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Antonio Arauz
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Dear colleagues, friends, and readers:
We are proud to announce that Revista Mexicana de
Neurociencia has been included in the Emerging Sources Citation Index™, by Clarivate 2022.
This is the result of the constant work of our committee, editors, reviewers, and authors, whose efforts
have placed our journal in a framework of highly regarded academic and scientific literature.
This is only the beginning, as a great challenge still
lays ahead of us. Now more than ever, we must strive
for excellence and continue harvesting the fruits of our

labor. Revista Mexicana de Neurociencia can only
grow further in the coming years to achieve the ultimate
goal: the Impact Factor. But most importantly, we
should aim to keep the trust of our readers, issue by
issue, and article by article.
Once again, we would like to thank you for your collaboration and we hope that this news will bring a smile
to your face, as it did ours.
Here’s to the future!
Board of Directors and Editorial Committee
Revista Mexicana de Neurociencia

*Correspondence:

Date of reception: 08-07-2022

Antonio Arauz-Góngora,

Date of acceptance: 08-07-2022

E-mail: antonio.arauz@prodigy.net.mx

DOI: 10.24875/RMN.M22000091

Disponible en internet: 19-10-2022
Rev Mex Neuroci. 2022;23(5):163
www.revmexneurociencia.com

2604-6180 / © 2022 Academia Mexicana de Neurología A.C. Published by Permanyer. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

163

Revista Mexicana de Neurociencia
EDITORIAL

Neurodevelopmental and neurodegeneration
Sergio Iván Valdés Ferrer*
Department of Neurology and Psychiatry, Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán, Mexico City, Mexico

Neurodevelopmental issues in lower- and middle-income countries are incompletely understood. The current issue of Revista Mexicana de Neurociencia has
two timely articles on neurodevelopment: the first one
by Ricardo-Garcell and colleagues evaluated neurodevelopmental milestones in children during the first
5 years in urban, suburban, and rural communities in
Queretaro and Toluca, two large cities in Mexico. For
that, these authors relied on a validated electronic tool.
Reassuringly, their results are not different from those
observed elsewhere. However, there was vast between
city differences. While the study was not designed to
evaluate potential causes, these results prompt further
studies also aimed at evaluating causes of neurodevelopmental delays in children in Mexico. A second manuscript by Núñez-Contreras thoroughly reviews critical
neurobiological aspects of autism and epilepsy,

narrowing down common mechanisms between both
conditions. This review covers basic, translational, and
clinical aspects.
The gut-brain axis, a two-way highway of information
has gained track in the past two decades, particularly
after the group of Kevin J. Tracey discovered the
so-called cholinergic anti-inflammatory pathway, effectively launching a new field of reflex neuroimmune
communication. In this issue, Murguiondo-Pérez and
colleagues succinctly review key aspects of the gutbrain axis from the perspective of neurodegenerative
disease.
We hope that this issue will be of interest to our readers, particularly those interested in neurodevelopment
and neurodegeneration.
Sergio Iván Valdés Ferrer
Co-Editor, Revista Mexicana de Neurociencia
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Alterations in neurodevelopment in children under 5 years of
age in two states of the Mexican Republic
Josefina Ricardo-Garcell1†, Francia Guadarrama-Celaya2, Gloria A. Otero-Ojeda2,
René F. Rodríguez-Valdés3, Liane Aguilar-Fabré3, Hebert L. Hernández-Vázquez4, Pablo García-Solís5,
Juan C. Solís-S5, Carlota García5, Javier Ávila-Morales6, and Hebert L. Hernández-Montiel3*
1Neurodevelopment

Unit Dr. Augusto Fernández Guardiola, Neurobiology Institute, UNAM, Juriquilla, Querétaro; 2Faculty of Behavorial Science,
Universidad Autónoma del Estado de México, Toluca, State of Mexico; 3Neurodiagnosis and Rehabilitation Unit Dr. Moisés López González,
Neurobiology and Celular Bioengineering Laboratory, Faculty of Natural Sciences, Universidad Autónoma de Querétaro, Juriquilla, Querétaro;
4Faculty of Medicine, Universidad Autónoma de Querétaro, Santiago de Querétaro, Querétaro; 5Departament of Biomedic Research, Faculty of
Medicine, Universidad Autónoma de Querétaro, Santiago de Querétaro, Querétaro; 6University Health System, Faculty of Medicine, Universidad
Autónoma de Querétaro, Santiago de Querétaro, Querétaro. Mexico

Abstract
There are more than 1 billion people with disabilities worldwide, with 16% of children having some type of neurodevelopmental disorder (ND). In Mexico, 6% of the population presented some disability; however, there is a lack of data on ND in
children under 5 years of age. Objective: The objective of this study was to determine the prevalence of neurodevelopmental alterations in children under 5 years of age in urban, suburban, and rural populations from two states of Mexico.
Methods: This was an observational and cross-sectional design study. We included 501 clinically healthy children from 0 to
60 months of age, from urban, suburban, and rural populations from the state of Queretaro (201) and from the State of Mexico (300). Neurodevelopmental alterations were detected through the electronic N-PED system, exploring areas of neurological development of language, psychomotor, and sensory (auditory and visual). The positive subjects were clinically assessed
to confirm the diagnosis. Results: A 14.7% prevalence of ND was found, with a significant difference between Queretaro
(8.9%) and the State of Mexico (18.7%). Language alterations were significantly different for both states (4.9% and 16% for
Queretaro and the State of Mexico, respectively). Conclusions: The prevalence of ND and language alterations presented
significant differences between the two evaluated states.
Keywords: Neurodevelopmental deviations. Language. Psychomotor. Sensory.

Alteraciones del neurodesarrollo en niños menores de 5 años en dos estados de la
República Mexicana
Resumen
Hay más de mil millones de personas con discapacidad en todo el mundo, el 16% de los niños tiene algún tipo de trastorno del desarrollo neurológico (DN). En México, 6% de la población presenta alguna discapacidad; sin embargo, faltan datos
en niños menores de 5 años. Objetivo: Determinar la prevalencia de alteraciones del neurodesarrollo en menores de 5 años,
en poblaciones urbanas, suburbanas y rurales, de 2 estados de México. Métodos: Estudio observacional, de diseño
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transversal. Se incluyeron 501 niños, clínicamente sanos, de 0 a 60 meses de edad, de poblaciones urbanas, suburbanas y
rurales de Querétaro (201) y del Estado de México (300). Se detectaron alteraciones del neurodesarrollo a través del sistema electrónico N-PED, explorando áreas del lenguaje, psicomotor y sensorial (auditivo y visual). Los sujetos positivos fueron
evaluados clínicamente para confirmar el diagnóstico. Resultados: Se encontró una prevalencia de trastornos del DN de
14.7%, con una diferencia significativa entre Querétaro (8.9%) y el Estado de México (18.7%). Las alteraciones del lenguaje
fueron significativamente diferentes para ambos estados (4.9% y 16% para Querétaro y el Estado de México, respectivamente). Conclusiones: La prevalencia de trastornos del DN y del lenguaje, presentaron diferencias significativas entre los
dos estados evaluados.
Palabras clave: Desviaciones del neurodesarrollo. Lenguaje. Psicomotor. Sensorial.

Introduction
According to the WHO and the World Bank, it is estimated that more than one billion people live with a
disability in the world1. Of these, alterations in psychomotor neurodevelopment could constitute up to 16%2;
these appear as alterations in gross and fine motor
coordination, language, speech, consciousness, social
interaction, and activities of daily life. It’s etiology is
linked to psychomotor retardation and age and is manifested by specific alterations in adaptation and learning
skills3,4. The early identification of these alterations allows the application of rehabilitation therapies that improve the limitations5.
This present study made a comparison of the prevalence of neurodevelopmental disorders (ND) found in
urban, suburban, and rural populations of the States of
Querétaro and Mexico, using the N-PED system. This
electronic screening device allows the detection of alterations in the psychomotor development of children
under 5 years of age6. The equipment is portable,
automated, and validated for the early detection of neurodevelopmental alterations. It evaluates areas of language, psychomotor, and sensory (visual and auditory).
The lack of accreditation in any of the items, selected
automatically by the software according to the age
group, in any of the variables, results in the overall
non-accreditation of the test. Each unapproved subject
required a specialized clinical evaluation for their definitive diagnosis7,8. The NPED degrees of confidence and
reproducibility were previously validated.

Materials and Methods
The study design was observational and cross-sectional.
This research project was carried out in two states of
the Republic, Querétaro and the State of Mexico. In the
first, a total of 201 children were studied, 67 children
from an Urban community (Q1), 67 from a Suburban
community (Q2), and 67 more from a Rural community
166

(Q3). In the second state, a total of 300 children were
studied: 100 children from one Urban community (T1)
and 200 children from two suburban communities (T2
and T3, 100 children each). All the children studied
were between 0 and 60 months of age and in all cases,
the studies were carried out in the presence of at least
one parent. The N-PED system was applied before
individual training and qualification by the specialists
who developed the computerized instrument. The consistency of the evaluators’ results was verified through
an inter-trial evaluation that is not included in this work.
For the application of the instrument, an informative talk
was previously held with the parents of each of the
children and in all cases, only those children where the
parents agreed were accepted for their participation,
after signing a letter of confirmation informed consent.
The project was also approved by a Bioethics committee in each case, and scientific research should be
conducted in accordance with the World Medical Association Code of Ethics (Helsinki Declaration) for experimentation involving human beings. The evaluations
were carried out in children with no known pathological
history, who attended the agreed appointments for the
examination with the N-PED system and who did not
manifest acute diseases that prevented or altered the
results of the evaluation. The children included in the
study were evaluated on their usual schedule for preschool activities. The N-PED system allowed the detection of neurodevelopmental alterations in the areas
of language, psychomotor, and sensory (auditory and
visual). This system considers the test as “not accredited” when the performance of the evaluated child is
not performed according to what is established as the
normal expected for any of the items6. Once the evaluation was completed, the individuals who did not accredit the test were submitted to a clinical and electrophysiological assessment of the abnormalities detected,
where the diagnosis was confirmed. Subsequently, a
medical report was delivered and it was referred to the
health services of each state for treatment. It is worth
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mentioning that all the children were evaluated with the
tests considered as the gold standard for the detection
of language, psychomotor, and sensory disorders. Subsequently, the data obtained through the N-PED system
was emptied, with the purpose of its subsequent analysis. Descriptive statistics were performed, establishing
the prevalence of ND in the urban population. Subsequently, the Chi-square test and Fischer’s exact test
were used to determine the existence of significant
statistical differences (p < 0.05).

