in saliva production is common
among older adults with who experience
polypharmacy " Chan et al,, reported that
the risk of caries increases by 60 % in older
adults with low resting salivary pH and
reduced stimulated salivary flow" Dry
mouth and xerostomia are sometimes used
interchangeably; however, true xerostomia
results from acute or chronic salivary gland
hypofunction and is associated with inad-
equate salivary secretion. Typically, patients
report dry mouth when salivary output is
reduced by more than 50 %.*" Nonetheless,
the sensation of dry mouth can also occur
despite normal secretory function of the
salivary glands, this condition is referred to as
pseudoxerostomia or false xerostomia. The
causes of this subjective symptom include
changes in saliva composition, mouth
breathing, atypical oral and facial symptoms,
burning mouth syndrome, oral dysesthesia,
and mental, psychological, and psychiatric
disorders. In more than half of the cases of
pseudoxerostomia, a 50 % reduction oral
fluids intake was observed*“Age-related
factors, including structural and functional
changes in the salivary glands, medication
use, systemic diseases, and psychosocial
factors, contribute to xerostomia in older
adults* Adolfsson et al, found that one in
two older adults in a primary care setting
experienced some degree of dry mouth,
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Figure 1. Periodontal disease conditioned to diabetes mellitus. Female patient, 67 years old, with periodontal
disease conditioned to diabetes mellitus, with loss of support in the existing teeth, inadequately adjusted up-
per prosthesis, and multiple missing teeth in the lower jaw.

with a prevalence of 43.6 %, and higher rates
observed amoung women 61.2 %

The diagnosis of xerostomia is primarily
based on a thorough anamnesis, clinical
evaluation, and physical examination. Clin-
ical findings may include absence of pooled
saliva, sticky mucosal membranes, reddened
mucosa, and loss of tongue fissures and
papillae. When necessary, sialometry can
be used a diagnostic tool to objectively
measure salivary flow rates and assess
salivary gland function®' Xerostomia can
impair the retention of removable dentures
and reduce their comfort during chewning
in older adults*" Pain while chewing do
to ill-fitting dentures has been identifiedas
a risk factor for nutritional deficiency in
this population* However, the evidence
linking hyposalivation and malnutrition
remains limited o

D. Oral cancer

Oral cancer (OC) is the most common type of
head and neck cancer and includes cancers
of the lips, tongue, palate, oropharynx,
tonsils, and other oral structures. The most
frequent type is squamous cell carcinoma. !
OCis considered a high-risk disease amoung
older adults, with its prevalence increasing
with age, typically appearing after 64
years of age. Each year, more than 54 000
new cases and 11 000 deaths from OC are
reported " OC ranks 13th among the most
common cancers worldwide, and alcohol
consumption is one of the main causes.

The risk of oral cancer increases with age
and is therefore significantly higher in adults
aged 65 years and older

Alcohol consumption, especially heavy
drinking, also increases the risk of oral cancer.
Smoking and alcohol act synergistically, and
individuals who both smoke and drink have
up to 30 times greater risk of OC compared
to non-smokers and non-drinkers

OC is also associated with human papil-
lomavirus (HPV) infection. Although the HPV
vaccine protects against several HPV types
associated with oral cancer, the vaccine first
became available in 2006

Early diagnosis improves outcomes.
The primary method for early diagnosis is a
physical examination, consisting of system-
atic inspection and palpation. The five- year
survival rate for early-stage oral cancer
exceeds 80 %, only about a one-quarter
of cases are diagnosed at thisstage
Once cancer spreads to adjacent tissues or
regional lymph nodes, the five-year survival
rate declines. For individuals with with
distant metastases, the five-year survival
rate drops to 40 %.** Recognizing common
presenting symptoms, such as non-healing
lesion, red or white patches, and hoarse-
ness, is key to early diagnosis. For thorough
visual inspection of the entire oral cavity,
tools such as the VelScope (a tissue auto-
fluorescence method), digital palpation,
and lymph node evaluation can detect the
majority of OC (Figure 2).
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E. Cervical non-carious lesions
Non-carious dental lesions in older adults
constitute an oral health problem, due to
factors that are difficult to control and that
can have a significant impact on quality of
life. This group of lesions includes: attrition,
defined as physiological wear caused by the
contact of opposing teeth with each other
in the absence of an abrasive substance;
the amount of load applied and the dura-
tion of load application contribute to this
form of wear. Non-axial (lateral) loads asso-
ciated with chronic clenching (parafunc-
tion) cause surface bending in the cervical
region that exceeds established enamel
failure stresses® In older adults, attrition
may be more severe due to loss of tooth
structure over the years.

