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RESUMEN

Introduccion

Los Trastornos por Uso de Alcohol (TUA) constituyen una de las patologias mas
relevantes en la Salud Mental, dada su alta prevalencia y los altos costes que acarrean.
En la actualidad, se tiende a conceptualizar la etiologia de los TUA como multifactorial,
existiendo una compleja interaccion entre distintos factores ambientales/sociales,
psicologicos y bioldgicos. Dentro de estos ultimos, en las tltimas décadas, se han
estudiado multiples marcadores de vulnerabilidad, entre los que nos encontramos con el
de la Respuesta de Sobresalto (RS). La RS es una respuesta de caracter defensivo, que
consiste en una contracciéon muscular rapida, involuntaria y refleja, que aparece como
consecuencia de la exposicion a un estimulo repentino e intenso. Aunque puede ser
producido por estimulos de distintas modalidades sensoriales, en humanos, lo mas
comun es que se estudie la Respuesta de Sobresalto Acustica (RSA), que se registra a
través del electromiograma (EMG) del musculo orbicular. La RS tiene una enorme
plasticidad, siendo una de estas formas de plasticidad la Inhibicion Prepulso (IPP), que
se refiere a la atenuacion o supresion de la RS cuando se presenta un estimulo de baja
intensidad (prepulso) antes del estimulo de sobresalto (pulso). Mientras que la RS ha
sido empleada como una herramienta que ha permitido evaluar la reactividad a
estimulos externos, la IPP se ha utilizado como una medida operacional de los
mecanismos de filtrado sensoriomotor. Aunque en otras patologias psiquidtricas,
principalmente la esquizofrenia, la RS y la IPP han sido ampliamente estudiadas, esto
no sucede asi en el campo de las adicciones y, més concretamente, en el alcoholismo.
La mayor parte de los estudios en el campo de los TUA proceden de los modelos de
experimentacion animal, siendo los resultados inconclusos. Sin embargo, en poblacion

clinica, los estudios son mucho mas escasos, habiéndose centrado la mayoria en la
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modulacion afectiva de la RS. Se han publicado muy pocos estudios hasta la fecha en
los que se evalue la RS basal y la IPP en relacion con distintos aspectos del consumo de
alcohol, y solo dos se han realizado sobre una muestra de individuos con dependencia
de alcohol, que se mantenian abstinentes en el consumo de alcohol en el momento de

ser evaluados.

Objetivos e hipotesis

Por dicho motivo, marcamos como objetivos:

1) Evaluar la RS y la IPP en una muestra de pacientes abstinentes con dependencia
de alcohol y compararlos con un grupo de controles sanos.

2) Explorar si las alteraciones de la RS y la IPP podrian relacionarse con un
marcador de vulnerabilidad para el desarrollo de alcoholismo bien establecido,
como es la impulsividad.

3) Estudiar las modificaciones de la IPP desde el inicio del Sindrome de
Abstinencia Alcohdlica (SAA) hasta la finalizacion del proceso de
desintoxicacion, en una muestra de individuos con dependencia de alcohol que
estaban consumiendo activamente alcohol, hasta 24 horas antes de la evaluacion,

y compararlo con un grupo de controles sanos.

Las hipotesis de trabajo planteadas se exponen a continuacion:
- Estudio 1: Los pacientes con dependencia de alcohol presentaran una menor
magnitud de la RS, una menor IPP y una menor habituacion, en comparacion
con los controles sanos, después mantenerse abstinentes durante un minimo de

un mes.
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- Estudio 2: En los pacientes con dependencia de alcohol la magnitud de la RS se
correlacionard, o bien positivamente, o bien negativamente, con las medidas de
impulsividad. La IPP se correlacionard negativamente con las medidas de
impulsividad, de manera que los pacientes con dependencia de alcohol con la
IPP mas alterada seran los que presentaran niveles mas altos de impulsividad.
Y, la habituacion de la RS se correlacionara de manera positiva con las medidas
de impulsividad, de manera que los pacientes que habitlian mas rapido son los
que presentan mas impulsividad.

- Estudio 3: Los pacientes con dependencia de alcohol presentardn un menor
porcentaje de IPP durante las 24 primeras horas del SAA en comparacion con el
grupo control. A los 14 dias, después de que el proceso de desintoxicacion se
haya completado, los pacientes con dependencia de alcohol experimentaran un
incremento del porcentaje de IPP, aunque éste seguiria siendo menor en

comparacion con el grupo control.

Metodologia

Caracteristicas del grupo muestral

- Estudio 1: Este estudio incluyé una muestra de 60 pacientes varones (edad
media: 46.37, DT: 8.44), que cumplian criterios diagndsticos DSM-IV de
Dependencia de alcohol, y que se mantenian abstinentes durante un minimo de
un mes en el momento de realizar el test del sobresalto y de la IPP.

- Estudio 2: Este estudio incluyd a 40 pacientes varones dependientes de alcohol
(edad media: 44.3, DT: 9.8), procedentes del estudio 1, y que fueron evaluados
con el test de sobresalto y de la IPP, y con pruebas de laboratorio de

impulsividad.
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- Estudio 3: Este estudio incluy6 a 32 pacientes (28 varones y 4 mujeres, con una
edad media: 42.84, DT: 5.23) que cumplian criterios diagnosticos DSM-IV de
Dependencia de Alcohol, y que presentaban un consumo activo de alcohol en el
momento del reclutamiento. Estos pacientes eran desintoxicados empelando
benzodiacepinas, durante un periodo de 10-14 dias, y eran evaluados con el test
de la IPP durante las 12-24 primeras horas del SAA y 14 dias mas tarde, después

de haber completado el proceso de desintoxicacion.

Caracteristicas del grupo control

En todos los estudios, los pacientes fueron comparados con un grupo de controles sanos
(Estudios 1 y 2: n=37, edad media: 40.39, DT: 838. Estudio 3: n= 25, 22 varones, 3

mujeres, edad media: 39.68, DT: 6.65).

Evaluacion de la RS

El aparato utilizado para la produccion del estimulo de sobresalto fue un sistema de
estimulacion actstica. Se utilizaron cuatro tipos de estimulos auditivos: rafagas de
ruido blanco de inicio instantineo a 110 dB (pulso) de 45 ms de duracién, y este
mismo estimulo precedido de un estimulo prepulso, consistente en rafagas de ruido
blanco de comienzo instantaneo a 80 dB (prepulso + pulso) de 30 ms de duracion. El
intervalo entre la presentacion del prepulso y el comienzo del pulso fue de 30, 60 o 120
ms. El estimulo fue presentado biauricularmente a través de auriculares sobre un ruido
blanco de fondo de 65 dB. El reflejo de parpadeo, indicador de la RS, se midi6 a través
del registro de la actividad electromiografica del musculo orbicular derecho.
Previamente al inicio del experimento se realizaron tres bloques de ensayos con los

cuatro estimulos auditivos, presentados de forma pseudoaleatorizada, separados por
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intervalos interestimulares de 20+/-2 ms, con la finalidad de familiarizar a los
participantes con los estimulos y reducir asi la reactividad inicial. El experimento
constd de tres bloques de ensayos. En el primero, se presentd una serie de 5 pulsos
solos. En el segundo, se presentaron 32 series de pulsos y prepulso-pulsos intercalados,
estando el pulso precedido del prepulso a 30, 60 o 120 ms. En el tercer bloque, se
presentaron nuevamente 5 series de pulsos solos. El experimento const6 de un total de

42 ensayos y se llevo a cabo en un tiempo aproximado de 15 minutos.

Particularidades metodoldgicas del Estudio 2

En este estudio, una vez que los pacientes completaban el Test de Sobresalto,
realizaban 3 pruebas neuropsicoldgicas para medir su impulsividad: el Continuous
Performance Test (CPT) y el Stop-Signal Task (STOP), que se utilizaron para evaluar
el paradigma del control inhibitorio, y el Differential Reinforcement for Low-Rate
Responding (DRLR), que se empled para estudiar el paradigma de la demora de la
recompensa. El CPT es un test que se emplea para el estudio de la atencion sostenida
(a través del nimero de omisiones) y la impulsividad (a través del ntimero de
comisiones). La version “AX” del CPT contiene las letras A, B, F, G, H,J, K, N, T, Vy
X. La prueba tiene una duraciéon de 10 minutos y se realiza a través de tres fases
consecutivas en las que se presentan 200 letras por cada serie. Los sujetos reciben la
instruccion de pulsar la barra espaciadora del ordenador cuando aparece la secuencia
“AX”. Si la barra espaciadora no es pulsada cuando se presenta la secuencia “AX” se
considera un “error por omision”. Si se pulsa la barra espaciadora tras la aparicion de
cualquier secuencia de letras distinta de la secuencia “AX” se considera un “error por
comision”. La prueba de STOP se basa en la ejecucion de una doble tarea: la tarea

13

go”, que consiste en identificar tan rapido como sea posible las letras “X” u “O”

19



cuando aparezcan en la pantalla, pulsando dos teclas distintas en el teclado del
ordenador, y la tarea “stop”, que consiste en inhibir la ejecucion de la tarea y no pulsar
a las teclas cuando un circulo verde (la sefial de stop) aparezca encima de ellas. Para
finalizar, el DRLR evalia la habilidad del individuo para frenarse en responder
prematuramente. El sujeto recibe la instruccion de pulsar a la barra espaciadora del
ordenador, “esperar” y volver a pulsar de nuevo. Si el sujeto consigue frenar la

respuesta durante al menos 6 segundos obtiene como recompensa un punto.

Particularidades metodoldgicas del Estudio 3

En este estudio, los pacientes fueron desintoxicados durante un periodo de tiempo de
10-14 dias, mediante el empleo de la benzodiacepina Lorazepam. Los sintomas de
abstinencia fueron evaluados mediante la Revised Clinical Insitute Withdrawal
Assessment for alcohol Scale (CIWA-Ar) a nivel basal y después del proceso de
desintoxicacion. El Test de Sobresalto se realizo a las 12-24 horas de iniciado el SAA'y

a los 14 dias, después de completar el proceso de desintoxicacion.

Variables v analisis estadisticos

Las variables de la RS consideradas en nuestros estudios fueron: 1) la reactividad o
magnitud de la RS; 2) la IPP, valorada a través de la determinacioén del porcentaje de
inhibicion prepulso a lo largo de la sesion, y que se define como: pulso-prepulso/pulso
x 100; y 3) la habituacion de la RS medida a través de la determinacion del decremento
en la respuesta de sobresalto a lo largo de la sesion, que se calcula midiendo la
diferencia entre la magnitud de la RS entre el primer y el ultimo bloque. Las variables

relacionadas con la impulsividad fueron: a) las omisiones AX, y las comisiones A y X
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de la CPT; el tiempo de reaccion a la senal de stop (TRSS) del STOP; y c) el nimero de

respuestas correctas o recompensas y el ratio de eficiencia de la DRDL.

El analisis estadistico empled la estadistica descriptiva para analizar las variables
demograficas. Las variables cualitativas se describen mediante frecuencias absolutas y
porcentajes relativos de sus categorias. En las variables cuantitativas se calcula la
media y la desviacion tipica (DT). El andlisis de varianza (ANOVA) con medidas
repetidas se emple6 para estudiar las diferencias entre pacientes y controles, asi como
las diferencias entre la evaluacion basal y a los 14 dias, tras el periodo de
desintoxicacion, y las variables dependientes (RS, IPP y habituacion, y medidas de
impulsividad). Se utiliz6 el Coeficiente de Correlaciéon de Pearson para calcular las
correlaciones entre las variables de la RS y las variables de impulsividad. Los analisis

estadisticos se realizaron con el programa estadistico informatico SPSS (version 15.0).

Resultados

Resultados del Estudiol

Los porcentajes de IPP en los pacientes con dependencia de alcohol eran menores que
en el grupo control, aunque estas diferencias solo alcanzaron significacion estadistica
(p< 0.05) cuando el intervalo prepulso-pulso era de 30 ms, encontrdndose una tendencia
a la significacion cuando el intervalo prepulso-pulso era de 120 ms (p<0.1). El ANOVA
solo demostrd un efecto significativo del grupo x intervalos prepulso-pulso a 30 ms
(F1,83=6.146, p=0.015). Con respecto a la magnitud de la RS, se encontré que la
magnitud de la RS era menor en los pacientes con dependencia de alcohol en
comparacion con el grupo control a lo largo de todas las series, alcanzando la

significacion estadistica durante el segundo bloque (p<0.05) (Ver Figura 2). No se

21



encontraron diferencias estadisticamente significativas entre los sujetos con

dependencia de alcohol y los controles en la habituacion de la RS.

Resultados del Estudio 2

En este estudio se hallé una correlacion positiva, estadisticamente significativa, entre la
magnitud de la RS y el TRSS del STOP (p<0.05), y entre la magnitud de la RS y las
Comisiones X de la CPT (p<0.01). Ademads, se encontrd una correlacién negativa,
estadisticamente significativa, entre la magnitud de la RS en todos los bloques del
estudio y el numero de recompensas de la DRLD (p<0.05). Por otro lado, encontramos
una correlacion positiva estadisticamente significativa, entre la habituacion de la RS, y
las Comisiones de la CPT (p<0.01) y el TRSS del STOP (p<0.05). No hallamos
correlaciones estadisticamente significativas entre la IPP y las medidas de impulsividad.
En el grupo control, no se encontraron correlaciones estadisticamente significativas

entre las variables de la RS y las variables de impulsividad.

Resultados del Estudio 3

Durante las primeras 12-24 horas del SAA, los pacientes mostraron niveles
significativamente mas bajos de IPP en comparacion con el grupo de controles sanos
(p<0.001). A los 14 dias, después de haber finalizado el proceso de desintoxicacion, los
porcentajes de IPP se incrementaron de manera significativa, en todas las series, en los
pacientes con dependencia de alcohol (p<0.05). Sin embargo, los porcentajes de IPP
continuaron siendo significativamente mas bajos en los pacientes con dependencia de
alcohol desintoxicados, en comparacion con los controles sanos (p<<0.001). Durante las
primeras 12-24 horas del SAA, se observé una significativa correlacion negativa entre

PPI y la puntuacion de la CIWA-A y el consumo diario de alcohol (g/dia). Después de
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haberse completado el proceso de desintoxicacion, se encontrd una correlacion positiva
significativa entre la IPP y la edad en la que se cumplian los criterios de dependencia de
alcohol, y correlaciones negativas significativas entre la IPP y el consumo diario de

alcohol (g/dia), el numero de desintoxicaciones previas y la puntuacion de la CIWA-Ar,

Conclusiones

Nuestros estudios han hallado que los pacientes abstinentes con dependencia de alcohol,
presentaban una menor magnitud de la RS y una alteracién de la IPP cuando eran
comparados con sujetos sanos (Estudio 1). Estas alteraciones de la IPP eran aun mas
marcadas durante las primeras 24 horas del SAA, tendiendo a recuperarse parcialmente
una vez que se habia completado de manera satisfactoria un tratamiento de
desintoxicacion, dos semanas mds tarde, aunque en ningin caso los pacientes con
dependencia de alcohol llegaron a alcanzar los porcentajes de IPP mostrados por el
grupo de controles sanos (Estudio 3). Por tultimo, encontramos que la RS, y sus
diferentes formas de plasticidad, y algunas medidas de impulsividad, como el control
inhibitorio y la demora de la recompensa, se correlacionaron de una manera
significativa en los pacientes con dependencia de alcohol, situacidon que no se observod

en el grupo de controles sanos (Estudio 2).

En conjunto, estos resultados permiten extraer las siguientes conclusiones:

1) Los pacientes abstinentes con dependencia de alcohol presentaban una
atenuacion de la magnitud de la RS y menores porcentajes de IPP en
comparacion con los sujetos sanos.

2) Las alteraciones de la IPP eran atin mayores durante los estadios iniciales del

SAA, tendiendo a recuperarse parcialmente después de haberse completado el
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tratamiento de desintoxicacion alcohdlica, a pesar de lo cual, los pacientes con
dependencia de alcohol continuaban teniendo mas alterada la IPP.

3) La RSy la habituacion de la RS se correlacionaron con dos de las dimensiones
de la impulsividad (control inhibitorio y demora de la recompensa) en los
sujetos con dependencia de alcohol, pero no entre los controles sanos. Es posible
que la interaccion de ambas, medie el proceso a través del cual se desarrollan los

TUA.
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SUMMARY

Introduction

Alcohol Use Disorders (AUD) constitute one of the most relevant disorders in the
Mental Health System, due to their high prevalence and the high costs associated to
them. At present, the aetiology of AUD is considered to be multifactorial, and a result
of a complex interaction between environmental/social, psychological and biological
factors. Among the later, several vulnerability markers for the development of
alcoholism have been studied during the last decades, one of which is the Startle
Response (SR). SR is a defensive response, which consists of a fast, involuntary and
reflex muscle contraction, provoked by a sudden intense stimulus. Although SR can be
elicited by different sensory modalities, it is easily measured in humans by recording its
most consistent and permanent component, the Acoustic Startle Response (ASR),
through the electromyographic activity of the orbicularis oculis muscle. SR shows
different forms of plasticity including Prepulse Inhibition (PPI), which refers to the
ability of innocuous sensory events presented before a startle-eliciting stimulus to
inhibit or reduce the SR. Whereas the SR has been used as a measure of behavioural
reactivity to external stimuli, PPI has been described as an operational measure of
sensorimotor gating. SR and PPI have been widely studied in several psychiatric
disorders, especially in schizophrenia, but this does not happen in the case of Substance
Use Disorders (SUD) and in AUD. Most of the studies in the field of AUD come from
animal models, and results are inconclusive. In humans, studies of the SR and PPI in
AUD are scarce and the majority have focused in the affective modulation of the SR.
Only very few studies have assessed baseline SR and PPI, and their association with

different aspects of drinking, such as alcohol intoxication or alcohol withdrawal
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syndrome (AWS) and only two have explored SR and PPI in abstinent alcohol

dependent patients.

Objectives and hypothesis

For these reasons our aims were the following:

1) Evaluate the SR and PPI in a sample of abstinent alcohol dependent patients, and

compare them to SR and PPI of healthy controls.

2) Explore if impairments of SR and PPI could be correlated with a well-known

vulnerability marker for the development of alcoholism, such as impulsivity.

3) Assess modifications of the PPI from early stages of abstinence to completion of

the detoxification process in alcohol dependent patients who were actively
drinking alcohol at the time of assessment, and compare them to a control group

of healthy subjects.

Our hypotheses were the following:

Study 1: Abstinent alcohol dependent patients would exhibit a lower reactivity
of the SR compared to controls. Percentage of the PPI would be reduced among
alcoholic patients compared to healthy controls. Abstinent alcohol dependent
patients would show a lower startle habituation compared to controls.

Study 2: Magnitude of the SR could correlate either positively or negatively with
measures of impulsivity, depending on the type of impulsivity considered (poor
inhibitory control vs delay of reward). PPI would correlate negatively with
measures of impulsivity, so that alcohol-dependent patients with lower
percentages of PPI would have higher levels of impulsivity. Startle habituation

would correlate positively with measures of impulsivity, so that alcohol-
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dependent patients with a faster habituation would show higher levels of
impulsivity.

- Study 3: During the first 12-24 hours of abstinence, alcohol-dependent patients
would show more disrupted PPI than healthy controls. After the detoxification
treatment is completed, PPI in the alcohol-dependent patients would improve,

but would not reach the levels shown by healthy controls.

Methods
Subjects

- Study 1: It included 60 abstinent alcoholic men (mean age: 46. 37; SD: 8.44)
who met DSM-IV criteria for alcohol dependence and had been abstinent for
more than a month at the time of testing.

- Study 2: It included 40 alcohol-dependent men (mean age: 44.73; SD: 9.8), who
proceeded from Study 1, and who were assessed with laboratory impulsivity
paradigms after having been tested for SR and PPI.

- Study 3: 32 alcohol-dependent patients (28 men, 4 women, mean age: 42.84,
SD: 5.23), who met DSM-IV criteria for alcohol dependence, and who were
actively drinking at the time of recruitment. They were detoxified for a period of
10-14 days using benzodiazepines and underwent testing for PPI during the first
12-24 hours of withdrawal following cessation of alcohol consumption, and

following the conclusion of detoxification 14 days later.
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Controls
In all of our studies patients were compared to a healthy control group (Studies 1 and 2:
n= 37, mean age: 40.39; SD: 8.38; Study 3: n=25, 22 men and 3 women, mean age:

39.68, SD: 6.65).

Startle response measurement

The SR was elicited and recorded with a commercial computerized human startle
response monitoring system. Acoustic startle stimuli (pulses and prepulses) were
presented binaurally through headphones. Four types of startle stimuli were used: a
pulse-alone stimulus of 110 dB of white noise presented for 45 ms and three prepulse 25
ms stimuli of 80 dB of white noise presented 30 ms, 60 ms, and 120 ms before the
pulse. All the stimuli were presented against a continuous background noise of 65 dB.
The interstimulus interval was 20 ms +/- 2. The eye-blink component of the startle
response was measured by recording electromyographic (EMG) activity of the
orbicularis oculi muscle directly beneath the right eye Patients were told that brief loud
startling sounds would be delivered through the headphones and were asked to keep

their eyes open during the test and to avoid moving.

Specific methodology in Study 2

Impulsivity was assessed in abstinent alcohol dependent patients with three different
laboratory measures: Continuous Performance Test (CPT), Stop-Signal Task (SST) and
Differential Reinforcement for Low-Rate Responding (DRL6). The CPT is a test used to
study sustained attention, and also, through commission errors it assesses impulsivity.
The AX version of the CPT contains the letters A, B, F, G, H, J, K, N, T, V and X.

Subjects are asked to press the space bar when the letter “X” appears preceded by the
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letter “A”. Failure to press the space bar when the sequence “AX” appears is an
“omission error”. Pressing the space bar at any other time is a “commission error”’. The
SST measures the inhibitory process. It is based on the execution of a double concurrent
task: the go task and the stop task. The go task consists in determining as faster as
possible if the stimulus presented is the letter “X” or the letter “O” by responding
pressing to two different keys on the computer. Sometimes, after “X” and “O” have
appeared in the screen, a green spot (the stop signal) is presented on top of these letters.
This indicates that the subject must inhibit the execution of the go task and restrain
pressing the key of the computer. The DRLR assesses the subject’s ability to refrain
from responding prematurely and provides an objective measure of impulse control,
through efficiency ratio and total correct responses (or rewards). The subject is
instructed to press the space bar of the computer, “wait a while and then press the button
again”. If the subject refrains from responding for at least 6 seconds he receives a point

reward.

Specific methodology in Study 3

Patients were detoxified for a period of 10-14 days using the benzodiazepine
Lorazepam. Withdrawal symptoms were measured using the Revised Clinical Institute
Withdrawal Assessment for Alcohol Scale (CIWA-Ar) at baseline and after

detoxification.

Statistical analysis

The startle variables considered for our study were a) startle responsivity, defined as the
magnitude of the startle response after the presentation of the pulse-alone stimulus; b)

PPI, computed as the percentage decrement in startle amplitude in the presence vs the
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absence of the prepulse and calculated as the difference of the average SR magnitude in
pulse-alone trials minus the magnitude of the average startle response in prepulse trials
divided by the magnitude in the pulse-alone trials (% PPI = [pulse — prepulse] / pulse x
100); and c) startle habituation, measured as the decrease in the SR throughout the
session and calculated as the difference of the average SR magnitude of pulse-alone
trials between the first and last block. Regarding impulsivity variables, for the CPT we
considered: a) omissions AX, b) commissions A; and ¢) commissions X. Omission
errors are considered as inattention index and commission errors as an impulsivity
index. The variable considered in the SST was: a) Reaction Time to the Stop Signal
(RTSS). Finally, dependent variables included from the DRLRL were: a) correct

answers or rewards, and b) efficiency ratio.

The statistical analyses were performed using descriptive statistics for the demographic
variables. In the descriptive statistics, qualitative variables were described as absolute
frequencies and relative percentages for each category, whereas quantitative variables
were calculated using means and SD. Repeated measures analyses of variance
(ANOVA) were used to explore the differences between controls and patients, as well
as the difference between SR during the early stages of abstinence and after the
detoxification process had been completed. Pearson’s Partial Correlations were
performed in order to explore correlations between SR and impulsivity variables. Data

were processed with the statistical computer program SPSS (version 15.0).
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Results

Results from Study 1

Percentages of PPI exhibited by patients were lower than those exhibited by controls at
al trials 30 ms, 60 ms, and 120 ms prepulse-to-pulse interval, but the differences were
only statistically significant (p<0.05) at 30 ms, although there was a trend towards
significance at 120 ms (p<0.1). The magnitude of the SR in abstinent alcoholic patients
compared to controls was reduced throughout the three blocks in both the pulse-alone
and prepulse-pulse trials. These parameters reached statistical significance (p<0.05) in
the second block. Habituation was reduced in abstinent alcoholic patients compared to

controls, but the differences were not significant.

Results from Study 2

Results related to correlation analyses in the patient group are the following: 1)
Magnitude of the SR in the first block had a significant positive correlation (p<0.05)
with SSRT of the SST and a significant positive correlation (p<0.01) with X
Commissions of the CPT; 2) Rewards of DRLR correlated negatively with the
magnitude of the SR in the three blocks (p<0.05); X Commissions of the CPT correlated
positively with the startle habituation (p<0.01); and 4) SSRT of the SST correlated
positively with the startle habituation (p< 0.05). No significant correlation was
demonstrated between impulsivity measures and PPI. In the control group, in contrast
with the patient group, no significant correlations were found between impulsivity

measures and parameters of the SR.
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Results from Study 3

During the early stages of abstinence, patients exhibited remarkably low levels of PPI in
all trials compared to controls (p<0.001). After 14 days of detoxification treatment,
percentages of PPI significantly increased in alcohol-dependent patients in all trials
(p<0.05). However, PPI percentages continued to be significantly lower (p<0.001) in
alcohol-dependent patients compared with controls after the detoxification treatment
was completed. During the first 12-24 hours of abstinence, there was a significant
negative correlation between the scores in the CIWA-Ar and PPIL, and a negative
correlation between PPI and the mean of grams/day of alcohol drunk. After the
detoxification treatment was completed, there was a significant positive correlation
between PPI and age at which alcohol dependence criteria were met, and significant
negative correlations between PPI and the mean of grams/day of alcohol drunk, number

of prior detoxifications and the scores in the post-treatment CIWA-Ar.

Conclusions

Our studies have found that abstinent alcohol-dependent patients exhibited a reduced
magnitude of the SR and impairments on the PPI compared to healthy controls (Study
1). Impairments on the PPI were even more evident during the early stages of AWS, and
tended to partially improve after the detoxification process had successfully been
completed, although percentages of PPI did not reach the levels of healthy controls
(Study 3). Finally, we found that variables of the SR and variables of impulsivity
(inhibitory control and delay of reward) were significantly correlated in abstinent

alcohol-dependent patients, but not in healthy controls (Study 2).
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In this ways, it can be concluded that:

1) Abstinent alcohol dependent patients exhibited an attenuated magnitude of the
SR and lower percentages of the PPI compared to healthy subjects.

2) Impairments on the PPI were even more evident during the early stages of the
AWS, tending to partially recover after the detoxification process had
successfully been completed, although they continued to be worse than those in
healthy subjects

3) SR and startle habituation were correlated with some dimensions of impulsivity
(disinhibitory control and delay of reward) in alcohol-dependent subjects, but
not in healthy subjects. It is possible that their interaction could mediate a

pathway towards the development of AUD.
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INTRODUCCION

1. EL ALCOHOLISMO

A dia de hoy, el alcohol continua siendo la principal droga de abuso en Espana. La
importancia que el consumo de alcohol tiene en nuestra sociedad queda confirmada por
el hecho de que, segun los resultados de la Encuesta Domiciliaria sobre Uso y Abuso de
Drogas en Espania (EDADES) 2013-2014, la experiencia con el alcohol es casi universal
en la sociedad espaiola, el 93.1% de la poblacion de 15 a 64 afios lo ha tomado alguna
vez, el 78.3% lo ha consumido en el ultimo ano, el 64.4% en los ltimos treinta dias, y
el 16.7% lo consume con una frecuencia diaria. El consumo estd mas extendido entre
los hombres que entre las mujeres. La edad media del primer consumo de alcohol, es de
16.7 afios. Un 4.5% de la poblacion de entre 15 a 64 afos podria ser considerado
“bebedor de riesgo” (1.300.000 hombres y 300.000 mujeres) y alrededor del 0.4% de la
poblacion entre los 15 y los 64 afios presenta una posible dependencia (120.000

personas) (EDADES, 2013-2014).

Los patrones de uso y abuso de alcohol han experimentado cambios importantes en
Espana en los ultimos afios, de manera que la prevalencia de borracheras en ambos
sexos y para todos los grupos de edad se mantiene en niveles elevados, reportando 2 de
cada 10 personas encuestadas que se han emborrachado en el tltimo afio. Con respecto
a los “atracones de alcohol”, su prevalencia se sitiia en el 15.5% en los ultimos 30 dias.
El grupo de edad en el que los “atracones de alcohol” son mas frecuente es el de los
adultos jovenes de 15 a 29 afios, de ambos sexos, concentrandose también el botellon en

el grupo de adultos jovenes de 15 a 24 afios (EDADES, 2013-2014).
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Otros datos que hablan de la importancia que el consumo de alcohol tiene en nuestro
pais, son los relacionados con los elevados costes sociales, econdmicos y sanitarios que
genera anualmente. Los Trastornos por Uso de Alcohol (TUA) aumentan la
probabilidad de muerte, de otros trastornos fisicos y psiquicos, y de un mayor uso de los
servicios sanitarios. Los estudios epidemiologicos encuentran un exceso de mortalidad
en los individuos con un TUA, con respecto a la poblacion general de su misma edad y

sexo, de 3.4 veces en hombres y 4.6 veces en mujeres (Sarasa-Renedo, 2014).

1.1.Definicion

Para la CIE-10 (WHO, 1992), el Sindrome de Dependencia de Alcohol (SDA) consiste
en un conjunto de manifestaciones fisiologicas, comportamentales y cognoscitivas en el
cual el consumo de alcohol adquiere la maxima prioridad para el individuo. El
diagnostico de dependencia solo debe hacerse si durante o en algin momento de los
ultimos 12 meses previos han estado presentes 3 o0 mas de los siguientes criterios:

A) Deseo intenso o vivencia de una compulsion a consumir alcohol.

B) Disminucion de la capacidad para controlar el consumo de alcohol, unas veces
para controlar el comienzo del consumo y otras para poder terminarlo o para
controlar la cantidad consumida.

C) Sintomas somaticos del sindrome de abstinencia cuando el consumo de alcohol
se reduzca o cese; se consume alcohol con la intencion de aliviar o evitar los
sintomas de abstinencia.

D) Tolerancia, de tal manera que se requiere un aumento progresivo de la dosis de
alcohol para conseguir los mismos efectos que originalmente producian dosis

mas bajas.
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E) Abandono progresivo de otras fuentes de placer o diversiones, a causa del
consumo del alcohol, aumento del tiempo necesario para obtener o ingerirlo o
para recuperarse de sus efectos.

F) Persistencia en el consumo del alcohol a pesar de sus evidentes consecuencias
perjudiciales, tal y como dafios hepaticos, estados de 4nimo depresivos
consecutivos a periodos de consumo elevado, o deterioro cognitivo secundario al

consumo del alcohol.

Recientemente se ha publicado la quinta edicion del Manual Diagnostico y Estadistico
de Enfermedades Mentales (DSM5) (APA, 2013). Debido a las dificultades de las
clasificaciones categoriales en la psiquiatria, y especialmente en el campo de las
adicciones, en esta edicion se han introducido algunos cambios con respecto a las
ediciones previas, entre ellos la eliminacion de la distincion de “abuso” 'y
“dependencia”, adoptando una unica categoria llamada “Trastorno por Uso de
Sustancias” (TUS), siendo los criterios diagnosticos del TUA los que se enumeran a
continuacion:

A) Patrén problematico de consumo de alcohol que conlleva un deterioro o malestar
clinicamente significativos, expresado por dos de los siguientes hechos en un
plazo de 12 meses:

1. Se consume alcohol con frecuencia en cantidades superiores o durante un
periodo de tiempo mas prolongado del previsto.