Results
The analysis of the results corresponds to a global
population of 501 children under 5 years of age, 201
for the State of Querétaro and 300 for the State of
Mexico. In the state of Querétaro, three communities
with 67 children each group were analyzed: urban (Q1),
Suburban (Q2), and Rural (Q3). For the State of Mexico,
three communities with 100 children each group were
also included: urban (T1) and two Suburban communities (T2 and T3). The study included 105 children
0-12 months of age; 89 children from 13 to 24 months;
79 children from 25 to 36 months; 73 children from 37
to 48 months; and, finally, 155 children from 49 to
60 months of age (Table 1). Of the total sample evaluated, 85.23% of the children were classified as having
normal neurodevelopmental by the neurodiagnostic
test. A total of 74 children, corresponding to 14.77% of
the cases, showed problems in their neurodevelopment,
language alteration was the most frequent globally with
11.57%, psychomotor alterations were presented in
4.79% and sensory alterations were 3.98%, with auditory alterations in 2.59% and visual alterations in 1.39%
(Table 2).
Next, an analysis of the neurodevelopmental alterations was carried out, comparing the results of the two
states. For the State of Querétaro, a global failure of
8.95% was found, showing a significant difference to
that found in the State of Mexico, which was 18.7%.
The analysis of the prevalence of language disorders
also showed a significant difference between the two
states, with a prevalence of 4.97% for Querétaro and
16% for the State of Mexico. The alterations in the psychomotor area did not show significant differences, with
3.48% for Querétaro and 5.7% for the State of
Mexico.
Finally, in the analysis of sensory alterations, there
were no significant differences between Querétaro and
Estado de México, with auditory alterations 1.49% and

3.3% and visual alterations of 1.99% and 1%, respectively (Table 3).
Subsequently, a comparison was made between the
communities of both states, finding statistically significant differences in the presence of global failure between the community T3 (23%) with the communities
(10.45%), Q2 (5.97%), and Q3 (10.45%). When the language failures results were analyzed, significant differences were found between the Q2 community, that did
not present any cases, and the Q3 (8.95%), T1 (13%),
T2 (13%), and T3 (22%) communities. A significant difference was also found in language alterations between the Q3 community (8.95%) and the T3 community
(22%). The results of the evaluations in the psychomotor and visual sensory area did not show significant
differences between the studied communities. Finally,
the auditory sensory evaluation registered significant
differences between the T1 community (8%) and the
T2 (1%) and T3 (1%) communities, all from the state of
Mexico (Table 4).

Discussion
The present work tries to emphasize the need for the
early diagnosis of ND in children under 5 years of age,
which are prevalent in populations from different sociocultural strata. The performance of the normal healthy
children examined for a second time was 88.6% compared to their first evaluation (p < 0.0001; Kendalls tau
b = 0.72, c = 0.57); (F. Guadarrama, E. Santos,
D. Aguirre, unpublished data). In a previous work,
NPED was tested in a neighborhood of the City of Habana, Cuba, against the results studies of specialized
clinical and neurophysiological cases, it is considered
to be the gold standard, and at the time, the sensitivity
and specificity of the NPED instrument were determined to be, respectively, 95% and 86%9.
It is estimated that approximately 16-18% of children
could present some type of normal neurodevelopmental deviations due to sensory deficits (auditory or visual), delays in psychomotor development, and language
and/or communication disorders10-12. Early detection
and intervention can lessen unfavorable consequences
and may allow children to achieve optimal development
of their abilities. For this reason, it is very important to
identify children who may present deviations in normal
neurological development, with the use of an
easy-to-apply tool. National health systems in any
country could benefit from early detection tools that can
be applied quickly and easily, without requiring highly
specialized personnel.
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Table 1. Distribution of children by age and by community
Age
(months)

Community
Q‑1

Community
Q‑2

Community
Q‑3

Community
T‑1

Community
T‑2

Community
T‑3

Total

0‑12

12

8

9

41

19

16

105

13‑24

14

19

10

15

21

10

89

25‑36

14

1

7

20

25

12

79

37‑48

8

3

9

8

25

20

73

49‑60

19

36

32

16

10

42

155

Total

67

67

67

100

100

100

501

Q1: Queretaro urban community, Q2: Queretaro suburban community, Q3: Queretaro rural community, T1: urban community State of Mexico, T2: suburban community State
of Mexico, T3: suburban community state of Mexico.

Table 2. Number of cases and percentage of failure by
areas
Areas

N

%

Global failure

74

14.77

Language

58

11.57

Psychomotor

24

4.79

Vision

7

1.39

Auditory

13

2.59

The alteration in the language area was the most frequent neurodevelopmental
alteration found in the study. N: number of cases, %: percentage.

Table 3. Percentage of failures by state
Areas

Q‑%
(201)

T%
(300)

p
(Chi‑square)

p
(Fisher)

Global failure

8.95

18.7

0.0026

0.0028

Language

4.97

16

0.0001

<0.0001

Psychomotor

3.48

5.7

0.1576

0.2046

Vision

1.99

1

0.4817

0.7045

Auditory

1.49

3.3

0.1365

0.1639

The analysis of the results showed significant differences in global failure and in
the language area for both states. Q. Querétaro: 210 children. T. State of Mexico:
300 children.

The main objective of this work was to evaluate if the
prevalence of ND differs between urban, suburban, and
rural communities of two states of the Mexican Republic. The results obtained for the state of Querétaro
confirmed a global prevalence of 8.95%, while for the
168

State of Mexico, it was 18.7%, prevalences that are
within the published ranges for these alterations2,13-15.
A study carried out in Turkey reported a prevalence of
ND of 18.9%, using the Denver II test16.
The experience of the health team, the age of the
child, the population characteristics, as well as the socioeconomic level, rurality, participation in stimulation
programs, and preschool education, are factors that
frequently influence this variability17,18. Variability in
prevalences can also be found in industrialized countries; however, similar to what occurs in developing
countries, language impairments are the most prevalent impairment19. Thus, a prevalence of language disorders of around 5% has been reported in children
2-4 years of age20. In the present study, a higher prevalence of alterations in language was found, followed
by alterations in psychomotor development and in the
sensory sphere. The need for a standardized and
validated screening tool for alterations in normal psychomotor development is clear worldwide and its characteristics and performance must pass the scrutiny of
the medical community21,22.
The first 5 years of life constitute a period of great
neuronal plasticity, in which important changes in the
central nervous system and the development of sensory systems take place. As a result of this maturation
process, children at birth quickly acquire skills that turn
out to be crucial for their development: body movements and locomotion are perfected, language appears and evolves, as a consequence of all this, the
child not only learns but also who communicates and
interacts with other people. At the same time, intelligence and thinking develop23,24. It has been shown
that in the absence of a screening procedure, the detection of normal neurodevelopmental deviations only

J. Ricardo-Garcell et al.: Neurodevelopmental disorders in children

Table 4. Percentage failures by community
Areas

Community
Q‑1

Community
Q‑2

Community
Q‑3

Community
T‑1

Community
T‑2

Community
T‑3

Global failure

10.45 (7)

5.97 (4)

10.45 (7)

18 (18)

15 (15)

23 (23) (** vs. Q2; * vs. Q3)

Language

5.97 (4)

0

8.95 (6) (* vs. Q2)

13 (13)

13 (13) (** vs. Q2)

23 (23) (*** vs. Q2; * vs. Q3)

Psychomotor

4.47 (3)

2.98 (2)

2.98 (2)

8 (8)

2 (2)

7 (7)

Vision

2.98 (2)

2.98 (2)

0

1 (1)

1 (1)

1 (1)

Auditory

2.98 (2)

1.49 (1)

0

8 (8)

1 (1) (* vs. T1)

1 (1) (* vs. T1)

Data analysis showed significant differences in global failure, language and auditory sensory disturbances. The psychomotor and visual sensory area did not show
significant differences. Fisher’s exact test: *p < 0.05; **p < 0.01, and ***p < 0.001.

happens very late in life and is therefore considerably
reduced the effectiveness of any form of intervention
approach25.
In the present study, the results obtained after the
application of the automated and computerized NPED
instrument are presented in two states of the Mexican
Republic, the global failure percentage of the entire
sample was 14.77%. Coinciding with previous publications in similar populations26-28. Global failures found in
the language were 11.57% of the cases. In a comprehensive review of the literature, Law et al. found a 1216% prevalence of speech and language delays29. Another study, conducted in Meriden, New Haven,
Connecticut by Horwitz et al., estimated the prevalence
of language disorders of 13.5% in children 18-23 months
of age, 15% in children 24-29 months of age, and 18%
in 30-39 months of age30. The failures in psychomotor
development reported here were 4.79%, while other
authors, with a study carried out in the United Arab
Emirates by applying the Denver Development Test, in
a representative random sample of 694 3-year-old children, found that 8.4% had a delay in global development31. Furthermore, through clinical diagnostic interviews, the prevalence of clinically significant
developmental disability was estimated at 2.44%. Another study, which carried out an examination of psychomotor development problems in the first level of
care carried out in Argentina32, found that in 839 children, apparently healthy and under 6 years of age, who
attended the healthy child clinic of three health centers,
a prevalence of 15-23% of development problems for
each health center. In this study, hearing failures represented 2.59% of the total sample, a level much higher
than that reported by Prieve et al., from 0.1% to 0.3%;
in addition, 1.39% of vision failures were found, in all
cases due to refractive defects33. A recent study,

carried out in the Dominican Republic, reported a much
lower prevalence of ND, of only 2.7%34.
The results obtained in this research allow us to reflect on the tools available for the detection of neurodevelopmental abnormalities at the primary level of
care as well as to become aware of the important window of opportunity that we have to make an early presumptive diagnosis. The N-PED system used in our
study is a valuable tool for screening and detecting ND
in children under 5 years of age. This acquires greater
relevance if one takes into account that in our country
the lag in early detection of ND is notable; therefore,
the task of analyzing our role, scope, and perspectives
cannot be postponed, to contribute significantly to the
reduction of preventable morbidity from this type of
alterations through timely diagnosis and treatment.

Conclusions
The global prevalence of ND in children from 0 to
60 months of age from two states of Mexico was similar
to that reported in similar populations both nationally
and internationally. Language disorders were the area
of neurodevelopmental that was most frequently
affected.
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Abstract
Objective: The objective of the study was to know the opinion and prevalence of use of central nervous system stimulant
drugs (SDs) in healthy people in open population. Methods: An electronic survey was designed with 11 questions to
know the frequency of use of SD, and also questions to explore previous knowledge, opinion about the risks associated
with its use and about its regulation, etc. The survey was spread by electronic social networks to persons over 18 years
old of any gender. Descriptive analysis and a Chi-square test were done to find associations between variables. Results:
A total of 526 surveys were conducted, 271 male participants (51.5%) and 249 female (47.3%). The median of age was
22 years old (range 18-83 years). Median scholarship was 12 years (range 6-20 years). About 49.6% were students. About
75% had prior knowledge about stimulants, 13.6% reported prior use, 26% opined these drugs could be dangerous, and
88% opined that they should be regularized. Finally, ages between 18 and 30 years old and scholarship above high
school were associated with the use of SD. Conclusion: There was a frequency of 13.6% of SD use. Most of the respondents are worried about its safety and are in favor of their regularization. Being young with high scholarship was
associated with SD use.
Keywords: Central nervous system stimulants. Survey. Prevalence. Cognition. Healthy people.