Abrasion is the loss of tooth structure
caused by external abrasive substances, such

as excessive brushing or the use of abrasive
toothpastes. Older adults may be more prone
to abrasion due to changes in brushing tech-
nique or decreased manual dexterity. "
Tooth erosion or corrosionis aloss of tooth
structure caused by exposure to acids of non-
bacterial origin, such as gastric acids, reflux or
vomiting, consumption of acidic beverages
and foods. Older adults may be more suscep-
tible to erosion due to dietary changes,
medications, or medical conditions*
Abfraction is the loss of tooth structure at
the cervical crown-root junction area due to
excessive occlusal forces. Older adults may
experience abfraction due to periodontal
support loss and changes in occlusion.
However, there are combined lesions,
which,inmany cases, olderadults may present
a combination of non-carious lesions, making
diagnosis and treatment difficult (Figure 3).

Figure 2. Autofluorescence examination. The non-vascular lesion, the area of inflammation of approximately
two centimeters in diameter, can be observed. The lesion coincides with a fracture of obturation in pieces 4-6.

Diagnosis: traumatic ulcer.

Figure 3. A 62-year-old female patient presents with periodontal disease conditioned to diabetes mellitus in
the lower incisors and non-carious cervical lesions (abfractions and attrition) in canines, premolars, and molars.
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F. Impact of oral health on nutrition
The oral cavity is located in the first part of
the digestive tract and is responsible for
chewing, salivation, and swallowing, allow-
ingthe food bolus to reach the stomach for
nutrition. In older adults, several common
dental problems, such as dental caries, peri-
odontal disease, tooth wear, and OC, can
lead to pain, infection, and tooth loss and
jeopardize the normal digestive process,
for nutritional intake along with the risk of
spread of oral infections to the gastrointes-
tinal tract and other parts of the body.
Salivation is important for taste sensa-
tion, bolus formation and swallowing. There
are drugs and systemic diseases that cause
a decrease in salivary flow, which in turn
can affect nutritional intake and favor the
development of nutritional deficiencies, as
well as increase the risk of frailty, morbidity
and mortality in older adults ¥

G. Implications for improving oral
health and nutrition in older adults
Diet, nutrition, and oral health are interre-
lated. Older adults are at increased risk for
nutritional deficiencies and oral disease.
Tooth loss is associated with the type of
diet and with the nutritional status of older
adults*Patano et al, have mentioned the
importance of the integrating oral health
care into general health care services
for older adults

A multidisciplinary team including oral
and health care professionals should collab-
orate to carry out a comprehensive geriatric
assessment that includes the oral, nutri-
tional, and medical status of older adults to
formulate an integrated, coordinated, and
patient-oriented treatment plan to improve
their oral and general health*" This inte-
gration includes policymakers, academics,
educators, and organizations " The
available evidence suggests aa knowledge
gap regarding the relationship between oral
diseases and nutrition in older adults. The
current body of literature is limited; there-
fore further research is recommended to
deepen and substantiate this relationship.

Ethical aspects

The photographs are securely stored in the
author's archive. The principles established
in the Declaration of Helsinki and the inter-
national ethical guidelines for health-related
research were upheld. Informed consent
was obtained from the patients for the publi-
cation of the photographs, ensuring respect
for autonomy, confidentiality, and privacy.

Conclusion

The relationship between oral diseases
and nutrition in older adult is complex and
bidirectional. Oral diseases may negatively
affect nutrition, as difficulties in chewing
and swallowing can lead to insufficient
intake of essential nutrients. In addition,
inadequate nutrition can increase the risk
of developing oral diseases, such as dental
caries, periodontal disease, and oral cancer.

Oral diseases, along with their conse-
guences such as tooth loss and oral pain,
can impair the ability to eat and digest food.
Malnutrition is very common amoung older
adults with oral diseases. Early prevention
and timely treatment of oral diseases, partic-
ulary dental caries and periodontal disease,
are essential to maintaining both oral
health and nutrition in older adult. Epide-
miological studies should be conducted on
the oral health situation in adult and older
adult populations in El Salvador, ensuring
the inclusion of representative samples.
Collaboration amoung dentists, nutri-
tionists, and other health professionals is
essential to address the oral and nutritional
needs of the older adults.
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Dear Editor:

Regarding the article on research in health
sciences, published in Alerta, volume 1,
number 1, it mentions that health research
should play a crucial role in identifying and
solving health problems that affect the
communities of our country. Therefore, it is
important to know the current panorama of
health research in El Salvador, and its evolu-
tion through time, in order to promote new
regulations and projects that allow foste-
ring the research culture for the benefit of
the Salvadoran society.