2. Existe un deseo persistente o esfuerzos fracasados de abandonar o controlar
el consumo de alcohol.

3. Se invierte mucho tiempo en las actividades necesarias para conseguir

alcohol, consumirlo o recuperarse de sus efectos.
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b

Ansias o un poderoso deseo o necesidad de consumir alcohol.

5. Consumo recurrente de alcohol que lleva al incumplimiento de los deberes
fundamentales en el trabajo, la escuela o el hogar.

6. Consumo continuado de alcohol a pesar de sufrir problemas sociales o
interpersonales persistentes o recurrentes, provocados o exacerbados por los
efectos del alcohol.

7. El consumo de alcohol provoca el abandono o la reduccion de importantes
actividades sociales profesionales o de ocio.

8. Consumo recurrente de alcohol en situaciones en las que provoca un riesgo
fisico.

9. Se contintia con el consumo de alcohol a pesar de saber que se sufre un
problema fisico o psicoldgico, persistente o recurrente, probablemente
causado o exacerbado por el alcohol.

10. Tolerancia, definida por alguno de los siguientes puntos:

* Una necesidad de consumir cantidades cada vez mayores de alcohol
para conseguir la intoxicacion o el efecto deseado.

* Un efecto notablemente reducido tras el consumo continuado de la
misma cantidad de alcohol.

11. Abstinencia, manifestada por alguno de los siguientes hechos:

* Presencia del sindrome de abstinencia caracteristico para el alcohol
que aparece tras el cese (o reduccion) de un consumo de alcohol que
ha sido muy intenso y prolongado, y que se define por dos o mas de
los siguientes sintomas desarrollados a las pocas horas o pocos dias
después de cesar (o reducir) el consumo de alcohol: hiperactividad

del sistema nervioso auténomo (por ejemplo, sudoraciéon o mas de
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100 lpm), incremento del temblor de las manos, insomnio, nduseas o
vomitos, alucinaciones o ilusiones transitorias visuales, tactiles o
auditivas, agitacion psicomotora, ansiedad, convulsiones tdnico-
clonicas generalizadas.

* Se consume alcohol (o alguna sustancia muy similar), para aliviar o

evitar los sintomas de abstinencia.

Se debe especificar si existe remision inicial o continuada, si tiene lugar en un entorno

controlado, y la gravedad actual (leve, moderada, grave).

1.2.Etiologia del alcoholismo

Como en otras patologias, no se ha podido establecer un tnico factor etiologico de los

TUA, interviniendo factores ambientales/sociales, psicoldgicos y biologicos.

1.2.1. Factores sociales:

Dentro de este apartado, es importante considerar tanto los factores
macroambientales (factores socioecondémicos, clases sociales, empleo), como los
microambientales (familia, grupo de referencia), asi como la interaccion de
situaciones personales concretas (edad, sexo). Estos factores actian por su
capacidad de generar alguno de los dos siguientes efectos: aumento de la

disponibilidad del alcohol y aumento de la vulnerabilidad del individuo.

Con respecto a las variables sociodemograficas que se han asociado al consumo de
alcohol, son importantes el sexo y la edad. Tradicionalmente, las mujeres han estado

mas protegidas bioldgica y culturalmente que los varones hacia el consumo de
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alcohol, sobre todo en los que se refiere a un patron de consumo abusivo y
perjudicial (Malone et al., 2012). Sin embargo, en los ultimos afios ha habido un
incremento significativo del consumo de alcohol entre las mujeres adolescentes,
sobre todo en forma de “atracones de alcohol” (Clark, 2004). La edad también
constituye un factor importante. Se ha visto que cuanto mas temprana es la edad de
inicio del consumo de alcohol, mayor es la probabilidad de que la persona desarrolle

una dependencia del alcohol en la vida adulta (Hingson et al., 2010).

La disponibilidad del alcohol en una determinada sociedad es un factor determinante
del consumo. Un bajo precio y un facil acceso a las bebidas alcoholicas, estan
relacionados con un consumo per capita de alcohol mas elevado (Anderson et al.,
2012) y constituyen una factor de riesgo importante en el consumo excesivo de
alcohol (Babor et al., 2010). Por el contrario, cuanto mas restrictivas son las leyes y

normas sobre el consumo de alcohol, menor es su consumo (Anderson et al., 2012).

El factor socioeconomico mas estudiado es la clase social, de forma que se acepta
una relacion indirecta entre la gravedad de los problemas derivados del consumo de
alcohol y el estatus socioeconémico (Fazel et al., 2008; Lee et al., 2009; Rehm et al.,
2009). La confluencia de factores como el escaso acceso a la salud, la desnutricion y
el estado de salud en general entre las poblaciones mas pobres parece desempenar

un rol significativo en la determinacion de esta relacion.

En cuanto a los estudios que evaluan como las relaciones familiares influyen en el
consumo de alcohol, se ha descrito que el entorno familiar, los amigos y las redes de

apoyo social influyen sobre el desarrollo de los patrones de consumo de alcohol. La

40



familia puede constituir tanto un factor de proteccion (Wood et al., 2004; Little et
al., 2009; Longest et al., 2007; Llorens et al.2011), como un factor de riesgo (Pérez
Milena et al., 2007; Mogro-Wilson, 2008), para el desarrollo de patrones de
consumos problematicos de alcohol. Las influencias familiares son importantes en el
momento de determinar las expectativas y las normas respecto del consumo de
alcohol, y se ha visto que el consumo de alcohol por parte de los padres puede
predecir la conducta de consumo que tendran los jovenes en su adultez (Barnes y

Welte, 1990).

Por ultimo, ha quedado bien establecida la existencia de una relacion causa-efecto
entre las experiencias infantiles adversas y el inicio precoz del consumo de alcohol
(Rothman et al., 2008; Young-Wolf et al., 2012). Se ha visto que el estrés y la
exposicion a eventos vitales estresantes son importantes factores predictivos del
consumo de alcohol (Keyes et al., 2011). También las personas adultas sometidas a
experiencias traumaticas repetidas presentan mayores niveles de abuso de alcohol
(Watt et al.,, 2012). La pobreza, el divorcio, perder el trabajo, tener problemas
financieros o legales, se relacionan con el incremento del consumo de alcohol

(Yoshikawa et al., 2002; Lee et al., 2012).

1.2.2. Factores psicoldgicos:

Dentro de los factores psicoldgicos asociados al alcoholismo los més importantes
que se han descrito son:

e [apersonalidad.

Los resultados mas consistentes en lo que se refiere a considerar la personalidad

como un factor etiologico, son los que relacionan la dependencia del alcohol con
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el trastorno de personalidad disocial/antisocial (Rubio et al., 2007). Este grupo
se caracterizaria por un inicio mas precoz del consumo de alcohol y una mas
rapida progresion hacia el consumo patologico de alcohol (Hesselbrock y
Hesselbrock, 1994). Por otro lado, el trastorno por déficit de atencidon con
hiperactividad (TDAH) también ha sido relacionado con un mayor riesgo de
abuso de sustancias, entre ellas el alcohol (Pardini et al., 2007). Diferentes
estudios han intentado identificar los rasgos de personalidad que pudieran
incrementar el riesgo para el desarrollo del alcoholismo. Entre ellos se
encuentran la impulsividad (von Diemen et al, 2008; Hill et al., 2010), la
busqueda de sensaciones (Hicks et al., 2011), los rasgos depresivos y ansiosos
(Niemela et al., 2006; Englund et al., 2008), los trastornos del comportamiento
perturbador (Kumpulainen, 2000; Pitkanen, et al., 2008), la desinhibicién
conductual (Colman et al., 2009) y la emocionalidad negativa (Hicks et al.,
2011). También algunos estudios han encontrado una asociacion entre menor
coeficiente de inteligencia (CI) y un mayor riesgo de abuso o dependencia del

alcohol (Sj6lund et al, 2012).

e Factores neurocognitivos

Diferentes autores han intentado discriminar qué procesos cognitivos podrian
estar alterados en los hijos de alcohdlicos. Los trabajos no son concluyentes. Se
han sefalado dificultades en los test de vocabulario, en el aprendizaje
visoespacial, en la atencidon y en el manejo de informacion novedosa (Harden y
Pihl, 1995). Ademas, se han descrito como factores predictivos para el abuso de

alcohol, una disminucion de la eficiencia cognitiva y un aumento del descontrol
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conductual en la infancia, en forma de una toma de decisiones impulsivas y una

pobre inhibicion de las respuestas inapropiadas (Penick et al., 2010).

1.2.3. Factores neurobioldgicos:

Dentro de los factores neurobioldgicos, cabe destacar por su importancia, los
aspectos neurobioldgicos del circuito de recompensa cerebral, los factores genéticos
asociados al alcoholismo, y los marcadores de vulnerabilidad y endofenotipos de los
TUA.

e (Circuitos anatémicos de la recompensa:

Son muchos los estudios que han permitido el conocimiento de las estructuras
del SNC que constituyen los sistemas de recompensa cerebral sobre los que
actian las drogas y que permiten establecer la base neuroanatémica de los
efectos reforzadores de las mismas y de los fendmenos que caracterizan el
sindrome de dependencia a las drogas, incluido el alcohol. Desde este enfoque,
las adicciones constituyen un trastorno recidivante y cronico del cerebro
caracterizado por un deseo compulsivo de consumir la droga (craving), por la
incapacidad para la abstinencia en mayor o menor grado, y por la pérdida de
control sobre el consumo (priming) al que se asocian otros trastornos (tolerancia,

abstinencia, sensibilizacion) (Koob and Volkow, 2010).

El circuito de recompensa cerebral estd formado por un complejo entramado de
vias nerviosas de caracteristicas dopaminérgicas entre ellas, el sistema
dopaminérgico meso-cortico-limbico, compuesto por el area tegmental ventral
(ATV) que esta constituida por los cuerpos neuronales de las neuronas

dopaminérgicas, y estructuras del cerebro anterior basal [el Nucleo Accumbens
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(NAC), el tubérculo olfatorio, el cortex prefrontal y la amigdala], asi como la via
de conexion entre ambos, constituida por las fibras ascendentes y descendentes
que constituyen el haz prosencefalico medial, y el sistema de la amigdala
extendida o ampliada, que constituye una entidad independiente dentro del
cerebro anterior basal, que desempefia un papel crucial en los efectos de refuerzo
agudo producido por las drogas de abuso, y que incluye varias estructuras del
cerebro anterior basal (nucleo del lecho de la estria terminal, amigdala medial
central, area terminal y parte medial del NAC) y recibe importantes aferencias
desde la corteza limbica, hipocampo, amigdala basolateral, cerebro medio e
hipotalamo lateral, partiendo a su vez, de ella, eferencias hacia el globo palido
ventral medio (sublenticular), ATV, tronco cerebral e hipotdlamo lateral (Heinz

et al., 2009).

La administracion aguda de alcohol produce efectos reforzadores positivos
mediante la activacion de este circuito de recompensa cerebral. De esta manera,
produce efectos apetitivos, que pueden “disparar” el deseo de seguir
consumiendo alcohol o bien sustituir el consumo de alcohol por otras sustancias
con efectos reforzantes mas intensos, lo cual suele conducir a una dificultad para
controlar el consumo de sustancias. El consumo crénico de alcohol se asocia a
cambios neuroadaptativos en diversos sistemas de neurotransmision y circuitos
neuronales, que dan lugar a alteraciones emocionales, motivacionales y de toma
de decisiones, de manera que se genera un “estado de necesidad” progresivo
que, por un lado adquiere predominancia sobre otros intereses y aficiones y, por
otro, va ocasionando un deterioro en la capacidad de autocontrol del individuo

(Guardia et al., 2011).
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Figura 1. Sistema de recompensa cerebral.
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e QGenética del alcoholismo:

Resulta incuestionable el peso que la genética representa en el alcoholismo.
Actualmente se acepta que los factores genéticos llegan a explicar el 49% de la
variancia en el riesgo para la dependencia del alcohol y que pueden influir sobre
la velocidad de progresion hacia la dependencia del alcohol (Kendler et al.,

2008).

Estos factores han sido confirmados mediante multiples estudios familiares, de
adopcion, y gemelares (Dick y Foroud, 2003). Los estudios de gemelos han
encontrado una mayor concordancia entre los gemelos idénticos, y los de
adopcidon una mayor prevalencia de alcoholismo entre los hijos adoptados de
padres alcoholicos. Son varios los estudios de adopcion que han demostrado la
importancia de los factores genéticos en el desarrollo del alcoholismo (Cadoret

et al., 1995; Kimura y Higuchi, 2011).
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Los hijos de alcoholicos, sobre todo los varones, tienen un riesgo superior de
presentar alcoholismo que los que no presentan estos antecedentes. Asi, la
presencia de una historia familiar genética de alcoholismo incrementa el riesgo
cinco veces respecto a los que no la tienen y la presencia de una historia familiar
genética, mas la historia ambiental de alcoholismo, lo incrementa a nueve veces
respecto a los que no presentan esos factores de riesgo (Johnson y Pickens
2001). Por otra parte, los antecedentes familiares de alcoholismo son
encontrados mas frecuentemente en mujeres que en hombres, posiblemente
porque la existencia de un determinismo sociocultural méas débil en las mujeres
exige un determinismo genético mas intenso para el desarrollo del alcoholismo

(Limosin et al., 1996).

La mayor parte de los estudios realizados hasta el momento, sobre herencia,
genética y alcoholismo, coinciden en relacionar los factores genéticos de
vulnerabilidad con el sistema dopaminérgico, debido a su implicaciéon en el
sistema cerebral de recompensa (Noble, 2000). Es por ello, por lo que los genes
del sistema dopaminérgico, principalmente los correspondientes al receptor D2
(DRD?2) (Dick y Kendler, 2012), y secundariamente la MAOA (Dick y Kendler,
2012), son los que aparecen como mas solidos candidatos para ser tenidos en

cuenta en el estudio de las bases genéticas del alcoholismo

Pero ademas de los estudios relacionados con el sistema dopaminérgico se han
estudiado otros posibles genes candidatos asociados con otros sistemas de
neurotransmision. Entre ellos nos encontramos: 1) Sistema serotonérgico: el

alelo corto del gen del transportador de serotonina (SHTTLPR) (Dick y Kendler,
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2012); 2) Sistema opioide: el polimorfismo 118A>G en el gen del receptor p
(Rommelspacher et al., 2001); 3) Sistema gabaérgico: varios polimorfismos del
gen GABRA2 (Borghese y Harris, 2012; Edenberg, 2012); 4) Sistema
colinérgico: el gen del receptor muscarinico 2 (CHRM2) (Dick y Kendler,

2012).

Para el estudio genético del alcoholismo se han utilizado principalmente
estrategias de “asociacion” y de “ligamiento”, que son las habituales en los
estudios genéticos. Hasta ahora ha sido dificil detectar genes especificos que
contribuyan al riesgo para este trastorno. Una cierta ayuda la puede representar
la identificacion de endofenotipos mas relacionados con la base genética que
sustenta dichos endofenotipos, que con el cuadro clinico en el que aparecen

(Gottesman y Gould, 2003).

¢ Endofenotipos asociados al alcoholismo:

A partir de los resultados de los estudios familiares, gemelares, de adopcion y
genéticos, las investigaciones bioldgicas se han centrado en la identificacion de
los marcadores bioldgicos de vulnerabilidad para el desarrollo de alcoholismo y
de endofenotipos neurobioldgicos. Los utilizados en la investigacion hasta la
fecha son:

- Un bajo nivel de respuesta al alcohol.

Los hijos de alcohdlicos perciben menos los efectos de la intoxicacion
etilica una vez que han bebido. Esta valoracion subjetiva no parece estar
relacionada con niveles mas bajos de alcoholemia ni con sus expectativas

sobre los efectos (Schuckit y Smith, 1996; Schuckit et al, 2012). El bajo
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nivel de respuesta al alcohol se ha asociado con polimorfismos del

GABRA2 (Roh et al., 2011).

- Impulsividad:

La impulsividad se refiere a una predisposicion para responder ante
estimulos de forma rapida y no planificada, sin tener en cuenta las
consecuencias negativas de estas respuestas (Potenza, 2007). Su
componente hereditario es muy elevado, y se relaciona con las conductas
adictivas en general, y el alcoholismo en particular (Rubio et al., 2007,
2008). Se ha relacionado con polimorfismos del sistema gabaérgico
(GABRA2) (Villafuerte et al, 2012), colinérgico (CHRM?2) (Hendershot
et al., 2011), serotoninérgico (HTR2A) (Jabubczyk et al, 2012) y
dopaminérgico (Taql A en el gen ANKK1, cercano al gen DRD2) (Blum

etal, 2011).

- La onda p300:

La onda P300 que aparece a los 300 ms del potencial evocado es de
menor amplitud en alcohdlicos y en hijos de alcoholicos (Hill et al.,
1995), lo que se interpreta como una disminucion en los mecanismos
cerebrales inhibitorios. Polimorfismos genéticos relacionados con el
receptor dopaminérgico DRD2, con los receptores muscarinicos
colinérgicos, con receptores glutamatérgicos y con el GABA, han sido

relacionados con la onda p300 en sujetos con TUA (Zlojutro et al, 2011).
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- Eje hipotalamo-hipofisario-adrenal:

El eje hipotdlamo-hipofisario-adrenal, a través del factor liberador de
corticotrofina y los glucocorticoides ejerce una potente influencia en las
vias cerebrales implicadas en los procesos adictivos (Uhart y Wand,
2008). Variantes en el gen del receptor de la hormona liberadora de
corticotropina, y los genes Perl y Per2 se asocian con un mayor consumo
de alcohol ante la presencia de eventos vitales negativos (Dick y

Kendler, 2012).

- Enzimas metabolizadoras del alcohol:

Un sistema de metabolizacion del alcohol que tiende a acumular
acetaldehido produce una respuesta desagradable ante el consumo de
alcohol, lo que protege frente a la ingesta abusiva de alcohol. Se han
identificado dos polimorfismos protectores frente al abuso y dependencia
de alcohol, sobre todo en poblaciones asidticas [uno se encuentra en el
gen ADHI1B, codificador de la enzima alcohol deshidrogenasa (Bierut et

al, 2012), el otro es una variante del gen ALDH2 (Baik et al, 2011)].

- Alteraciones electroencefalograficas:

En individuos alcohdlicos desintoxicados se puede apreciar un exceso de
actividad eléctrica de alta frecuencia en el EEG. Este mismo patrén ha
sido observado en hijos varones de alcohdlicos (Ehlers y Schuckit,

1991).
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- Neuroimagen funcional:

Se ha descrito mediante el empleo de la neuroimagen funcional que los
estimulos visuales relacionados con el alcohol generan una respuesta mas
intensa que la generada por los estimulos neutros a nivel de las siguientes
estructuras: el NAC, el cortex cingulado anterior (CCA), el cortex
prefrontal dorsolateral (CPDL), cortex orbitofrontal (COF, hipocampo e
insula. En el caso de los estimulos olfativos las estructuras activadas son:
el NAC, el CPDL, el estriado dorsal, el cortex occipital y parietal, y la
insula. Por ultimo, la ingesta de pequenias cantidades de alcohol se ha
asociado a respuestas mas intensa a nivel de: el CCA, el CPDL, el COF,

la insula, el estriado, el cerebelo y el talamo (Niciu y Mason, 2014).

- Sistema inmune:

Algunos estudios sefialan que existe un aumento de la actividad de genes
relacionados con el sistema inmune, proinflamatorios, en el cerebro del
individuo alcohdlico. Entre ellos se han descrito polimorfismos en el gen
del sistema inmune NF-KB1, o en genes de los sistemas IL-10, IL1 y el

TNFa (Crews, 2012).

Ademas de todos estos factores que se han descrito hasta ahora, en los tltimos afos, se

estd estudiando si la alteracién de la respuesta de sobresalto (RS) y la inhibicion

prepulso (IPP) de la RS, podrian constituir un marcador de vulnerabilidad/endofenotipo

para el desarrollo de alcoholismo.
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2. LA RESPUESTA DE SOBRESALTO

2.1.Concepto de la respuesta de sobresalto

La respuesta de sobresalto (RS) es una contraccion muscular rapida, involuntaria y
refleja de los musculos faciales y de las extremidades, que sigue un patrén de
progresion rostro-caudal, y que es provocada por un estimulo repentino e intenso, que
puede ser de cualquier modalidad sensorial: acustica, visual, olfatoria, somato-sensorial
o vestibular (Landis y Hunt, 1939). El patrén de la RS consiste en el cierre palpebral y
la contraccion de la musculatura facial, cervical y esquelética, asi como en una
detencion de las conductas ya iniciadas, y una aceleracion de la frecuencia cardiaca. La
respuesta habitual consiste en una breve flexion, mas marcada en la mitad superior del

cuerpo (Valls-Solé, 2004).

Figura 2. EMG del cierre del ojo producido por estimulos auditivos, visuales o cutaneos
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La RS se produce como consecuencia de la activacion involuntaria de distintas
estructuras del tronco cerebral que forman parte de la sustancia reticular bulbo-pontina
(SRBP) (Thompson, 1992). Se sigue, habitualmente, de un proceso mas elaborado de
integracion central de la informacion sensorial, que se conoce con el nombre de
reaccion de orientacion (RO) (Valls-Solé, 2004). En esta fase se puede observar un
cambio de comportamiento que prepara al individuo para la defensa o el ataque, lo que
sugiere una funcion protectora de la RS frente al posible dafio procedente de una
amenaza. Pero ademas, la magnitud de la RS puede ser modulada por una gran variedad
de condiciones internas o externas y, en las condiciones experimentales idoneas, puede
ser incrementada o atenuada, por lo que también se ha planteado que la RS podria servir
como una herramienta util para evaluar los mecanismos implicados en la plasticidad de
la respuesta sensoriomotora. Por ultimo, se ha usado en el campo de la Psicologia,
sometida a influencias de varios origenes, como el estado emocional, la atencion, o la
actividad mental, como un indice de los cambios emocionales tales como el miedo, la

aversion, o el placer (Lang et al., 1990; Grillon et al., 1991).

La RS esta presente en todos los mamiferos. Ademas, en los animales filogenéticamente
inferiores, tanto vertebrados como invertebrados, se han estudiado respuestas de “huida
rapida” que comparten la mayor parte de las caracteristicas de la RS de los mamiferos.
Un ejemplo de este tipo lo constituyen los peces, en los que se ha encontrado una RS de

tipo olfatorio (Eaton et al., 1991).

En los seres humanos, la RS se define operacionalmente como el pico de respuesta en el
electromiograma (EMG) del musculo orbicular del ojo, provocado por la presentacion

de estimulos breves e intensos, y que es monitorizado mediante unos pequeios
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electrodos que se colocan en la zona cutdnea del parpado inferior (Hutchinson, 1997).
La RSA aparece con estimulos acusticos de una intensidad superior a los 80 dB y de
instauracion brusca (Pilz et al., 1988), y presenta una latencia corta de 10 ms (Caeser et

al., 1989).

Figura 3. Aparato empleado para la evaluacion de la RS

Aunque la RS se puede obtener a través de distintas modalidades sensoriales, la mayoria
de la informacién recogida en mamiferos, especialmente en ratas, ratones, gatos y
humanos, acerca de la neurobiologia de la RS, proviene de la Respuesta de Sobresalto
Actstica (RSA). La RSA adquiere su funcionalidad inmediatamente después del
desarrollo del sentido del oido. La magnitud y la latencia de la RSA van a depender de

la intensidad del estimulo presentado (Pilz et al., 1988), el intervalo interestimulo
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(Davis, 1970) y la conducta motora en ejecucion (Plappert et al., 1993). También puede
influir sobre ella diferencias genéticas (Paylor y Crawley, 1997), los ritmos circadianos
(Chabot y Taylor, 1992), y el ambiente [por ejemplo la presencia de un ruido de fondo
(Hoffman y Fleshler, 1963) o una iluminacion potente (Walker y Davis, 1997)] y los
farmacos (Schichinger et al., 1999). Estd también modulada por cambios en el estado
perceptivo o emocional del organismo: la magnitud dela RSA puede ser incrementada
por estimulos aversivos (Davis et al., 1997), y por la ansiedad y el miedo (Stritzke et al.,
1995; Grillon et al., 1991), y puede ser atenuada por la presentacion repetida de
estimulos de sobresalto (habituacion) (Davis y File, 1984), por la presentacion previa de
un prepulso [esto es lo que se conoce con el nombre de inhibicion prepulso (IPP)]
(Hoffman and Ison, 1980), o por un afecto positivo (Lang et al., 1990). Se ha estudiado
asimismo, el efecto de multiples fAirmacos sobre la magnitud de la RSA. En lineas
generales, las sustancias ansiogénicas (Fendt et al., 1994; Grillon et al., 1994)
incrementan la RSA, mientras que las sustancias que reducen la excitabilidad global del
SNC (como el etanol o las benzodiazepinas) (Berg y Davis, 1984; Grillon et al., 1994)

atentan la RSA.

2.2.Correlato neurobioldogico de la RS

La mayoria de los estudios realizados en animales de experimentacion concluyen que la
RS se genera en el tronco del encéfalo. Esto se ha establecido a partir de la observacion
de que la RS persiste en gatos descerebrados a nivel del coliculo superior (Forbes y
Sherrington, 1914), y en nifos anencefélicos e individuos con lesiones masivas del
mesencéfalo. De todo ello se puede inferir que la RS se genera a nivel del tronco del

encéfalo por debajo del coliculo superior.
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El circuito primario de la RS ha sido objeto de controversia durante muchos afios,
aunque en la actualidad esta aceptada la hipdtesis de que la RS se genera a nivel de la
SRBP medial, méas concretamente en el ntcleo reticular caudal de la protuberancia
(NRCP) (Leitner et al., 1980; Davis et al, 1982). El circuito regulador de la RSA estaria
formado por el nervio estatoacustico, el nicleo coclear ventral, el nucleo dorsal del
lemnisco lateral, el NRCP, la interneurona espinal, la motoneurona del asta anterior de

la médula espinal, los nervios periféricos y el musculo (Davis et al., 1982).

A través de diversos estudios electrofisioldgicos y anatomicos, se ha podido comprobar
que es una subpoblacion de neuronas gigantes de la SRBP, localizadas en el NRCP, las
que juegan un papel preponderante en la modulacion de la RS. Estas neuronas no son
especificas para una determinada modalidad sensorial (Wu et al., 1988) y responden
también a aferencias sensoriales distintas de las auditivas. Reciben estimulos acusticos
directos de distintos nticleos de la via auditiva (del nucleo coclear ventral y dorsal, de la
oliva lateral superior, del ntcleo coclear profundo y de un ganglio localizado dentro del
nervio estatoacustico) (Lingelhohl y Friauf, 1994; Lee et al., 1996), y proyectan hacia
motoneuronas faciales, craneales y espinales (Lingelhohl y Friauf, 1994), pudiendo ser
consideradas como una interfase sensoriomotora entre los componentes facial y
somaticos de la RSA. Koch y sus colaboradores han demostrado que la magnitud de la
RSA se correlaciona significativamente con el niimero de neuronas gigantes en el
NRCP (Koch et al., 1992). Estas neuronas se caracterizan por un elevado umbral de
excitacion (75 dB), un potencial excitatorio postsindptico (PEPS) medio de corta
duracién (2,6 ms) y un corto pico de latencia (44 ms). Las células gigantes del NRCP

muestran una relativa baja resistencia de membrana y un prolongado tiempo de
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membrana (Wagner y Mack, 1998), lo que indica un breve umbral de disparo y la

capacidad de integrar temporalmente varias conexiones sinapticas.

En la actualidad y, de acuerdo a lo expuesto hasta ahora, el modelo mas aceptado de
circuito primario del RSA es aquél donde el NRCP seria el més importante
interconector sensoriomotor, y recibiria sinapsis excitatorias a diferentes latencias de
distintas estructuras cerebrales. La conexion del Nucleo Coclear Profundo al NRCP
tendria la latencia mas corta y excitaria, por tanto, de una manera mas rapida a las

neuronas gigantes del NRCP (Koch, 1999).

Figura 4. Circuito primario de la Respuesta de Sobresalto

Estimulo
de

Niicleo
reticular

caudal
pontino

Respuesta
de sobresalto

Niicleos
cocleares

sobresalto
aciistico

Existen una gran variedad de neurotransmisores implicados en la RS. Entre otros, la
norepinefrina (NE) (Davis et al., 1988), la serotonina (5-HT) (Davis et al., 1988 bis;
Nanry y Tilson, 1989), la dopamina (DA) (Davis, 1987), el glutamato (GLU) (Ebert y
Koch, 1992) y el acido y-amino-butirico (GABA) (Kungel et al., 1994; Birnbaum et al.,
1997). Con respecto a la DA, se ha visto que los agonistas dopaminérgicos incrementan
la amplitud de la RS, mientras que los antagonistas dopaminérgicos, la disminuyen
(Hughes, 1984). También la serotonina juega un papel importante en la modulacién de
la RS; se ha demostrado que la deplecion farmacoldgica de 5-HT o las lesiones

electroliticas de la Nucleos del Rafe medio y dorsal, producen un incremento de la RS
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(Davis, 1984, bis). Los estudios neurofarmacologicos han revelado que probablemente
sea el GLU el neurotransmisor excitatorio mas importante implicado en la regulacion de
la RS a nivel de la sinapsis entre la via aclstica y las neuronas del NRCP,
principalmente a través de los receptores ionotropicos rapidos del subtipo a-amino-3-
hidroxi-5-metilisoxazol-4-propidonico (AMPA) (Ebert y Koch, 1992), a pesar de que los
receptores N-metil-d-aspartato (NMDA) también contribuyen a la produccién de la
RSA a nivel del NRCP (Krase et al., 1993; Miserendino y Davis, 1993). Finalmente, en
relacion al GABA, se ha visto que los potenciales evocados acusticos de las neuronas
del NRCP son inhibidos por el GABA (Kungel et al., 1994) y que la RSA puede
incrementarse por el bloqueo de receptores GABA a nivel del NRCP (Birnbaum et al.,
1997), lo que indica, en lineas generales, que el neurotransmisor GABA ejerce un efecto

inhibitorio sobre la RSA.

2.3 Plasticidad de la RS

A pesar de la relativa simplicidad del circuito neuronal que canaliza la RS, ésta posee
diversas caracteristicas que le confieren una notable plasticidad. Cabe destacar, por ser
las mas relevantes, la habituacion, la sensibilizacion, la modulacion por el prepulso, la
potenciacion del sobresalto por estimulos aversivos y la atenuaciéon por estimulos

placenteros (Koch, 1999).
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Figura 5. Plasticidad de la RS (Koch, 1999)
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2.3.1. Incremento de la RS

La RSA se incrementa en situaciones de amenaza o en la presencia de un evento
aversivo. De esta manera, en los estudios de experimentacion animal se ha observado
que la presencia de sefales que predicen eventos aversivos (Davis et al., 1993), la
presentacion de sonidos de alta intensidad (Schanbacher et al., 1996), la exposicion a
una iluminacién brillante (Walker y Davis, 1997) y la aplicacion de choques eléctricos
plantares (Davis, 1989), incrementan la RSA. En los seres humanos, la RSA se ve
incrementada en los trastornos de ansiedad (Grillon et al., 1994, 1996, 1997), en el
Trastorno por estrés postraumatico (TEPT) (Morgan et al., 1996), ante la presencia de

una ansiedad anticipatoria cuando se prevé que se va administrar algun estimulo
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aversivo (Grillon et al., 1991; Curtin et al., 1998), ante la presencia de un olor
desagradable (Ehrlichman et al., 1995), o mientras se visualizan imdgenes aversivas
(Lang et al., 1990; Rubio et al., 2008). La sensibilizacién y la potenciaciéon del
sobresalto por estimulos aversivos son las dos modalidades que se asocian a un

incremento de la RS.

e Sensibilizacion

La sensibilizacion es el incremento de la RS que refleja una respuesta inmediata a un
estimulo aversivo o a un peligro actual, y que se cree que esta mediada por un proceso

de facilitacion heterosinaptica (Kandel, 1976).