Opinión y prevalencia de uso de estimulantes del sistema nervioso central en
población abierta. Resultados de una encuesta electrónica
Resumen
Objetivo: Conocer la opinión y frecuencia de uso de fármacos estimulantes del sistema nervioso central (FE) en población
abierta. Métodos: Se diseño una encuesta anónima electrónica con 11 preguntas para conocer la frecuencia de uso de FE,
su conocimiento previo, su opinión sobre los riesgos asociados con su consumo y opinión sobre su regulación, etc. La
encuesta se difundió por redes sociales a > 18 años de ambos sexos. Se realizó análisis descriptivo y prueba de Chi cuadrada para buscar asociaciones entre las variables. Resultados: Se realizaron 526 encuestas, 271 participantes hombres
(51.5%) y 249 mujeres (47.3%). La mediana de edad de 22 años (rango 18-83 años). La mediana de escolaridad fue 12 años
(rango 6-20 años). 49.6% fueron estudiantes. Un 75% tenían conocimiento previo de los estimulantes, un 13.6% reporto uso
previo; un 26% opino que pueden ser peligrosos; un 88% opino que deben ser controlados. La edad entre 18-30 años y la
escolaridad superior a bachillerato se asoció con uso de FE. Conclusiones: Existió una frecuencia del 13.6% de uso de FE.
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La mayoría tiene dudas sobre su seguridad y está a favor de que sean controlados. Ser joven con alta escolaridad se
asoció al uso de FE.
Palabras clave: Estimulantes del SNC. Encuesta. Prevalencia. Cognición. Sanos.

Introduction
The idea of using any substance to enhance alertness or cognitive performance in healthy people is very
attractive. Since decades ago, people have been using
distinct drugs with this purpose, however, recently, their
use in teenagers and young adults has gained a lot of
popularity1. Central nervous system stimulant drugs
(SDs) are all neuroactive substances that increase certain brain neurotransmitters, in particular catecholamines (noradrenaline, dopamine, and adrenaline), although, they can increase other neurotransmitters too
like serotonin, histamine, and glutamate1,2. Stimulants
are a diverse group of substances that include from
natural molecules like caffeine, to a synthetic drug such
as methylphenidate, modafinil or amphetamine, and its
derivatives3.
There are a lot of publications about possible positive
effects with the use of SD in alertness or cognitive
functions in healthy people, however, to the date, there
is no consensus about its utility as the positive observed effects continue being marginal or inconsistent
between studies4. In spite of the lack of evidence on
positive effects, its use has increased in the last years
in healthy young individuals, particularly in college
students5,6.
In addition to the lack of evidence on its positive effects on cognition, there is a certain concern about the
safety and risk of addiction to SD with repeated or
chronic use7. Furthermore, there is an increasing controversy on the bioethical aspects related to the undiscriminated use of SD on healthy individuals, as is still
in discussion if its use should be regularized by health
authorities or if it should be considered a form of fraud
or brain doping that must be prohibited in educational
institutions and other areas8.
There are a great number of studies that explore the
frequency of use of SD and risk factors related in
healthy individuals, however, comparatively, there are
few studies that have explored the public opinion on it
use and regulation9,10. On this matter, one study that
conducted three surveys in 1400 individuals about their
opinion on SD use showed that its acceptance is greater when it is reflected in other person, and also acceptance depended on the context of the use by each
study11. Another study performed only in medicine
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students regarding the use of methylphenidate showed
that more than 70% had the perception that methylphenidate could increase their cognitive performance, however, 66% of them were worried with the legality of its
use and more than 90% thought that it could be dangerous for their health12. On the other hand, a study
conducted by specialists of different medical-biological
and social areas showed that depending on the profession, there is great variability on the opinion about the
legality of its use13.
Finally, although there are some studies about the
frequency of use of SD in Latin America, to the best of
our knowledge, there are no prior studies about the
general opinion of the use of SD in this population,
therefore, the objective of the present study was to get
to know the opinion and frequency of the use of SD in
a sample of open population in Mexico.

Method
Survey
A clinical transversal descriptive and analytic study
was developed. Furthermore, an anonymous survey in
an electronic format was developed, in first instance,
the survey was applied in pilot group of 50 persons to
evaluate the performance and reliability of each question and its adequate understanding by participants;
after applying the necessary adjustments, the final version of the survey included 11 multiple-choice questions: six dichotomic answer questions (yes/no) and five
with four possible responses, in addition to demographic information and other variables of the participants
(sex, age, scholarship, religion, birthplace, chronic diseases, etc.), Questions explored if participants had prior knowledge on SD, if they have used any substances
to enhance alertness (like caffeine or tobacco) or to
enhance the cognitive functions, as well as their opinion on their safety, if these drugs should be regulated
by health authorities, if they are in favor of further research, and finally, a hypothetical scenario was presented on the use of SD: where an individual uses a
SD during a job examination and apparently this gives
him and advantage over the other applicants obtaining
at the end the job in dispute. In this context, the
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Table 1. Summary of Checklist for Reporting Results of Internet E‑Surveys (CHERRIES)
CHERRIE (Checklist Items)

Description

1. Design of survey

Target population: open population, adults over 18 years of age, of both sexes.
Convenience sample.

2. Institutional Review Board

Research project was approved by the bioethics committee of the National Institute of
Rehabilitation LGII, with registration number 54/17. The survey was conducted completely
anonymous and no confidential information of the participants was managed; the informed
consent for inclusion was requested in electronic format. Digital information was
encrypted to guarantee confidentiality and to prevent unauthorized access.

3. Development and pre‑test

Survey was developed by clinical neuroscience research experts and in first instance was
applied in pilot group of 50 participants to evaluate the performance and reliability of each
question.

4. Recruitment process and description
of the sample having access to the
questionnaire

Link for the survey (Google Forms) was sent electronically and the invitation was spread
by social media in person‑to‑person manner, to any person who accepted to answer the
survey completely, the inclusion criteria were people over 18 years old, of any gender and
any residence place.

5. Survey administration

Invitation was made by social networks (WhatsApp or Facebook), participation was
completely voluntary; there was no randomization in the questions; the final version
included 11 multiple‑choice questions: six dichotomic answer questions (yes/no) and five
with four possible responses, in addition to demographic information and other variables
of the participants (sex, age, scholarship, religion, birthplace, chronic diseases, etc.).
Survey was applied between August 3 and November 5 of 2021.

6. Response rates

The electronic format of the survey could only be answered once, and no question could
be left unanswered. No estimate of the percentage of participation was made.

7. Preventing multiple entries from the
same individual

The survey was linked to a valid email address and could only be answered once per
email address.

8. Analysis

Only fully answered surveys were analyzed; there was no limit of time to complete the
survey and no weighting was done within the questions of the questionnaire.

participant was asked if he/she considers the situation
fair or unfair and why he/she thinks the individual in the
scenario got the job. These two questions have the
purpose to discover their opinion on the situation from
the ethical perspective.

presented in table 1, following the recommendations of
the Checklist for Reporting Results of Internet E-Surveys (CHERRIES)14.

Participants

The data were concentrated in a database, and in first
term, descriptive statistic was used with mean, median
and range to present the general characteristics of the
population; in second term, a Fisher’s exact test and/or
a Chi-square test were used to evaluate the association
between the prior use of SD and the participants demographic variables. For the analysis, the GraphPad Prism
software version 6.0 was used. p < 0.05 was considered
statistically significant.

The application of the survey had place from August
3 to November 5 of 2021. The link for the survey was
sent electronically and the invitation was spread by
social media to any person who accepted to answer
the survey completely, the inclusion criteria were as
follows: people over 18 years old, of any gender and
residence place. The only exclusion criteria considered
were uncompleted or repeated registered surveys. As
the survey was conducted completely anonymous and
no confidential information of the participants was managed, the authorization for inclusion in study was requested electronically only.
A more detailed description of the method used in
the development and application of the survey is

Statistical analysis

Results
There were a total of 526 opinion surveys completed.
Two hundred and seventy-one participants were male
(51.5%) and 249 females (47.3%), the rest did not specify (6 = 1.1%). The average age of all participants was
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29 years old (± 14 years). The age groups distribution
was as follows: 18-20 years old: 187 (35.5%); 21-30 years
old: 192 (26.5%); 31-40 years old: 46 (8.7%); 41-50 years
old: 46 (8.7%); and 51-85 years old: 55 (10.4%). The
average scholarship in total sample was 12.7 years
(± 2.29 years), the distribution by school grade was as
follows: elementary and middle school concluded:
47 (8.9%); high school concluded: 306 (58.1%); university concluded: 151 (28.7%); and masters or PhD:
22 (4.1%). On religion, the most frequent one was catholic in 289 participants (54.9%), other religion:
63 (11.9%), and none in 174 (33%). About place of residence, the majority was from Sinaloa (n = 264, 50.1%),
126 from Mexico City or Estado de Mexico (23.5%), and
other federal entities 135 (26.6%). About their occupation: 261 were students (49.6%), workers from health
areas: 41 (7.7%), other jobs: 169 (32.1%), and unemployed: 55 (10.4%). On chronic diseases, 470 (89.3%)
did not suffer any chronic disease and 56 (10.6%) did.
About the prior knowledge on SD, 75.6% of participants answered yes and 24.3% answered no. On the
prior use of SDs, 72 (13.6%) participants responded
yes, 37 of them were male and 35 were female, from
the 72 participants that answered yes, only 37 (51.3%)
of them used a drug that actually possesses stimulant
properties (examples: methylphenidate, Adderall,
modafinil, atomoxetine, armodafinil, nicotine, and caffeine), and 38.8% mentioned used other types of drugs
or substances that are not considered stimulants (examples: multivitamins, antidepressants, melatonin, and
anxiolytics). On the other hand, 79% of participants
(n = 416) confirmed their use of any substance (caffeine,
tobacco, energy drinks, etc.) to maintain or enhance
their alertness. Of them 30% (n = 125) consume it daily,
20.4% (n = 85) use it from 1 to 3 times/week and 49.5%
(n = 206) consume it sporadically, 63.3% (n = 333) said
“I don’t know” and 10.2% (n = 54) don’t answered. In
the question, where participants were asked if they
considered that SD should be controlled by health authorities: 463 (88%) answered positively. Finally, in the
hypothetical scenario, 153 (29%) considered the scenario as “fair;” 76 (14.4%) mentioned that the situation
was “unfair” and 227 (63.8%) gave other responses. On
the same hypothetical scenario, 54 (10.2%) participants
attribute the success of person in hypothetical scenario
to the use of SD and 63.8% (n = 336) attribute it to other
causes different from the SD.
When performing the analysis of association of variables, three variables associated significantly with prior
SD use, the age group between 18 and 30 years old
(p = 0.0376), scholarship above high school (p = 0.0493),
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and practicing a religion different from catholic or have
no religion (p = 0.0041).