It is important to reflect on the fact that
strengthening the infrastructure and pro-
motion of health research in El Salvador
would allow: obtaining data, information,
and scientific evidence for decision ma-
king, improving public health policies,
creating new health strategies, developing
more accurate disease prevention actions,
and finally, improving the health of the
population in general.

Although there is no consolidated re-
search culture in El Salvador, it is possible to
advance through the regulation, strengthe-
ning, and effective application of policies
that promote it." Legislation is still being
developed; however, it is important to ap-
proach the existing regulatory framework.
Therefore, some ideas are developed below.

In the Constitution of the Republic of
El Salvador, the importance of scientific de-
velopment is generally recognized through
Article 53, which states: "The right to edu-
cation and culture is inherent to the human
person. The State will promote research
and scientific work’, so it has always been
necessary to create more laws to promote
and regulate scientific activity. As a result of
what was described above, in 2016 the Law
for Scientific and Technological Develop-
ment in El Salvador was published, which
is the product of many consultations and
workshops with the different universities
and institutions linked to research, science
and technology in the country, as part of the
actions embodied in the National Policy for
Science, Technology and Innovation, which
was aimed at solving the problems of pro-
fessional training in research.

Another important regulation is the Law
of Higher Education of El Salvador, which, in
its article three, establishes that higher edu-
cation integrates three functions: "Teaching,
scientific research and social projection”; fur-
thermore, this same law authorizes universi-
ties to choose the best way to execute these
functions, as specified in article 25, paragra-
ph three, which states that "State and private
universities are empowered to: a) Determine
how they will fulfill their teaching, research,
and social projection functions, and the pro-
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portion of their study plans and programs,
their Statutes, and Regulations"; Article 23
of the Regulations of the Higher Education
Law states that "for the development of re-
search, Higher Education Institutions (HEI)
must have an organizational structure, po-
licies and necessary regulations, personnel
in charge of administering and executing
projects, budget, infrastructure and other
necessary resources'; however, in practice
there are still significant structural, econo-
mic and professional limitations that make it
difficult to promote research in El Salvador.

An important point to take into account
in this journey towards scientific develop-
ment is the Organic Law of the University
of EI Salvador, which establishes in article
three, that one of the purposes of the uni-
versity is: "To carry out philosophical, scien-
tific, artistic and technological research of
universal character, mainly on the Salvado-
ran and Central American reality". Moreover,
in El Salvador, with the creation of the Se-
cretariat of Scientific Research of the Uni-
versity of El Salvador and the restructuring
of the Scientific Research Council, CIC-UES,
at the beginning of 2015, it was sought to
modernize the Research Policy that would
govern scientific research at the University
of El Salvador, for the five years 2016 - 2020,
however, these efforts had a limited impact
in the field of health research, mainly due to
a lack of resources and poor linkage with the
needs of the national health system.

In recent years, important steps have
been taken. The members of Parliament of
the Health, Agriculture, and Environment
Commission issued a favorable opinion for
the creation of the Law on Clinical Trials with
Products Regulated by the Superintenden-
ce of Health Regulation, which seeks to re-
gulate clinical trials carried out with drugs,
nutritional supplements, pharmaceuticals,
medical devices, and equipment, as well as
new health technologies. Also, in February
2025, a draft bill for a Health Research Law
was presented to the legislative assembly,
aimed at promoting, developing, and regu-
lating scientific research projects in this field.

Moreover, the National Institute of Health
is promoting two normative documents
that are in the process of being made offi-
cial by the Ministry of Health this year: the
Manual of Health Processes and Procedu-
res and the Technical Guidelines for Health
Research, which will contribute to the legal
strengthening of research. However, it is
essential to ensure that all these initiatives
have clear mechanisms for financing, moni-
toring and effective application.

Although progress in legislation is re-
cognized, there are still structural, economic

and linkage limitations with the needs of
the health system. It is indisputable that the-
re is much to be done in strengthening the
training of researchers, in consolidating the
infrastructure for research, in guaranteeing
its financial sustainability, and in orienting
research towards the country's health prio-
rities, but this is the challenge that in the
medium term will allow the creation of
public health policy bases, contributing to
improving the care of the population and
allowing the country to position itself at the
international level in this field.
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