La amigdala juega un papel importante en el proceso de sensibilizacion (Fendt al., 1994;
Schanbacher et al., 1996). La sensibilizacion de la RSA influye sobre el circuito
primario del sobresalto a nivel del NRCP (Boulis y Davis, 1989; Davis et al., 1982),
probablemente a través de una proyeccion directa que se extiende desde la parte medial
del nucleo central de la amigdala y desciende al NRCP (Koch y Ebert, 1993). Existen
también nucleos intermedios entre la amigdala y el NRCP que contribuyen a la
sensibilizacion, como el nucleo gris periacueductal (Fendt et al., 1994, bis), el nucleo
tegmental laterodorsal (Krase et al., 1994; Kungel et al., 1994), y el ntcleo profundo

mesencefalico (Frankland y Yeomans, 1995).

El incremento de la RSA por eventos aversivos podria estar mediado por la liberacion
de las hormonas de estrés o por neurotransmisores que no afectan directamente al
NRCP, pero que facilitan la transmision neuronal en la via que regula la RSA. De

hecho, se cree que la hormona corticotropina (CRH) (Lee et al., 1994), la
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colecistoquinina (Fendt et al., 1995), la sustancia P (Krase et al., 1994; Frankland et al.,
1997) y la NE (Fendt et al., 1994) podrian estar implicados en el proceso de

sensibilizacion de la RS.

e Potenciacidon de la RS por estimulos aversivos:

El paradigma de la potenciacion de la RS por estimulos aversivos fue introducido en
1951 (Brown et al., 1951) y fue estudiada a fondo posteriormente por Davis (Davis et
al., 1993). A diferencia de la sensibilizaciéon de la RSA que refleja una respuesta
inmediata a un estimulo aversivo o a un peligro actual, la potenciacién de la RS por
estimulos aversivos se refiere al incremento de la RS cuando se predice la aparicion de
un evento aversivo o amenazante (Grillon y Davis, 1997). Para conseguir inducir una
potenciacion de la RS por estimulos aversivos, los animales son entrenados para asociar
estimulos neutros, por ejemplo, una luz o un tono, con un estimulo aversivo,
empleandose generalmente un choque eléctrico plantar. Después de asociar ambos
estimulos en varias ocasiones, el estimulo condicionado (la luz o el tono) induce un
estado de temor que se puede medir mediante la potenciacion de la RSA. Es este estado
de temor, y no la potenciacion de la RSA, el que supone una respuesta condicionada a
dicho estimulo condicionado. La potenciacion de la RS por estimulos aversivo muestra

una marcada especificidad temporal.

La base neuronal de la potenciacion de la RS por estimulos aversivos ha sido
investigada por varios grupos y se han descrito algunos de los circuitos a través de los
cuales el miedo incrementaria la RSA. El circuito mas avalado, seria aquél que implica
las proyecciones desde el nticleo central de la amigdala al circuito primario de la RS

(Davis et al., 1993). La asociacion entre los estimulos neutros y aversivos ocurre en la
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region lateral/basolateral de la amigdala (McKernan y Shinnick-Gallagher, 1997). Los
receptores NMDA de la amigdala se encuentran implicados en la asociacioén entre los
estimulos neutros y los eventos aversivos (Gewirtz y Davis, 1997), mientras que se cree
que los neurotransmisores que median la via amigdalo-reticular podrian ser el GLU y/o
el CRH (Fendt et al., 1996,1997). Las proyecciones dopaminérgicas que se extienden
desde el Area Tegmental Ventral a la amigdala estan también implicadas en la

potenciacion de la RSA (Borowski y Kokkinidis, 1996; Lamont y Kokkinidis, 1998).

2.3.2. Atenuacion de la RS

La habituacion de la RS, la inhibicion prepulso (IPP) y la atenuacion de la RS por el

placer son las tres modalidades que se asocian a un incremento de la RS.

* Habituacién:
La habituacion de la RS se refiere a la reduccion exponencial de la magnitud de la RSA
después de que un estimulo de sobresalto inicialmente novedoso, es presentado en
repetidas ocasiones y a una velocidad lo suficientemente pequefia, como para producir
adaptacion sensorial o fatiga de los receptores (Christoffersen, 1997). Normalmente, se
produce habituacion de la RSA después de 2-6 estimulos, cuando el estimulo es
presentado cada 20 minutos (Brown, 1976). Existen dos formas de habituacion: la
habituacién a corto plazo o intrasesion, que se refiere al descenso de la magnitud de la
RSA que sigue a la presentacion repetida de estimulos de sobresalto dentro de una tnica
sesion, y una habituacion a largo plazo o intersesion, que se refiere a la reduccion de la

magnitud de la RSA a través de varias sesiones.
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La teoria mas influyente sobre la habituacion es la teoria del proceso dual (Groves y
Thompson, 1970), la cual postula la existencia de dos mecanismos independientes, y
opuestos, en el SNC (habituacion y sensibilizacidon), cuya interaccion daria como
resultado un descenso en la magnitud de la RS a través de los diferentes ensayos. De
acuerdo con esta teoria, se asume que cada estimulo de sobresalto presenta ambas
propiedades, sensibilizacion y habituacion (Leaton y Cranney, 1990), y que la RSA es

el resultado de la interaccion de estos dos procesos.

Dentro de los mecanismos neuronales implicados en la habituacion a corto plazo, se
cree podrian ser importante las aferencias de las neuronas del ntcleo coclear a las
neuronas del NRCP (Pilz y Schnitzler, 1996). Los substratos neuronales involucrados en
la habituacion a largo plazo de la RSA incluyen la formacion reticular mesencefalica
(Jordan, 1989), el cerebelo medio (Leaton y Supple, 1991), la sustancia gris ventral

periacueductal (Borszcz et al., 1989) y diferentes areas corticales (Groveset al., 1974).

e Inhibicién prepulso

El fenémeno de la inhibicion prepulso (IPP) se refiere a la reduccion de la magnitud de
la RSA cuando se presenta un estimulo prepulso de baja intensidad, que puede ser de
diversas modalidades sensoriales, como tactil (Pickney, 1976), visual (Campeu y Davis,
1995) o acustica (Hoffman e Ison, 1980), entre 30 y 500 ms antes del estimulo de
sobresalto. Mientras que los prepulsos presentados en intervalos cortos (<500 ms) antes
del estimulo de sobresalto tienen efectos inhibitorios, los prepulsos presentados en
intervalos largos (>1.400 ms) facilitan la RS (Graham, 1975). Existe una IPP intramodal
(pulso y prepulso son de la misma modalidad sensorial) y una IPP intermodal (pulso y

prepulso son de modalidades sensoriales distintas), y ambas han sido descritas tanto en
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ratas como en humanos (Braff et al., 1992). La IPP se utiliza como una medida
operacional de los mecanismos de filtrado sensoriomotor y se cree que puede ser

importante en los procesos atencionales (Geyer et al., 1990; Swerdlow et al., 1994).

La IPP no es una forma de condicionamiento. No depende de un aprendizaje o de
experiencias previas, y ocurre desde la primera serie prepulso-pulso. El efecto
inhibitorio es probablemente consecuencia del desplazamiento atencional requerido para
procesar la informacion vehiculada por el estimulo de prepulso (Graham, 1975;
Blumenthal and Flaten, 1994). La reduccion de la magnitud de la RSA por un prepulso
se acompafia normalmente de una reduccion en el pico de latencia de la RSA (Hoffman
e Ison, 1980; Swerdlow et al., 1992). La exposicion repetida a prepulsos no reduce la
capacidad de los siguientes prespulsos para inhibir la RSA (Wu et al., 1984; Blumenthal
et al., 1997). La IPP se incrementa con el aumento de la intensidad del prepulso y es
maxima cuando la duracion del prepulso es de 10-20 ms (Reijmers y Peeters, 1994). El
intervalo interestimulo Optimo entre el prepulso y el pulso es similar en ratas (100
mseg) (Hoffman e Ison, 1980) y en humanos (120 mseg) (Graham y Murray, 1977). La
IPP se expresa como la diferencia, porcentual o absoluta, entre la magnitud de la RSA
en ausencia de prepulso y la magnitud de la RSA en presencia de prepulso (Davis,

1988).

El circuito de la IPP esta bien definido bien en los modelos de experimentacion animal
(Koch y Schnitzler, 1997). Las estructuras neurologicas que estarian implicadas en la
IPP son: las partes mas bajas del sistema auditivo ascendente (Nucleo Coclear,
Complejo de la Oliva Superior y Nucleo del Lemnisco Lateral), el Coliculo Inferior, el

Coliculo Superior, las proyecciones desde el Nucleo Subtalamico y el Nucleo Palido
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Interno al Nucleo Tegmental Peduculopontino (NTPP), y las neuronas colinérgicas que
proyectan desde el NTPP al NRCP. Los neurotransmisores inhibitorios (GABA y
glicina) jugarian un papel importante en la modulacion de la IPP a nivel del NRCP

(Koch y Friauf, 1995).

Figura 6. Circuito hipotético mediador de la IPP (Koch, 1999)
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Segun Swerdlow y sus colaboradores (1992) el NAC juega un papel crucial en la
regulacion de la IPP. El NAC recibe una densa inervacion dopaminérgica del ATV y
una proyeccion directa desde el hipocampo ventral (Swerdlow et al., 1992). También
parece regular la IPP la interaccion presinaptica DA-GLU a nivel del NAC (Wan y

Swerdlow, 1996). Asimismo, las aferencias glutamatérgicas de la corteza prefrontal

64



medial también juegan un papel importante en la regulacion de la liberacion de DA a

nivel del NAC y en la regulacion de la IPP (Hazlett et al., 1998).

Con respecto a la neurotransimision que regula la IPP, el hallazgo mas significativo en
los estudios de experimentacion animal es, que se produce una interrupcion de la IPP
bajo la influencia de un sistema mesoaccumbico dopaminérgico sobreactivado
(Swerdlow et al., 1994). Sin embargo, los déficits de la IPP también se han visto
después del bloqueo de los receptores SHT2 (Sipes y Geyer, 1994) o el estimulo de los
receptores SHT1 (Rigdon y Weatherspoon, 1992) de la serotonina, después del bloqueo
del sistema noradrenérgico (Saitoh et al., 1986), del “knockout” de los receptores a2-
noradrenérgicos (Sallinen et al., 1998), de la estimulacion de los receptores al-
adrenérgicos (Carasso, 1998) y del bloqueo no-competitivo de los receptores NMDA
(Kretschmer y Koch, 1998) o del bloqueo de los receptores NMDA en los sitios de

union de la glicina (Furuya y Ogura, 1997).

La IPP estd reducida en una gran variedad de trastornos neuropsiquiatricos,
caracterizados por una reduccion en las habilidades para discriminar informacion
sensorial, motora o cognitiva irrelevante. Ha sido bien establecida la reduccion de la IPP
en la esquizofrenia (Weike et al., 2000), pero también ha sido descrita en otras
patologias neuropsiquiatricas como la enfermedad de Huntington (Mufioz et al., 2003),
el Trastorno Obsesivo Compulsivo (TOC) (Hoening et al., 2005), el Sindrome de la
Tourette (Smith y Lee, 1989), el Trastorno por Déficit de Atencion e Hiperactividad
(TDAH) (Castellanos et al., 1996), y en los nifios con enuresis (Baeyens et al., 20006).

Los déficits de la IPP reflejan, a veces, un déficit en el filtrado sensoriomotor, y a veces,
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una alteracion en la atencion (Campeu y Davis, 1995, bis). En los seres humanos, la [PP

se incrementa si los sujetos atienden al prepulso (Jennings et al., 1996).

e Atenuacién de la RS a través de estimulos placenteros

Lang y sus colaboradores (1990) han encontrado que en los seres humanos la magnitud
de la RSA se incrementa en un contexto aversivo, de temor o ansiedad, y se atentia en
contextos emocionales placenteros (Lang et al., 1990). Se ha visto también una
atenuacion de la RSA en estos contextos placenteros en animales (Schmid, 1995). Este
efecto se conoce con el nombre de atenuacion de la RS a través de estimulos placenteros
y, probablemente, refleja un mecanismo de filtrado de la RSA, dependiente del estado
emocional. Se cree que la atenuacion de la RS por el placer podria estar mediada por el

circuito meso-accumbico-palidal (Koch et al., 1996).

3. LA RSA EN LOS TRASTORNOS POR USO DE ALCOHOL

Hasta la fecha, se han publicado diversos trabajos centrados en la RS y la IPP, tanto con
animales [especialmente ratas (Jones et al., 2000; Chester et al., 2003, 2004, 2005) y
ratones (Chester et al., 2007), pero también peces cebra (Dlugos y Rabin, 2003; Carvan
et al., 2004) y monos rhesus (Schneider et al., 2013)], como en poblacion clinica
[individuos con dependencia de alcohol abstinentes en el momento de la evaluacion
(Schellekens et al., 2012), individuos con dependencia de alcohol con un Sindrome de
Abstinencia Alcohdlica (SAA) (Keedwell et al., 2001), individuos con un consumo
perjudicial de alcohol (Hutchison et al, 2003), individuos sanos con un consumo social
de alcohol (Grillon et al., 1994), nifios y adolescentes (Grillon et al., 1997) y adultos
jovenes (Grillon et al., 2000) con antecedentes parentales de alcoholismo]. A

continuacion revisamos todos estos estudios.
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3.1. Estudios en modelos animales de experimentacion

3.1.1. Estudios animales que evaltan la magnitud de la RS vy la IPP en distintos

aspectos relacionados con el consumo de alcohol

Varios grupos de investigacion han utilizado el paradigma de la RS y la IPP para
evaluar distintos aspectos relacionados con el consumo de alcohol. En lineas generales
se ha considerado que el test de la RS podria ser utilizado como un correlato conductual
de los efectos del alcohol a nivel central y que podria constituir una medida sensible

para evaluar los cambios en el SNC durante el SAA.

e FEstudios en los que se evaluan los efectos de la administracion aguda v crdnica

de alcohol sobre la RS v la IPP

Diversos autores se han centrado en explorar los efectos de la exposicion aguda de
alcohol sobre la RS y la IPP. Aunque en lineas generales se ha tendido a describir que la
exposicion aguda al alcohol produce una atenuacion de la RS en los modelos de
experimentaciéon animal (Pohorecky et al., 1976, 1986; Pohorecky and Roberts, 1991,
1992; Wecker e Ison, 1984; Rassnick et al., 1992; Popova e Ivanova, 2002; Owens et
al., 2003; Brunell y Spear, 2006; Pian et al., 2008), lo que se ha tendido a explicar como
el efecto neurotoxico del alcohol en el SNC, también se han descrito los resultados
contrarios (Stanley-Cary et al., 2002; Lewis y Gould, 2003). Esta discrepancia se
deberia al efecto bifasico del alcohol, de manera que a dosis bajas, tendria un efecto
desinhibitorio e incrementaria la magnitud de la RS, mientras que a dosis mas altas
produciria inhibicion a nivel central y suprimiria la RS (Stanley-Cary et al., 2002; Lewis
y Gould, 2003). Ademas, se han descrito diferencias de la RS durante la exposicion al

alcohol, en funcién del sexo, con una mayor magnitud de la RS entre los machos, y una
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disminucién de la RS entre las hembras (Reilly et al., 2009). En los estudios en los que
se ha evaluado la exposicion cronica al alcohol, no se han visto modificaciones
significativas de la RS con respecto a la exposicion aguda (Pohorecky et al., 1976,
1986; Pohorecky and Roberts, 1992). En los peces cebra también se ha descrito una
atenuacion de la RS tras la exposicion al alcohol (Dlugos y Rabin, 2003; Carvan et al.,

2004).

Los resultados relacionados con la IPP han sido inconclusos. Aunque la mayoria tienden
a sefialar que la IPP no se veria afectada en los animales expuestos al alcohol (Rassnick
et al.,, 1992; Sandback et al., 2000; Brunell y Spear, 2006), se han reportado
incrementos (Pian et al., 2008) y reducciones (Ehlers et al., 2013) de la IPP tras la

exposicion al alcohol.

e Estudios en los que se evaltan los efectos del SAA tras la administracion aguda

0 cronica de alcohol, sobre la RS y la [PP

No se pueden extraer conclusiones fiables con respecto a los efectos del SAA sobre la
magnitud de la RS durante el SAA, puesto que se han descrito resultados opuestos, con
algunos estudios en los que se describe un incremento (Pohorecky et al., 1976;
Pohorecky and Roberts, 1991, 1992; Rassnick et al., 1992; Macey et al., 1996;
Vandergriff et al., 2000; van Erp et al, 2001), y otros en los que se encentra una
disminucién (Gilliam y Collins, 1986; Sandback et al., 2000; Brasser y Spear, 2002;
Slawecki y Ehlers, 2005; Slawecki et al, 2006) de la magnitud de la RS durante el SAA.
Aun asi, en lineas generales se tiende a sefialar que el incremento de la magnitud de la
RS durante el SAA reflejaria el estado de hiperexcitabilidad del SNC que se produce

durante el SAA, y las diferencias encontradas en los estudios podrian estar
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condicionadas por el patrén temporal o la duracion a la exposicion de alcohol (Mejia-
Toiber et al., 2014). Se han detectado diferencias en funcién del sexo con respecto a la
magnitud de la RS durante el SAA, siendo los machos los que responderian con

mayores incrementos de la RS (Reilly et al., 2009).

También se han descrito resultados contrapuestos con respecto a la afectacion de la IPP
durante el SAA, con estudios en los que no se encontraron modificaciones significativas
(Sandback et al., 2000; Cabral et al., 2006), y otros en los que se observaron una
dismiucion (Rassnick et al., 1992), o un incremento (Slawecki y Ehlers, 2005, Slawecki
et al., 2006) de la IPP durante el SAA, si bien se ha descrito que la IPP basal podria
determinar los cambios conductuales y neuroquimicos asociados al SAA (Kayir et al.,

2010).

Por ultimo, durante el SAA también parece existir una alteracion de la potenciacion del

sobresalto por estimulos aversivos (Stephens et al., 2005; Silva y Nobre, 2014).

e Estudios en los que se evalua la magnitud de la RS v la IPP basal como factor

predictivo de un incremento en el consumo de alcohol

Dos estudios concluyen que la magnitud de la RS y la IPP basal en ratas “naive” para el
alcohol podrian constituir un importante predictor del consumo voluntario y preferencia

por el alcohol (Sandbak et al., 2000; Rasmussen y Kincaid, 2015).
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3.1.2. Estudios en los que se ha evaluado la RS vy la IPP tras la exposicion a alcohol

durante el periodo prenatal vy postnatal

Otro punto en el que se ha centrado la investigacion sobre el paradigma de la RS y la
IPP es en el de los efectos de la exposicion al alcohol en la etapa prenatal y postnatal

temprana.

e Estudios de la RS v la IPP tras la exposicién prenatal a alcohol

La mayoria de los estudios coinciden en sefialar que la exposicion prenatal al alcohol se
asociaria con una demora en la adquisicion (Hérd et al., 1985) y un incremento en la
magnitud de la RS (Potter y Bernston, 1987; Schneider et al., 2013). Estos resultados no
se han podido confirmar en otro estudio, en el que no se encontr6 una interaccion entre
la exposicion materna a metanol y la amplitud de la RS (Stanton et al., 1995). En
relacion con la IPP, se ha descrito que la exposicion prenatal al alcohol produciria una
disminucién de la IPP (Schneider et al., 2013), si bien otros estudios no han encontrado

afectacion de la IPP durante la exposicion prenatal al alcohol (Potter y Bernston, 1987).

e Estudios de la RS v la IPP tras la exposicién postnatal temprana a alcohol

Asimismo, en varios estudios en los que se ha realizado la exposicion a alcohol en la
etapa postnatal temprana, tampoco se han encontrado alteraciones en la magnitud de la

RS y en la IPP (Woolfrey et al., 2005 Roskam y Koch, 2009).
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e FEstudios en los que se ha evaluado como la exposicién prenatal a un estrés

podria condicionar una futura sensibilidad a los efectos del alcohol medido a

través de la RS

Se ha reportado que entre los animales expuestos a un estrés prenatal existiria una
mayor sensibilidad a los efectos del alcohol, medido a través de una disminucion

significativa de la magnitud de la RS (DeTurck y Pohorecky, 1987).

3.1.3. Estudios genéticos en animales

Muchos de los estudios de experimentaciéon animal en los que se ha evaluado la
afectacion de la RS y la IPP por el alcohol son los que emplean animales con una alta o

una baja preferencia por el alcohol.

e Estudios en los que se comparan las diferencias de la RS vy la IPP basal entre los

animales con una alta, o una baja/nula preferencia por el alcohol

Algunos estudios se han centrado en la investigacion de las diferencias en la magnitud
de la RS y la IPP basal entre los animales con una alta o una baja preferencia por el
alcohol. A partir de estos estudios se puede concluir que aunque existen diferencias en
la RS basal entre los animales con una alta preferencia por el alcohol y los animales con
una baja preferencia por el alcohol, la naturaleza de estas diferencias es incierta, puesto
que se han descrito mayores (Jones et al., 2000; McKinzie et al., 2000; Chester et al.,
2003, 2004; Chester y Barrenha, 2007; Acewicz et al., 2012; Powers y Chester, 2014),
menores (Chester et al., 2003, 2004) o no diferencias (McKinzie et al., 2000; Chester et
al., 2003) de la magnitud de la RS en los animales con una alta preferencia por el
alcohol en comparacion con los animales con una baja preferencia. Lo mismo sucede en

el caso de la IPP basal, donde algunos estudios no encuentran diferencias (Jones et al.
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2000; Acewicz et al., 2012) y otros encuentran mayores porcentajes de IPP (Chester y
Barrenha, 2007) en los animales con una alta preferencia por el alcohol, en comparacioén

con los animales con una baja preferencia.

¢ Estudios en los que se evaluan los efectos del alcohol sobre la RS vy la IPP en

funcion de una alta o una baja preferencia por el alcohol

Otros estudios han puesto el foco de atencién en como el alcohol modularia la magnitud
de la RS y la IPP en los animales con una alta o una baja preferencia por el alcohol. De
ellos, se puede concluir que los animales con una alta preferencia por el alcohol
responden de manera distinta a los animales con una baja preferencia por el alcohol,
cuando son expuestos al alcohol, siendo esta respuesta dependiente de la dosis de
alcohol administrada (Jones et al., 2000). Sin embargo, con relacion a la IPP, aunque ha
quedado establecida la existencia de una asociacion genética entre la afectacion de la
IPP durante la exposicion al alcohol y la preferencia innata por el alcohol, la naturaleza
de esta afectacion es incierta, ya que se han publicado resultados contrapuestos (Jones et

al., 2000; Powers y Chester, 2014).

e FEstudios en los que se evaltian los efectos del SAA sobre la RS vy la IPP en

funcion de una alta o una baja preferencia por el alcohol

Diversos estudios han investigado las modificaciones que experimentarian la RS y la
IPP durante el SAA, tanto después de una exposicion aguda (Chester et al, 2003, 2004;
Chester y Barrenha, 2007), como después de una exposicion cronica (Chester et al.,
2005) al alcohol, en funcion de la preferencia por el alcohol (alta vs baja) de distintas
especies de animales. Aunque la mayoria coinciden en sefalar que existe una asociacion

genética entre la magnitud de la RS y el SAA tras la exposicion aguda al alcohol, y la
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preferencia innata hacia el alcohol, la naturaleza de esta interaccion es incierta (Chester
et al., 2003, 2004; Chester y Barrenha, 2007). Sin embargo, no se ha podido establecer
la existencia de una asociacion genética entre la propension innata hacia el consumo de
alcohol y la sensibilidad al SAA después de una exposicion cronica al alcohol, medida a
través de la RS (Chester et al., 2005). Tampoco ha podido ser establecida esta
asociacion genética, entre la IPP y la preferencia innata por el alcohol (Chester y
Barrenha, 2007). Por ultimo, se ha descrito que los animales con una alta
susceptibilidad para desarrollar convulsiones presentan una menor reactividad a la RS

(Ponomarev y Crabbe, 1999).

e FEstudios en los que se evaluan las diferencias en el sobresalto potenciado por

estimulos aversivos vy la respuesta al estrés entre animales con una alta o una

baja preferencia por el alcohol

Diversos estudios se han centrado en investigar como el hecho de que un animal con
una alta o una baja preferencia por el alcohol, esté expuesto a una situacion estresante
modificaria la RS basal. Otros, focalizan su atencion en las diferencias en el sobresalto
potenciado por estimulos aversivos entre los animales con una alta o una baja
preferencia por el alcohol. La magnitud de la RS como respuesta a la presentacion de
estimulos acusticos aislados en el contexto de una situacion estresante se ha asociado
con niveles altos de ansiedad basal, mientras que el sobresalto potenciado por el miedo
envuelve un condicionamiento aversivo mas especifico. De todos estos estudios se
puede concluir que los animales con una alta preferencia por el alcohol exhiben un
mayor sobresalto potenciado por estimulos aversivos (McKinzie et al., 2000; Barrenha y
Chester, 2007; Chester et al., 2014) y son mas sensibles a los efectos ansioliticos del

alcohol (Barrenha et al., 2011), lo que les podria colocar en una situacion de riesgo para
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presentar consumos mas elevados de alcohol, en comparacion con los animales con una
baja preferencia por el alcohol. En estos animales, el sobresalto potenciado por
estimulos aversivos parece estar mediado por el NPY (Gilpin et al., 2011) y el sistema
endocannabinoide (Powers et al., 2010), pero no por la corticosterona (Chester et al.,
2014). Sin embargo, no se ha podido concluir de manera fehaciente que los animales
con una alta preferencia por el alcohol respondan més intensamente al estrés, medido a
través de la RS, ya que los resultados han sido inconclusos en este campo (Chester et

al., 2006, 2008).

3.2. Estudios en seres humanos

En poblacion clinica, los estudios se han centrado en la modulacion afectiva de la RS, y
en el estudio de la RS y la IPP basal en diversas circunstancias relacionadas con el
consumo de alcohol (bajo los efectos del consumo de alcohol, durante el SAA aguda y

demorada, y en sujetos con antecedentes parentales de alcoholismo).

3.2.1. Modulacion afectiva de la RS

e Estudios de la atenuacion de la RS ante sefiales relacionadas con el alcohol

La mayor parte de los estudios en seres humanos se han centrado en el paradigma de la
modulacion afectiva de la RS. Segln este paradigma, la RS se ve aumentada en el
contexto de afectos displacenteros y/o aversivos, mientras que se ve reducida o inhibida

en el contexto de afectos placenteros y/o apetitivos (Lang et al., 1990).

Casi todos estos estudios coinciden en sefialar que los individuos con dependencia de
alcohol presentan una atenuacion de la RS cuando visualizan imagenes o perciben

estimulos relacionados con el alcohol, lo que significa que los perciben como apetitivos

74



(Mucha et al., 2000; Griisser et al., 2002; Rubio et al., 2013). Han demostrado ser
especialmente apetitivas las imagenes relacionadas con ambientes sociales y de bares, y
las que muestran vasos y/o botellas llenas (Nees et al., 2011). Existen diversas variables
clinicas que modulan la RS en presencia de iméagenes relacionadas con el alcohol: 1) el
tiempo de abstinencia (Saladin et al., 2002; Leménager et al., 2014); 2) el craving por el
alcohol (Heinz et al., 2003); 3) las expectativas relacionadas con el consumo de alcohol
(Drobes et al., 2009); 4) los antecedentes familiares de alcoholismo (Miranda et al.,
2002; Rubio et al., 2013); 5) la comorbilidad con un Trastorno Antisocial de la
Personalidad (Miranda et al., 2003) y el obtener puntuaciones bajas en las escalas de
sensibilidad al castigo, y altas en las escalas de sensibilidad a la recompensa (Rubio et
al., 2013); y 6) la historia de consumo de alcohol (Rubio et al., 2013). Ademas, se ha
encontrado que la atenuaciébn de la RS durante la visualizacion de imagenes
relacionadas con el alcohol constituye un factor predictivo significativo para la recaida
en el consumo de alcohol (Loeber et al., 2007; Jurado-Barba et al., 2015), y también
podria predecir la respuesta a diversas estrategias farmacologicas empleadas en los
TUA (Leménager et al., 2014). Se ha observado que la atenuacion de la RS durante la
visualizacion de imégenes relacionadas con el alcohol no se modifica de manera
significativa a lo largo del tiempo, de manera que se ha concluido que la modulacion
afectiva de la RS podria constituir un proceso mas duradero y persistente con respecto a
la respuesta emocional ante las sefales relacionadas con el alcohol (Loeber et al., 2007;

Jurado-Barba et al., 2015).
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Tabla 1. Estudios de la atenuacion de la RS ante sefiales relacionadas con el alcohol

Autor; N° Metodologia Variables a estudio Resultados

Pacientes

Mucha et al. Alcohdlicos abstinentes La RS durante la Las imagenes relacionadas con

(2000) (n=26) visualizacion de el alcohol se procesaron de

N=26 MARS con iméagenes imagenes aversivas, manera distinta, en comparacion
relacionadas neutras, placenteras, con las imagenes neutras y

o relacionadas con el
alcohol
Arousal y craving

aversivas, y similar a las
imagenes neutras, de acuerdo de
la MARS.

No se encontraron diferencias
entre el tipo de imagen, en
relacion con el arousal y el
craving de alcohol

Grisser et al.
(2002)
N=29

Varones con
dependencia de alcohol
desintoxicados (n=11) vs
varones bebedores
sociales (n=10) vs
controles abstemios
(n=8)

MARS con imégenes
relacionadas con el
alcohol

La RS durante la
visualizacion de
imagenes aversivas,
neutras, placenteras,
o relacionadas con el
alcohol

Craving subjetivo,
arousal y Valencia
emocional

Los varones con dependencia de
alcohol presentaban menores
magnitudes de la RS durante la
visualizacion de imagenes
relacionadas con el alcohol
(p<0.05), a pesar de que estos
sujetos percibieron las imagenes
relacionadas con el alcohol
como significativamente mas
aversivas (p<0.05), en
comparacion con los bebedores
sociales y sujetos abstemios

Miranda et al.