Discussion
The use of SD for different purposes has been popularized in the past few years, particularly in young and
healthy individuals, however, it is difficult to establish
exact reliable prevalence as there are many variables
that influence the results of the studies2.
In this sense, one of the aspects that limit the veracity
of surveys is that the use of SD can be seen as something forbidden, dishonest, or unethical, therefore,
many people usually do not tell the truth about it15. For
this reason, results very important to know the opinion
and attitudes of the general population toward SD use
in healthy subjects. To the best of our knowledge, this
is the first opinion survey on this theme conducted in
our country.
In the present survey, one of the aspects to highlight
about the studied population characteristics is that the
majority of participants were young with an average
age of 39 years old which could be due to different
factors, being the most probable the easy access to
electronic social media, which was the way by the survey was spread in all the age groups16. In relation to
the youth of the population, we also found a very small
percentage of participants with chronic diseases
(10.6%). In addition, other aspect to highlight is that the
education level of the included sample was high with
an average of 12.7 years, which is higher that general
average scholarship reported in Mexico, being it the
highest in Mexico city with 12 years, and the lower in
Chiapas with 8 years17. This could be due to the same
reason that was previously indicated and also the fact
that the great majority of our individuals were students
or have a job.
About the participants responses, there was a high
prevalence of previous knowledge about SD (75.6%),
which could be due to the high scholarship and age of
the participants, which is precisely the population
where these drugs are the most popular1,2. On the other
hand, in spite of the high frequency of knowledge about
SD, the frequency of prior use of SD for cognition was
only 13.6%, however, it is difficult to contrast this number with other studies as there is a great variability in
the reported prevalence, which range from 1% to 20%18.
The reasons for this variability are diverse, from the
way, the surveys are conducted (anonymous, electronically, personally, etc.), the type of population studied
(university students, professionals, open population,
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etc.), the definition of SD used, if it refers to current or
previous use, if it includes the medical prescription of
SD, etc.3. Other important factor to consider is that not
every participant has the same concept of what is considered a SD, as the 72 participants that confirmed
prior use of them, only 37 (44%) were actually using a
drug that is considered a stimulant, which means that
more than half of the participants attribute stimulant
properties to other substances being the most common
the vitamin supplements; this is highly related with the
extended myth that vitamins have positive effects in
alertness, energy, vitality, or even enhance the
appetite19. In contrast, results interesting that 79% of
individuals reported using any substance to increase
or maintain alertness, being caffeine the most popular.
This highlights the fact that the knowledge of “stimulant” concept is ambiguous in general population, as
many people consume coffee or nicotine (both considered stimulants) as part of their daily life without pretending necessarily a specific stimulant effect20. About
the opinion on the safety of SD, most participants said
that they could result dangerous (most think that only
in excess), this opinion coincide well with previous studies that point a latent concern in users and non-users
on security and risk of addiction to these drugs21. However, some recent clinic studies have only showed adverse effects with the moderate use of these drugs22.
On the other hand, most participants (88%) confirmed
to believe necessary the control and regulation of SD
by health authorities, this could be due to the possible
risks and ethical dilemmas that have been related to its
use21. In practice, the majority of these drugs are sold
only with medical prescription, there are some of them
without this regulation like modafinil in Mexico. In spite
of these concerns on the use of SD, the great majority
of participants (89%), they were in favor of promote the
research to develop SD more effective and safer; on
this matter, we did not find other prior survey that explored the same issue, but it is possible that because
the majority of the participants are young students, they
are more in favor of further research son these drugs.
About the ethical-hypothetical scenario presented, it is
interesting that 30% considered the situation fair, however, almost 64% considered that the benefits were not
related with the use of the drug. This suggests that
apparently not all participants are convinced that SDs
have significant effects increasing the cognitive performance in real life23. Finally, the association analysis
showed that the age group between 18 and 30 years
old, a scholarship above high school, and the practice
of a religion different to Catholicism or non-practicing

any religion were related factors with the prior use of
SD. This profile of young high school or university students is the same profile that is related with the use of
SD in the most previous studies, whereby it matches
well with the reported in international literature2,18.
About religion, other authors have observed similar
results, where the religious environment tends to associate to less use of stimulant substances, even more if
they are illegal drugs24. In another similar study carried
out in a rural population, it was observed that religiosity
was related to a lower propensity to consume illicit
drugs such as cocaine and methamphetamine25.
To finalize, it is very important to highlight the identified limitations and biases in the present study, being
the most important the electronic distribution of the
survey in social media that can sometimes be reached
only by a small part of the open population (mostly
young people), whereby this study cannot be totally
representative of the opinion in the general population,
as it was discussed before this could influence both the
frequency of use and the opinions on SD; thus, in the
future, it will be necessary to develop more extensive
similar surveys including population above 50 years
old, with more diverse levels of education and socioeconomic status to be able to have a more general
vision on the use and opinion about SD in healthy
subjects.

Conclusion
In the present electronic anonymous survey, whose
majority of participants were young adults, mainly students, a prevalence of the use of SD was 13.6%, with
a frequency of 80% of the use of stimulants for alertness. Majority of participants have doubts on the safety
of the stimulants, are in favor of their regulation by
health authorities, but are in favor of continuing with
further research on this type of drugs. Finally, the use
of stimulants was associated with the age between 18
and 30 years old, a scholarship over high school and
the absence of religious beliefs.
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Abstract
Neurodegenerative diseases (NDDs) are a global health problem that has been on the rise in recent years. Reviewing the
definition of neurodegeneration, it can be established that NDDs are not only chronic diseases since acute events can also
generate neurodegeneration. Recent research has focused on identifying key factors in the development of NDDs in order
to generate new therapies at different levels of the pathophysiology of these diseases. The relationship between the gut
microbiota and neuroinflammation has been subject of research in recent years, discovering new linking and triggering
processes. In this text, we seek to summarize the existing findings regarding three NDDs (Alzheimer’s disease, Parkinson’s
disease, and Stroke) and their relationship with the Gut Brain Axis, as well as highlight the importance of maintaining a
healthy microbiota and generating therapies focused on reducing gut inflammation for the management of NDDs.
Keywords: Neurodegeneration. Gutbrain axis. Alzheimer. Parkinson. Stroke.

La influencia del eje intestino-crebro en las enfermedades neurodegenerativas:
breve reseña
Resumen
Las enfermedades neurodegenerativas son un problema de salud mundial que ha ido en aumento en los últimos años.
Revisando la definición de neurodegeneración, se puede establecer que las enfermedades neurodegenerativas no son solo
enfermedades crónicas, ya que los eventos agudos también pueden generar neurodegeneración. Investigaciones recientes
se han centrado en identificar factores clave en el desarrollo de enfermedades neurodegenerativas para generar nuevas
terapias a diferentes niveles de la fisiopatología de estas enfermedades. La relación entre la microbiota intestinal y la neuroinflamación ha sido objeto de investigación en los últimos años, descubriendo nuevos procesos de vinculación y desencadenantes. En este texto buscamos resumir los hallazgos existentes respecto a tres enfermedades neurodegenerativas
(Alzheimer, Parkinson y Stroke) y su relación con el Eje Intestino Cerebro, así como resaltar la importancia de mantener una
microbiota saludable y generar terapias enfocadas a reducir inflamación para el manejo de enfermedades neurodegenerativas.
Palabras clave: Neurodegeneración. Eje intestino cerebral. Alzhéimer. Parkinson. Ataque.
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Neurodegenerative diseases (NDDs) are characterized by a progressive dysfunction and loss of vulnerable neurons and are the leading cause of disability and
morbidity worldwide1. Neuronal cell death is the final
outcome when multiple chronic and progressive stressors pile up beyond the neuron´s recovery capacity, resulting in neurodegeneration2. However, a traumatic
incident or acute event like stroke can cause a sudden
decline of energy and a pro-inflammatory environment
in the affected neurons, which also results in acute cell
death and brain tissue degeneration2. Thus, we can
conclude that NDDs are not strictly chronic neuronal
death pathologies, but also involve acute processes.
The gutbrain axis (GBA) refers to the set of biological
systems which creates a network connection that allows bidirectional communication between gut microbiota and diverse areas on the brain and the SNC3. GBA
interconnection routes such as the vagus nerve, the
immune system, the hypothalamic-pituitary-adrenal
axis (HPA), tryptophan metabolism, and the enteric
nervous system4. When there is an aberrant response
from the normal microbiota or it has suffered a number
of alterations, an inflammatory response takes place,
resulting in the liberation of cytokines and microbial
metabolites which can lead to a certain level of
neuroinflammation5.
Gut microbiome plays a crucial role in neurodevelopment, as well as in several brain diseases6. Intestinal
microorganisms have an impact on the host´s metabolism and immune status, which affects neuronal pathways in the enteric and central nervous systems3.
Moreover, it has been recently demonstrated that poor
communication between gut-brain axis networks as
well as gut microbiota disturbance can lead to gut inflammation disorders, and consequently alter cognitive
functions, favoring the development of acute and chronic neurodegenerative conditions7. In this text, we aim to
describe the influence of GBA in three specific neurodegenerative pathologies (Stroke, Alzheimer’s disease
[AD], and Parkinson’s disease [PD]), as well as highlight
the importance of healthy GBA status as possible preventive and active treatment for NDDs.

represents the leading cause of dementia worldwide9.
According to Mexico’s National Institute of Neurology
and Neurosurgery, AD’s prevalence is around 350,000
people, of which 2,030 die each year. The lack of official data by the Mexican health system makes it difficult
to elucidate other statistics related to this disease, however, a work carried out by Gutierrez-Robledo and Arrieta-Cruz in 201510, shows that AD has an incidence
of 27.3 (1000 people/year) and a greater predisposition
for women over 60 years of age.
The pathogenic hallmarks of AD include extracellular
aggregates of amyloid β (Aβ) plaques and intracellular
accumulation of neurofibrillary tangles (NFTs), composed of the hyperphosphorylated tau protein11. Abnormal cleavage of the Aβ precursor protein, a membrane
integral protein, by secretase enzymes5, results in the
formation of insoluble Aβ fibrils, which are then excreted into the interstitial fluid and start to oligomerize and
aggregate into plaques, diffusing into synaptic clefts
and thus interfering with normal synaptic signaling11,12.
Aβ aggregates begin to form in the neocortex and appear later in the hippocampus4. The tau protein is widely distributed throughout neurons in association with
microtubules, playing a critical role in cytoskeletal integrity and axonal transport13. Polymerization of Aβ fibrils, in turn, leads to abnormal activation of several
kinases, causing hyperphosphorylation of tau and a
subsequent polymerization into insoluble NFTs211. The
typical clinical course of AD can be divided into 4 stages. AD symptoms usually develop once both Aβ and
tau aggregates are found in the neocortex12,14,15.
AD remains being one of the diseases with the lowest
number of pharmacological therapeutic options. As of
date, the first-line treatment option for AD remains to
be cholinesterase inhibitors, including donepezil, galantamine, and rivastigmine15,16. As of June 2021, a new
drug option received FDA approval for AD treatment:
Aducanumab (Aduhelm™)17,18, a human gamma immunoglobulin 1 monoclonal antibody targeted against Aβ,
which should be initiated in the early stages of the
disease, when the patient’s cognitive impairment is still
mild17, however, it’s long-term tolerability and security
is currently under evaluation in a multinational phase
3b clinical study.

Alzheimer

Parkinson

AD represents a multifactorial slowly and progressive
neurodegenerative disorder characterized by a
progressive cognitive decline as well as by a gradual
impairment in emotion, language, and memory8. It

PD; one of the most common and intricate neurological disorders in clinical medicine, is a progressive NDD
caused by a dopamine deficiency throughout basal ganglia, secondary to the premature death of
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dopaminergic neurons in the substantia nigra pars
compacta. Resulting in a movement disorder with
marked parkinsonian motor symptoms18. Although
there is a gap in the epidemiological information of PD
in Mexico, there have been estimations for a prevalence of 40-50 cases/100,000 inhabitants a year, additionally, it’s reported to be the fourth cause of consultation in the National Institute of Neurology and
Neurosurgery19.
Globally, PD represents the second most common
neurodegenerative disorder20, caused by multifactorial
etiology that combines environmental and genetic factors, however, its presentation is linked to specific disease hallmarks, firstly, a degeneration of dopaminergic
neurons in the substantia nigra, recent studies have
shown that loss of the dopaminergic terminals in the
striatum directly correlates with motor symptoms onset.
And secondly, sporadic PD pathognomonic intraneuronal aggregates known as Lewy bodies and neurites21:
eosinophilic cytoplasmic inclusion bodies with abundant alpha synuclein20, located in first stage pathology
medulla oblongata that consequently spread through
neural pathways to the substantia nigra in latter phases.
There are genetic factors related to the pathogenesis
of PD, with roles in mitophagy, protein degradation,
increase kinase activity, the key genes being: PARKIN,
PINK1, DJ-1, LRRK2, and GBA21. As a result of such
pathogenesis, PD presents motor and nonmotor symptoms. Classical motor findings list resting tremor (often
unilateral), postural instability, rigidity, and bradykinesia, furthermore, speech turns softer, swallowing gets
affected, sialorrhea and difficulty rising from a chair
might present due to the slowing of movement, whereas nonmotor symptoms include cognitive decline, sleep
disturbances, dysautonomia, anosmia and even psychological and gastrointestinal alterations such as anxiety, depression, nausea, bloating and abdominal
discomfort22.
Currently, there is no curative treatment for PD, thus,
it focuses on decreasing the degree of any symptoms
developed by the patient. The best treatment plan includes levodopa administration, the immediate precursor of dopamine20.

Stroke
Stroke accounts for the second leading cause of
death21. It is defined as a neurological event in which
abrupt impairment of blood perfusion through cerebral
vessels to the brain accounts for a neurological outburst22. In Mexico, stroke does not only represent an

important source of disability and mortality for its population but a great threat to family conformation and
dynamics23. Epidemiological information suggests a
rise in the prevalence of stroke, in 2008 stroke scaled
up from the fourth cause of general mortality (2000) to
the third with more than 30,000 deaths in that year24.
After analyzing verified stroke cases in 2011, estimations were made, it was concluded that the prevalence
was 5.1 every 1000 inhabitants while the accumulated
incidence showed 232.3/100,00023.
Stroke can be divided into ischemic and hemorrhagic, with the ischemic variant accounting for the vast
majority of cases25. The ensuing insufficient cerebral
blood flow and the subsequent lack of oxygen supply
to the brain leads to cell death by various mechanisms
such as ionic imbalances (calcium overload), glutamate excitotoxicity, bloodbrain barrier breakdown, activation of microglia with the subsequent neuroinflammation, cytotoxic and vasogenic edema, dysregulation
of energy metabolism and oxidative stress21, leading
ultimately to necrosis of the cerebral parenchyma. It
has been recognized that Stroke harmful effects consist of two principal injuries First injury alludes to the
direct effects of ischemia and necrosis to brain tissue,
second injury refers to the deleterious effects of persisting neuroinflammation several days after the stroke
took place, this persisting inflammatory response
might be active even months apart from the onset
event 26. Necrosis and apoptosis-mediated cell death
drive an inflammatory reaction, in which innate and
adaptive immune cells release a large amount of
proinflammatory cytokines, such as tumor necrosis
factor-alpha, interleukin (IL) 1 beta, IL-6, and interferon-gamma, which exacerbate the initial damage, manifested by a larger ischemic area and a worsening of
symptoms in patients27. In addition, there is an activation of microglia and astrocytes by the presence of
inflammatory mediators28.
Clinical manifestations in stroke patients vary in
presentation, severity, and structure due to variables
such as onset, affected area, and etiology, thus, it’s
identification and diagnosis can be misleading and
complicated for physicians26, nevertheless, an acute
onset of signs like hemiparesis, aphasia 26,29, gait
disturbances, eye movement abnormalities, visual
field abnormalities and symptoms such as subjective
weakness, paresthesia, headache and dizziness with
additional focal neurologic deficit may assist examiners in the early recognition of a patient developing
a stroke29.
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Figure 1. GBA dysbiosis influence over neurodegenerative diseases, specifically Alzheimer’s disease, Parkinson´s
disease and stroke.

GBA and NDDs
Microbiota is a symbiotic population of bacteria, viruses, fungi, and other microorganisms that coexist in
the gastrointestinal tract30. The question remains “how
can microbes in the gut have an effect in the brain?”
There are many potential linking pathways, such as the
autonomic nervous system connecting through the
10th cranial nerve, the vagus, (specifically the hepatic
and celiac branches) the gut, and the brain with neuronal and neuroendocrine signals bidirectionally31. Other pathways involve the HPA, altering the microbiota in
stressful situations by releasing molecules such as norepinephrine, catecholamines, serotonin, and cytokines
in the enterochromaffin cells in the gut, short-chain
fatty-acids transported to the brain in the vagus nerve
and/or the systemic circulation, stimulating the neurons,
microglia, astrocytes, and bloodbrain barrier32.
As summarized in Figure 1, neurological disorders,
especially those presenting with neurodegeneration,
have been associated with harmful environmental factors identified in childhood; in particular, an unbalanced
diet that alters early gene expression leads to epigenetic changes that manifest in adulthood. Research suggests that Gut dysbiosis increases gut permeability
causing a bacterial leak that triggers an inflammatory
response. Proinflammatory cytokines are released,
which increases the blood-brain barrier permeability,
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inducing neuroinflammation32. It’s known that common
bacteria present in the gut microbiota such as Lactobacillus, Bifidobacteria, Enterococcus, and Streptococcus species produce neurotransmitters like acetylcholine, GABA, and serotonin in a high scale, for example,
90% of the serotonin for brain and gastrointestinal tract
use is produce in the gut31,32. This is important because
serotonin binding to 5-HT receptors on microglia induces the release of cytokine-carrying exomes, therefore
modulating a gut-induced neuroinflammation5.

GBA and AD
The mechanisms of the brain-gut-microbiota axis related to the pathogenesis of stress conditions or brain
disorders are being discovered. Inflammation and Alzheimer disease have been studied for their relation, due
to the increased amyloid deposition under inflammatory
conditions. Microbiome studies point out that a variety
of microbial species, including Enterobacteriaceae and
Lactobacillaceae families generate significant quantities of functional amyloid33. These microbial species
increase on the gut as the human gets older, and with
them, the quantity of functional amyloid34. Amyloid neurotoxic properties make older people more susceptible
to gut dysbiosis, and because of the GBA it is suggested that it can increase the risk of developing AD33,34.
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Over the last years, several studies have identified
that the group of bacteria mentioned above, may also
produce damage to gut epithelium, which increases its
permeability and the leak of bacteria to the blood system34. Gut microbiota or toxic metabolites can then
travel to the brain and, under other proinflammatory
conditions or immune system depression (like the physiological immune system capabilities reduction that occurs in the elder) penetrate the bloodbrain barrier and
induce neuroinflammation. Nevertheless, more
research is needed in order to identify specific
bacteria or metabolites that might be involved in AD
pathophysiology35.

GBA and PD
The pathogenic mechanisms underlying neurodegenerative disorders such as PD is attributable to multifactorial changes. Emerging data has confirmed that
imbalances on the GBA trigger or exacerbate the progression of PD36. An important hallmark on PD is the
a-synuclein (aSyn). aSyn is a protein consisting of 140
amino acids that play an important role on synaptic
plasticity and interact with presynaptic vesicles. Several
research studies have studied the aSyn aggregates in
the GI tract. Phosphorylated aSyn deposition has been
observed on subjects with idiopathic rapid eye movement sleep behavior disorder, a prodromal marker of
PD, as well in gastric, duodenal, and colonic biopsies
undertaken by PD patients before the presentation of
motor signs37,38.
The innate immune system, the first line of defense
against invading microbes, can sense the presence
of microorganisms through a number of pattern-recognition receptors (PPRs), which recognize pathogen-associated molecular patterns. Among the different PPRs, Toll-like receptors (TLRs) stand out on PD
and GBA relations. TLR-4 has appeared in several
studies interacting with aSyn, triggering microglial
responses38,39.
An existing hypothesis suggests that the vagus nerve
is a potential pathway of retrograde transport of aSyn
between the enteric nervous system and the brain.
Enteric dysregulation can contribute to PD pathogenesis due to the increase on intestinal epithelial barrier
permeability40. The association between inflammatory
bowel disease and PD can be another role of the intestinal inflammation. Alteration on PD patient’s microbiomes has shown decreased abundance of genus
Prevotella, Roseburia and Blautia genera, Lachnospiraceae family, among others, and an important increase

on Lactobacillaceae family41. With this new perspective
focusing on the microbiome, PD can have a new understanding, providing new therapeutic approaches involving the GBA.

GBA and ischemic stroke
Existing evidence has shown how ischemic stroke
is capable of causing an alteration on the gut microbiota. After stroke, an inflammatory response takes
place principally induced by DAMPs and cytokines
release28. BBB suffers damage and a bidirectional
communication with gut microbiota enhances the immune response. The changes in BBB allow inflammatory and immune cells from the circulation to get
into the brain parenchyma, which interacts with innate immune cells in the CNS. Furthermore, gut inflammation (initially induced by the stroke) can confer
systemic inflammation that contributes to brain
inflammation28,29.
Direct neural inflammation produced by the ischemic
event, with the addition of systemic inflammation due to
microbiota dysbiosis potentially enhances the harmful
effects of stroke and increases final neurodegeneration
of the secondary injury. Similarly, recent research indicates that pro-inflammatory gut microbiomes may be
related to worst prognosis after stroke likely due to a
heightened immune system that generates detrimental
pro-inflammatory response after cerebral ischemia42.
Novel therapies targeting microbiota induced neuroinflammation are being developed43. The inhibition of intestinal IL-17 secreting γδ T-cells by Treg cells may reduce poststroke inflammation in mice44. Th17 cells are
used at a significant part in keeping mucosal barrier,
inflammation, and microbial translocation in the gut and
have the capacity to efficiently break the BBB to penetrate in the CNS. Inhibition of Th17 cytokines may be
chosen to reduce inflammation44. The novel transgenic
models can help for the identification of the origin, the
mission, and fate of gut migrating immune cells in
stroke.