(2002)
N=60

Adultos jovenes (n=15)
con o sin (n=15) una
historia familiar de
alcoholismo

MARS sin imagenes
relacionadas con el
alcohol

La RS durante la
visualizacion de
imagenes aversivas,
neutras, placenteras
Medidas de
personalidad (CPI-
So, TPQ-Ns; PPI)
Psicopatologia y
estrés psicologico
(GSI, CL-90)

Los adultos jovenes con una
historia familiar de alcoholismo
no mostraron la clasica
potenciacion del EMG durante
la visualizacion de las imagenes
aversivas, cosa que si hicieron
los adultos jovenes sin
antecedentes familiares de
alcoholismo

La afectividad negativa
autoevaluada podria explicar
parcialmente esta falta de
potenciacion de la RS

Saladin et al.,

Sujetos con dependencia

Test de la RS después

Los sujetos con dependencia de

(2002) de alcohol, en de la exposicion a alcohol en abstinencia temprana
N=70 abstinencia temprana sefiales relacionadas exhibieron una RS aumentada
(n=306) vs tardia (n=34) con el alcohol 0 agua | durante la exposicion a sefiales
MARS después de la Salivacion, urgencia | relacionadas con el alcohol, en
exposicion al olfateo de para beber y comparacion con las seflales
alcohol vs agua puntuaciones en relacionadas con el agua, y a los
afectividad sujetos con dependencia de
alcohol en abstinencia tardia.
Heinz et al. Alcohdlicos La RS durante la La RS durante la visualizacion
(2003) desintoxicados (n=38) visualizacion de de imégenes relacionadas con el
N=38 MARS con iméagenes imagenes aversivas, alcohol estaba

relacionadas con el
alcohol

neutras, placenteras,
o relacionadas con el
alcohol

Craving (OCDS)
Situaciones positivas
y negativas en el
consumo de alcohol
(IDS)

significativamente atenuada en
comparacion con las imagenes
no placenteras, sin hallarse
diferencias significativas con
respecto a las imdgenes neutras
y placenteras

Una menor magnitud de la RS
ante la visualizacion de las
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Sintomas de
abstinencia (CIWA-
Ar)

imagenes relacionadas con el
alcohol se correlaciond
positivamente con el hecho de
beber en situaciones positivas y
contribuy6 de manera
significativa al craving

Los sintomas de abstinencia se
correlacion6 de manera
significativa tanto en las
situaciones de consumo de
alcohol positivas, como
negativas

Miranda et al.
(2003)
N=62

Adultos jovenes con DA
(n=24) vs DA-TASP
(n=17) vs adultos
jovenes sin DA ni TASP
(n=21)

MARS sin imagenes
relacionadas con el
alcohol

La RS durante la
visualizacion de
imagenes aversivas,
neutras, placenteras
Medidas de
personalidad (PPI)
Historia familiar de
alcoholismo

Los adultos jovenes con DA-
TASP no mostraron diferencias
significativas entre la magnitud
de la RS durante la
visualizacion de imagenes
placenteras y no placenteras,
mientras que los sujetos con DA
y controles mostraron el
incremento linear normal de la
magnitud de la RS desde las
imagenes placenteras a no
placenteras

Tanto la edad de inicio del
consumo regular de alcohol,
como la edad del diagnoéstico de
TASP contribuyeron de manera
significativa para predecir la RS
a estimulo no placenteros

Zimmerman et

Hijos de alcohdlicos

La RS durante la

Las imagenes placenteras

al. (2004) (n=30) vs sujetos sin visualizacion de disminuyeron la magnitud de la
N=60 antecedentes parentales imagenes aversivas, RSy las imagenes aversivas s la
de alcoholismo (n=30) neutras, y incrementaron, respectivamente,
MARS sin iméagenes placenteras, con o sin | pero este efecto no estaba
relacionadas con el la exposicion al influido ni por los antecedentes
alcohol alcohol familiares de alcoholismo ni por
Dos sesiones, una la exposicion al alcohol
durante la exposicion
(0.6 g/kg) y otras durante
la exposiciéon a PLA
Loeber et Pacientes con DA La RS durante la La atenuacion de la RS durante
al.(2007) hospitalizados (n=43) visualizacion de la visualizacién de imagenes
N=43 Programa de imagenes aversivas, relacionadas con el alcohol se

desintoxicacion de 3
semanas + 6-12 semanas
de TCC

neutras, placenteras y
relacionadas con al
alcohol

Conductancia cutanea
Craving de alcohol
Consumo de alcohol
6 meses después del
alta

mantuvo estable a lo largo del
tiempo

La atenuacion de la RS durante
la visualizacion de las imagenes
relacionadas con el alcohol fue
un predictor significativo para la
recaida en el consumo de
alcohol

Drobes et al.
(2009)
N=55

55 sujetos, la mitad con
un consumo perjudicial
de alcohol y la otra mitad
como bebedores sociales
MARS con imégenes
relacionadas con el
alcohol

La RS durante la
visualizacion de
imagenes aversivas,
neutras, placenteras y
relacionadas con al
alcohol

Frecuencia cardiaca y

Los participantes que
notificaron expectativas mas
positivas relacionadas con el
consume de alcohol, mostraban
una mayor y mas temprana RS
durante la visualizacion de
imagenes aversivas
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conductancia cutdnea
Puntuaciones
subjetivas de
Valencia emocional,
arousal y dominancia
dominance)

Nees et al. Sujetos abstinentes con | La RS durante la Se observo una atenuacion de la
(2011) DA (n=21) vs controles visualizacion de las RS durante la visualizacion de
N=42 sanos (n=21) imagenes imagenes relacionadas con
MARS con imagenes relacionadas con el contextos sociales relacionados
relacionadas con el alcohol que con el consumo de alcohol y
alcohol mostraban contestos con botellas o vasos llenos, en
fisicos y sociales los sujetos con DA en
asociados al consumo | comparacion con los controles
de alcohol, e sanos
imagenes con
distintos momentos
del consumo de
alcohol Craving,
valencia emocional y
arousal de estas
imagenes
Conductancia cutdnea
Rubio et al. Pacientes desintoxicados | La RS durante la En los pacientes desintoxicados
(2013) con DA (n=98) vs visualizacion de con DA se observé una
N=196 controles sanos (n=98) imagenes aversivas, atenuacion de la RS durante la

MARS con imégenes
relacionadas con el
alcohol

neutras, placenteras y
relacionadas con al
alcohol

Severidad de la DA
(SADQ)

Craving (ACQ)
SAA (CIWA-Ar)
Rasgos de
personalidad
(SPSQR)

Historia familiar de
alcoholismo

visualizacion de imagenes
relacionadas con el alcohol, en
comparacion con los controles
sanos

Una menor RS durante la
visualizacion de la RS estaba
influenciada por la historia de
consumo de alcohol y una
historia familiar positiva de
alcoholismo

Leménager et
al. (2014)
N=74

Pacientes desintoxicados
con DA (n=74) quienes
fueron tratados con
ACAM (n=27) vs NAL
(n=35) vs PLA (n=12)
MARS con imégenes
relacionadas con el
alcohol

La RS durante la
visualizacion de
imagenes aversivas,
neutras, placenteras y
relacionadas con al
alcohol

Craving de alcohol
(OCDS)

Recaida (tiempo
transcurrido hasta el
primer dia de
consumo prejudicial
de alcohol y
abstinencia a los 90
dias de inicio del
estudio)

La amplitud de la RS fue
significativamente menor en
respuesta a las sefiales
relacionadas con el alcohol, en
comparacion con las imagenes
negativas, neutras, o positivas.
No se observe una correlacion
significativa entre la RS durante
la visualizacion de sefiales
relacionadas con el alcohol y el
craving a alcohol

Los pacientes con un menor %
de dias de abstinencia fueron los
que mostraron una mayor
atenuacion de la RS durante la
visualizacion de imagenes
relacionadas con el alcohol
Una mayor magnitud de la RS
durante la visualizacion de la
RS se asoci6 con menores tasas
de recaida en tratamiento con
ACAM, mientras que aquellos
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pacientes con una menor
magnitud de la RS durante la
visualizacion de la RS se asocid
con una menor probabilidad de
recaida en tratamiento con NAL

Jurado-Barba
etal. (2015)
N=172

Pacientes con DA (n=98)
vs controles sanos
(n=72)

Asistencia a un programa
de desintoxicacidon
durante 2-3 semanas +

12 semanas de TCC
MARS con imégenes
relacionadas con el
alcohol

La RS durante la
visualizacion de
imagenes aversivas,
neutras, placenteras y
relacionadas con al
alcohol

Severidad de la DA
(SADQ) Craving
(CAQ)

Sintomas de
abstinencia (CIWA-
Ar)

Consumo de alcohol
a las 12 semanas de
seguimiento

Los pacientes con DA
mostraron una menor magnitud
de la RS, basalmente y a las 12
semanas de seguimiento,
durante la visualizacion de las
imagenes relacionadas con el
alcohol

Una menor magnitud de la RS
durante la visualizacion de las
imagenes relacionadas con el
alcohol y las imagenes aversivas
predecian la recaida

ACAM= Acamprosato; ACQ= Alcohol Craving Questionnaire; CBT= Cognitive Behavioural Therapy;
CIWA-Ar= Clinical Institute Assessment for Alcohol Drinking; CPI-So= California Personality Inventory
Socialization Scale; DA= Dependencia de alcohol; EMG= Electromyogram; IDS= Inventory of Drinking
Situations; MARS= Modulacion afectiva de la RS; NAL= Naltrexone; OCDS= Obsessive Compulsive
Drinking Scale; PLA= Placebo; PPI= Psychopathic Personality Inventory; RS= Respuesta de sobresalto;
SADQ= Severity of Alcohol Dependence Questionnaire; SPSRQ= Sensitivity to Punishment and
Sensitivity to reward Questionnaire; TASP= Trastorno Antisocial de la Personalidad; TPQ-Ns=
Tridimensional Personality Questionnaire Novelty seeking scale.
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e Estudios relacionados con el efecto del alcohol sobre el sobresalto potenciado

por estimulos aversivos

El paradigma de la modulacion afectiva de la RS también ha sido empleado para evaluar
el efecto que tiene el alcohol sobre la disminucion de la respuesta al estrés, mecanismo
que se ha postulado implicado en el desarrollo de la dependencia de alcohol. De acuerdo
a esta idea la intoxicacion etilica reduciria la respuesta emocional a los estimulos
aversivos mediante la supresion de la reactividad autondémica que se produce en
respuesta a un estrés, lo que podria contribuir a potenciar los efectos reforzantes del
alcohol, particularmente cuando el individuo bebe en contextos potencialmente
estresantes (Sher y Levenson, 1982). Ademas de esta teoria, se ha desarrollado una
alternativa, que aduce que la intoxicacion etilica reduciria la capacidad atencional del
individuo, distribuyendo aquellos mecanismos atencionales restantes en base a la
“saliencia” del estimulo que compite por captar la atencion del individuo que se
encuentra bajo los efectos del alcohol. De esta manera, cuando se consume alcohol bajo
circunstancias estresantes, pero en presencia de estimulos “distractores” y
presumiblemente benignos, la limitada capacidad atencional que presenta el individuo
intoxicado acarrearia una desviacion de la atencion desde el estimulo estresor hacia el
estimulo distractor, reduciéndose de esta manera la respuesta al estrés. Por el contrario,
si el alcohol es consumido en ausencia de estimulos competitivos, estd disminucion de
la respuesta al estrés no se observaria, e incluso podria verse aumentada, dado que el
foco de la atencion permaneceria centrado en el estimulo estresante (Steele y Josephs,
1990; Joseph y Steele, 1990). Dado que el paradigma de la modulacion afectiva de la
RS constituye una valiosa herramienta para evaluar la respuesta emocional a un
estimulo, numerosos autores se han centrado en el estudio del papel que desempefiaria

el alcohol en la regulacion del sobresalto potenciado por estimulos aversivos.
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A partir de estos estudios, a dia de hoy ha quedado establecido que el consumo de
alcohol produce una atenuacion del sobresalto potenciado por estimulos aversivos, lo
que se traduce en que el consumo de alcohol se asocia a una reduccion de la respuesta al
estrés, si bien esta atenuacion solo seria evidente cuando el consumo de alcohol se hace
en presencia de estimulos “distractores” (Stritzke et al., 1995; Curtin et al., 1998, 2001),
y cuando el estrés implica una amenaza impredecible, estando esta imprevisibilidad
relacionada con distintos aspectos: la probabilidad de que se cumpla la amenaza
(Moberg y Curtin et al., 2009), y la inminencia (Hefner et al., 2009; Hefner and Curtin,
2012), la precision temporal (Hachiya et al., 2010; Hefner et al., 2013), la intensidad
(Moberg et al., 2011; Bradford et al., 2013),, y el curso temporal (fasica vs sostenida)
(Moberg and Curtin, 2009) de la misma. Esta atenuacién es mas acusada a dosis mas
elevadas de alcohol (Donohue et al., 2007; Moberg et al., 2011), y estd modulada por
una serie de variables individuales tales como el tener un consumo perjudicial de
alcohol o un patrén de consumo en forma de atracones de alcohol (Moberg et al., 2011;
Hefner y Curtin, 2012; Hefner et al., 2013), el tener niveles altos de emocionalidad
negativa (Hefner and Curtin, 2012; Hefner et al., 2013), hallarse en las fases iniciales de
la abstinencia una vez que se ha desarrollado una dependencia de alcohol (Moberg et
al., 2012), y tener un trastorno de ansiedad comodrbido (Gorka et al., 2013). La
atenuacion del sobresalto potenciado por estimulos aversivos bajo los efectos del
alcohol podria constituir un factor de riesgo para el desarrollo de una dependencia de
alcohol y desempefiar un papel importante en las recaidas en el consumo, entre aquellos
individuos que presentan una hiperreactividad cuando estdn expuestos a situaciones
altamente estresantes, lo que les llevaria a consumir alcohol con el objetivo de aliviar

esta hiperreactividad.
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Tabla 2. Estudios relacionados con el efecto del alcohol sobre el sobresalto potenciado

por el miedo

etal. (2004)
N=60

(n=30) vs participantes sin
una historia parental de
alcoholismo (n=30)

SPEA (shocks)

Dos sesiones, una con
exposicion al alcohol (0.6
g/kg) y la otra con PLA

sin exposicion al
alcohol

Autores; N° Metodologia Variables a estudio Resultados
pacientes
Stritkze et al Bebedores sociales (n=36) | La RS durante la La exposicion al alcohol
(1995) MARS sin imagenes visualizacion de produjo una supresion
N=36 relacionadas con el alcohol | imagenes aversivas, significativa de la RS, pero no
Exposicion al alcohol neutras y tuvo efecto sobre la MARS
(0.75 ml/kg) en la mitad de | placenteras, con o sin | apareciendo una atenuacion de
la muestra exposicion al alcohol | la RS durante la visualizacion
Valencia emociona de las imagenes placenteras y
Conductancia cutanea | un incremento de la RS
durante la visualizacion de
imagenes aversivas en los
grupos con y sin exposicion
al alcohol
Curtin et al Bebedores sociales (n=48) | RS + SPEA con o El alcohol atenuo la RS a
(1995) SPM (shocks) + imagenes | sin exposicion al nivel global
N=48 placenteras en la mitad de | alcohol El SPEA no difiri6 entre los
las series dos grupos cuando se
Exposicion al alcohol presentaron los shocks
(CAS=0.075 g/100 ml) en aislados
la mitad de la muestra Solamente la combinacion de
la exposicion al alcohol y la
visualizacion de imagenes
placenteras en las series en las
que se administraba el shock
atenuaban el SPEA
Curtin et al. Bebedores sociales (n=48) | RS+ SPEA con o El SPEA no difiri6 entre los
(1998) SPEA (shocks) + tarea de sin exposicion al dos grupos cando se
N=48 atencion dividida alcohol presentaron los shocks
Exposicion al alcohol aislados
(CAS=0.08 g/100 ml) en Solamente la combinacion de
la mitad de la muestra la exposicion al alcohol y la
tarea de atencion dividida en
las series en las que se
administraba el shock
atenuaban el SPEA
Zimmermann | Hijos de alcohdlicos RS + SPEA con o La amenaza de un shock

incremento de manera
significativa el SPM en ambos
grupos

El SPEA fue
significativamente atenuado
solo cuando el alcohol se dio
en la segunda sesion , pero no
cuando se dio en la primera,
sin encontrarse diferencias
significativas entre ambos
grupos

Moberg et al.
(2009)
N=64

Bebedores sociales (n=64)
SPEA (shocks predecibles
vs impredecibles)
Exposicion al alcohol
(CAS=0.08 g/100 ml) en
la mitad de la muestra

RS + SPEA, durante
la exposicion al
shocks predecibles vs
impredecibles, con o
sin exposicion al
alcohol

El alcohol redujo
selectivamente el SPEA solo
durante la administracion de
shocks impredecibles, pero no
predecibles El efecto del
alcohol sobre el SPM estuvo
mediado por la vigilancia
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Donohue et al.

Bebedores sociales

La RS durante la

Se observe una atenuacion

(2009) (n=121) visualizacion de normal de la RS durante la
N=121 MARS sin iméagenes imagenes aversivas, exposicion a las imagenes
relacionadas con el neutras o placenteras, | placenteras, manteniéndose
alcohol, con o sin con o sin exposicion | intacta a través de todas las
exposicion al alcohol al alcohol dosis de alcohol.
Exposicion a diferentes La potenciacion de la RS
dosis de alcohol (CAS= durante la visualizacion de
0.04, 0.075 and 0.1 g/100 imagenes aversivas solo fue
ml) o a bebidas no evidente durante la exposicion
alcohdlicas del grupo no expuesto al
alcohol y en el grupo de que
fue expuesto a una dosis baja
de alcohol, en comparacioén
con las dosis intermedias y
altas, en los que estaba
significativamente reducido
Moberg et al Bebedores sociales (n=96) | RS + SPEA durante Los shocks de alta intensidad
(2011) SPEA (shocks de shocks de distintas incrementaban el SPEA en
N=96 intensidad baja, moderada | intensidades, con o comparacion con los shocks

o alta)

Exposicion a diferentes
dosis de alcohol (CAS=
0.04,0.07 and 0.1%l) 0 a
una bebida no alcohdlica

sin exposicion a
diferentes dosis de
alcohol
Emocionalidad
positiva y negativa
(MPQ)

Problemas
relacionados con el
alcohol (YAAPST)

de intensidad moderada o baja
El SPEA disminuy¢ en la
medida en que se
incrementaba la CAS

La intensidad del shock
modulaba la CAS, de manera
que los mayores efectos de la
CAS se vieron durante la
administracion de los shocks
de mayor intensidad

Se observo que habia un
efecto reducido de la CAS
sobre el SPEA entre los
sujetos con un consumo mas
problematico de alcohol

Hefner et al
(2009)
(2012)
N=120

Bebedores sociales
(n=120)

SPEA (20, 60 and 100%
de probabilidad de
administrar el shock)
Exposicion al alcohol
(CAS=0.08%) o a una
bebida no alcohdlica

RS + SPEA durante
la presentacion de
shocks con distinto %
de probabilidad, con
0 sin exposicion al
alcohol
Emocionalidad
positiva y negativa
(MPQ)

Problemas
relacionados con el
alcohol (YAAPST)

La atenuacion del SPEA por el
alcohol fue significativamente
mayor durante la presentacion
de shocks con una
probabilidad del 20% y el
60%, en comparacion con la
presentacion de shocks con un
100% de probabilidad

La atenuacion del SPEA por el
alcohol estuvo mediada por la
emocionalidad negativa y el
consume mas problematico de
alcohol

Hefner et al

Bebedores sociales (n=72)

RS + SPEA durante

El alcohol produjo una

(2013) SPEA (shocks ciertos en la presentacion de significativa reduccion del
Hachiya etal. | cuanto a la duraciéon de 5s | shocks con distinto SPEA durante la presentacion
(2010) de duracion vs shocks grado de certeza en de shocks de duracion incierta
N=72 incierto en cuanto a la cuanto a su La atenuacion del SPEA por el
duracién de 5, 20, 50, 0 80 | intensidad, con o sin alcohol estuvo mediada por la
s) exposicion al alcohol | emocionalidad negativa y el
Exposicion al alcohol consume mas problematico de
(CAS=0.08%) 0 a una alcohol
bebida no alcohélica
Bradford et al | Bebedores sociales (n=89) | RS + SPEA durante Las CAS mas altas se
(2013) SPEA (shocks ciertos o la presentacion de asociaban con mayores
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N=89 inciertos en cuanto a la shocks con distinto descensos del SPEA
intensidad del mismo) grado de certeza en La atenuacion del SPEA por el
Exposicion a un amplio cuanto ala alcohol fue mayor cuando la
rango de dosis de alcohol intensidad del mismo | intensidad del shock era de
(CAS=0-.00-0.12%) naturaleza incierta,
independientemente de la
intensidad del shock empleado
Gorka et Sujetos con TA y DA RS y SPEA durante Los sujetos con un TA y DA
al.(2013) (n=19), vs TA (n=39) vs la presentacion de presentaron un mayor SPEA
N=87 controles (n=29) shocks predecibles vs | durante la presentacion de

SPEA (shocks predecibles
vs impredecibles)

impredecibles
Puntuacion en
emocionalidad

shocks impredecibles, en
comparacion con los sujetos
con TA y controles sanos

CAS= Concentracion de alcohol en sangre; DA= Dependencia de alcohol, MPQ-brief Form= Brief
Multidimensional Personality Questionnaire; PD= Panic Disorder, PLA= Placebo; RS= Respuesta de
sobresalto; SPEA= Sobresalto potenciado por estimulos aversivos; YAAPST= Young Adult Alcohol
Problems Screening Test
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3.2.2. Estudios de la respuesta de sobresalto basal v la inhibicién prepulso

e Estudios en los que se evalua la modificacion de la RS vy la IPP en presencia de

una dosis de alcohol

Diversos estudios se han centrado en ver cdmo la administracion de una dosis de
alcohol afecta a la RS y la IPP, tanto en individuos sanos (Grillon et al., 1994;
Hutchison et al., 1997), como en individuos con un consumo perjudicial de alcohol
(Hutchison et al., 2003).En lineas generales estos estudios han encontrado una supresion
o disminucion de la RS tras la administracion de alcohol, tanto en individuos sanos
(Grillon et al., 1994; Hutchison et al., 1997), como en sujetos con un consumo
perjudicial de alcohol (Hutchison et al., 2003), solo o en combinacién con nicotina
(Braun et al., 2012). Esto apuntaria a que el consumo de alcohol presenta efectos
neurotoxicos a nivel del SNC, especialmente en los aspectos relacionados con el
filtrado sensoriomotor, si bien algunos autores defienden que la atenuacion de la RS
asociado al consumo, podria ser indice del afecto ansiolitico del alcohol (Braun et al.,
2012). Ademas, en los sujetos con consumo perjudicial de alcohol, se ha visto que
existe una asociacion entre la magnitud de la RS tras el consumo de alcohol y la
frecuencia del consumo de alcohol, siendo aquellos individuos que bebian alcohol con
mas frecuencia los que presentaba una mayor magnitud de la RS (Hutchinson et al.,
2003). En relacion con la IPP, los resultados han sido dispares, con autores que no
observaron cambios significativos en el porcentaje y probabilidad de la IPP bajo los
efectos del alcohol en sujetos sanos (Grillon et al., 1994), y otros que hallaron una
atenuacion de la IPP en aquellos individuos que tenian una IPP basal atenuada, y un
incremento de la IPP en aquellos individuos que tenian una IPP basal aumentada
(Hutchison et al., 1997). En los sujetos con un consumo perjudicial de alcohol se ha

descrito una reduccion de la IPP, sin que exista una asociacion de la IPP y la frecuencia
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del consumo (Hutchison et al., 2003). Por ultimo, se ha descrito que el hecho de atender
activamente a los pulsos aislados se asociaba con un incremento de la magnitud de la
RS, y atender activamente a los prepulsos se asociaba a un incremento en el porcentaje

de la IPP. (Hutchison et al., 2003).

e Estudios sobre las modificaciones de la RS v la IPP durante el SAA

Se han realizado diversos estudios en los que se han investigado las modificaciones de
la RS y la IPP durante el SAA. Se puede concluir a partir de estos estudios que, tanto al
SAA agudo (Keedwell et al., 2001), como el demorado (Krystal et al., 1997;
Schellekens et al., 2012), se han asociado con modificaciones de la RS y la IPP. La
mayoria de loes estudios coinciden en sefalar que el SAA en individuos con
dependencia de alcohol se asociaria a un incremento de la RS (Krystal et al., 1997;
Schellekens et al., 2012), lo que reflejaria un estado de hiperexcitabilidad del SNC
durante el SAA. Este incremento de la magnitud de la RS durante el SAA podria estar
modulado por el nimero de desintoxicaciones previas (Krystal et al., 1997) o la edad de
inicio de la dependencia de alcohol (Krystal et al., 1997; Schellekens et al., 2012). En
relacion a la IPP, se han descrito menores porcentajes de la IPP durante el SAA agudo
(Keedwell et al., 2001), que serian mas acentuados durante el primer y el tercer dia de
abstinencia, y entre aquellos individuos con antecedentes de delirium tremens
(Keedwell et al., 2001). Sin embargo, no se han podido demostrar alteraciones de la

IPP durante el SSA demorado (Schellekens et al., 2012).
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e Estudios relacionaos con la respuesta de sobresalto vy la inhibicién prepulso

como marcadores de vulnerabilidad para el desarrollo de alcoholismo

Los estudios en este campo han sido realizados con nifios y adolescentes (Grillon et al.,
1997), adultos jovenes (Grillon et al., 2000), y adultos (Zimmermann et al., 2004), con
antecedentes parentales de alcoholismo. A partir de ellos se ha visto que los individuos
con antecedentes parentales de alcoholismo presentarian déficits en la IPP (Grillon et
al., 1997, 2000), alteraciones en la habituacion de la RS (Grillon et al., 1997), RS
basales menores (Zimmermann et al., 2004) y un menor grado de reduccion de la
magnitud de la RS tras la exposicion al alcohol (Grillon et al., 2000), lo que apoyaria la
hipotesis de que los hijos de alcohdlicos tendrian una mayor tolerancia a los efectos de
alcohol. Otros estudios no han encontrado que la IPP se asociara con una historia
personal o familiar de alcoholismo (Ehlers et al., 2011) y que el alcohol produjera una
menor atenuacion de la RS tras la exposicion al alcohol (Zimmermann et al., 2004). En
su conjunto, estos estudios apoyarian la idea de que tanto la RS como la IPP podrian
constituir marcadores de vulnerabilidad para el desarrollo de alcoholismo (Grillon et al.,

1997, 2000; Zimmermann et al., 2004).
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Tabla 3. Estudios de la RS basal y la IPP en distintos aspectos relacionados con el

consumo de alcohol

Autores; N°
Pacientes

Metodologia

Variables a estudio

Resultados

ESTUDIOS EN

LOS QUE SE EVALUA EL EFECTO DEL ALCOHOL SOBRE LA RS Y LA IPP

Grillon et al.
(1994)
N=12

Sujetos sanos (n=12)

Test de la RS y la IPP
Exposicion al alcohol (0.085
g/kg) o a una bebida no
alcoholica en un intervalo de
tiempo de una semana

RS + IPP después
de la exposicion al
alcohol 0 a una
bebida no
alcohodlica

La administracion aguda de
alcohol se asoci6 a una
disminucion de la amplitud y
probabilidad de la RS, pero no
altero la IPP

Hutchison et
al.

Sujetos sanos (n=18)
Test de la RS y la IPP

RS + IPP después
de la exposicion al

El alcohol produjo una
supresion significativa de la

(1997) Exposicion al alcohol (0.025 | alcohol o a una magnitud de la RS.

N=18 g/kg) o a una bebida no bebida no El alcohol produjo una
alcohdlica en un intervalo de | alcoholica atenuacion de la RS en los
tiempo de una semana sujetos con una baja IPP basal,

y un incremento de la IPP en
los sujetos con una alta [PP
basal

Hutchison et Sujetos con consumo RS + IPP El alcohol disminuy6 de

Test de la RS bajo 4
condiciones:
Alcohol/Cigarros bajos en
nicotina (n=38) vs
PLA/Cigarros con
concentraciones altas de
nicotina (n=41) vs Alcohol/
Cigarros con
concentraciones altas de
nicotina (n=33) vs
PLA/Cigarros bajos en
nicotina (n=25)

Test de la RS

alcohol o nicotina
Ansiedad (STAI)
Expectativas
relacionadas con el
consumo de tabaco
(SCQ)

Expectativas
relacionas con el
consumo de alcohol
(ACEQ)

al. (2003) perjudicial de alcohol atendiendo o manera robusta la RS
N=74 (n=74) ignorando el El alcohol produjo una
Test de la RS y la IPP estimulo de disminucioén de la IPP, tanto
Los sujetos eran instruidos sobresalto, y en las series en las que se
para prestar atencion o después de la atendia como en las series en
ignorar cada estimulo de exposicion a una las que se ignoraba el estimulo
sobresalto bebida alcohdlica o | de sobresalto
Exposicion al alcohol (0.06 | no alcohdlica Prestar atencion al estimulo de
g/kg) o a una bebida no sobresalto se asocio a
alcohélica en un intervalo de incrementos en la IPP y la RS
tiempo de una semana No se encontraron
interacciones significativas
entre la atencion y el alcohol
Se observo una interaccion
significativa entre la magnitud
de la RS y la frecuencia de
consumo de alcohol
Braun et al. Bebedores sociales + La RS valorando El consumo de alcohol se
(2012) dependientes de nicotina los efectos aislados | asocid con una significativa
N=147 (n=147) o combinados de reduccion de la RS, sola o en

combinacidn con nicotina

ESTUDIOS EN

LOS QUE SE EVALUA LA RS Y LA IPP DURANTE EL SAA

Krystal et al.
(1997)

Pacientes con DA (n=23) vs
controles sanos (n=12)

La RS durante los
estadios iniciales de

Los varones con DA
recientemente desintoxicados
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N=35

Test de la RS durante el
SAA (12-26 dias)

Efecto de la YOH, mCPP o
PLA

la abstinencia (12-
26 dias)

NO
desintoxicaciones
previas

con un inicio temprano de la
DA presentaban incrementos
de la magnitud de la RS
durante el SAA subagudo

E1 N° previos de
desintoxicaciones modulo la
magnitud de la RS

Keedwell et
al. (2001)
N=8

Pacientes con DA (n=8)
Test de la IPP durante el
SAA (1, 3 and 7 dias
después del cese del
consume de alcohol)

La IPP durante el el
SAA (1,3 y 7 dias
después del cese del
consume de
alcohol)

Sintomas de
abstinencia (CIWA-
Ar)

El SAA se asoci6 con una
marcada reduccion del % de
IPP, especialmente durante los
dias 1 y 3, tendiendo a
normalizarse a partir del dia 7
Los individuos con
antecedentes de delirium
tremens presentaron mayor
afectacion de la IPP

Schellekens et
al. (2012)
N=169

Pacientes desintoxicados
con DA (n=83) vs controles
sanos (n=86)

DAIP (n=61) vs DAIT
(n=22)

Test de la RS y la IPP
durante la abstinencia
demorada (1 mes
abstinencia)

RS + IPP después
de un mes de
abstinencia
controlada

Edad de inicio de la
DA

NO
desintoxicaciones
previo

No se encontrd una asociacion
significativa entre la magnitud
de la RS y el N° previos de
desintoxicaciones

Los pacientes con DAIT
presentaban mayores
magnitudes de la RS en
comparacion con los pacientes
con una DAIT y los controles
sanos

ESTUDIOS EN

VULNERABILIDAD PARA EL DESARROLLO DE ALCOHOLISM

LOS QUE SE EVALUAN LA RS Y LA IPP COMO MARCADORES DE

(0)

Grillon et al.
(1997)
N=66

Descendientes (10-17afios)
de padres con ansiedad
(n=20) vs alcoholismo
(n=20) vs ansiedad y
alcoholismo (n=5) vs sin
patologias psiquiatricas
(n=21)

Test de la RS y la IPP

RS, IPP y HRS

La RS estaba aumentada en
los nifios con antecedentes
parentales de ansiedad

La IPP y la HRS estaban
alteradas en los nifos con
antecedentes parentales de
alcoholismo

Grillon et al.

Adultos jovenes no

RS e IPP, con o sin

La magnitud de la RS se

(2000) alcohdlicos (21-31 afios), exposicion al redujo por el alcohol en todos
N=51 descendientes de padres con | alcohol los grupos, siendo menor el
ansiedad (n=13) vs grado de reduccion entre los
alcoholismo (n=9) vs adultos jovenes con
ansiedad y alcoholismo antecedentes parentales de
(n=16) vs sin patologias alcoholismo
psiquiatricas (n=13) Se observaron reducciones de
Test de la RS y la IPP la IPP entre los adultos
2 sesiones en los que los jovenes con antecedentes
sujetos eran expuestos al parentales de alcoholismo en
alcohol (0.85 g(kg) y PLA comparacion con el grupo de
en dos dias separados sujetos sin antecedentes
parentales de patologia
psiquiatrica
Zimmermann | Hijos de alcohdlicos (n=30) | RS con o sin La RS basal era menor entre

etal. (2004)

vs sujetos sin antecedentes

exposicion al

los individuos con DA en

N=60 alcoholismo (n=30) alcohol comparacion con los sujetos
Test de la RS sin antecedentes parentales de
2 sesiones, una con alcoholismo
exposicion al alcohol (0.6 El alcohol redujo la magnitud
g/kg), la otra a PLA de la RS al mismo nivel en
ambos grupos
Ehlers et al. Adultos jovenes (18-30 PE La disminucién de laRS y la
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(2011) anos), varones (n=135) vs RS + IPP IP no se asociaban a la historia
N=340 mujeres (n=205) Diagndstico personal o familiar de

PE + Testde la RS y la IPP | psiquiatrico alcoholismo

(SSAGA)

Historia personal de
TUS o DA

Historia familiar de
DA (FHAM)
AOEQ= Alcohol Outcome Expectancies Questionnaires; CIWA-Ar= Clinical Institute Assessment for
Alcohol Drinking; DA= Dependencia de alcohol; DAIP= Dependencia de alcohol de inicio precoz;
DAIT= Dependencia de alcohol de inicio rardio; FHAM= Family History Assessment Module;HRS=
Habituaciéon de la RS; IPP= Inhibicién prepulso; mCPP= m-clorofenilpiperacina; PLA= Placebo; RS=
Respuesta de sobresalto; SAA= Sindrome de abstinencia alcohdlica; SCQ= Smoking Consequences
Questionnaire- Adult; SSAGA= Semi-structured Assessment for the Genetics of Alcoholism; STAI=
State-Trait Anxiety Inventory; TUS= Trastorno por uso de sustancias; YOH= Yohimbina.

Como resumen, podemos concluir que los estudios de la RS y la IPP, tanto en animales
como en humanos, se han realizado fundamentalmente con dos objetivos en mente: 1)
valorar si la exposicion al alcohol podria tener efectos neurotdxicos a nivel del SNC, en
distintas etapas de la vida, ya sea como consecuencia de los efectos directos del alcohol,
ya sea a través del SAA; y 2) explorar si las alteraciones de la RS y la IPP podrian

constituir un marcador de vulnerabilidad para el desarrollo de alcoholismo.
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ANTECEDENTES, OBJETIVOS E HIPOTESIS

Como se ha senalado en el apartado anterior, la investigacion en el campo de los TUA
ha sido muy extensa, probablemente debido al peso que tiene en nuestra sociedad, tanto
en lo que respecta a sus altas tasas de prevalencia (EDADES, 2013-2014), como en lo
referente a los altisimos costes que los propios TUA, y sus complicaciones, acarrean
(Rehm et al., 2012). En la actualidad, se tiende a conceptualizar la etiologia de los TUA
como multifactorial, existiendo una compleja interaccion entre distintos factores
ambientales/sociales, psicologicos y bioldgicos. Dentro de estos ultimos, en las Gltimas
décadas, se han estudiado multiples marcadores de vulnerabilidad y se han investigado
diversos endofenotipos, que podrian situar al individuo en una situacion de riesgo para
el desarrollo de alcoholismo (Ehlers y Schuckit, 1991; Hill et al., 1995; Uhart y Wand,
2008; Blum et al., 2011; Schuckit et al., 2012). Desde los afios 70, otra de las pruebas
neurofisiologicas que se han explorado como candidatas a constituir un marcador de
vulnerabilidad en el desarrollo de los TUA es el de la RS. La RS es una respuesta de
caracter defensivo, que consiste en una contraccion muscular rapida, involuntaria y
refleja, que aparece como consecuencia de la exposicion a un estimulo repentino e
intenso (Landis y Hunt, 1939). Aunque puede ser producido por estimulos de distintas
modalidades sensoriales, en humanos, lo mds comun es que se estudie la RSA, que se
registra a través del EMG del musculo orbicular (Koch, 1999). La RS tiene una enorme
plasticidad, siendo una de estas formas de plasticidad la IPP, que se refiere a la
atenuacion o supresion de la RS cuando se presenta un estimulo de baja intensidad
(prepulso) antes del estimulo de sobresalto (pulso) (Braff et al., 1992). Mientras que la
RS ha sido empleada como una herramienta que ha permitido evaluar la reactividad a

estimulos externos (Krystal et al., 1997), la IPP se ha utilizado como una medida
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operacional de los mecanismos de filtrado sensoriomotor, que parece tener un papel
importante en los procesos atencionales (Braff et al., 1992). Aunque en otras patologias
psiquiatricas, principalmente la esquizofrenia, la RS y la IPP han sido ampliamente
estudiadas, y ha quedado constatado la existencia de deficiencias de las mismas (Waike
et al., 2000), esto no sucede asi en el campo de las adicciones y, mas concretamente en
el alcoholismo. La mayor parte de los estudios en el campo de los TUA proceden de los
modelos de experimentacion animal, donde si bien los resultados son inconclusos, en
lineas generales se tiende a sugerir la existencia de alteraciones de la RS y la IPP en
varios aspectos relacionados con el consumo de alcohol (intoxicaciéon y SAA), y en los
animales con una predisposicién genética hacia una preferencia innata por el alcohol
(Pohorecky et al., 1976; Jones et al., 2000; Chester et al., 2003). Sin embargo, en
poblacion clinica, los estudios son mucho mas escasos, habiéndose centrado la mayoria
en la modulacion afectiva de la RS a través de la presentacion de estimulos relacionados
con el alcohol (Mucha et al., 2000; Rubio et al., 2013; Jurado-Barba et al., 2015) y la
atenuacion del sobresalto potenciado por estimulos aversivos en el contexto del
consumo de alcohol (Stritzke et al, 1995; Curtin et al., 1998). Muy pocos estudios se
han publicado hasta la fecha en los que se evaltue la RS basal y la IPP en relacion con
distintos aspectos del consumo de alcohol (Grillon et al., 1994, 1997, 2000; Hutchison
et al., 1997, 2003; Krystal et al., 1997; Keedwell et al., 2001; Schellekens et al., 2012) y
solo dos se han realizado sobre una muestra de individuos con dependencia de alcohol,
que se mantenian abstinentes en el consumo de alcohol en el momento de ser evaluados

(Krystal et al., 1997; Schellekens et al., 2012).
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Por dicho motivo, marcamos como objetivos:

4) Evaluar la RS y la IPP en una muestra de pacientes abstinentes con dependencia
de alcohol y compararlos con un grupo de controles sanos

5) Explorar si las alteraciones de la RS y la IPP podrian relacionarse con un
marcador de vulnerabilidad para el desarrollo de alcoholismo bien establecido,
como es la impulsividad.

6) Estudiar las modificaciones de la IPP desde el inicio del SAA hasta la
finalizacion del proceso de desintoxicacion, en una muestra de individuos con
dependencia de alcohol que estaban consumiendo activamente alcohol, hasta 24

horas antes de la evaluacion, y compararlo con un grupo de controles sanos.

Las hipotesis de trabajo planteadas se exponen a continuacion:

- Estudio 1: Los pacientes con dependencia de alcohol presentaran una menor
magnitud de la RS, una menor IPP y una menor habituacion, en comparacion
con los controles después de mantenerse abstinentes durante un minimo de un
mes.

- Estudio 2: En los pacientes con dependencia de alcohol, la magnitud de la RS se
correlacionard, o bien positivamente, o bien negativamente, con las medidas de
impulsividad. La IPP se correlacionard negativamente con las medidas de
impulsividad, de manera que los pacientes con dependencia de alcohol con la
IPP mas alterada seran los que presentaran niveles mas altos de impulsividad.
Y, la habituacion de la RS se correlacionara de manera positiva con las medidas
de impulsividad, de manera que los pacientes que habitian mas rapido son los

que presentan mas impulsividad.
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- Estudio 3: Los pacientes con dependencia de alcohol presentardn un menor
porcentaje de IPP durante las 24 primeras horas del SAA en comparacion con el
grupo control. A los 14 dias, después de que el proceso de desintoxicacion se
haya completado, los pacientes con dependencia de alcohol experimentaran un
incremento del porcentaje de IPP, aunque éste seguiria siendo menor en

comparacion con el grupo control.
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ESTUDIO 1

Impairments of prepulse inhibition of the startle response in abstinent alcoholic

male patients.

En este estudio se evalud con el testo del sobresalto y la [PP a una muestra de 60
pacientes con dependencia de alcohol, que se mantenian abstinentes en el consumo

durante un minimo de un mes, siendo comparados con un grupo de controles sanos.
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Abstract — Aims: Prepulse inhibition (PPI) of the startle reflex, which refers to the ability of innocuous sensory events to reduce
the startle reflex, has been described as an operational measure of sensorimotor gating that is reduced in several neuropsychiatric
disorders, such as schizophrenia, but experience is lacking in addictions and alcoholism. The aim of this study was to examine the
existence of impairments in the startle response and PPI in abstinent alcoholic men. Methods: Testing for PPI was conducted on
60 abstinent alcoholic men aged 18-65 years (mean 46.37) who met DSM-IV criteria for alcohol dependence and had been
abstinent for more than a month at the time of testing. The comparison group were compared with 37 sex- age- and education-
matched controls without alcohol dependence. Results: Magnitudes of the startle reflex were lower in patients than in controls.
The differences were statistically significant (P < 0.05) in trials with prepulses presented 30 and 120 ms before the onset of the
startle stimulus. There was also a statistically significant (P < 0.05) reduced percentage of PPI when the prepulse was presented
30 ms before the startle stimulus. Conclusions: These data suggest that sensory information processing mechanisms could be
damaged in abstinent alcoholic patients. The fact that these findings are common to other psychiatric disorders could indicate the
existence of a common vulnerability marker and explain the high degree of comorbidity between alcoholism and other mental

illnesses.

INTRODUCTION

In recent years, the addictive processes associated with
alcohol dependence have been studied using different
approaches (Grillon et al., 2000). There is a growing interest
in neuropsychological and neurophysiological paradigms in
the field of addictions, and more specifically in alcoholism
(Grillon et al., 1997, 2000; Keedwell et al., 2001). In fact,
several vulnerability markers for the development of alcohol-
ism, such as reduced P300 amplitude (Begleiter et al., 1984;
Hill et al., 1995) and impairments of the startle reflex
(Grillon et al., 1997) have been already described.

Modulation of the startle reflex, which essentially mea-
sures the amplitude of the eye-blink, is a well-replicated
phenomenon that has received considerable experimental
scrutiny (Donohue et al., 2007). Startle reflex is a defen-
sive response to a sudden burst of white noise. It can also
be elicited by tactile and visual intense stimuli. The acous-
tic startle response (ASR) is mediated by a relatively
simple neuronal circuit located in the low brainstem (Koch,
1999). It is easily measured in humans by recording its
most consistent and persistent component, the amplitude of
the eye blink (Landis and Hunt, 1939). The ASR has been
used as a measure of behavioural reactivity to external
stimuli (Morgan et al., 1993). It shows different forms of
plasticity including prepulse inhibition (PPI) and habitu-
ation. The PPI of the startle reflex refers to the ability of
innocuous sensory events presented at an appropriate time
(<250 ms) before a startle-eliciting stimulus to inhibit or
reduce the startle reflex (Braff et al., 1992). It has been
described as an operational measure of sensorimotor gating
that is reduced in several neuropsychiatric disorders such
as schizophrenia (Swerdlow et al., 2006) and depression or
anxiety disorders (Grillon et al., 1997; Mneime et al.,
2008), but studies are lacking in the area of addictions and
alcoholism.

The majority of studies in which PPI has been assessed in
the field of alcoholism are experimental animal models and
can be grouped into three categories. The first category is
prenatal (Potter and Berntson, 1987) and early postnatal
(Woolfey et al., 2005) alcohol exposure, in which it has been
seen that alcohol administration does not affect PPI in rats.
The second category is acute or chronic exposure to alcohol,
in which different studies have evaluated the magnitude of
the startle reflex and PPI as measures of alcohol withdrawal
following acute (Wecker and Ison, 1984) and chronic
(Pohorecky et al., 1976; Gilliam and Collins, 1986;
Pahorecky and Roberts, 1991; Rassnick et al., 1992; Macey
et al., 1996; Vandergrift et al., 2000; Slawecki and Ehlers,
2005; Slawecki et al., 2006) alcohol treatment. Most of the
studies in this area have demonstrated that both acute
(Brunell and Spear, 2006; Pahorecky et al., 1976; Owens
et al., 2003) and chronic (Rassnick et al., 1992) exposure to
alcohol reduces the magnitude of the startle response. PPI
impairments due to chronic alcohol exposure have also been
observed in rats (Rassnick et al., 1992), although a recent
study did not confirm these results (Slawecki et al., 2006).
The third category includes studies with rodents selectively
bred for alcohol preference and non-preference. These have
shown an increase in the magnitude of the startle response
(Jones et al., 2000; Chester et al., 2003, 2004, 2005; Chester
and Barrenha, 2007) in alcohol-preferring rodents compared
with non-preferring lines. The results for PPI, however, were
inconclusive. The study by Jones er al. (2000) showed that
alcohol-preferring rats exhibited a significant disruption in
PPI levels after a low dose of alcohol, but other studies have
found no significant differences between alcohol preferring
and non-preferring animals in this respect (Sandbak er al.,
1999; Chester and Barrenha, 2007).

Although the majority of studies in humans have been per-
formed using other startle methodologies such as the affect-
ive modulation of the startle response, we focus on studies
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involving the PPI paradigm of the startle reflex. Studies
assessing startle response and PPI in humans can be grouped
in several categories. The first category includes studies that
assess how alcohol affects baseline startle and PPI in healthy
subjects. These studies demonstrated a global suppression of
the startle response (Grillon et al., 1994; Hutchison et al.,
1997). However, regarding PPI, results are inconclusive, with
one study showing no significant changes in PPI after
alcohol intake in healthy subjects (Grillon et al., 1994), and
the other concluding that exposure to a low dose of alcohol
reduces PPI levels in patients with low baseline PPI and
increases PPI levels in patients with high baseline PPI
(Hutchison et al., 1997). In a recent study, Hutchinson et al.
have demonstrated that alcohol decreases both the magnitude
of the startle response and PPI in a sample of heavy drinkers.
Moreover, they found that actively attending to a prepulse
stimulus increases PPI and that actively attending to a startle
stimulus increases startle magnitude in this sample, without
a significant interaction between alcohol and attention
(Hutchison et al., 2003). The second category includes
studies that investigate modifications of the startle response
and PPI during alcohol withdrawal.

In a study of the modulation of yohimbine and
m-chlorophenylpiperazine in recently detoxified alcohol-
dependent individuals (Krystal et al., 1997), a relationship
between startle amplitude and the number of previous detoxi-
fications was observed. Furthermore, studies of patients
experiencing the alcohol withdrawal syndrome have detected
an increase in the startle response (Howard and Ford, 1992)
and significantly decreased PPI (Keedwell er al., 2001). In
the study by Keedwell et al., PPI levels reached their lowest
point on the first and third day of abstinence and increased
progressively after the first week. These changes were most
apparent in patients with a history of delirium tremens.

The last category includes studies of startle response and
PPI as vulnerability markers for the development of alcohol-
ism and focus on the offspring of alcoholics. In an initial
study, Grillon et al. (1997) demonstrated impaired PPI and
habituation in children with a family history of alcoholism.
In a later study of the effect of alcohol drinking on the startle
reflex in non-abusing young male offspring of alcoholics,
Grillon et al. (2000) found that the startle magnitude was
reduced to a lesser degree in the offspring of alcoholics and
that PPI was reduced in the offspring of alcohol-dependent
individuals compared with a control group of offspring with
no parental history of psychiatric disorders. These findings
suggest that the startle reactivity and PPI impairments could
constitute a vulnerability marker for alcoholism (Grillon
et al., 1997,2000).

While a wide variety of studies have assessed the startle
response and PPI in alcoholism, to our knowledge no studies
have yet examined whether abstinent alcoholic patients
exhibit impairments in PPI compared with healthy controls.
Because it has been hypothesized that such impairments may
serve as endophenotypes in other psychiatric disorders such
as schizophrenia, we believed it would be interesting to
assess whether these deficits were present in alcohol-
dependent patients.

The aim of the present study was to verify whether abstin-
ent alcoholic patients exhibited a reduced startle response
and impairments in PPI compared with healthy controls. Our
hypotheses were the following: (1) alcohol-dependent

patients will exhibit a lower reactivity of the startle response
compare with controls; (2) percentage of the PPI will be
reduced among alcoholic patients compared with healthy
controls and (3) abstinent alcoholics will show a lower startle
habituation compared with controls.

METHODS

Patients

Patients were consecutively recruited from the Outpatient
Alcohol Programme of the teaching hospital ‘Hospital 12 de
Octubre’ in Madrid, Spain from January 2008 to September
2009. Altogether, 97 men aged between 26 and 65 years
(mean 45.44, SD 8.04), were included.

Inclusion criteria were the following: men, aged between
18 and 65 years, who had met DSM-IV criteria for alcohol
dependence (APA, 2000), and who were abstinent for
alcohol for at least one month. Females were not included
because gender differences in the performance of the startle
test could constitute a confounding variable. Indeed, it has
already been found that women exhibit less startle response
compared with men (Kofler ez al., 2001), they show less PPI
and there are also variations according to the menstrual cycle
(Aasen et al., 2005; Kumari et al., 2008).

Patients were excluded if they were under 18 or over 65
years of age, had a systemic or neurological disease which
could interfere with coping strategies, an associated neuro-
psychological deficit, an IQ of under 70, or met criteria for a
current major psychiatric disorder such as schizophrenia and
other psychotic disorders, affective disorders, obsessive com-
pulsive disorder and anxiety disorders, a hearing or visual
impairment which might interfere with the conduct of the ex-
periment, or a score of 15 on the Hospital Anxiety and
Depression (HAD) scale (Zigmond and Snaith, 1983) as this
indicates a greater likelihood of stress responses. Participants
were also excluded if they had consumed alcohol in the last
month. Due to the difficulties in recruiting patients with just
alcohol dependence, a history of substance use disorders and
occasional intake of cannabis were not considered an exclu-
sion criterion. However, patients with a chronic consumption
of cannabis or any current consumption of drugs such as
cocaine or heroin were excluded, as these drugs have been
associated with modifications of the startle response and PPI
(Scholes and Martin-Iverson, 2009; Corcoran et al., 2011;
Walter et al., 2011). Because most of our patients were
undergoing pharmacological treatment at the moment they
were tested, specifically with benzodiazepines, anticonvul-
sant agents, antidepressant, naltrexone or disulfiram, psycho-
pharmacological agents were not considered as an exclusion
criterion, with the exception of antipsychotics, as it has been
widely described that these agents influence startle responses
and PPI (Martinez-Gras et al., 2009; Kishi er al., 2010).

Four patients (4.12%) were excluded because they fulfilled
DSM-IV criteria for other psychiatric disorders, three patients
(3.09%) were excluded because of cocaine abuse or depend-
ence, five patients (5.15%) were excluded because they had
been abstinent for alcohol for <1 month, two patients
(2.06%) were excluded because they met DSM-IV criteria
for alcohol abuse but not alcohol dependence, and three
patients (3.09%) were excluded because they had a positive
breath alcohol test before the experiment. In addition, 22
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patients (22.68%) were excluded due to artefacts registered
during the psychophysiological recordings.

The final sample comprised 60 men fulfilling current
DSM-IV criteria for alcohol dependence (American
Psychiatric Association, 2000). All the patients had been ab-
stinent for alcohol for at least 1 month. The mean length of
education was 15.68 years (SD 2.62); 55% of the sample
were married and 10% were unemployed. The clinical and
demographic characteristics of the patients are summarized
in Table 1.

The final sample (n=60) was compared with a control
group (n=37) matched for sex, age and years of education.
The study was approved by the local ethics committee and
all the patients signed an informed consent form.

Controls

The patients were compared with 37 volunteer healthy male
controls (mean age 40.39, SD 8.38), mainly recruited from
among health-care professionals working at the hospital. The
exclusion criteria for the control group were a systemic,
neurological or psychiatric disorder, an IQ of under 70, a
hearing or visual impairment which could interfere with the
conduct of the test, meeting criteria for a major psychiatric
disorder such as schizophrenia and other psychotic disorders,
affective disorders, obsessive compulsive disorder and
anxiety disorders, a history of psychiatric disease in first-
degree relatives (because impairments have been found in
the startle response and PPI in subjects with a positive
family history of a psychiatric disease, even though they
have not developed the disorder themselves (Grillon et al.,
1997, 2000; Zimmermann et al., 2004), current use of psy-
chotropic medication, and a drug abuse/dependence disorder.
Twelve of the 49 controls initially assessed could not
complete the test because of artefacts registered during
physiological recordings.

Procedure

All the patients were screened with a portable audiometer
(AudioScope 3. Welch Allyn WA®) for hearing disabilities
which could interfere with the conduct of the experiment.
Questionnaires completed on initiation of the alcoholism
treatment programme at our unit were available for all the
patients. After the collection of demographic, social and clin-
ical variables, the patients completed the Structured Clinical
Interview for DSM-IV and the Patient Questionnaire (SCID
PQ) for the Structured Clinical Interview for DSM-IV

Personality Disorders (SCID-P and SCID-II; Firsts ef al.,
1995, 1997) with a psychiatrist. They were also administered
the HAD scale to detect severe anxiety and depressive states
which could interfere with the results of the study. To assess
1Q, the second and third scale of the Cattell Test were used
(Cattell and Cattell, 1994).

Subjects were tested with the ASR paradigm in a room
run by the Psychiatry Department of our hospital that is spe-
cially prepared for this test and is protected against interfer-
ence from external factors such as environmental noise or
non-neutral visual stimulation.

To prevent interference from nicotine consumption-
abstinence, smokers were told to smoke during the morning
on which the test was to be conducted (to prevent nicotine
withdrawal) but to smoke the last cigarette no later than one
hour before the test (to prevent acute effects of nicotine on
neuropsychological capacities) (Domier et al., 2007; Potter
and Newhouse, 2008). They were also instructed to abstain
from all food and liquids other than water for four hours
prior to the experimental session. A breath alcohol test was
used to verify alcohol abstinence and a urine drug test was
used to check for drug consumption.

Startle response measurement

The startle reflex was elicited and recorded with a commer-
cial computerized human startle response monitoring system
(CIBERTEC S.A). Acoustic startle stimuli (pulses and pre-
pulses) were presented binaurally through headphones. Four
types of startle stimuli were used: a pulse-alone stimulus of
100 dB white noise presented for 40 ms and three prepulse
30 ms stimuli of 30 dB white noise presented 30, 60, and
120 ms before the pulse. All the stimuli were presented
against a continuous background noise of 65 dB. The inter-
stimulus interval was 20 ms+2. Previous studies have
demonstrated that a 60 dB prepulse preceding a 95 dB pulse
reduces the startle response magnitude by 50% (Blumenthal
et al., 1996).

The eye-blink component of the startle response was mea-
sured by recording the electromyographic (EMG) activity of
the orbicularis oculi muscle directly beneath the right eye
using two miniature silver/silver chloride disk electrodes.
The ground electrode was placed on the forehead. Impedance
level was kept below 5 kohm. The startle system recorded
EMG activity for 250 ms from the onset of the startle stimu-
lus. EMG activity was band-pass filtered (low- and high-pass
filters of 5 kHz and 1 Hz, respectively), with a 50-Hz notch

Table 1. Demographic and clinical variables of patients and controls

Patients (n =60)

Controls (n=37)

Variables Mean SD Mean SD t (97) P-value
Age (years) 46.37 8.44 40.39 8.38 -3.28 0.01
Age of alcohol use initiation (years) 13.90 3.67 18.89 2.81 7.09 <0.001
Age at which dependence criteria were met 31.62 8.63 0 0 -22.23 <0.001
Time of abstinence (months) 25.65 43.83 0 0 -3.55 <0.001
Previous detoxifications (1) 1.89 2.46 0 0 —4.64 <0.001
Alcohol intake (grams/day) 194.08 100.32 12.43 9.76 -10.96 <0.001
(n) % (n) % Chi P-value
Nicotine dependence 35 (58.3%) 11 (29.7%) 13.39 <0.01
Cannabis dependence 1 (1.7%) 0 0%) 3.94 NS
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filter used to eliminate 50 Hz interference. We used a sam-
pling rate of 1000 Hz and a temporal window for startle
measurement of 1 s after the startle. EMG data were stored
off-line in the analytical program of the response monitoring
system.

Patients were told that brief loud startling sounds would
be delivered through the headphones and were asked to keep
their eyes open during the test and to avoid moving.

The methodology used in the startle session was consistent
with previous studies (Braff et al., 1992; Martinez-Gras
et al., 2009). The session began with a 5-min acclimatization
period to reduce initial reactivity and familiarize the partici-
pants with the test. The four kinds of startle stimuli previous-
ly described were presented in a pseudo-random order such
that patients would be unable to anticipate the next trial. The
experiment consisted of three blocks: (a) 5 pulse-alone trials;
(b) 32 pulse-alone and prepulse-pulse trials with a 30, 60
and 120 ms prepulse-to-pulse interval and (c) 5 pulse-alone
trials. A total of 42 trials were conducted in each experiment,
and the inter-trial interval averaged 15s (range: 10-25s).
It lasted over 15 min.

Startle variables

The startle variables considered for our study were: (a) startle
responsivity, defined as the amplitude of the startle response
to pulse-alone trials (in digital units); (b) PPI, computed as
the percentage decrement in startle amplitude in the presence
vs the absence of the prepulse and calculated as the differ-
ence of the average startle response magnitude in pulse-alone
trials minus the magnitude of the average startle response in
prepulse trials divided by the magnitude in the pulse-alone
trials [% PPI=(pulse — prepulse)/pulse x 100] and (c) startle
habituation, measured as the decrease in the amplitude of the
startle response throughout the session and calculated as the
difference of the average startle response magnitude of
pulse-alone trials between the first and last block.

Statistical analysis

The statistical analysis was performed using descriptive sta-
tistics for demographic variables and the independent-
samples #-test for analysing the startle response paradigms. In
the descriptive statistics, qualitative variables were described
as absolute frequencies and relative percentages for each cat-
egory, whereas quantitative variables were calculated using
means and SDs. To analyse startle response paradigms, the
independent variable was the group to which the participants
belonged (abstinent alcoholics or controls) and the dependent
variables were the startle response magnitude in pulse-alone
and prepulse-pulse trials, PPI and startle habituation. We
also used Pearson’s correlation coefficient to assess correl-
ation between baseline startle and PPI (30, 60 and 120 pre-
pulse trials). Repeated measures analysis of variance
(ANOVA) were used to explore the differences in PPI func-
tioning between controls and patients with prepulse types
(30, 60, 120 prepulse trials) as the within-subject variable,
and the two different groups (patients and controls) as the
between-subjects factor. We used the variable of age as cov-
ariable, in order to control the potential effect of this param-
eter on PPI functioning. Data were processed with the
statistical computer program SPSS (version 11.5).

RESULTS

Prepulse inhibition

Percentages of PPI exhibited by patients were lower than
those exhibited by controls at 30, 60 and 120 ms but the dif-
ferences were only statistically significant (P <0.05) at 30
ms, although there was a trend towards significance at 120
ms (P<0.1) (Fig. 1). We did not find a statistically signifi-
cant correlation between PPI and previous number of detoxi-
fications (PPI 30 ms: R=0.19; PPI 60 ms: R=0.07; PPI
120 ms: R=0.8), length of abstinence (PPI 30 ms: R=-0.11;
PPI 60 ms: R=-0.1; PPI 120 ms: R=-0.31) or lifetime dur-
ation of alcohol use (PPI 30 ms: R=0.11; PPI 60 ms: R=
0.14; PPI 120 ms: R=0.19). Regarding PPI, ANOVA only
demonstrated a significant effect of group x intervals interac-
tions at 30 ms (F(;g3y=6.146, P=0.015). Bonferroni post
hoc analysis determined that at 30 ms, controls showed
higher percentages of inhibition than patients (P =0.015).
However, we did not find statistically significant differences
within the other PPI measures (Table 2).

Magnitude of the startle response

The magnitude of the startle response in abstinent alcoholic
patients compared with controls was reduced throughout the
three blocks in both the pulse-alone and prepulse-pulse
trials. These parameters showed a trend towards significance
(P<0.1) or reached statistical significance (P < 0.05) in the
second block. On analysing the sample according to the

35

® Alcohol-dependent group

u Controls
30 +

25 1 _—

Percentage of PPI

30ms 60ms 120ms
Lead interval

Fig. 1. Percentage of PPI for the 30, 60 and 120 ms prepulse-pulse stimuli
in patients compared with controls.

Table 2. Mean (SD) PPI percentage to the 30, 60 and 120 prepulse-to-pulse

trials
Subjects Controls
Prepulse-to-pulse interval Mean SD Mean SD
30 ms 11.21 0.54 19.66 17.03
60 ms 17.63 24.76 20.54 25.36
120 ms 15.59 33.04 26.56 32.82
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Table 3. Mean magnitude of the startle response

Controls
(n=37)

Patients
(n=60)

Mean SD Mean SD t (97) P-value

Block 1
Pulse-alone 0.36 045 044 0.54  0.80 NS
Block 2
Pulse-alone 0.24 0.25 0.39 0.57 175 NS

30 ms prepulse-pulse ~ 0.19 0.21 035 0.56 1.95 <0.05

60 ms prepulse-pulse ~ 0.18 022 032 056 1.67 NS

120 ms prepulse-pulse  0.16  0.19 032 056 2.08  <0.05
Block 3

Pulse-alone 022 031 035 057 139 NS

presence of a history of major depression (n=24) or not
(n=46), we found that those with a history of depression
had a milder startle response, although the differences were
not significant (P = 0.14) (Table 3).

Habituation

Habituation was reduced in abstinent alcoholic patients
(mean 0.14, SD 0.29) compared with controls (mean 0.09,
SD 0.19), but the differences were not significant (P = 0.43).

Correlations

PPI scores did not correlate with baseline startle (PPI 30 ms:
R=0.04; PPI 60 ms: R=0.13; PPI 120 ms: R=0.22).

DISCUSSION

To the best of our knowledge, this is the first study to assess
PPI variables in abstinent alcohol-dependent men. The most
relevant findings were that these patients exhibited a reduc-
tion in PPI and startle response magnitude compared with
controls.

Our results for PPI percentages are in agreement with
those reported by studies conducted in the offspring of alco-
holics (Grillon et al., 1997, 2000) and heavy drinkers
(Hutchison et al., 2003), and suggest that impairments in PPI
might constitute a vulnerability marker for the development
of alcoholism. However, caution should be exercised when
interpreting these results as they could be due to the toxic
effect of alcohol on the central nervous system (CNS)
(Hutchison et al., 1997, 2003).

PPI has been described as an operational measure of sen-
sorimotor gating (Braff er al., 1992), which reduces the
impact of irrelevant sensorial stimuli. It is also considered an
index of a centrally mediated inhibitory mechanism that reg-
ulates not only sensory but also motor and cognitive opera-
tions (Swerdlow et al., 1992). Consequently, these data
suggest that sensory information processing mechanisms
could be impaired in abstinent alcoholic patients, who, as a
result, would possibly have greater difficulty in suppressing
or gating irrelevant information. In such a case, these patients
would also have greater difficulty in restraining behavioural
automatisms involved in relapse as well as higher stress
levels, which would mean a greater tendency to drink to
relieve symptoms.

The fact that the PPI impairments detected appeared in
30-ms interval prepulse-to-pulse trials could be related to the
existence of impaired pre-attentive mechanisms, as it has
been reported that prepulses presented at 30 ms before a
pulse are implicated in pre-attentive processes, whereas those
presented at 120 ms are related to attentive operational mea-
sures (Braff et al., 1992).

We also found a decrease in the magnitude of the startle
response in abstinent alcoholic patients. Previous studies
have reported highly heterogeneous results in this respect for
both animal models and humans. Whereas some studies have
reported a decrease in ASR during alcohol withdrawal in
animal models (Gilliam and Collins, 1986; Chester er al.,
2005; Slawecki and Ehlers, 2005; Slawecki et al., 20006;
Chester and Barrenha, 2007), others have reported the con-
trary (Pahorecky et al., 1976; Pahorecky and Roberts, 1991;
Macey et al., 1992; Rassnick et al., 1992; Vandergriff et al.,
2000). In studies of humans, Grillon er al. (1997) found no
differences between the offspring of alcoholic patients and
controls with respect to the magnitude of the startle response.
However, Hutchison et al. (2003) demonstrated that alcohol
decreased the magnitude of the startle response in a sample
of heavy drinkers (Hutchison et al., 2003).

The fact that, unlike authors who have studied the off-
spring of alcoholic patients, but according to authors who
have studied heavy drinkers, we found a decrease in the
magnitude of the startle response could be because our
patients already had impaired measures and a high risk of
developing alcohol dependence (they were all alcohol de-
pendent) or because they developed impairments due to
repeated alcohol consumption.

A reduced magnitude of the startle response could be, in
this way, due to a characteristic of alcohol-dependent patients
or because of anhedonia and depressive symptoms that alco-
holic patients often exhibit. Alcohol-dependent patients fre-
quently state that their daily affective life is not very
stimulating. A recent study of affective ratings and startle
modulation reported low baseline startle in individuals with
depressive symptoms and anhedonia (Mneime et al., 2008).
This association has been reported to be highly heritable
(Anokhin et al., 2003, 2007), suggesting that baseline startle
may be a good candidate as an endophenotypic marker of
vulnerability to psychiatric disorders.

In our study, individuals with a psychiatric history of de-
pression exhibited lower startle reactivity than those without
such a history, although the differences did not reach statis-
tical significance.