Conclusion
NDDs have a strong relationship with gut microbiota
in their pathophysiology. Inflammation appears to be a
constant link between the gut and brain that encourages the development of these diseases. GBA is a field
of study that must be deeply analyzed in order to better
understand NDDs and to be able to propose new therapies that help not only to treat but also prevent NDDs.
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Abstract
There are high incidences of epilepsy and autism in the preschool and school ages, in which the synaptic plasticity and
synaptogenesis are more active, a primary interruption of the synaptic function due to injury or genetic mutation may result
in the appearance of both pathologies as in Lennox Gastaut S., De Aircadi S, epilepsy with continuous slow waves during
sleep and Landau Kleffner S. There is evidence of abnormal brain maturation in autism spectrum disorders (ASD). Normal
pruning eliminates faulty connections and optimizes neuronal functioning. In autism, this pruning would result in degrees of
anatomical “over-connectivity” that increases or decreases the efficiency of communication between cortical regions. The
same occurs with axonal myelination that affects integrated interregional cortical communication and synchronization. Critical
and vulnerable mechanisms are appreciated during the peri-neonatal period, with subsequent stabilization of the synapses
to form pre-designed neural networks through genetic mechanisms and modified by environmental factors. There are anomalies in different proteins that modulate the first phase of synaptogenesis, mutations in protocadherins, cadherins, and abnormalities in glutamatergic and GABAergic systems that affect the brain. All these aspects are critical for learning, language,
and memory in both autism and epilepsy.
Keywords: Synaptogenesis, Autism, Epilepsy.

Aspectos del neurodesarrollo entre trastornos del espectro autista y epilepsia
Resumen
Se presentan altas incidencias de epilepsia y autismo en el preescolar y escolar, edades en las que la plasticidad sináptica
y sinaptogénesis es más activa, una interrupción primaria de la función sináptica por lesión o mutación genética puede
resultar en aparición de ambas patologías como en S. Lennox-Gastaut, S. De Aircadi, Epilepsia con ondas lentas continuas
durante el sueño y el S. de Landau Kleffner. Existe evidencia de maduracion anormal del cerebro en TEA. La poda normal
elimina conexiones defectuosas y optimiza el funcionamiento neuronal. En autismo, esta poda daría lugar a grados de “sobreconectividad” anatómica que aumentan o disminuyen la eficiencia de la comunicación entre regiones corticales. Igual
ocurre con la mielinización axonal que afecta la comunicación cortical interregional integrada y sincronización. Mecanismos
críticos y vulnerables durante el período peri-neonatal, con posterior estabilización de las sinapsis para constituir redes
neuronales prediseñadas mediante mecanismos genéticos y modificadas por factores ambientales. Existen anomalías en
diversas proteínas que modulan la primera fase de la sinaptogénesis, mutaciones en las protocadherinas, cadherinas y
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anomalias en sistemas glutamatergicos y gabaergicos que afectan el cerebro. Todos estos aspectos son críticos para el
aprendizaje, lenguaje y memoria tanto en autismo como epilepsia.
Palabras clave: Sinaptogenesis, Autismo, Epilepsia.

Introduction

Autism background

The association between autism spectrum disorders
(ASD) and epilepsy has been established in numerous
studies. The rate of epilepsy in children diagnosed with
ASD is described by 30%, meaning that one in every
three patients with autism will develop epilepsy during
their lifetime1.
If children with a diagnosis of autism and without epilepsy symptoms have an electroencephalography
(EEG), 10% would have an EEG with epileptic form
activity. These anomalies remain over time, continuing
in adolescents and young adults with autism2 (Giovanardi Rossi, 2000). A relationship between the regression of language and epilepsy is associated, and the
epileptic form alterations found when performing longer
electroencephalographic records.
In rare cases, epilepsy may be responsible for autistic traits, such as in acquired epileptic aphasia,
where marked impairment of social communication
has been described as autistic, but apparently this is
a direct result of epilepsy 3. To the question of whether autism causes epilepsy, it is argued that autism
could cause epilepsy on the basis that, frequently,
autism is associated with another comorbid cerebral
dysfunction, especially intellectual deterioration,
which is also associated with epilepsy. This coexistence of autism and epilepsy is an association, not
causation3.
The purpose of this review is to describe the different
relational elements shared between ASD and epilepsy,
as brain mechanisms, which include the regulation of
gene transcription, cell growth, synaptogenesis, and
the role of glutamatergic and GABAergic systems. It
should also be taken into consideration that there are
also metabolic, mitochondrial, and genetic defects that
underlie ASD and epilepsy.

Leo Kanner, in 1943, described the autistic disorder,
now called ASD4, where deficiencies are found in socioemotional reciprocity, deficiencies in non-verbal communicative behaviors, used in social interaction, deficiencies
in the development, maintenance, and understanding of
relationships, in addition to restrictive and repetitive patterns of behavior, interests, and activities; symptoms that
must be present from the earliest stages of development5. Associated with these, there are serious
impairments in the ability to relate, adapt and interact
socially, as well as in neurocognitive development1-6.
ASDs can occur with or without medical, genetic,
neurodevelopmental, mental, or behavioral disorders.
Together, they have a prevalence of 0.6% in the general
population7. The estimated prevalence of ASD was
2.24% (1 in 45), in 2014, established by Centers for
Disease Control8.
According to the Ministry of Health of Chile, it is estimated that for 240,569 live births registered in 2007
(DEIS), the approximate number of people diagnosed
with ASD in Chile was 2156 children (1 in 111) five according to the Department of Statistics and Information
of Health of the Ministry of Health. Fombonne et al.
(2016) determined the prevalence of autism in Mexico,
concluding that 1 in every 115 children would have this
disorder5.

Methods
Bibliographic search in PubMed, ScienceDirect,
Springer Link, Cochrane, textbooks, referring to Epilepsy, Autism and Neurodevelopment, 70 articles were
found, only five establish a relationship between them;
it is for this reason that we consider it important to review this relationship.
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Biological mechanisms described in autism
Considering autism a neurodevelopmental disorder,
there is an abnormal maturation of the brain9,10. In the
normal brain, initial growth, neuronal loss, and synaptic
pruning are timed so that activity and experience support the organization of functional networks (Kandel
et al., 2000)11. While normal pruning could help eliminate
faulty connections and optimize coordinated neuronal
functioning, pruning in autism would possibly result in
some degree of anatomical “over-connectivity” that
could increase or decrease the efficiency of communication between cortical regions. In autism, the absence
of neuronal structures, including apoptosis, axonal
pruning and dendritic degeneration, as well as increased neurogenesis, would explain the autism clinic,
in combination with specific genetic alterations.
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Lewis and Elman (2008)12 postulate that the abnormalities in these maturation processes are consistent
with the findings of increased brain size in autism in the
early stages of development, the largest increase being
in the frontal cortex. A compensatory process that
would reduce the functional impact of the increase in
brain size would be a reduction in the proportion of
long-distance connections.
Adam et al. (2012)9 propose a lack of integrity of the
tracts of the white matter that carry information between the different brain regions, affecting the interregional cortical communication. Another mechanism
affected is the myelination of axons that also affect
integrated interregional cortical communication and
synchronization.
Geschwind and Levitt (2007)10 express that biological
mechanisms affect connectivity; several microstructural
processes could explain the impediments in the functional and anatomical connectivity observed in autism.
A series of initial processes of neurodevelopment, such
as neuronal migration and the establishment of synapses, could individually or in combination lead to anomalies in the development of connectivity.
Herbert et al. (2004)13 suggest that the corpus callosum is usually smaller in autism, this decrease in size
could be an index of white matter deficit that could
contribute to damage cortical connectivity. Vargas et al.
(2005)14 found evidence of astroglial and microglial activation and neuroinflammation in the gray and white
matter (in samples taken from the middle frontal gyrus,
anterior cingulate gyrus and posterior cerebellar hemispheres) and the symmetry of the temporal planes in
postmortem case studies.

Alterations in synaptogenesis and autism
Juan-Jose García-Peñas et al. (2012)15 conducted a
review on alterations of synaptogenesis in autism; it is
known that the first functional synapses in the human
brain are evident from the 40th day of embryonic life and
later undergo a complex process of structural and functional maturation. These mechanisms are especially
critical and vulnerable during the perinatal and neonatal
period, then there is stabilization of the synapses to
constitute pre-designed neural networks through genetic mechanisms and modified by environmental factors.
Suda et al. (2011)16 described histochemical studies
in brains of autistic children and adolescents, where
anomalies have been revealed in various proteins that
modulate the first phase of synaptogenesis, including
ephrins type EFNA4 and EFNB3, plexin PLXNA4, and

ROBO2 and ROBO3 (roundabout 2 and 3), mainly in
the primary motor cortex and the anterior cingulate
cortex.
SynCAM1 (membrane protein of the Ig superfamily)
that functions as an adhesion molecule is located symmetrically in both membranes of the synapses and
binds to them through an extracellular domain to form
a homophilic component of cell adhesion. Zhiling (2008)
described missense mutations in the SynCAM1 gene
in autistic people.
N-cadherin (CDH2) acts as a basic adhesion molecule
for the development of excitatory and inhibitory synapses, protocadherins are essential in the development of
synaptic specificity. Morrow and Bhalla (2008) described
mutations in the protocadherins PCDH9 and PCDH10
and in cadherins CDH15 and CDH18 in subjects with
autism and mutations in protocadherin PCDH8, which
interacts with the kinase TAOK2 (serine/threonine-protein kinase TAO2) and MAPK3 (mitogen-activated protein kinase 3), which map in the region 16p11.2, one of
the most important loci of susceptibility for autism, this
alteration of PCDH8 would produce an internalization of
the synaptic receptors AMPA, which would modify the
normal development of the synapses.

Glutamatergic-GABAergic systems and
autism
The glutamatergic and GABAergic systems are important foci of pathology in the brain of patients with
autism. Many investigations stand out the deregulation
of several proteins involved in this pathway (Fatemi
et al., 2012)17.
The GABA A receptors are responsible for the mediation of rapid inhibitory action of GABA in the brain.
GABA B receptors play an important role in maintaining
an excitatory/inhibitory balance in the brain. The GAD
protein is responsible for the conversion of Glutamate
to GABA. It has been shown that GAD 65 and 67 are
reduced in the cerebellum of adults with autism. In the
cerebellum, concordant reductions have been observed in mRNA and in the protein levels of GABA R1
receptor in adults with autism18.
Concurrent reductions were also observed in GABA
A and GABA B receptors in Brodmann areas 40 and 9,
decreased densities of the GABA A receptors in the
anterior cingulate cortex and GABA B in the fusiform
gyrus.
Reelin (serine protease of the extracellular matrix) is
expressed in the GABAergic and glutamatergic cells;
regulates the lamination of neurons during embryonic
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development; and helps in the processes of neuronal
migration in the early development, modulation of synaptic plasticity throughout life, and maintenance of
long-term potentiation.
Many studies have shown abnormal expression of
reelin in autism and reproduced these results evidencing polymorphisms of the RELN gene, decreased reelin
mRNA in the upper frontal cortex and cerebellum, and
decreased expression of Reelin in blood analyzes19.
Reelin also binds to very low-density lipoprotein
(VLDLR) receptors, apolipoprotein receptor 2, and α3β1
integrin. Through these, it is capable of activating Dab-1
(Disabled-1), an intracellular adapter protein that facilitates the signal between the reelin-secreting cells and
the pyramidal cells. VLDLR is upregulated in the upper
frontal cortex and cerebellum of adult patients with autism,
while Dab-1 is significantly reduced in these areas, suggesting the alteration of signaling in the reelin pathway.