Finally, we found reduced habituation in abstinent alcohol-
ic patients compared with controls, although the differences
were not significant. These results are in line with findings
by Grillon et al. (1997), who reported that children with a
family history of alcoholism exhibited a reduced startle ha-
bituation compared with controls. This lower habituation
shown by our patients could reflect impaired inhibitory
mechanisms, as discussed above.

In summary, the aim of this study was to investigate the ex-
istence of impairments in PPl and ASR amplitude in abstinent
alcoholic patients to explore in subsequent studies whether or
not such impairments might constitute a vulnerability marker
for the development of alcoholism, as has previously been
described. We have found that alcohol-dependent individuals
are characterized by a poor inhibitory control, as reflected by
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a reduced PPI, and a poor response to threaten stimulus, as
reflected by a lower magnitude of the startle response. Our
results should be interpreted cautiously because reduced PPI
has also been reported in several psychiatric disorders.
Indeed, the fact that reduced PPI levels are found in other psy-
chiatric disorders could indicate the existence of a common
vulnerability marker and possibly explain the high degree of
comorbidity between alcoholism and other mental illnesses.

Several limitations of this study should be noted. Firstly,
as already mentioned, it is difficult to determine whether the
impairments in PPI and ASR amplitude found in abstinent
alcoholic patients preceded alcohol consumption, which
would support a vulnerability marker for the development of
alcoholism as previously reported (Grillon er al., 1997,
2000), or were indeed due to chronic alcohol intake, which
would exert a toxic effect on the CNS. Secondly, this was an
exploratory study involving just a small sample. The exclu-
sion criteria used were also very broad, leading to consider-
able heterogeneity in parameters such as age, abstinence
length, time since onset of alcohol dependence or history of
grams of alcohol intake. Finally, several confounding vari-
ables, such as nicotine dependence and a history of other
substance use disorders, might have interfered with the
results reported.

Further studies are necessary in this area to shed light on
the use of these paradigms as specific vulnerability markers
for the development of alcoholism or as an endophenotype
shared with other psychiatric disorders. It would be also
useful to study in depth whether these paradigms could be
used as markers of the severity of alcohol dependence or of
chronic alcohol-related cognitive deficits. To that effect, we
intend to conduct new studies with larger and more homoge-
neous samples and to take into account variables such as
age, concomitant intake of drugs, medicaments, abstinence
length, time since onset of alcohol dependence and history
of alcohol consumption.
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ESTUDIO 2

Startle-response based tasks and laboratory measures of impulsivity in abstinent

alcoholic patients.

En este estudio se evaluo la correlacion entre la RS, la habituacion de la RS y la IPP, y
dos dimensiones de la impulsividad (control inhibitorio y demora de la recompensa), en
una muestra de 40 pacientes con dependencia de alcohol, que permanecian abstinentes
en el consumo durante un minimo de un mes. Fueron comparados con un grupo de

controles sanos.
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Abstract

Aims: It is well known that impulsivity is a risk factor for the development of Addictive Disorders, and
more specifically Alcohol Use Disorders (AUD). Recently, the Startle-Response Based Tasks (SRBT)
and its different forms of plasticity have been found to be impaired in the alcoholic population. This is
the first study to explore the correlation between impulsivity laboratory tasks and the SRBT test, in
order to determine whether impulsivity and startle response (SR) could be related and in turn,
explain their association with Alcohol Dependence (AD).

Methods: Subjects: 40 men, who met DSM-IV criteria for AD and had been abstinent for at least one
month. Impulsivity was assessed using three laboratory tests: Continuous Performance Test (CPT),
Stop-Signal Task (SST) and Differential Reinforcement for Low-Rate Responding (DRL6). Patients
also underwent the SR test. They were compared to 40 matched controls.

Results: Impulsivity laboratory measures tasks (SST and commissions of the CPT) correlated posi-
tively with the magnitude of SR (P<0.05) and with habituation (P<0.05). Scores on DRL6 correlated
negatively with the magnitude of SR (P<0.05). This was not found in the control group.
Conclusions: The fact that impulsivity laboratory measures and the SR are correlated in patients but
not in controls, could imply the existence of a common link for these two measures in alcoholic pa-
tients. Our findings support the hypothesis of the existence of two different vulnerability pathways
for the development of AUD: anxiety and disinhibitory behaviour.

INTRODUCTION the development of alcoholism (Grillon et al., 1997; Marin et al.,
A risk factor associated with the development of alcohol use disorders 2012).

(AUD) is impulsivity. Recently, other neurophysiological paradigms, Impulsivity can be defined as a predisposition toward rapid, un-
such as the Startle-Response Based Tasks (SRBT) and its different planned reactions to internal or external stimuli regardless of the nega-
forms of plasticity, have been proposed as vulnerability markers for tive consequences of these reactions for the impulsive subject or for
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others (Dickman, 1993; Potenza, 2007). Two laboratory paradigms
have been described associated with impulsivity (Avila and Parcet,
2001). The first relates behavioural inhibition and refers to the ability
of a subject to appropriately inhibit thoughts or actions. The second
considers the degree to which immediate rewarding consequences
have more control over an individual’s behaviour than consequences
that are delayed. Different operant behavioural tasks have been used
to measure these two main dimensions of impulsivity. On one hand,
the Continuous Performance Test (CPT; Conners, 1995) and Go/
No-Go tasks, such as the Stop-Signal Task (SST; Logan, 1994) and
the Information Sampling Task (Clark ez al., 2006) assess the behav-
ioural disinhibition dimension of impulsivity. On the other hand, the
Card-Playing Task (Siegel, 1978), the Risk-Taking Task (Lane and
Chereck, 2000) and the Differential Reinforcement for Low-Rate
Responding (DRLR; McClure and Gordon, 1984) have been used
to measure the delay reward dimension of impulsivity.

There is extensive literature linking impulsivity to AUD (Congdon
and Canli, 2005; Rubio et al., 2007, 2008; Verdejo-Garcia et al.,
2008). It has also been reported that heavy alcohol use can trigger im-
pulsive behaviours (Jentsch and Taylor, 1999; Goldstein and Volkow,
2002). Early-onset alcoholism has been described as being more
frequently associated with higher levels of impulsivity, sensation seeking
traits, aggressiveness and inability to delay reward (Dom ez al., 2006a,b,
c). If we consider each dimension of impulsivity separately, it has been
found that: (a) the behavioural inhibition dimension of impulsivity is
related to an increased risk of alcohol dependence (AD) at follow-up
(Rubio et al., 2008), lower drinking refusal self-efficacy (Gullo et al.,
2010) and a greater association with a family history of alcoholism (Lo-
vallo et al., 2006; Saunders et al., 2008); whereas (b) the delay of the
reward dimension of impulsivity is associated with the risk of heavy
drinking and early onset of alcohol consumption (Rubio ez al., 2008),
higher positive alcohol expectancies (Gullo ez al., 2010), stronger
physiological responses to alcohol, greater craving and stronger condi-
tioning and approach motivation in response to alcohol cues (Glautier
et al., 2000; Franken, 2002; Brunelle et al., 2004).

In summary, where laboratory measures of impulsivity have been
used, alcohol-dependent subjects and heavy drinkers exhibit: (a) a sig-
nificant impairment in performance in the CPT (Bjork ez al., 2004;
Rubio et al., 2007, 2008); (b) impairments in the SST (Duka et al.,
2003; Bjork et al., 2004; Mitchell et al., 2005; Goudriaan et al., 2006;
Rubio et al., 2007, 2008; Rose and Duka, 2008; Glass et al., 2009; Law-
rence et al., 2009); (c) increased rates of risky responses in a Risk-Taking
Task (Bjork et al., 2004); and (d) preference for small-immediate rewards
in reward delay tasks (Richards et al., 1999; Duka et al., 2003; Bjork
et al., 2004; Mitchell et al., 2005; Dom et al., 2006a,b,c; Rubio et al.,
2007, 2008).

On the other hand, modulation of the startle reflex, which essen-
tially measures the amplitude of the eye blink, is a well-replicated phe-
nomenon that is recently gaining importance in addiction research
(Donohue et al., 2007). Startle reflex is a defensive response to a sud-
den burst of white noise. It can also be elicited by tactile and visual
intense stimuli. The acoustic startle response (SR) is mediated by a
relatively simple neuronal circuit located in the lower brainstem
(Koch, 1999). It is easily measured in humans by recording its most
consistent and persistent component, the amplitude of the eye blink
(Landis and Hunt, 1939). The SR has been used as a measure of
behavioural reactivity to external stimuli (Morgan et al., 1993).
There are different SRBT showing different forms of plasticity: pre-
pulse inhibition (PPI), startle habituation (SH), fear conditioning
and pleasure-attenuation. All these SRBT forms and the magnitude
of the SR have been found to be affected by alcohol consumption

and in AUD (Grillon et al., 1997; Hutchison et al., 1997; Keedwell
etal.,2001).

In alcoholic populations, the majority of studies that have been
carried out with SRBT have used the affective modulation of the SR
(Lang et al., 1990). According to the affective modulation of the SR,
the magnitude of the SR increases during states of negative affectivity
or anxiety (Davis, 1986), whereas it attenuates in a pleasant emotional
context (Lang et al., 1990). It has been found that alcohol-dependent
subjects exhibit an attenuation of the SR during the presentation of
alcohol-associated stimuli, compared with emotionally negative and
neutral stimuli, suggesting that alcohol-related stimuli may retain
their appetitive qualities during alcohol abstinence (Mucha et al.,
20005 Griisser et al., 2002). The affective modulation of the SR has
been correlated with different clinical parameters such as craving
(Heinz et al. 2003; Rubio et al., 2006; Koeneke et al. 2008), risk to
relapse (Loeber et al., 2007), early abstinence (Saladin ez al., 2002),
family history of alcoholism (Miranda et al., 2002) or Antisocial
Personality Disorder (Miranda et al., 2003).

However, recently research has focussed on the SR test itself.
Regarding the magnitude of the SR, research related to AUD has pro-
vided varied results, with some studies demonstrating a reduction in
the magnitude of the SR in heavy drinkers (Hutchison et al., 2003),
in abstinent alcohol-dependent men (Marin et al., 2012) and after al-
cohol intake in healthy subjects (Grillon ez al., 1994; Hutchison et al.,
1997); and others showing an increase of the magnitude of the SR dur-
ing Alcohol Withdrawal Syndrome (AWS) (Howard and Ford, 1992;
Krystal ez al., 1997; Schellekens et al., 2012), especially after 2 or more
detoxifications (Krystal ez al., 1997), in early-onset alcohol-dependent
patients (Schellekens et al., 2012), and a decrease to a lesser degree
compared to other clinical populations after exposure to alcohol in
young men who have a parental history of alcoholism (Grillon
et al., 2000). Studies based on PPI—which refers to the ability of in-
nocuous sensory events presented before a startle-eliciting stimulus to
inhibit or reduce the startle reflex (Braff et al., 1992) and which has
been described as an operational measure of sensorimotor gating
(Swerdlow et al., 2006)—show that it is impaired in heavy drinkers
(Hutchison et al., 2003), in alcohol-dependent abstinent men
(Marin et al., 2012), during AWS (Keedwell ez al., 2001), in children
and young adults with a family history of alcoholism (Grillon et al.,
1997, 2000) and with exposure to alcohol in healthy subjects (Hutch-
ison et al., 1997). When habituation has been studied, it has been
shown that there is a decrease in children with a family history of
alcoholism (Grillon ez al., 1997).

To our knowledge, there has been little research exploring the cor-
relation between SRBT, the SR and its different forms of plasticity and
laboratory measures of impulsivity. Two studies have found evidence
that extrovert individuals, characterized by sensation seeking and im-
pulsivity, show reduced startle reactivity (Blumenthal ez al., 1995,
2001). In addition, LaRowe ez al. (2006) have found, by using person-
ality questionnaires (Eysenck Personality Questionnaire, Tellegen’s
Multidimensional Personality Questionnaire) and scales (Sensation
Seeking Scale) in healthy volunteers, that faster habituation may be
associated with a tendency toward impulsivity and behavioural
disinhibition.

The aim of the present study was to explore the correlation be-
tween laboratory measures of impulsivity and the startle-response
paradigms in the alcoholic population, in order to shed light on a pos-
sible common origin of both as risk factors for the development of
AUD. Our hypotheses were the following: (a) According to the results
of our previous study (Marin ez al., 2012), alcohol-dependent patients
will exhibit a lower magnitude of the SR, a lesser percentage of the PPI
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and a lower habituation compared to healthy controls; (b) Magnitude
of the SR could correlate either positively or negatively with measures
of impulsivity, depending on the type of impulsivity considered (poor
inhibitory control vs delay of reward); (c) PPI will correlate negatively
with measures of impulsivity, so that alcohol-dependent patients with
lower percentages of PPI will have higher levels of impulsivity; and (d)
SH will correlate positively with measures of impulsivity, so that
alcohol-dependent patients with a faster habituation will show higher
levels of impulsivity, as previous studies have demonstrated.

METHODS

Patients

Patients were consecutively recruited from the Outpatient Alcohol
Programme of the teaching hospital ‘Hospital 12 de Octubre’ in
Madrid, Spain, from January 2008 to September 2009. The final sam-
ple comprised 40 abstinent alcoholic men, who proceeded from the
sample of our previous study (Marin et al., 2012).

Inclusion criteria were the following: men, aged between 18 and 65
years who had met DSM-IV criteria for AD (APA, 2000) and who
were abstinent from alcohol for at least one month. Females were
not included because gender differences in the performance of the star-
tle test could constitute a confounding variable. In fact, it has already
been found that women exhibit less SR compared with men and show
less PPI (Kofler et al., 2001) and there are also variations according to
the menstrual cycle (Aasen ez al., 2005; Kumari et al., 2008). More-
over, several studies have also reported differences between males
and females in impulsivity levels, and in how impulsivity modulates
the use of substances and the development of a Substance Use Dis-
order (SUD) (Winhusen and Lewis, 2012; Kong et al., 2013; Perry
et al., 2013).

Patients were excluded if they were under 18 or over 65 years of age,
had a systemic or neurological disease (including epilepsy) that could
interfere with coping strategies, a hearing or visual impairment which
could interfere with the performance of the experiment, an associated
neuropsychological deficit, an IQ of under 70, met criteria for any of
the major psychiatric disorders such as schizophrenia and other psych-
otic disorders, affective disorders, obsessive compulsive disorder and
anxiety disorders, or a score higher than 15 in the Hospital Anxiety
and Depression (HAD) scale (Zigmond and Snaith, 1983) as this indi-
cates a greater likelihood of stress responses. Participants were also ex-
cluded if they had consumed alcohol in the last month. In addition,
patients with a past history of withdrawal seizures or delirium tremens
were excluded. Due to the difficulties in recruiting patients with just AD,
a history of SUDs and occasional intake of cannabis were not considered
as exclusion criteria. However, patients with chronic cannabis consump-
tion or any current consumption of drugs such as cocaine or heroin were
excluded, as these drugs have been associated with modifications of the
SR and PPI (Scholes and Martin-Iverson, 2009; Corcoran et al., 2011;
Walter et al., 2011), and they worsen the performance of executive func-
tioning, and more specifically inhibition control (Solowij and Pesa,
2010; van Holst and Schilt, 2011; Madoz-Gurpide et al., 2011). Because
most of our patients were undergoing pharmacological treatment at the
time when they were tested—with benzodiazepines, anticonvulsant
agents, antidepressants, naltrexone and/or disulfiram—such therapies
were not considered a reason for exclusion. However, these agents
tended to be prescribed in low doses, usually with a tapering schedule
until discontinuation. Only patients prescribed antipsychotic were
excluded, because these agents are known to influence SRs and PPI
(Martinez-Gras et al., 2009; Kishi et al., 2010).

Of the 60 patients that were included in our first study, only 40
completed the impulsivity laboratory tasks and were included in the
final sample of our current study: 5 patients (12%) refused continuing
assessment, 5 patients (12%) were excluded because they were unable
to complete impulsivity tasks and 10 patients (24%) were excluded
due to problems in the recording of the scores of the test.

The final sample comprised 40 men fulfilling current DSM-IV
criteria for AD (APA, 2000) who had been abstinent from alcohol
for at least 1 month.

Controls
The controls, 37 volunteer healthy males (mean age 40.39, SD 8.38)
matched for sex, age and years of education, had been used in our pre-
vious study (Marin ez al., 2012). They underwent the startle test and
laboratory impulsivity tasks. Exclusion criteria for the control group
were: a systemic, neurological or psychiatric disorder, an IQ of under
70, a hearing or visual impairment that could interfere with the con-
duct of the test, meeting criteria for a major psychiatric disorder such
as schizophrenia and other psychotic disorders, affective disorders,
obsessive compulsive disorder and anxiety disorders, a history of psy-
chiatric disease in first-degree relatives [because impairments in the SR
and PPI have been found in subjects with a positive family history of a
psychiatric disease, even though they themselves have not developed
the disorder (Grillon ez al., 1997, 2000; Zimmermann et al., 2004)],
current use of psychotropic medication, and a drug abuse/dependence
disorder.

The clinical and demographic characteristics of patients and
controls are summarized in Table 1.

Procedure

All participants were screened with a portable audiometer (Audio-
Scope 3. Welch Allyn WA®) for hearing disabilities that could inter-
fere with the conduct of the startle-response experiment and an eye
examination was performed to identify visual impairments that
could interfere with the laboratory measurement of impulsivity.

Questionnaires completed on initiation of the alcoholism treat-
ment programme at our unit were available for all the patients.
After the collection of demographic, social and clinical variables, the
patients completed the Structured Clinical Interview for DSM-IV and
the Patient Questionnaire (SCID PQ) for the Structured Clinical Inter-
view for DSM-IV Personality Disorders (SCID-P and SCID-II; Firsts
et al., 1995, 1997) with a psychiatrist. The HAD scale was also used
to detect severe anxiety and depressive states that could interfere with
the results of the study. To assess IQ the second and third scale of the
Cattell Test were used (Cattell and Cattell, 1994).

To prevent interference from nicotine consumption-abstinence,
smokers were told to smoke during the morning on which the test
was to be conducted (to prevent nicotine withdrawal) but to smoke
the last cigarette no later than 1 h before the test (to prevent acute
effects of nicotine on neuropsychological capacities) (Dawkins et al.,
2007; Domier et al., 2007; Potter and Newhouse, 2008). They were
also instructed to abstain from all food and liquids other than water
for 4 h prior to the experimental session. A breath alcohol test was
used to verify alcohol abstinence and a urine drug test to check for
illicit drug consumption.

Patients were firstly tested with the ASR paradigm in a room run by
the Psychiatry Department of our hospital that is specially prepared
for this test and is protected against interference from external factors
such as environmental noise or non-neutral visual stimulation. After a
period of time that lasted between 30 min and 1 h, patients completed
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Table 1. Demographic and clinical characteristics of patients and controls

Patients (7 = 40) Controls (1 =37)
Variables Mean SD Mean SD t (77) P-value
Age (years) 44.73 9.8) 40.39 8.38 -2.03 <0.05
Age of alcohol use initiation (years) 13.18 341 18.89 2.81 7.99 <0.001
Age at which AD criteria were met (years) 33.54 8.30 0 0 —24.49 <0.001
Previous detoxifications (1) 2.08 4.11 0 0 -3.07 <0.001
Time of abstinence (months) 37.08 51.21 0 0 -4.3 <0.001
Alcohol intake (grams/day) 220.00 201.22 12.43 9.76 -6.26 <0.001

n % n % Chi P-value
Nicotine dependence (%) 22 62.5% 11 29.7% 13.2 <0.05
Cannabis abuse (%) 1 2.5% 0 0% 6.01 <0.05

the impulsivity tasks. The study was approved by the local ethics com-
mittee and all the patients and controls signed an informed consent
form.

Startle-response assessment

The startle reflex was elicited and recorded with a commercial compu-
terized human startle-response monitoring system (CIBERTEC S.A).
Acoustic startle stimuli (pulses and prepulses) were presented binau-
rally through headphones. Four types of startle stimuli were used: a
pulse-alone stimulus of 110 dB white noise presented for 45 ms and
three prepulse 25 ms stimuli of 80 dB white noise presented 30 ms,
60 ms and 120 ms before the pulse. Stimuli were presented against a
continuous background noise of 65 dB. The inter-stimulus interval
was 20 ms = 2. Patients were told that brief loud startling sounds
would be delivered through the headphones and were asked to keep
their eyes open during the test and to avoid moving.

The eye blink component of the SR was measured by recording
electromyographic (EMG) activity of the orbicularis oculi muscle dir-
ectly beneath the right eye using two miniature silver/silver chloride
disk electrodes. The ground electrode was placed on the forehead. Im-
pedance level was kept below 5 kOhms. The startle system recorded
EMG activity for 250 ms from the onset of the startle stimulus.
EMG activity was band-pass filtered (low- and high-pass filters of
5 kHz and 1 Hz, respectively), with a 50-Hz notch filter used to elim-
inate 50-Hz interference. We used a sampling rate of 1000 Hz and a
temporal window for startle measurement of 1 s after the startle. Elec-
tromyographic data were stored off-line in the analytical programme
of the response monitoring system.

The methodology used in the startle session was consistent with
previous studies (Braff ez al., 1992; Martinez-Gras et al., 2009). The
session began with a 5-min acclimatization period to reduce initial
reactivity and familiarize participants with the test. The four kinds
of startle stimuli previously described were presented in a pseudo-
random order such that patients would be unable to anticipate the
next trial. The experiment consisted of three blocks: (a) 5 pulse-alone
trials; (b) 32 pulse-alone and prepulse-pulse trials with a 30 ms, 60 ms
and 120 ms prepulse-to-pulse interval; and (c) 5 pulse-alone trials. A
total of 42 trials were conducted in each experiment and the inter-trial
interval averaged 15 s (range: 10-25 s). It lasted 15 min.

Neuropsychological assessment
Impulsivity was assessed with three different laboratory measures: the
CPT and the SST were used to test inhibitory control, and the

Differential Reinforcement for Low-Rate Responding (DRL6) was
used to test the delay of reward.

Continuous performance test

The CPT was firstly developed by Rosvold et al. (1956) to assess sus-
tained attention and vigilance in brain damaged patients. Also, failure
in this test has been explained as the result of impulsivity, recklessness
and anxiety problems (Halperin et al., 1991; Ballard, 1996). In the last
few years several computerized versions of the CPT have been devel-
oped to assess attention and impulsivity (Klee and Garfinkel, 1983).
The AX version of the CPT (Conners, 1995) contains the letters A,
B,F, G, H, J, K, N, T, V and X. The letters are white on a black back-
ground and are displayed on the screen for 200 ms with a fixed inter-
stimulus interval of 1000 ms.

The task lasts 10 min and it is made up of three consecutive phases
of 200 letters each. Subjects are asked to press the space bar when the
letter X’ appears preceded by the letter ‘A’. This occurs with a fre-
quency of 10%. Also the letter ‘X’ not preceded by a letter ‘A’ is
shown with a frequency of 10% and the letter ‘A’ appears with a fre-
quency of 20%. Before the test starts subjects carry out two initial
practice blocks lasting 1 min each, to guarantee that the task has
been understood. Failure to press the space bar when the sequence
‘AX’ appears is an ‘omission error’. Pressing the space bar at any
other time is a ‘commission error’. ‘Commission errors’ can be classi-
fied as: commissions A, X, A-other and other. Reaction time is the
latency between the onset of the sequence ‘AX’ and the subject’s
response.

The stop-signal task

The SST is a valid and reliable measure of the inhibition processes
(Logan, 1994). It is based on the execution of a double concurrent
task: the go task and the stop task. The go task consists of determining
as fast as possible whether the stimulus presented is the letter X’ or the
letter ‘O’ by responding pressing two different keys on the computer. It
has 280 trials presented in 5 consecutive blocks. In some trials, after
X’ and ‘O’ have appeared on the screen, a green spot with a diameter
of 2.5 cm (the stop signal) is presented above these letters for 150
msec. This indicates that the subject must inhibit the execution of
the go task and refrain from pressing the key on the computer.

In the present study ‘X’ and ‘O’ were presented in the centre of the
screen for 1,000 ms. These letters were preceded by a 500 ms fixation
point, also presented in the centre of the screen. The stop signal was
presented initially 250 ms after the main stimulus (Logan et al.,
1997), and the subsequent adjustment depends on the execution of
the task: if the subject inhibits the response, the stop signal will be
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presented 50 ms later, if not, it will be shown 50 ms before. The main
parameter considered in this task is the Time Reaction to the Stop sig-
nal (RTSS), which refers to the time needed to inhibit Go-responses in
50% of the cases. Long RTSS intervals suggest a poor inhibition
(Logan, 1994).

The differential reinforcement for low-rate responding

Differential reinforcement for low-rate responding assesses the sub-
ject’s ability to refrain from responding prematurely and provides an
objective measure of impulse control (McClure and Gordon, 1984;
Gordon and Mettelman, 1988). The subject is instructed to press
the space bar of the computer, ‘wait a while’ and then press the key
again. If the subject refrains from responding for at least 6 s he receives
a reward point. If the subject responds before the interval has elapsed,
the timer resets and no reward point is given. The subject does not
know the time established by the machine to win a reward point.
Both the number of correct responses and the total number of
responses are recorded. Impulse control is measured through an effi-
ciency ratio, which is the number of correct responses divided by the
total number of responses. However, the number of correct responses
(or rewards) can also be used to assess impulse control.

Startle variables

The startle variables considered for our study were (a) startle respon-
sivity, defined as the magnitude of the SR after the presentation of the
pulse-alone stimulus; (b) PPI, computed as the percentage decrement
in startle amplitude in the presence vs the absence of the prepulse
and calculated as the difference of the average SR magnitude in
pulse-alone trials minus the magnitude of the average SR in prepulse
trials divided by the magnitude in the pulse-alone trials (% PPI=
[ pulse — prepulse]/pulse x 100); and (c) SH, measured as the decrease
in the SR throughout the session and calculated as the difference of the
average SR magnitude of pulse-alone trials between the first and last

block.

Neuropsychological variables

Dependent variables selected in the CPT were: (a) omissions AX,
(b) commissions A; and (c) commissions X. Omission errors are con-
sidered as an inattention index and commission errors as an impulsiv-
ity index. The variable considered in the SST was: (a) Reaction Time to
the Stop Signal (RTSS). Finally, dependent variables included from the
DRLR-6 were: (a) correct answers or rewards, and (b) efficiency ratio.

Statistical analysis

The statistical analyses were performed using descriptive statistics for
the demographic variables. In the descriptive statistics, qualitative
variables were described as absolute frequencies and relative percen-
tages for each category, whereas quantitative variables were calculated
using means and SDs. Repeated measures analyses of variance
(ANOVA) were used to explore the differences between controls and
patients in the dependent variables (SR and impulsivity parameters),
with the magnitude of the SR, PPI and habituation, on one hand,
and omissions and commissions of the CPT, stop signal reaction
time (SSRT) of the SST and rewards and efficiency of the DRL.6, on
the other hand, as the within-subject factors, and the two different
groups (patients and controls) as the between-subjects factor. We
used the variable of age as covariable, in order to control the potential
effect of this parameter on the performance of the impulsivity tasks
and the SR test. We have also run Pearson’s Partial Correlations,
using age as a covariate, to assess the correlation between variables

from the SR test and laboratory measures of impulsivity. Data
were processed with the statistical computer programme SPSS
(version 15.0).

RESULTS

Comparison between patients and controls
in the SR test and impulsivity tasks
Means for impulsivity and startle measures are shown in Table 2.
Regarding SR variables, ANOVA revealed a significant global
effect for the group condition (F 70)= 15,28, P =0.001). Bonferroni
post-hoc analysis determined that patients, compared to controls,
showed lower magnitudes of the SR in the second block (P =0.042).
There was a trend towards significance in the third block (P = 0.065).
Regarding impulsivity variables, ANOVA revealed a significant
global effect for the group condition (Fs 70 = 32,34, P =0.001). Bon-
ferroni post-hoc analysis demonstrated that patients, compared to
controls, made more omission errors in the CPT task (P =0.009),
had longer SSRT in the SST (P =0.004) and obtained less rewards
(P =0.04) and a lower efficiency in the DRL-6 task (P =0.000).
Differences between means of post-hoc analysis are included in
Table 2.

Correlations between SR and impulsivity measures
in the patient group

Results related to correlation analyses in the patient group are sum-
marized in Table 3.

Correlation between the inhibitory control paradigm

of impulsivity and magnitude of the SR

Magnitude of the SR in the first block had a significant positive correl-
ation (P < 0.05) with SSRT of the SST and a significant positive correl-
ation (P <0.01) with X Commissions of the CPT (P <0.01). No
significant differences were found between the magnitude of the SR
and the RTSS of the SST.

Correlation between the delay reward paradigm
of impulsivity and magnitude of the SR

Rewards of DRLR correlated negatively with the magnitude of the SR
in the three blocks (P < 0.05).

Correlation between inhibitory control paradigm

of impulsivity and SH

We found that X Commissions of the CPT correlated positively with
the habituation of the SR (P <0.01). We also found a significant posi-
tive correlation between the SSRT of the SST and SH (P < 0.05). No
significant differences were found between the SH and the RTSS of
the SST.

Correlation between impulsivity measures and PPI
No significant correlation was demonstrated between impulsivity
measures and PP

Correlations between SR and impulsivity measures
in the control group
In the control group, in contrast with the patient group, no significant

correlations were found between impulsivity measures and parameters
of the SR (Commissions X of the CPT and magnitude of the SR in the
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Table 2. Measures of startle-response variables and laboratory paradigms of impulsivity

Cases Controls
Startle variables Mean SD Mean SD F P value Difference between means P value
PA (1-5) 0.29 0.22 0.44 0.54 F(70.6)=2.78 P=0.041 0.15 P=0.10
PA (6-37) 0.19 0.16 0.39 0.57 019 P=0.042%*
PA (38-42) 0.17 0.13 0.35 0.57 0.18 P=0.065
PPI 30 5.04 31.55 22.35 18.1 17.31 P=0.005%
PPI 60 11.53 32.15 23.6 27.64 12.07 P=0.082
PPI 120 23.71 33.64 26.62 36.48 2.91 P=0.17
Habituation 0.12 0.18 0.09 0.19 0.03 P=0.49
Impulsivity variables
Omissions AX 1.87 3.52 0.27 0.56 F(70.6)=6.14 P=0.0001 1.6 P=0.09*
Commissions A 0.18 0.55 0.11 0.31 0.07 P=0.47
Commissions X 0.85 3.99 0.16 0.37 0.76 P=0.29
SSRT 215.41 90.77 170.03 57.05 50.31 P=0.04%
Rewards 49.42 9.36 60.12 8.47 10.7 P=0.04*
Efficiency 67.56 19.71 90.25 9.76 22.69 P<0.001%*

PA (1-5) = magnitude of the SR in Block 1; PA (6-37) = magnitude of the SR in Block 2: PA (38-42) = magnitude of the SR in Block 3; PPI 30 = PPI when the
prepulse-to-pulse interval is 30 ms; PPI 60 = PPI when the prepulse-to-pulse interval is 60 ms; PPI 120 = PPI when the prepulse-to-pulse interval is 120 ms.

SSRT, Stop Signal reaction Time.
*P<0.05.

Table 3. Correlation of SR parameters and impulsivity task parameters

PA PA PA %PPI  %PPI  %PPI Hab CPT CPT CPT Stop DRL6 DRL6

(1-5)  (6-37) (38-42) 30 60 120 omi comA comX SSRT rec efi
PA (1-5) 0.71%*  0.56** 0.41*  0.33*  0.5%* 0.68**  —0.1 0.07 0.45**  -0.25 -0.37* 0.02
PA (6-37) 0.28 0.39%  0.44*  0.03** 0.05 -0.13 0.10 —-0.06 -0.34 -0.09*  -0.11
PA (38-42) 0.28 0.26 0.26 -0.2 -0.11 0.02 0.03 -0.06 -0.39*  -0.09
%PPI30 0.59** 0.61%** 0.24 -0.1 —-0.02 0.11 -0.05 -0.02 -0.09
%PPI60 0.86 0.15 -0.09 -0.07 0.16 -0.02 —-0.02 -0.20
%PPI120 0.33* -0.01 -0.01 0.10 —-0.08 -0.13 —-0.20
Hab -0.03 0.07 0.51**  —-0.26 —-0.08 0.16
CPTo -0.02** —0.01 —-0.01 —-0.10 —-0.01
CPTcomA 0.27 0.13 -0.29 -0.01
CPTcomX -0.23 -0.04 0.10
StopTRSS 0.12 -0.05
DRLé6rec 0.40%
DRL6efi

PA (1-5) = Magnitude of the SR in the first block; PA (6-38) = Magnitude of the SR in the second block; PA (38-42) = Magnitude of the SR in the third block;
%PPI30 = Percentage of PPI when prepulse is presented 30 ms before the pulse; %PPI60 = Percentage of PPI when prepulse is presented 60 ms before the pulse;

%PPI120 = Percentage of PPI when prepulse is presented 120 ms before the pulse.

Hab, Habituation of the SR; CPTomi, CPT omissions; CPTcomA, CPT A Commissions; CPTcomX, CPT X Commissions; StopTRSS, Stop Reaction Time to the

Stop signal; DRL6rec, DRL& rewards; DRL6efic, DRL6 efficiency.
*P<0.0S.
**P<0.01.

first block: R =0.17; Commissions X of the CPT and habituation of
the SR: R = —0.03; SSRT of the SST and magnitude of the SR: R =
0.18; SSRT of the SST and habituation of the SR: R = 0.09; Rewards
of the DRL and magnitude of the SR in the first, second and third
block: R =—0.18, —0.15, —0.13 respectively).

Correlations between impulsivity measures

and clinical variables

We found a significant negative correlation between the age of
alcohol use initiation and the X Commissions of the CPT (R = —0.42,
P <0.01). In addition, we have also found a significant positive correl-
ation between alcohol consumptions (grams/day) before the period of

abstinence and the Omissions of the CPT (R =0.44, P<0.01) and A
Commissions of the CPT (R = 0.44, P < 0.01). No significant correla-
tions were found with the SST and the DRLR. No significant correla-
tions were found between number of previous detoxifications and
measures of impulsivity.

DISCUSSION

To the best of our knowledge, this is the first study in which impulsiv-
ity and SRBT startle-response paradigms have been shown to be cor-
related in the alcoholic population. The most relevant findings were
that in abstinent alcoholic men, the magnitude of the SR correlated

GT0Z ‘9T udy uo 1sanb Aq woly papeojumoq



292

Alcohol and Alcoholism, 2015, Vol. 50, No. 3

significantly with measures of both dimensions of impulsivity: inhibi-
tory control and delay of reward; whereas SH had a significant correl-
ation with the inhibitory control dimension of impulsivity.

Alcohol-dependent patients showed a lower magnitude of the SR
compared to healthy controls. This finding has been described in detail
elsewhere (Marin et al., 2012). The fact that alcohol-dependent pa-
tients exhibit a reduced magnitude of the SR could be due to the effect
of the repeated exposure of the brain to alcohol. Several studies have
demonstrated that in healthy subjects (Grillon et al., 1994; Hutchison
et al., 1997) and in heavy drinkers (Hutchison ez al., 2003) alcohol
reduces or suppresses the magnitude of the SR. In addition, it could
also be due to a characteristic of alcohol-dependent patients or be-
cause of anhedonia and depressive symptoms that alcoholic patients
often exhibit, as low baseline startle has been found in individuals
with depressive symptoms and anhedonia (Mneime et al., 2008).

However, the magnitude of the SR correlated positively with com-
missions of the CPT in alcohol-dependent patients, but not in controls
and with the SSRT. On one hand, Commissions of the CPT have been
considered as an index of impulsivity, as they denote an individual’s
inability to refrain from pressing the keyboard when the critical signal
of the task has not yet appeared (Epstein et al., 2001). The fact that
the magnitude of the SR correlated with the Commissions of the
CPT, but not with the RTSS of the SST, which was the other
task we used to assess behavioural inhibition, could be due to the
fact that these two tasks evaluate different aspects of behavioural
inhibition. Whereas in the CPT the subject has to supress an action
that has been already initiated, in the SST the subject has to demon-
strate the ability to refrain the beginning of an action when a stop sig-
nal is presented (Verbruggen and Logan, 2008). The SSRT refers to the
time needed to inhibit Go-responses in 50% of the cases and constitu-
tes the main parameter of the SST. Long SSRT intervals suggest a poor
inhibition (Logan, 1994). On the other hand, we also found that in
alcohol-dependent patients the magnitude of the SR correlated
negatively with the rewards of the DRLR task, which is a laboratory
measure of the delay of reward dimension of impulsivity. The number
of rewards indicates the ability of a subject to delay reward. The less
rewards a subject obtains, the more impulsive he is (Ferster and
Skinner, 1957).

This means that overall, among alcohol-dependent patients, those
with a higher reactivity of the SR exhibit higher levels of impulsivity,
defined as both poor inhibitory control and an inability to delay
reward. This contrasts with previous research in which extroverts,
characterized by sociability, impulsiveness, liveliness and excitability
(Eysenck, 1967), showed a low reactivity of the SR (Blumenthal
et al., 1995, 2001). There are several factors that should be taken
into account when explaining the discrepancy between our results
and previous findings. First, the Blumenthal studies were not per-
formed using an alcoholic sample. Additionally, those studies used
self-report measures of impulsivity, which assess impulsivity as a
trait and we have used behavioural tasks, which assess impulsivity
as a state. It has been found that self-reported measures of impulsivity
do not correlate strongly with behavioural tasks assessing impulsive
behaviour (Reynolds ez al., 2006).

It is also important to point out that in alcoholism, the magnitude
of the SR has shown the most inconclusive results among the para-
digms of the startle reflex, in both human (Marin ez al., 2012; Schel-
lekens et al., 2012) and animal studies (Rassnick ez al., 1992; Slawecki
et al., 2006). Some studies have shown a reduction of the SR (Grillon
etal., 1994; Hutchison et al. 1997; Marin et al., 2012), whereas others
show an increase (Howard and Ford, 1992; Krystal et al., 1997;
Schellekens et al., 2012).

A possible explanation for our findings is that this increase in the
magnitude of the SR is a phasic state-related change, a fear-potentiated
startle, which reflects an anxiogenic response induced by the anticipa-
tion of aversive startling stimuli and/or by the experimental context it-
self (Grillon ef al., 1997). Those alcohol-dependent patients who
exhibit a more anxious state under the experimental condition, re-
flected by an increase in the magnitude of the SR, could perform
worst in impulsivity tasks. There is a form of alcoholism etiologically
linked to anxiety, which is explained through a ‘self-medication’ hy-
pothesis. This hypothesis states that individuals consume alcohol to
relieve anxiety symptoms (Merikangas et al., 1996; Morris et al.,
2005). A greater magnitude of the SR has been described in patients
with anxiety disorders (Morgan et al., 1995; Grillon et al., 1997) and
alcohol has been found to produce a decrease in the SR (Grillon ez al.,
1994; Hutchison et al., 1997). It could be possible that a group of al-
coholic patients initiated their alcohol consumption in order to relieve
their anxiety symptoms, reflected by a higher reactivity of the SR, in an
impulsive way, and after being exposed chronically to alcohol, their
magnitude of the SR is reduced as a consequence of alcohol consump-
tion shown by a decrease in the magnitude of the SR after drinking.

Additionally, in animal models, alcohol-preferring lines of rats
have been shown to express a greater fear-potentiated startle (McKin-
zie et al., 2000; Barrenha and Chester, 2007), and alcohol has been
shown to decrease the fear-potentiated startle to a greater degree in
mice selectively bred for high alcohol preference (Barrenha ez al.,
2011). This could reflect that, on one hand, exposure to stress may
interact with underlying anxiety states to produce a high reactive
disposition that may lead to a propensity for heavy alcohol drinking
behaviour (McKinzie ef al., 2000) and on the other hand, that organ-
isms with a genetic propensity for alcohol consumption are more sen-
sitive to the anxiolytic effects of alcohol (Barrenha ez al., 2011).

Another alternative to this first explanation would be that in alco-
holic patients, previous detoxifications have neurotoxic effects which
lead to the nervous system, reflected by an increase in the magnitude of
the SR. As alcohol consumption produces a decrease in the magnitude
of the SR (Grillon et al., 1994; Hutchison et al., 1997), it could be the-
orized that alcohol-dependent patients drink impulsively in order to
dampen this hyperexcitability (Krystal et al., 1997). However, in our
study we did not find a significant correlation between the number of
previous detoxifications and the SRBT and impulsivity measures.

Recently, it has been described that detoxified early-onset alcohol-
dependent patients exhibit a greater SR compared with late-onset
alcohol-dependent patients (Schellekens ez al., 2012). We have
found that early initiation of alcohol intake is correlated with higher
levels of impulsivity and poor inhibitory control. In this way, early
onset of AUD could be mediating both startle reactivity and impulsiv-
ity, and early-onset of alcohol consumption is mediated by a delay of
reward impulsivity (Rubio ez al., 2008), whereas its maintenance is
mediated by a poor inhibitory control (Rubio ez al., 2008).

In our study, alcohol-dependent patients, but not controls, had a
correlation between a higher reactivity of the SR and impulsivity.
This means in turn, that when coping with stressful situations, such
as the aversive startling stimuli and/or the experiment itself, alcohol-
dependent patients develop an anxiety state and in this context, they
behave in an impulsive way, which leads them to engage in compulsive
drinking behaviour, probably trying to relieve anxiety symptoms.
This, in the long term, would make these patients more sensitive to
the reinforcement effects of alcohol and to the development of an
AUD.

Our other important finding was that habituation (SH) correlated
positively with commissions of the CPT and the SSRT of the SST. This
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means that, in alcoholic patients, a faster SH is associated with impul-
sivity, in the form of disinhibitory behaviour. We have extended results
from LaRowe’s study, where it was found that tendencies towards impul-
sivity and behavioural disinhibition were associated with faster habitu-
ation in healthy volunteers (LaRowe et al., 2006). However, LaRowe’s
study only used questionnaires and scales to assess impulsivity, and
our study used laboratory measures. Rapid SH has been hypothesized
to serve as a biological indicator of externalizing psychopathology,
impulsivity and a disinhibited personality type (LaRowe et al., 2006).
This neurobehavioural disinhibition has been widely described to be
an important component of the propensity to develop AUD (Dom
et al., 2006a,b,c; Rubio et al., 2007, 2008).

According to our findings, AUD could be developed through two
different pathways. On one hand, some alcoholics would have high
arousal or higher levels of anxiety when coping with stressful situa-
tions, which in turn would lead them to increase their alcohol con-
sumption in order to alleviate anxiety symptoms. On the other
hand, alcoholics would also have impulsive and disinhibitory person-
ality traits and start drinking alcohol for sensation and novelty, which
are features that define this personality type. In our study, the modu-
lation of the SR is related with both pathways.

The fact that we did not find any correlation between impulsivity
and PPI could be due to the concept of PP itself. PPTis used as a meas-
ure of sensorimotor gating (Swerdlow et al., 2006), which refers to the
ability to filter out irrelevant stimuli and in this way, it is more asso-
ciated with attentional mechanisms than with hyperarousal. Impulsiv-
ity and attention impairments are mediated by different neurological
pathways, which are not necessarily correlated. However, we did not
find significant correlations between PPI and omissions in the CPT,
which is considered as an index of attention and vigilance. This is
probably due to the fact that, whereas PPI is a measure of an uncon-
scious preattention, omissions in the CPT are an index of sustained
attention (Braff et al., 1992; Conners, 1995).

Several limitations of this study should be noted. First, the study
only included a clinical population, so that the results may not be ex-
tended to a nonclinical population. In addition, we included only
alcohol-dependent men and results cannot be generalized to females.
The reason for not including females, as explained above, is the exist-
ence of gender differences in the performance of the startle test (Kofler
etal.,2001; Aasen et al., 2005; Kumari et al., 2008) and in impulsivity
levels (Winhusen and Lewis, 2012; Kong et al., 2013; Perry et al.,
2013), which could constitute a confounding variable.

Second, this was an exploratory study involving a small sample.
The exclusion criteria were also very broad, leading to considerable
heterogeneity in parameters such as age, period of abstinence, time
since onset of AD or history of grams of alcohol intake. Because of
these broad exclusion criteria confounding variables such as nicotine
dependence and a history of other SUDs might have interfered with the
results reported.

We used a cross-sectional design and both parameters assessed:
impulsivity and paradigms of the SR, have a bidirectional relationship
with alcohol. On one hand, impulsivity has been shown to predict the
development of AUD (Dom e al., 2006a,b,c) and vice versa, it is well
known that heavy alcohol use can trigger impulsive behaviours
(Jentsch and Taylor, 1999; Goldstein and Volkow, 2002). On the
other hand, exposure to a dose of alcohol is associated with a global
suppression of the SR (Grillon ez al., 1994; Hutchison ez al., 1997) and
vice versa, impairments in the SR have been described in offspring
of alcohol-dependent patients even before having been exposed to
alcohol (Grillon et al., 1997). Altogether, this means that we cannot
explain whether the association found between impulsivity and SR

could constitute a risk factor for the development of AUD, or whether
it appears as a consequence of toxicity of alcohol in the Central Ner-
vous System.

Finally, the present study only used laboratory measures of impul-
sivity, and we did not provide questionnaires and scales assessing self-
report impulsivity. This is because the objective of the study was to as-
sess the association between SR parameters (that are considered state
tasks, and not trait tasks) and state impulsivity, but not trait impulsiv-
ity. Personality traits refer to stable characteristic individual differ-
ences in ways of perceiving the world and responding to it. In
contrast, laboratory tasks typically refer to relatively specific cognitive
processes. Thus, it is not clear that measures of the two types of pro-
cesses should necessarily relate strongly and in fact, as pointed out
above, it has been described that self-report measures of impulsivity
do not correlate strongly with behavioural tasks assessing aspects of
impulsive behaviour (Reynolds ez al., 2006).

In summary, the aim of this study was to investigate the existence
of an association between two widely known vulnerability markers for
the development of AUD, such as impulsivity and SRBT SR paradigms
and explore whether they could constitute a common endophenotype
for the development of these disorders. We have found that impulsiv-
ity and paradigms of the SR are correlated in the alcoholic population,
but not in non-alcoholic subjects. It can be theorized that this inter-
action could mediate a pathway towards the development of AUD.
However, further studies are needed to assess whether both para-
meters could share a common genetic origin and constitute endophe-
notypes for the development of AUD.
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ESTUDIO 3

Impairment of prepulse inhibition of the startle response in recently detoxified

alcohol-dependent patients

En este estudio evaluamos la IPP en una muestra de 32 pacientes con dependencia de
alcohol, durante las 12-24 primeras horas del SAA, y 14 dias mas tarde, una vez
finalizado el proceso de desintoxicacion. Fueron comparados con un grupo de controles

sSanos.

Enviado a Alcohol con un factor de impacto de 2.006

99



100



IMPAIRMENT OF PREPULSE INHIBITION OF THE STARTLE RESPONSE IN
RECENTLY DETOXIFIED ALCOHOL-DEPENDENT PATIENTS

Marta Marin (1), Rosa Jurado (4,5,6), Pablo Curivil (1), Isabel Martinez-Gras (1,3),
Guillermo Ponce (1,3), Miguel Angel Jiménez-Arriero (1,4), Gabriel Rubio (1,2,3)

(1) Department of Psychiatry. Alcohol Programme. Hospital 12 de Octubre. Madrid.
Spain.

(2) Department of Psychiatry. Faculty of Medicine. Complutense University. Madrid.
Spain.

(3) Red Tematica de Investigacion Cooperativa en Salud (RETICS-Trastornos
Adictivos), Instituto de Salud Carlos Ill, Madrid, Spain.

(4) Biomedical Research Centre Network for Mental Health (CIBERSAM)
(5) Faculty of Psychology. Complutense University. Madrid. Spain.

(6) Faculty of Psychology. University Camilo José Cela. Madrid. Spain.

Corresponding author: Marta Marin. Department of Psychiatry.Alcohol Programme.
Hospital 12 de Octubre. Avda. Coérdoba s/n, 28041 Madrid. Spain.

martukam81@hotmail.com




ABSTRACT
Aims:

Prepulse inhibition (PPI) of the startle reflex refers to the ability of innocuous sensory
events to reduce the startle reflex and it has been described as an operational measure of
sensorimotor gating. It has been reported that alcohol withdrawal patients show
significantly decreased PPI, which reaches its lowest point on the first and third days of
abstinence and increases progressively after the first week. The aim of this study was to
explore modifications in PPI levels in alcohol withdrawal syndrome and detoxification
treatment in alcohol-dependent patients.

Methods:

32 alcohol-dependent patients, aged 18 to 55 years, who met DSM-IV criteria for alcohol
dependence, and who were actively drinking at the time of recruitment were detoxified for
a period of 10-14 days using benzodiazepines and underwent testing for PPI during the
first 12-24 hours of withdrawal following cessation of alcohol consumption and following
the conclusion of detoxification 14 days later. Comparisons were made at baseline and at

the end of the detoxification process with 25 healthy controls.

Results:

During the early stages of abstinence, patients exhibited remarkably low levels of PPl in all
trials compared to controls (p<0.001). After 14 days of detoxification treatment,
percentages of PPI significantly increased in alcohol-dependent patients in all trials
(p<0.05). However, PPI percentages continued to be significantly lower (p<0.001) in
alcohol-dependent patients compared with controls after the detoxification treatment was
completed.



Conclusions:

These data suggest that sensory information processing could be damaged in alcohol
dependent patients who are in withdrawal, probably due to the neurotoxic effects of
alcohol withdrawal on the CNS. However, it is possible that other factors such as the toxic
effects of alcohol on the CNS and/or a genetic predisposition towards impaired PPI in
alcohol dependent subjects could have influenced our findings. Further studies are needed

to shed light on these aspects.



INTRODUCTION

The Acoustic Startle Reflex (ASR), which essentially measures the amplitude of the eye-
blink response to a sudden burst of white noise, has been widely used in animal and
human studies to measure behavioural reactivity to exteroceptive stimuli (Morgan et al.,
1993). It is mediated by a relatively simple neuronal circuit located in the low brainstem
(Koch et al., 1993) and it shows different forms of plasticity including prepulse inhibition
(PPI) and habituation. PPI of the startle reflex refers to the ability of innocuous sensory
events presented at an appropriate time (less than 250 ms) before a startle-eliciting
stimulus to inhibit or reduce the startle reflex (Braff and Geyer, 1992). It has been
described as an operational measure of sensorimotor gating and has been considered a

sensitive measure of pre-attentive processing (Keedwell et al., 2001).

Alcohol Withdrawal Syndrome (AWS) is a physiological response that occurs in
moderately to severely alcohol-dependent patients after abrupt cessation of alcohol
consumption. AWS consists of signs and symptoms that range from mild to severe.
Variability in the characteristics and magnitude of AWS is influenced by many factors
including the amount, type, pattern, and duration of alcohol consumption (Chapman, 1970;
Pawan, 1973), personality traits (Earlywine, 1993), and genetic factors (Schmidt and
Sander, 2000). AWS is characterised by a hyperexcitable state that includes tremors,
anxiety, muscle rigidity and an increased susceptibility to seizures. In more heavily
dependent drinkers AWS can be associated with withdrawal seizures, hallucinosis or

delirium tremens.

AWS involves an overactivation of the Central Nervous System (CNS) when alcohol is
withdrawn and it is generally accepted that ASR is a good measure of both inhibitory and
excitatory changes in Central Nervous System (CNS) excitability (Davis et al., 1984). This
is the reason why many research groups have focused on the study of the ASR as a
useful measure for quantifying changes in reactivity to external stimuli during alcohol
withdrawal. In addition, during alcohol withdrawal it is well known that alcohol-dependent

patients can experience perceptual distortions such as clouding of consciousness and



acute disorders of cognition (Keedwell et al., 2001). For this reason, another important

research branch in this field has been the study of modifications of PPl during AWS.

In experimental animal models, most of the studies have focused on measuring the
magnitude of the startle response and have concluded that AWS is associated with an
increase in such response. The first to report on this fact were Pohorecky et al. (1976),
who described that in male rats, which were given a 3-week ethanol-containing diet, startle
response increased during alcohol withdrawal, reaching a peak about 9 to 12 hours after
discontinuation of alcohol, following which the response diminished, reaching a level
comparable to rats on a diet that did not contain alcohol in approximately four days
(Pohorecky et al., 1976). Rassnick et al. (1992) further extended these results when they
found that after inducing alcohol dependence in rats by the administration of an ethanol-
rich diet for 17 days and the withdrawing the ethanol for 8 hours, withdrawn rats,
compared to rats fed on an ethanol-free diet, were more reactive to startle stimuli
regardless of stimuli intensity (Rassnick et al., 1992). In addition, Macey et al. (1996)
carried out two experiments in which alcohol dependence was induced in male rats either
by liquid diet administration for 3-4 weeks, or vapor inhalation for 13-15 days, after which
alcohol withdrawal was induced and trials were conducted over 72 hours post-withdrawal.
They concluded that rats from which alcohol had been withdrawn exhibited heightened
startle responsivity compared to controls, reaching peak amplitudes between 48 and 72
hours post-withdrawal, regardless of the acoustic stimulus strength (105 dB or 120 dB) or
the method used to induce alcohol dependence (liquid alcohol administration or ethanol
inhalation) (Macey et al., 1996). More recently, an increase in the startle response at 8 and
56 hours has been described, with acoustic stimuli of varying intensities (105 dB and
115dB), after the discontinuation of daily alcohol access provided to male rats that were
exposed to alcohol in two different ways (free alcohol access or reinforced alcohol
delivery). Rats in the alcohol-reinforced responding group had much higher startle
response baseline values and the startle response did not further increase after
discontinuation of alcohol access (van Erp et al., 2001). However, some authors (Gilliam
and Collins, 198; Slawecki et al., 2005, 2006) have reported contrary results. Gilliam and
Collins found that in mice, startle response was reduced during withdrawal from chronic
alcohol exposure (Gilliam and Collins, 1986). In addition, Slawecki et al. have found that

the ASR was significantly reduced in rats that were exposed to a 14-day regimen of



ethanol vapour (Slawecki et al., 2005, 2006). Whereas several studies have concluded
that changes in ASR during AWS are independent of age (Slawecki et al., 2005, 2006),
sex differences have been reported in the ASR during AWS. During AWS male withdrawn
rats show a consistent increase in the startle reactivity, whereas females show small to no
changes in ASR (Reilly et al., 2009).

Regarding PPI, few results have been published. Rasnick et al. (1992) found that PPl was
significantly decreased 4-12 hours following ethanol exposure in withdrawn rats after the
administration of an ethanol-rich diet for 17 days (Rassnick et al., 1992). Contrary to
Rassnick’s findings, Slawecki et al. reported a significant enhancement in PPI during
alcohol withdrawal in rats that have been exposed to ethanol vapour for 14 days (Slawecki
et al., 2005, 2006). Recently, Kayir et al. (2010) have demonstrated that baseline PPI
levels are related to the behavioural and neurochemical consequences of AWS in rats, so
that a low baseline PPI is associated with more intense AWS signs such as stereotyped
behaviours, wet-dog shakes and tremor. Only agitation was more intense in rats with a
high baseline PPI, whereas no significant differences between groups were observed with
regard to audiogenic seizures. In addition, low baseline PPl was associated with an
increase in dopamine levels in the cortex and a decrease of serotonin levels in the
striatum, whereas high baseline PPl was associated with an increase in the dopamine

levels in the striatum (Kayir et al., 2010).

Another important body of research in the field of the ASR is that related to genetic studies
in animal models. Most of these studies agree with the premise that there is a genetic
association between the ASR and the AWS, and an innate preference towards alcohol.
However, the nature of this association is still controversial. Chester et al. (2003) initially
reported that there was an inverse genetic relationship between innate differences in
alcohol preference and alcohol withdrawal magnitude. This group found that using the
ASR to a tone stimulus to index alcohol withdrawal magnitude during alcohol withdrawal
following acute exposure to alcohol in alcohol-naive rats, startle probability and magnitude
were suppressed in rats selectively bred for high alcohol drinking and increased in rats
selectively bred for low alcohol intake (Chester et al., 2003). However, in a further study,

contrary to their previous findings, the same authors found that alcohol-naive rats



selectively bred for high alcohol intake showed an enhanced startle magnitude, whereas
rats selectively bred for low alcohol intake exhibited no changes in the startle response
magnitude during alcohol withdrawal after acute exposure to alcohol. These contradictory
results have been explained by the quality of the startle stimulus. Whereas in the first
study a tone stimulus was used, in the latter, it was a noise stimulus (Chester et al., 2004).
Furthermore, in a later study this group found, after acute exposure to alcohol, good
evidence for the existence of a positive genetic correlation between baseline startle
response and PPl and high alcohol preference, but only modest support for a genetic
correlation between alcohol preference and a reduced startle response after 4 hours of
alcohol withdrawal, and no association between alcohol preference and PPI during acute
alcohol withdrawal (Chester et al., 2007). A genetic association between alcohol
withdrawal severity and ASR was also demonstrated in replicated lines of mice selected
for high and low susceptibility to handling-induced convulsions after chronic exposure to
alcohol. Seizure-prone mice were less sensitive and more habituated to acoustic
stimulation than seizure-resistant mice (Ponomarev and Cabbe, 1999). However, Chester
et al. did not find a genetic correlation between alcohol preference and startle response
following chronic alcohol exposure, as both lines of rats, those selectively bred for high
alcohol intake and those selectively bred for low alcohol intake experienced a suppression
of the startle magnitude during alcohol withdrawal. Authors concluded that in rats
selectively bred for high alcohol intake, forced alcohol exposure could robustly retard the

expression of a genetic predisposition toward alcohol consumption (Chester et al., 2005).

Regarding human studies, the first to report on the effect of alcohol withdrawal on the ASR
were Krystal et al. (1997). They evaluated the effect of intravenous infusion of the a2-
adrenergic antagonist, yohimbine, the serotonin partial agonist m-chlorophenylpiperazine
and placebo in 22 male patients who met DSM-III criteria for alcohol dependence and
compared them to 13 healthy control subjects. Alcohol-dependent patients were sober for
12-26 days prior to testing. They found that the number of previous alcohol detoxifications
significantly correlated with the magnitude of the startle amplitudes, and considered the
number of episodes of alcohol withdrawal as an important factor influencing subsequent
neurobiological responsivity in chronic alcohol-dependent patients (Krystal et al., 1997).
More recently, contrary to Krystal’'s findings, a Dutch group failed to find any significant

correlation between the number of prior detoxifications or the duration of alcohol



dependence and parameters of the startle response (magnitude of the SR and PPI), in a
sample of 83 male alcohol-dependent patients who had been abstinent for one month and
had spent at least one week without taking benzodiazepines before being tested. The
variable that this group found to be correlated with the startle response magnitude was the
age of onset of alcohol dependence so that early onset of dependence was associated a
greater startle response magnitude (Schellekens et al., 2012). In studies of the affective
modulation of the startle response, startle response magnitudes were elevated to alcohol
cues, but only in the early stages of abstinence (between 1 and 22 days) compared to
subjects in the later stages of abstinence (between 23 and 120 days) (Saladin et al.,
2002). However, to our knowledge, until now only one study has explored the effect of
acute alcohol withdrawal on the PPI. This study included data from 8 patients meeting
DSM-IV criteria for alcohol dependence, who were actively consuming alcohol up to the
day of admission and who initiated the detoxification process with benzodiazepine
treatment. The authors found that the mean PPI scores at both 60 and 120 ms prepulse-
to-pulse interval trials were remarkably low on days 1 and 3, with a trend towards
normalization of PPl on day 7 in the 60 ms prepulse-to-pulse interval trials. In addition, it
was described that PPl was more disrupted in patients with a history of delirium tremens
(Keedwell et al., 2001).

The aim of this study was to explore modifications of PPI levels from early AWS to
successful detoxification treatment in a sample of alcohol-dependent patients who
underwent alcohol detoxification treatment. PPl was assessed during the first 12-24 hours
of abstinence from alcohol and after 10-14 days when the detoxification process was
completed, and this was compared with results from healthy controls. Our hypotheses
were the following: a) during the first 12-24 hours of abstinence, alcohol-dependent
patients would show more disrupted PPI than healthy controls; b) after the detoxification
treatment was completed, PPI in the alcohol-dependent patients would improve, but would

not reach the levels shown by healthy controls.



METHODS
Patients

Patients were consecutively recruited from the Outpatient Alcohol Programme of the
teaching hospital “Hospital 12 de Octubre” in Madrid, Spain from January 2008 to
September 2009. Altogether, 51 patients (45 males and 6 women), aged between 18 and
65 years (mean 44.63, SD 5.74), were included.

Inclusion criteria were the following: men or women, aged between 18 and 65 years, who
had met DSM-IV criteria for alcohol dependence (APA, 2000), had been actively drinking
alcohol at the time of assessment, before initiating the alcohol detoxification treatment, and
had mild to moderate AWS according to the score in the Clinical Institute Withdrawal
Assessment of Alcohol Scale Revised (CIWA-Ar) (Sullivan et al., 1989). Subjects were
excluded if they were 1) under 18 and over 65 years, 2) scored over 15 in the CIWA-Ar, 3)
had a history of withdrawal seizures and/or delirium tremens, as these symptoms indicate
severe AWS, 4) had a had a systemic or neurological disease which could interfere with
coping strategies, 5) had an associated neuropsychological deficit, 6) had an IQ under 70,
met criteria for a current major psychiatric disorder such as schizophrenia or other
psychotic disorder, affective disorders, Obsessive Compulsive Disorder or anxiety
disorders, 8) had a hearing impairment that might interfere with the conduct of the
experiment and 9) a score of 15 on the Hospital Anxiety and Depression (HAD) scale
(Zigmond and Snaith, 1983) as this indicates a greater likelihood of stress responses. Due
to the difficulties in recruiting patients with alcohol dependence only, a history of substance
use disorders and occasional intake of cannabis were not considered exclusion criteria.
However, patients with chronic consumption of cannabis or any current consumption of
drugs such as cocaine or heroin were excluded, as these drugs have been associated with
modifications of the startle response and PPI (Scholes et al., 2009; Walter et al., 2011;

Corcoran et al., 2011).

Four patients (7.8%) were excluded due to artefacts registered during the
psychophysiological recordings. In addition, six patients (11.8%) were excluded because

at baseline, their CIWA-Ar score was over 15, four patients (7.8%) were excluded because



they had a history of withdrawal seizures and one patient (1.9%) was excluded because
he had a history of delirium tremens. Two patients (3.9%) were excluded because of drug
dependence (excluding nicotine dependence). Finally, two patients (3.9%) were excluded
because of alcohol relapse at the time of testing during detoxification follow-up. The final
sample comprised 32 patients, 28 males and 4 females, aged 18 to 65 years (mean age
42.84, SD 5.23), who met DSM-IV criteria for Alcohol Dependence, were actively drinking

alcohol at the time of baseline assessment and had a mild to moderate AWS.

Controls

The patients were compared with 25 volunteer healthy controls (22 men, 3 women; mean
age 39.68, SD 6.65), mainly recruited from among health-care professionals working at the
hospital. The exclusion criteria for the control group were 1) a systemic, neurological or
psychiatric disorder, 2) an IQ of under 70, 3) a hearing or visual impairment which could
interfere with the conduct of the test, 4) meeting criteria for a major psychiatric disorder
such as schizophrenia and other psychotic disorders, affective disorders, obsessive
compulsive disorder and anxiety disorders, 5) a history of psychiatric disease in first-
degree relatives, as impairments have been found in the startle response and PPI in
subjects with a positive family history of a psychiatric disease, even though they have not
developed the disorder themselves (Grillon et al., 1997, 2000; Zimmermann et a., 2004),
6) current use of psychotropic medication, and 7) a drug abuse/dependence disorder.
Seven of the 32 controls initially assessed could not complete the test because of artefacts

registered during physiological recordings.

Procedure

Patients completed several questionnaires on the day of admission. After the collection of
demographic, social and clinical variables, the patients completed the Structured Clinical
Interview for DSM-IV and the Patient Questionnaire (SCID PQ) for the Structured Clinical
Interview for DSM-IV Personality Disorders (SCID-P and SCID-II; Firsts et al., 1995, 1997)
with a psychiatrist. The HAD scale was also administered to them (Zigmond and Snaith,
1983) to detect severe anxiety and depressive states that could interfere with the results of

the study. To assess 1Q, the second and third scales of the Cattell Test were used (Cattel



RB and Cattell AKS, 1994). All the patients were screened with a portable audiometer
(AudioScope 3. Welch Allyn WA ®) to detect hearing disabilities that could interfere with

the conduct of the experiment.