Epilepsy background
According to the ILAE 2017, epileptic seizure is
defined as “a transient occurrence of signs and/or
symptoms due to abnormal excessive or synchronous
neuronal activity in the brain”20. It is the clinician’s first
task to determine that an event has the characteristics
of a seizure and not one of the many imitators of seizures. The next step is classification into a seizure type,
the electroclinical syndrome, and determine the
treatment consistent with the physiopathological mechanisms of each of the different epilepsies21.
The epidemiology varies according to the underdeveloped or developed countries, being the average in
developed countries of 5.8/1000 habitants, while in
low-resource countries, it is 10.3/1000 in urban areas
and 15.4/1000 in rural areas22.
In high-income countries, incidence rates in the general population are between 30 and 50/100,000 people.
In low- and middle-income countries, this figure can be
up to twice as high23. In Mexico, the prevalence in the
centers of the Priority Epilepsy Program is
11.4-20.3/1000 (2004)24. In Chile, the prevalence of epilepsy is 10-17.7 × 1000 (Lavados et al.)25.

Epileptogenesis
Epileptogenesis is the process by which the previously normal brain is functionally altered and biased
toward the generation of abnormal electrical activity
that leads to chronic epileptic seizures. The concept of
“mechanism of epilepsies” refers to any biological
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characteristic of the brain that drives or supports recurrent and unprovoked crises.
Epileptogenesis is a dynamic process, in which the
genetic and structural alterations in the brain lead to a
cascade of molecular and cellular changes, which are
associated with the appearance of spontaneous
epileptic seizures, such as changes in neurogenesis,
neurodegeneration, gliosis, dendritic plasticity, axonal
damage, damage to the blood-brain barrier, inflow of
inflammatory cells to the brain tissue, reorganization of
the extracellular matrix, and reorganization of neuronal
activity. Glial abnormalities, including glial scars, various
gliomas, and microglia and chronically activated astrocytes, can lead to epileptogenesis due to increased
neuronal excitability and inflammatory processes.
The process of epileptogenesis can be divided into
three phases26. The first is associated with the occurrence of injury or event, the second latent phase leads
to the appearance of abnormal epileptic brain activity,
and in the third phase occurs spontaneous epileptic
seizures. The factors that have the most important role
in the molecular basis of epileptogenesis are as follows:
the brain-derived neurotrophic factor-tropomyosin-related
kinase B (TrkB, also known as NTRK2) signaling, the
mammalian target of rapamycin (mTOR), the repressor
element 1 (RE1), and Silencing Transcription Factor,
also known as Neuron-Restrictive Silencer Factor.
The imbalance between excitatory and inhibitory
neurotransmitters explains the induction of epileptic
seizures. GABA A controls the entry of chloride into the
cell, and GABA B increases the potassium conductance, decreases calcium entry, and inhibits the presynaptic release of other transmitters. The concepts of
tripartite neuron explain the pathophysiology of epilepsy, with relevance in the anomalies in the GABAergic
function in genetic and acquired animal models of epilepsy, reductions or inhibition mediated by GABA, activity
of glutamate decarboxylase, and binding to GABA A sites,
this has been reported in studies of human epileptic brain
tissue. Abnormalities of GABAergic function, including
synthesis, synaptic release, composition, and metabolism
of the receptor, lead to a hyperexcitable epileptic state.

Relationship between epilepsy and autism
Sundelin et al. have documented a greater frequency
of epileptic seizures in ASD. The frequency range varies from 7% to 42%, currently an association of one
third of children with ASD is considered to develop
epilepsy27. In our series, we found a prevalence of 30%
of children with ASD and Epilepsy28. There is a bimodal
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distribution of onset of crisis in patients with ASD and
epilepsy: one in the early childhood (before 5 years old)
and the other in adolescence after 10 years old29.
The variability in the prevalence of epileptic seizures
would probably be due to three factors: (1) the age
groups studied, finding a higher percentage of epileptic
seizures in studies that include adolescents and young
adults, (2) the most severe cognitive disability is related
with a higher percentage of epileptic seizures, and
(3) the type and degree of language dysfunction, with
the highest percentage of epileptic seizures occurring
in individuals with verbal auditory agnosia.
All types of seizures can be associated with autism.
Keller et al. (2017)30 report partial seizures, atypical
absences, myoclonic, and tonic–clonic seizures as the
most prevalent, while Tuchman and Rapin (2002)29
show tonic–clonic seizures and atypical absences, in
genetic cases as the most common. Matson and Neal
(2009)31 found a relationship between autistic regression in patients diagnosed with Epilepsy and ASD.
Spurling and Tuchman (2015)32 comments that there is
no evidence to suggest that epilepsy is the cause of
autistic regression; however, it recommends the importance of detecting other deficits, such as language,
cognitive, behavioral, and not only to treat seizures. It
suggests that there are multiple variables that can
guide clinical management where epilepsy, autism, and
regression overlap, such as the type of regression, age
of onset of crisis, epileptic form activity and the location, orientation, and amount of epileptic form activity.
In studies of multiple models of epilepsy suggest that
the balance between the excitatory and inhibitory networks are interrupted, and that the composition and
excitatory synaptic efficacy are enhanced, directly, or
indirectly. A important excitatory synapses regulator is
the glutamate receptor, which is also critical for learning
and memory. Therefore, dysregulation induced by an
epileptic seizure of glutamate receptor function itself,
or that of a “upstream and downstream” mediator can
have important effects on learning and cognition.
Ictal activity may provide greater excitability to disrupt
synaptic homeostasis, even a brief ictal activity may impair
learning, possibly the most sensitive period for seizures
that affect cognitive function is during brain development.
At that time, the mechanisms of synaptic plasticity are
maximum, and excitatory mechanisms predominate on
inhibitory. Since the cascades involved in learning and
memory are mostly dependent on the activity of neural
networks, there is a possibility that this excessive neuronal
activity has unexpected effects on normal synaptic function. On the other hand, synaptogenesis is maximal in the

developing brain, and it seems to share many of the same
mechanisms with those of synaptic plasticity.
The preschool and grade school ages present high
incidences of epilepsy, and this is also the period, in
which autism manifests itself. This age window is the
natural “critical period,” where synaptic plasticity and
synaptogenesis are at the highest level of life. In
addition, both epilepsy and autism are partly due to a
consequence of a dysregulated synaptic development.
When epilepsy and autism co-occur, it is assumed that
they may have been the result of a primary interruption
of synaptic function due to injury or genetic mutation30.
What is not known is whether epileptic activity, which
could further disrupt synaptic function, may contribute
to the secondary symptomatology of autism.
Glutamate plays a role during the development of the
brain by regulating multiple processes, (neurogenesis,
neuronal growth, survival of neurons, and synaptogenesis). It is important in the acquisition of emotional
behavior. NMDA glutamate receptors are responsible
for long-term potentiation, learning, and memory, which
altered processes in subjects with autism. In addition,
the imbalance between GABA/glutamate can cause
epileptic disorders in autism. Genetic studies have
found positive associations between autism and a series of polymorphisms in glutamate receptors and transporters, including the mitochondrial glutamate-aspartate
transporter (SLC25A12) and the glutamate ionotropic
receptor kainate type subunit 217.
Mutations in GABA A receptor subunits or mutations
in non-GABA A receptor subunit genes that alter GABAergic neuronal activity are associated primarily with epilepsy, but also with autism or both. Genetic mutations
other than GABA A receptor subunits, such as tuberous
sclerosis, Fragile X Syndrome (FXS) Rett Syndrome,
show altered GABAergic signaling. Studies of animal
models indicate that the loss of SCN1A function causes
significant reductions of sodium in inhibitory GABAergic
neurons, suggesting GABAergic circuits that would explain the presence of epileptic seizures in these entities.
The altered expression of GAD 65 and 67 in the GABAergic system has been associated with epilepsy,
schizophrenia, ischemia, and traumatic brain injury. In
Autism, the level of GAD protein isoforms is reduced
(Fatemi et al., 2012)17. Studies of MRI and neuropathology suggest that the altered proliferation and migration
of neuroblasts, the cortical organization, and the development of projection neurons and GABAergic interneurons within the focal brain regions, forming common
abnormal neuronal circuits, that would explain the phenotypic manifestations in autism and epilepsy.
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Giannotti et al. (2008)33 reported that epilepsy and
epileptiform abnormalities in the EEG were more frequent in children with regression (with loss of neurocognitive abilities in expressive, semantic and pragmatic
language, communicative intention, working memory,
executive functions, playful abilities, and socialization).
Due to the wide range of age and phenotypes of the
ASD group, no single EEG biomarker has been identified that consistently distinguishes individuals with ASD
from those without ASD. Wang et al. (2013)34 identified
a possible “U” grafoelement within the EEG alterations,
with the excess voltage viewed at the theta and gamma
frequencies and reduced voltage at medium frequency
bands compared to individuals with normal development. The authors speculated that it could result from
an abnormal GABAergic tone in inhibitory circuits.
The EEG can also report the neurophysiological
mechanisms of the disease in genetic variants of high
risk. In duplications of chromosome 15q11.2-q13.1, a
subgroup of children exhibits a classic EEG pattern of
excessive beta-frequency activity, this characteristic
probably reflects the up-regulation of several GABA
receptor genes located in the duplicated region. Studies are underway to better characterize this excessive
beta-activity, investigate, whether it is characteristic of
the EEG, relate to or predict clinical outcomes, particularly the development of epilepsy or ASD.
In addition, they want to find a relationship between
specific patterns of EEG with essential deficits or individual behaviors within the ASD, to facilitate clinical
stratification32.
Patterns, even controversial, that could distinguish
infants with high and low risk of ASD have been identified. The studies have quantified the differences in the
trajectories of EEG development, particularly in the
gamma band, which reflects the union of neural information from different networks. Other studies have
identified an atypical pattern of hemispheric organization based on the asymmetry of the alpha range as well
as less functional connectivity between the frontal and
parietal regions, in high-risk children compared to lowrisk children, independent of the diagnosis of ASD32.

Epileptic syndromes and autism35
Children with ASD who have epilepsy may have epileptic seizures that do not meet the criteria for specific
electroclinical syndromes. However, several specific syndromes of epilepsy seem to be risk factors for the subsequent diagnosis of ASD. These are described below.
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Aircadi Goutieres syndrome (SAG)36
Rare autoimmune genetic disorder affects the brain
and skin. Manifestations may present in utero or postnatal in childhood, characterized by subacute encephalopathy and loss of acquired skills. Severe neurological
dysfunction arises as progressive microcephaly, spasticity, dystonia, and cognitive impairment. Associated
symptoms include epileptic seizures and glaucoma.
Most patients have abnormalities in neuroimaging, including white matter abnormalities and cerebral calcifications, mainly in the basal ganglia.
There are seven known genetic subtypes, caused by
mutations in TREX1, RNASEH2A, RNASEH2B,
RNASEH2C, SAMHD1, ADAR1, or IFIH1; each gene is
involved in the intracellular metabolism of normal RNA/
DNA. Mutations of TREX1, RNASEH2 A/B/C, SAMHD1,
ADAR1, and IFI are associated with developmental delay, regression, and epileptic seizures37.

Infantile spasms
The prevalence of ASD in children with a history of
infantile spasms is not consistent, but an association
between both is clearer in the tuberous sclerosis complex (TSC1 and 2) and duplications of FOXG1:
In TSC1 and TSC2, hamartina and tuberina, join, and
form, a protein complex involved in the regulation of
mTOR. The loss of function of the TSC results in the
absence of normal inhibition of mTOR, with an increase
in Rheb activity and subsequent hyperactivity in mTOR,
which leads to disinhibition of protein synthesis and cell
growth. The neurological manifestations of TSC include
epilepsy, intellectual disability and ASD, as well as specific cerebral malformations and cortical tubules, nodules
and subependymal giant cell astrocytomas. Epilepsy occurs in more than 80-90% of patients with TSC. Infantile
spasms occur in approximately 20-38% of patients with
TSC and are associated with a worse prognosis. ASD is
found in 20-60% of individuals with TSC and is equally
common in men and women in this population35.
Children with duplications of FOXG1 on chromosome
14q12 have long-term developmental abnormalities that
include autistic features. FOXG1 is a specific transcriptional repressor protein that regulates the dorsal-ventral
pattern and neurogenesis; its overexpression in the
developing anterior brain is associated with thickening
of the neuroepithelium, and the evidence supports a
role inline change in neuroprogenitor cells. However,
the mechanisms that lead to epilepsy and associated
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developmental disorders due to changes in the number
of copies of this gene are not known38.
Landau–Kleffner syndrome/continuous spike and wave
during slow wave sleep (CSWS). The Landau–Kleffner
syndrome is an epilepsy-aphasia syndrome of unknown
etiology characterized by language regression and continuous spike-wave during slow wave sleep on the EEG.
Some children with severe language apraxia have autistic characteristics with a predominance of severe deficit
of receptive language. Studies have detected: (1) copy
number variants (CNVs) in exogenous deletions of
NRXN1, HDAC4, SYNGAP1, ARID1B, SHANK2, CHD2,
SHANK3, PTCHD1 intragenic duplication of NRXN1, IL1RAPL1, and DMD exonic duplication of DMD, duplication partial of DMD, de novo CVN, (2) chromosomal
abnormalities: unbalanced translocation, 1q duplication
syndrome, ring chromosome 8, Down syndrome, and
XYY syndrome, (3) genomic disorders with recurrent
breakpoints: deletion syndromes 1q21.1, 10q11.21-q11.23,
15q13.3, 16p11.2, 16p13.11, 22q11 (DiGeorge syndrome),
7q11.23 (Williams Syndrome), 17p11.2 (Smith Magenis
syndrome) duplication syndromes 1q21.1, 15q11-q13,
16p11.2, 17q12, and 22q11. Xq28 duplication including
GDI1 4, 15q25 distal deletion syndrome, and (4) genomic
disorders with non-recurrent breakpoints: 9p terminal deletion, 9q34.3 deletion (Kleefstra syndrome), Jacobson
syndrome (11q deletion), Mc Dermid Phelan syndrome
(22q13 deletion), and GRIN2A mutations in patients with
phenotypes of epilepsy-aphasia.

ASD and epilepsy in genetic syndromes34
Several genetic mutations are related to the development of ASD and/or epilepsy and exert their influence
on various aspects of neuronal function, not only limiting ion channels and synaptic physiology. These mutations affect proteins involved in all phases of neuronal
excitability: anchoring of the synaptic complex, management of the release of synaptic vesicles, control of
subcellular signaling pathways, regulation of neuronal
migration, and organization of network connections30.
Conditions caused by variation in the number of genomic copies or mutations in single genes have been
associated with ASD and epilepsy.

Genomic disorders
Trisomy 21 (Down

syndrome

[SD])

5-9% of individuals with DS comply the criteria for
ASD. The diagnosis of ASD in this group is a challenge.

The prevalence of epilepsy in patients with DS is
8-13%39. Children with DS and ASD tend to have a
general decrease in brain function, and an increased
risk of epileptic seizures.
15q11-q13 Duplication Syndrome inherited from the
mother. It is the most frequent chromosomal alteration
reported in patients with ASD (0.5-3%).
There would be a deregulation of inhibitory synapses,
genes that encode the GABA receptor subunits
(GABRA5, GABRB3, and GABRG3) in the duplicated
15q11q13 region, which explains the pathogenesis of
epilepsy and ASD phenotypes.

CNVs
Some pathogenic CNVs are associated with ASD and
epilepsy. 15q11.2 and 16p11.2 deletions and 16p13.11
duplication have been detected with high frequency in
individuals with ASD. A possible mechanism of
ASD/epilepsy associated with these CNVs is a second
mutation in the non-suppressed allele.

Phelan-McDermid syndrome/SHANK3
deletion
The 22q13.3 deletion containing the SHANK3 gene has
been associated with early hypotonia, developmental and
speech delay, autistic features, lymphedema, and dysmorphisms. The prevalence of epilepsy in these patients
is unknown. SHANK3 encodes scaffold proteins found in
the postsynaptic space, which regulates the expression
of the metabotropic glutamate receptor 5 (mGluR5), regulates the recycling of AMPA receptors and long-term
synaptic potentiation, and interacts with the voltage-gated
potassium channels Kvβ2 in postsynaptic space. Mice
deficient in SHANK3 show autistic behavior and have
anomalies in the synapses of the striatum and corticostriatal circuits. Deletions of SHANK1 and mutations in
SHANK2 have also been reported in patients with ASD40.

Single gene disorders
FXS
It is considered the main monogenic disorder associated with ASD. Occurs when the expansion of a triplet
repeat (CGG) leads to the inactivation of the FMR1
gene, resulting in the loss of expression of FMRP
(RNA-binding protein, located in the dendritic ribosomes), plays a role in the remodeling synaptic,
necessary for normal learning and memory.
189

Rev Mex Neuroci. 2022;23(5)

The cognitive profile includes hyperactivity, anxiety,
tactile defensiveness, gaze avoidance, and socialization difficulties. Epilepsy is reported in 10-20% of individuals. The crisis patterns resemble Benign focal
Rolandic epilepsy and typical central-temporal spikes
can be observed in up to 60% of patients with FXS with
seizures and in 23% of patients without clinical crisis41.
It has been proposed that an ionic current controlled by
voltage participate in epileptogenesis by the activation of
the mGluR5 receptor. The activation of mGluR5 across
multiple synapses in the context of poor FMRP translation control leads to greater electrical excitability.

Disorder related to MEF2C

PTEN is a double specificity phosphatase and a tumor suppressor gene, it affects the blocking of the G1
cell cycle and inhibits the PI3K/AKT/mTOR pathway.
Macrocephaly and ASD have been reported in children
with germline PTEN mutations.
Seizures have been reported in patients with PTEN
mutations, including a number with focal cortical dysplasia. Epilepsy seems to be a part of the phenotype for
many of the megalencephaly disorders associated with
deregulation of the PI3K-AKT-mTOR pathway, but the
exact role of mutations in specific genes in this pathway
related to seizures and ASD should be clarified.

There are mutations with loss of function and deletions of MEF2C on chromosome 5q14.3, characterized
by severe intellectual disability, epilepsy, stereotyped
movements, and features of ASD.
In most, the cephalic perimeter and brain morphology
are normal. The percentage of epilepsy is variable,
20% present infantile spasms, 33% childhood myoclonic epilepsy, 24% generalized epilepsy in childhood,
and 23% without epilepsy.
MEFC2 plays several roles during brain development,
and is a marker of cortical lamination driven by Tbr1.
MEFC2 recognizes a binding site of the synaptic activity response element, which activates a series of genes
for synaptic development, dorsal glutamatergic, and
ventral GABAergic.

Disorder related to MECP2 (Rett syndrome)

Disorders related to SCN2A

It predominantly affects women, characterized by intellectual disability, postnatal microcephaly, loss of expressive language, stereotyped movements in hands,
and autistic features. The onset of symptoms and regression occur at 6 to 18 months of age after a period
of apparently normal development. MECP2 is a transcriptional activator during brain development. Mutations result in “downregulation” of many target genes,
loss of MECP2 function reduces GABAergic transmission, and alteration of the glutamatergic unit in specific
populations of inhibitory interneurons.
50-90% have epileptic seizures. The type of crisis is
variable, the age of onset is rare before 2 years, and the
severity of the seizures seems to decrease after adolescence. Mutations specific for MECP2 (p.T158M and
p.R106W) were more highly associated with epilepsy.

SCN2A encodes the sodium channel voltage
dependent Na (v) 1,2 predominantly expressed in
excitatory neurons, the mechanism by which there is
loss of function of this channel with secondary hyperexcitability is unclear. The deletion of chromosome 2q24.3 containing SCN2A was reported for the
first time in a child with autistic characteristics and
intellectual disability44. At the same time, several
children were identified with a spectrum of severe
epilepsies of the early life including Ohtahara syndrome, malignant migratory partial seizures of childhood, and infantile spasms with mutations in SCN2A.
In other children, benign neonatal-infantile epilepsy
and generalized epilepsy with febrile seizures plus
have been reported.

Mutations in PTEN42

Disorder related to CDKL543
X-linked disorder, characterized by early onset of epilepsy, with infantile spasms, and severe neurodevelopmental
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delay with postnatal microcephaly, absence of expressive
language, and stereotypies of hands. Girls share some
characteristics of ASD. The inability to concomitant development and the phenotype of epilepsy are greater than
those typically seen in children with classic forms of ASD.
The role of the protein CDKL5 (serine-threonine kinase)
has to do with the development of dendritic microcolumns,
macrocolumns, and adhesion molecules involved in the
stabilization of the post-synaptic membrane.

Conclusion
The underlying neurobiological mechanisms for ASD
and epilepsy allow us to frequently find both associated
pathologies.

P. Núñez-Contreras et al.: Aspects of neurodevelopment between ASD and epilepsy

This perspective finds support in new genetic mutations discovered for autism and epilepsy that highlight
the presence of anomalies in the formation of synapses
and the functions that entail an imbalance between
excitation and neuronal inhibition.
Every time we diagnose a child on the autistic spectrum, we should consider the possibility of having an
epilepsy. It is recommended that patients with diagnosis of epilepsy undergo a neuropsychological evaluation
that includes neurocognitive aspects, social, and behavioral skills and interpersonal relationships. The early
detection of the association of both pathologies will
allow us to provide a better treatment for children and
adolescents. It is recommended to perform a directed
search and clinical follow-up of this population considering an electroencephalographic follow-up and early
intervention in case of diagnosis of epilepsy.
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