AWS was measured using the Revised Clinical Institute Withdrawal Assessment for
Alcohol Scale (CIWA-Ar) (Sullivan et al., 1989). This is a 10-item (nausea and vomiting,
tremor, paroxysmal sweats, anxiety, agitation, tactile disturbances, auditory disturbances,
visual disturbances, headache, orientation and clouded sensorium) alcohol withdrawal
monitoring scale that has good reliability and validity. Each sign and symptom item in the
CIWA-Ar is evaluated on a 0-7 point Likert scale except for one item “orientation and
clouding of sensorium”, which is scored on a 0—4 point Likert scale. The possible scoring
range is 0-67. A score of 8 points or less indicates mild withdrawal. A score of 9 to 15
points indicates moderate withdrawal. A score greater than 15 points indicates severe
withdrawal. The CIWA-Ar was administered immediately before detoxification treatment

was initiated and after 14 days from the date when such treatment was completed.

Patients were detoxified using Lorazepam. This treatment was tapered until suppression
was achieved during a period of 10-14 days. The patients were tested with the acoustic
startle response paradigm, on day 1, between the first 12724 hours of alcohol withdrawal,
and on day 14, after detoxification treatment was completed, in a room run by the
Psychiatry Department of our hospital that is specially prepared for this test and is
protected against interference from external factors such as environmental noise or non-

neutral visual stimulation.

To prevent interference from nicotine consumption abstinence, smokers were told to
smoke during the morning on which the test was to be conducted (to prevent nicotine
withdrawal) but to smoke the last cigarette no later than one hour before the test (to
prevent acute effects of nicotine on neuropsychological capacities) (Potter and Newhouse,
2008). They were also instructed to abstain from all food and liquids other than water for
four hours prior to the experimental session. A breath alcohol test was used to verify

alcohol abstinence and a urine drug test to check for drug consumption



Startle response assessment

The startle reflex was elicited and recorded with a commercial computerised human startle
response monitoring system (CIBERTEC S.A). Acoustic startle stimuli (pulses and
prepulses) were presented binaurally through headphones. Four types of startle stimuli
were used: a pulse-alone stimulus of 110 dB white noise presented for 45 ms and three
prepulse 30 ms stimuli of 80 dB white noise presented 30 ms, 60 ms, and 120 ms before
the pulse. All the stimuli were presented against a continuous background noise of 65 dB.
The interstimulus interval was 20 ms +/- 2. Patients were told that brief loud startling
sounds would be delivered through the headphones and were asked to keep their eyes

open during the test and to avoid moving.

The eye blink component of the startle response was measured by recording
electromyographic (EMG) activity of the orbicularis oculi muscle directly beneath the right
eye using two miniature silver/silver chloride disk electrodes. The ground electrode was
placed on the forehead. Impedance level was kept below 5 kOhms. The startle system
recorded EMG activity uninterruptedly, analyzing from 20 ms before the onset of the startle
stimulus until 1000 ms after the startle stimulus was presented. To obtain the startle
measurement we used a temporal window of 250 ms from the onset of the startle stimulus,
with a baseline of 20 ms before the onset of the stimulus. EMG activity was band-pass
filtered (low- and high-pass filters of 5 kHz and 1 Hz, respectively), with a 50-Hz notch filter
used to eliminate 50 Hz interference. We used a sampling rate of 1000 Hz. EMG data

were stored off-line in the analytical programme the response monitoring system.

The methodology used in the startle session was consistent with previous studies (Braff et
al., 1992; Martinez-Gras et al., 2009). The session began with a 5-min acclimatisation
period to reduce initial reactivity and familiarise participants with the test. The four kinds of
startle stimuli previously described were presented in a pseudo-random order such that
patients would be unable to anticipate the next trial. The experiment consisted of three
blocks: i) 5 pulse-alone trials; ii) 32 pulse-alone and prepulse-pulse trials with a 30 ms, 60

ms and 120 ms prepulse-to-pulse interval; and iii) 5 pulse-alone trials. A total of 42 trials



were conducted in each experiment and the inter-trial interval averaged 15 s (range: 10-25

s). This lasted 15 minutes.

Startle variables

The startle variables considered for our study were a) PPI, computed as the percentage
decrement in startle amplitude in the presence vs the absence of the prepulse and
calculated as the difference of the average SR magnitude in pulse-alone trials minus the
magnitude of the average startle response in prepulse trials divided by the magnitude in
the pulse-alone ftrials (% PPI = [pulse — prepulse] / pulse x 100); and b) startle habituation,
measured as the decrease in the SR throughout the session and calculated as the
difference of the average SR magnitude of pulse-alone ftrials between the first and last
block.

Statistical analysis

The statistical analyses were performed using descriptive statistics for the demographic
and clinical variables. In the descriptive statistics, qualitative variables were described as
absolute frequencies and relative percentages for each category, whereas quantitative
variables were calculated using means and SDs. Pearson’s Correlation Coefficient was
used to assess correlations between clinical and startle response variables. Repeated
Analyses of Covariance Measures (ANCOVA) were used to explore the differences in
parameters of the SR between groups (patients and controls) and over time (baseline and
after detoxification treatment), with the PPl and habituation on one hand and time on the
other, as the within-subject factors, and the two different groups (patients and controls) as
the between-subject factor. We used age as a co-variable, in order to control the potential
effect of this parameter on the performance of the startle response test, as a small but
significant difference was found between patients and controls regarding age (1(1.95);
p=0.049). Sex was not considered as a co-variable for the final analyses because no
significant differences were found between patients and controls in this variable (x?
(0.003); p=0.95). Data were processed with the statistical computer program SPSS

(version 23.0).



Results

Clinical and demographic characteristics

The clinical and demographic characteristics of the patients are summarised in Table 1.
Regarding detoxification treatment all patients received treatment with Lorazepam (range
of dose between 5-15 mg/day, mean 10.38 mg/day, SD 3.94). The period of treatment
ranged from 10 to 14 days (mean 12.5 days, SD 1.52).

Inset Table 1.

Prepulse inhibition

Results are summarised in Table 2 and Figure 1. ANCOVA revealed a significant global
effect for the group x time x PPI interaction (F 2,53=3.83; p=0.028) and for the group x time
interaction (Fp154=9,25, p=0.004). Bonferroni post-hoc analysis determined that there were
significant differences in PPI percentages between patients and controls at both day 1 and
day 14 in all trials (p<0.001 for all trials with the exception of PPl 120 ms at day 14 in
which p= 0.01), so that patients exhibited a lower PPI percentages compared to controls.
In addition, there were significant differences in PPI percentages among patients from day
1 to day 14 in all trials (PPI 30 ms: p=0.001; PPI 60 ms: p=0.026; PPl 120 ms: p<0.001),
so that at day 1 patients exhibited lower PPl than on day 14. However, no significant
differences in PPl percentages were found in the control group from day 1 to day 14 (PPI
30 ms: p=0.66; PPI1 60 ms: p=0.38; PPl 120 ms: p=1).

Insert Table 2 and Figure 1

Habituation

Regarding habituation, ANCOVA showed no significant group x time effect (F154=1.38,
p=0.251).



Correlations

On day 1, during the first 12-24 hours of abstinence, there was a significant negative
correlation between the scores in the CIWA-Ar and PPI in all the trials (PPl 30 ms: R=-
0.34, p=0.053; PPI 60 ms: R=-0.34, p=0.054; PPl 120 ms: R=-0.45, p=0.01). In addition,
there was a negative correlation between PPl and the mean of grams/day of alcohol drunk
(PPI 60 ms: R=-0.39, p=0.025; PPI 120 ms: R=-0.35, p=0.049). No significant correlations
were found with regard to age at which alcohol dependence criteria were met and number
of prior detoxifications. No significant correlations were found between clinical variables

and habituation.

On day 14, after the detoxification treatment was completed, there was a significant
positive correlation between PPl and age at which alcohol dependence criteria were met
(PPI 60 ms: R=0.35, p=0.049), and significant negative correlations between PP| and the
mean of grams/day of alcohol drunk (PPl 60 ms: R=-0.44, p=0.-01), number of prior
detoxifications (PPl 120 ms: R=-0.39, p=0.024) and the scores in the post-treatment
CIWA-Ar (PPI1 120 ms: R=-0.37, p=0.037). No significant correlations were found between
clinical variables and habituation.



DISCUSSION

To the best of our knowledge this is the first study to report on the effect of recent
detoxification treatment on PPI of the startle response in a sample of alcohol-dependent
patients. The most relevant findings were the following: 1) During early abstinence, after
12-24 hours of cessation of alcohol drinking, patients exhibited significantly lower PPI
percentages when compared to controls in all trials, 30, 60 and 120 ms prepulse-to-pulse
intervals (p<0.001); 2) after the detoxification treatment was completed 14 days later,
patients continued to show significantly lower PPI percentages compared to controls in all
trials, 30, 60 and 120 ms prepulse-to-pulse intervals (p<0.001); and 3) after detoxification
was completed, the PPI percentage of PPI significantly increased in alcohol-dependent
patients from day 1 to 14 in all trials (these differences were not observed in the control
group). In addition, during early abstinence, we found a significant negative correlation
between PPI percentages and scores in the CIWA-Ar and amount of alcohol drunk in
grams/day, so that patients with more severe AWS and who drank larger quantities per
day exhibited more impaired PPIl. Moreover, on day 14, after the detoxification treatment
was completed, PPI significantly correlated, positively, with age at which criteria for alcohol
dependence were met, and negatively, with the amount of alcohol consumed per day, the
number of prior detoxifications and scores in the CIWA-Ar post-treatment. Therefore
criteria for alcohol dependence being met at an later age, higher amounts of alcohol
consumption per day, a higher number of previous detoxifications and more severe
residual symptoms of withdrawal resulted in a lesser degree of recovery of PIl after the

detoxification treatment was completed.

PPI has been described as an operational measure of sensorimotor gating (Braff and
Geyer, 1992) which reduces the impact of irrelevant sensorial stimuli. It is also considered
an index for a centrally mediated inhibitory mechanism that regulates not only sensory but
also motor and cognitive operations (Swerdlow et al., 1992). Consequently, these data
suggest that sensory information processing mechanisms could be impaired in alcohol
dependent patients who, as a result, would possibly have greater difficulty in suppressing

or gating irrelevant information.



The fact that during early abstinence (12-24 hours after the cessation of alcohol
consumption) patients exhibited lower PPI percentages compared to those shown at the
completion of the detoxification treatment (14 days later) supports the hypothesis that
impairments of PPI could be associated with the withdrawal process itself. In addition, this
idea is reinforced by our finding of a significant negative correlation between PPI
percentages and scores in the CIWA-Ar; severity of AWS correlates with impairment of the
PPI. Moreover, we have found an inverse correlation between levels of PPl and number of
prior detoxifications, indicating that repeated episodes of withdrawal could lead to an
increase in the impairment of PPI. Our findings are in line with other authors who have
described in both, animal (Rassnick et al., 1992) and human (Keedwell et al., 2001)
studies, a decrease in PPI during acute alcohol withdrawal. We have further confirmed the
results found by Keedwell et al, who reported that in withdrawn alcohol-dependent
patients, PPI scores were remarkably low, especially on days 1 and 3 of the AWS, with a
trend towards normalization of PPl on day 7, PPI being even more disrupted in patients
with a history of delirium tremens. To our knowledge, at present this is the only study
published regarding PPl during acute AWS in the alcohol-dependent population.
Compared to Keedwell's study, our sample was larger; it comprised alcohol-dependent
patients with a mild-moderate AWS; and they were compared with a group of healthy

subjects.

However, these results should be interpreted with caution because there are other
possible explanations for our findings. Firstly, we have demonstrated that impairments of
the PPI and severity of AWS are correlated; however, we do not know the nature of this
correlation. It could be that baseline impairment of PPl determined the severity of the
AWS. In fact, Kayir et al. (2010) found in rats, that low baseline PPl was associated with
more intense AWS signs (Kayir et al., 2010). In addition, it could be plausible that in
alcohol-dependent patients PPI levels were impaired because of the neurotoxic effects of
alcohol on the Central Nervous System (CNS). This idea is supported by our findings of an
inverse relationship between PPI, and the daily consumption of alcohol and age at which
alcohol dependence criteria were met, so that early onset of alcohol dependence and
consumption of high daily amounts of alcohol would imply more severe impairment of PPI.
Our data are consistent with previous studies in which it was found that exposure to a low

dose of alcohol reduced PPI levels in non-alcohol dependent and non-abstaining subjects



with low baseline PPI (Hutchison et al., 1997). It has also been reported that alcohol

consumption reduced PPl in a sample of heavy drinkers (Hutchison et al., 2003).

The finding that after completing alcohol detoxification treatment alcohol-dependent
patients continued to show lower levels of PPl compared to controls supports the
hypothesis that impairment of PPl could exist even before initiation of alcohol
consumption, reflecting a vulnerability marker for the development of alcoholism. In
accordance with this idea our group has previously described reduced PPI in male alcohol-
dependent patients who had been abstinent from alcohol for at least one month compared
to healthy controls (Marin et al., 2012). Moreover, Grillon et al. also point out that
impairments of PPl could constitute a vulnerability marker for the development of alcohol
dependence. In their initial work they demonstrated impaired PPl and habituation in
children with a family history of alcoholism (Grillon et al., 2000). In a later study which
evaluated the effect of alcohol on the startle response in non-abusing young male offspring
of alcoholics, they found that PPl was considerably reduced in the offspring of alcohol-
dependent individuals compared with a control group of subjects with no parental history of
psychiatric disorders (Grillon et al., 2000).

Several limitations of this study should be noted. Firstly, including female subjects could
have constituted a confounding variable, because the existence of gender differences in
the performance of the startle test has been widely reported (Kofler et al., 2001; Aasen et
al., 2005; Kumari et al., 2008). Nevertheless, statistical analysis ruled out this possibility.
Secondly, this was an exploratory study involving just a small sample. The exclusion
criteria were also very broad, leading to considerable heterogeneity in parameters such as
age, time since onset of alcohol dependence, or daily amount of alcohol intake. In addition,
our sample comprised alcohol-dependent patients with no past history of withdrawal
seizures and/or delirium tremens, so our results cannot be extended to more severe
alcohol-dependent patients. Moreover, contrary to previous studies, we did not test PPI
throughout the withdrawal process, especially during the third day of abstinence which is
known to be the most critical period during AWS (Keedwell et al., 2001); however, it was
not the aim of our study to explore modifications of PPl during AWS but to assess PPI

modifications from early abstinence to completion of detoxification. Finally, the fact that we



used pharmacological agents (Lorazepam) for the detoxification treatment could also have
interfered with PPI levels. This possibility is unlikely though, because most studies
conclude that benzodiazepines do not affect PPI or in fact improve it both in animal models
(Khalifa, 1999; Abduljawad et al., 2001) and humans (Abduljawad et al., 1997, 2001). Only
one study reports the contrary (Schaginer et al., 1999).

To summarize, our study has found that alcohol-dependent patients exhibit deficits in PPI
compared to healthy controls, deficits that are more prominent during early abstinence.
The reason for these deficits remains unclear and, in fact, three different mechanisms
could justify our findings, so PPI deficits could be due to the neurotoxic effects of alcohol
withdrawal itself on the CNS, the toxic effects of alcohol over the CNS and/or a genetic
predisposition towards impaired PPl in alcohol-dependent patients as a vulnerability
marker for the development of alcoholism. Because alcohol dependent patients exhibited
an improvement from the early stages of alcohol withdrawal to the point of achieving
abstinence, it could be the case that PPI plays an important role in the prognosis of alcohol
dependence. To that end, we intend to conduct new studies in order to shed light on the
origin of PPl impairments in alcohol dependence and to explore the role of PPI in alcohol

relapse.
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Table 1. Clinical and demographic characteristics of alcohol-dependent patients

Variables Mean (SD)
Age (years) 42.84 (5.23)
Age of alcohol use initiation (years) 17.38 (3.22)
Age at which dependence criteria were met 30.06 (3.57)
Previous detoxifications (n) 1.18 (1.06)

Alcohol intake (grams/day)

156.12 (58.63)

CIWA score at baseline 9.12 (2.52)
CIWA score after detoxification 0.46 (0.62)
Variables N (%)

Nicotine Dependence

Cannabis Abuse

20 (62.5%)

4 (12.5%)




Table 2. PPI rercentages for alcohol-dependent patients and controls at day 1 and day 14.

Prepulse-to-pulse PPI 30 ms PPI 60 ms PPI 120 ms
interval

Mean SD Mean SD Mean SD
Patients
Day 1 3.81 14.62 10.29 15.70 15.18 18.95
Day 14 10.19 5.24 15.78 6.54 30.05 11.46
F1.5 11.38 5.21 20.71
P value 0.001 0.026 < 0.001
Controls
Day 1 21.9 6.16 29.59 10.63 37.34 11.81
Day 14 20.92 4.05 31.38 10.98 36.75 8.56
F1,54) 0.19 077 0

P value 0.66 0.38 1




Figure 1. Percentages of PPI for alcohol dependent patients and controls, at day 1 and

day 14.
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DISCUSION GENERAL

Como se ha ido exponiendo a lo largo de este trabajo, la mayor parte de los estudios de
la RS y la IPP, tanto en animales como en humanos, se han realizado fundamentalmente
con un doble objetivo:

1) Valorar si la exposicion al alcohol podria tener efectos neurotoxicos a nivel del
SNC, ya sea como consecuencia de los efectos directos del alcohol, ya sea a
través del SAA.

2) Explorar si las alteraciones de la RS y la IPP podrian constituir un marcador de

vulnerabilidad para el desarrollo de alcoholismo.

El objetivo de nuestra investigacion ha sido precisamente arrojar luz sobre estos dos
aspectos. Para ello, diseflamos un estudio inicial que nos permitiera evaluar si,
efectivamente, los pacientes con dependencia de alcohol presentaban alteraciones en la
RS y en la IPP en comparacion con los sujetos sanos no alcohdlicos (Estudio 1). A
continuacion, con el objetivo de ver si estas alteraciones podrian constituir un marcador
de vulnerabilidad para el desarrollo de alcoholismo, investigamos la asociacion de la RS
y la IPP con otro marcador de vulnerabilidad bien establecido, como es la impulsividad
(Estudio 2). Por ultimo, intentamos explorar si la IPP podria ser una medida sensible a
los efectos neurotoxicos del alcohol sobre el SNC, tanto en el contexto de la

intoxicacion, como en el de abstinencia (Estudio 3).

En conjunto, nuestros estudios han hallado que los pacientes con dependencia de
alcohol, que se mantuvieron abstinentes en el consumo del mismo durante un minimo

de un mes, presentaban una menor magnitud de la RS y una alteracion de la IPP cuando
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eran comparados con sujetos sanos no alcohoélicos (Estudio 1). Estas alteraciones de la
IPP eran ain mas marcadas durante las primeras 24 horas del SAA, después del cese de
un consumo activo de alcohol, tendiendo a recuperarse parcialmente una vez que se
habia completado de manera satisfactoria un tratamiento de desintoxicacion, dos
semanas mas tarde, aunque en ninglin caso los pacientes con dependencia de alcohol
llegaban a alcanzar los porcentajes de IPP mostrados por el grupo de controles sanos.
En las fases iniciales de la abstinencia, los porcentajes de IPP se correlacionaron
negativamente con el consumo diario de alcohol (g/dia) y la puntuacion de las escalas
que evaluaban la gravedad del SAA, de manera que los pacientes con mayores
consumos de alcohol y con un SAA mads grave, eran los que exhibian una mayor
alteracion de la IPP durante las fases iniciales del SAA. Ademas, una vez completado el
proceso de desintoxicacion, la IPP se correlacion6 positivamente con la edad de inicio
del consumo de alcohol, y negativamente con el consumo diario de alcohol (g/dia), el
niumero de desintoxicaciones previas y la puntuacion de las escales que evaluaban la
gravedad del SAA. Esto indica que el diagnoéstico tardio de una dependencia de alcohol,
el consumo de mayores cantidades de alcohol, un mayor nimero de desintoxicaciones
previas y la presencia de sintomas residuales de abstinencia, implicarian una menor
recuperacion de la IPP una vez completado el tratamiento de desintoxicacion (Estudio
3). Por ultimo, hemos encontrado que la RS, y sus diferentes formas de plasticidad, y
algunas medidas de impulsividad, como son el control inhibitorio y la demora de la
recompensa, se correlacionaron de una manera significativa en los pacientes con
dependencia de alcohol, situacién que no se observd en el grupo de controles sanos.
Esto nos llevaria a plantearnos la posibilidad de que la RS y la impulsividad compartan
un origen comun, o que la interaccion de ambos pueda contribuir al desarrollo de un

TUA (Estudio 2).
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Con respecto a las alteraciones en la IPP, los resultados que hemos obtenido estan en
consonancia con muchos de los estudios previos, tanto en modelos de experimentacion
animal de animal (Rassnick et al., 1992), como en poblacion clinica (Grillon et al.,
1997, 2000; Keedwell et al., 2001). La IPP ha sido descrita como una medida
operacional del filtrado sensorio-motor que reduce el impacto de estimulos sensoriales
irrelevantes (Braff y Geyer, 1992), y se considera indice de un mecanismo inhibitorio
mediado a nivel central que regula no solamente las operaciones sensoriales, sino
también las operaciones motoras y cognitivas (Swerdlow et al., 1992). Por tanto,
nuestros resultados sugieren que los mecanismos encargados del procesamiento de la
informacion sensorial estarian alterados en los pacientes con dependencia de alcohol
quiénes, como consecuencia de ello, podrian presentar mas dificultades a la hora de
suprimir o filtrar informacion sensorial irrelevante. De esta manera, estos pacientes con
dependencia de alcohol tendrian mas dificultades a la hora de frenar los automatismos
comportamentales implicados en la recaida, y presentarian niveles mas altos de estrés,
lo que implicaria que podrian desarrollar una mayor tendencia a beber alcohol para
aliviar estos sintomas y el malestar derivado de los mismos. En nuestro estudio hemos
detectado que las mayores alteraciones de la IPP se daban cuando los prepulsos eran
presentados 30 ms antes del pulso. Esto apoyaria la idea de una mayor afectacion de los
mecanismos pre-atencionales, puesto que se ha reportado que los prepulsos presentados
30 ms antes de la presentacion del pulso estdn implicados en los procesos preatentivos,
mientras que los prepulsos presentados 120 ms antes de la presentacion del pulso se

relacionan con mecanismos atencionales (Braff et al., 1992).
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El hecho de que los pacientes que se encuentran en los estadios iniciales del SAA,
después de haber interrumpido un consumo activo de alcohol, presenten una mayor
afectacion de la IPP, reflejado como un menor porcentaje en la IPP, en comparacion con
el porcentaje de IPP hallado después de haber completado el proceso de desintoxicacion
alcoholica, dos semanas mas tarde, apoyaria la hipotesis de que el SAA se asocia a
neurotoxicidad a nivel central. Refuerza esta idea el hecho de que hemos encontrado
que son los pacientes con SAA mas severos los que presentan una mayor disrupcion de
la IPP. Nuestros resultados estdn en consonancia con lo descrito por Keedwell y sus
colaboradores, que hasta la fecha, es el tinico grupo que ha publicado datos relacionados
con las alteraciones de la IPP durante el SAA agudo. Segun estos autores existiria una
mayor alteracion de la IPP durante los primeros dias de desintoxicacion, que tenderia a
normalizarse a partir de la primera semana de abstinencia, y que estaria asociada a la
gravedad del SAA (medido a través de la presencia de antecedentes de delirium
tremens), de manera que a mayor gravedad del SAA mayor afectacion de la IPP

(Keedwell et al., 2001).

Sin embargo, no podemos descartar que las alteraciones encontradas en la IPP puedan
ser debidas al efecto neurotoxico a nivel central de alcohol, hecho que ya ha sido
senalado en varios estudios previos (Grillon et al., 1994; Hutchinson et al., 1997,
Grillon et al., 2000). Por otro lado, el hecho de que una vez superado el periodo de
desintoxicacion y lograda la abstinencia en el consumo de alcohol, los porcentajes de la
IPP mejoren, pero que no logren igualarse a los porcentajes de IPP de los sujetos sanos,
podria apoyar la idea de que la IPP podria estar alterada en estos sujetos antes de ser

expuestos al alcohol, de manera que podria constituir un marcador de vulnerabilidad
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para el desarrollo de un TUA, como ya se ha sefialado en varias investigaciones previas

(Grillon et al., 1997, 2000).

Asimismo, hemos visto que los sujetos con dependencia de alcohol presentan una
menor magnitud de la RS en comparacion con los sujetos sanos. Esto podria ser debido
al propio efecto del alcohol a nivel central, ya que se ha descrito con anterioridad que la
administracioén de alcohol en sujetos sanos (Grillon et al., 1994; Hutchinson et al., 1997)
y en individuos con un consumo perjudicial de alcohol (Hutchinson et al., 2003)
suprime o reduce la magnitud de la RS. También podria ser debido a las caracteristicas
de los propios pacientes con dependencia de alcohol, que con frecuencia presentan
sintomas depresivos y anhedonia, lo que se ha asociado a una baja reactividad de la RS

(Mneimne et al., 2008).

Por ultimo, hemos encontrado correlaciones estadisticamente significativas entre
diversas variables de la RS (magnitud de la RS y habituacién), y algunas variables de
impulsividad (control inhibitorio y demora de la recompensa), la cual ha sido
ampliamente estudiada en los TUA, habiéndose demostrado que constituye un

importante factor de riesgo para el desarrollo de los TUA (Rubio et al., 2007).

Nuestro estudio apunta a que una mayor magnitud de la RS se correlacionaria con
ambos paradigmas de la impulsividad (control inhibitorio y demora de la recompensa)
en los pacientes con dependencia de alcohol, pero no en el grupo de controles sanos. De
esta manera, entre los pacientes con dependencia de alcohol, aquellos con una mayor
reactividad de la RS son los que exhiben mayores niveles de impulsividad, definida

tanto por un pobre control inhibitorio como por una escasa capacidad para demorar la
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gratificacion y la recompensa. Es posible que un subgrupo de pacientes con
dependencia de alcohol, aquéllos que exhiben mayores niveles de ansiedad, cuando son
expuestos a situaciones estresantes (como lo es la propia ejecucion del experimento)
(Grillon et al., 1997), reflejado como una mayor magnitud de la RS, reaccionen con
niveles mas elevados de impulsividad. Esto les podria conducir a, que a la hora de
enfrentarse con un estrés, podrian desarrollar estados de ansiedad, dando lugar a una
conducta impulsiva que les llevaria a beber alcohol compulsivamente, probablemente en
un intento de aliviar los sintomas de ansiedad ya que, como hemos sefialado
previamente, el consumo de alcohol reduce la reactividad de la RS (Grillon et al., 1994;

Hutchinson et al,, 1997), lo que refleja su efecto ansiolitico (Braun et al., 2012).

Ademas, hemos encontrado que en los individuos con dependencia de alcohol, pero no
en los controles sanos, la habituacion se correlaciona con la impulsividad. En concreto,
hemos hallado que una rapida habituacion se asociaria a un pobre control inhibitorio.
Una rapida habituacion ha sido empleada en estudios previos como un indicador de
conductas externalizadoras, impulsividad y un estilo de personalidad desinhibida, que
han sido ampliamente descritos como factores que favorecerian el desarrollo de TUA
(Rubio et al., 2008). Nuestros resultados estan en consonancia con lo que LaRowe y sus
colaboradores han descrito en sujetos sanos, a los que evaluaron con distintas escalas y
cuestionarios de impulsividad, observando que puntuaciones mas altas en impulsividad
y desinhibicién conductual, se correlacionaban con habituaciones mas rapidas de la RS

(LaRowe et al., 20006).

A diferencia de lo que inicialmente habiamos planteado, no encontramos correlaciones

significativas entre la IPP y las variables de impulsividad. Esto podria haber sido debido
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a que atencion e impulsividad estan reguladas por vias neuroanatémicas distintas

(Geisser y Lesch, 2011).

De acuerdo con nuestros resultados, se podria llegar a desarrollar un TUA a través de
dos vias: 1) uno sucederia en el contexto de niveles altos de arousal o de ansiedad a la
hora de enfrentarse a situaciones estresantes, que llevaria a consumir alcohol con el
objetivo de aliviar los sintomas de ansiedad; 2) el otro estaria relacionado con un estilo
de personalidad desinhibido e impulsivo, que conduciria al consumo de alcohol en el
contexto de una busqueda de sensaciones y novedades. La RS y sus paradigmas estarian

implicados en ambos.

Nuestra investigacion presenta una serie de puntos fuertes que exponemos a
continuacion: 1) son muy escasos los estudios de la RS y la IPP basal en pacientes con
dependencia de alcohol, que han conseguido mantenerse abstinentes durante un minimo
de un mes, con lo que con nuestra investigacion hemos podido ampliar lo descrito hasta
la fecha a este respecto; 2) hasta ahora, no ha sido publicado ningun estudio en el que se
evalue como se modifica la IPP desde los estadios iniciales de la abstinencia, hasta la
finalizacion del proceso de desintoxicacion de alcohol, y comparar estos cambios con
un grupo de sujetos sanos sin dependencia de alcohol; y 3) también somos pioneros a la
hora de estudiar la correlacion de la RS y sus diferentes formas de plasticidad, y

diversos aspectos de la impulsividad, en pacientes con dependencia de alcohol.

Hay que ser cautos a la hora de interpretar nuestros resultados, pues presentan varias
limitaciones. En primer lugar, no podemos saber si nuestros hallazgos eran previos al

inicio del consumo de alcohol, o si por si el contrario, se han producido como
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consecuencia de la evolucion cronica del consumo de alcohol en estos individuos. En
segundo lugar, el tamafio muestral fue pequefio, y los criterios de exclusion utilizados
muy laxos, con lo que la muestra es heterogénea en cuanto a pardmetros relacionados
con la historia de bebida (edad de inicio de la dependencia de alcohol, consumo diario
de alcohol, tiempo medio de abstinencia, etc.). Por ultimo, existen algunas variables de
confusion que podrian estar interfiriendo con los resultados de nuestros estudios, y entre
las que se encuentran el consumo de nicotina y el consumo concomitante de otras
drogas (aunque quedaron excluidos los pacientes que cumplian criterios de
abuso/dependencia de sustancias distintas de nicotina y alcohol, incluyendo solamente a
unos pocos pacientes con consumo esporadico de cannabis), o el empleo de tratamientos
psicofarmacologicos (aunque ningin paciente se encontraba en tratamiento con
antipsicoticos, que son psicofarmacos en los que ha quedado bien establecido que

modulan la RS y la IPP).

Con todo lo dicho, atn quedan por resolver algunas cuestiones. Seria interesante evaluar
si la RS y la IPP podrian constituir herramientas utiles para evaluar la severidad de la
dependencia de alcohol, o bien podrian utilizarse como marcadores de los déficits
cognitivos asociados al consumo créonico de alcohol. Asimismo, dado que los pacientes
con dependencia de alcohol experimentan una mejoria en los porcentajes de la IPP
desde los estadios iniciales del SAA hasta la finalizacion del tratamiento de
desintoxicacion, podria darse el caso de que la IPP jugase un papel importante en el
pronostico de la dependencia de alcohol. Este es otro aspecto que mereceria la pena
explorar. Por ultimo, también resulta de interés la investigacion de la RS y la IPP como
marcadores de vulnerabilidad para el desarrollo de los TUA, evaluando si podrian

constituir endofenotipos que compartieran un origen genético comuin con otros
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trastornos psiquidtricos, lo que podria explicar en parte, la elevada comorbilidad de los
TUA con otras enfermedades mentales. Por lo hallado en nuestros estudios, los cuadros
afectivos y las patologias que cursan con niveles altos de impulsividad podrian ser
buenas candidatas a futuras investigaciones. Con tal fin, nuestro grupo pretende disefiar

nuevos estudios que permitan ir progresivamente dilucidando todos estos puntos.
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CONCLUSIONES

Se pueden extraer las siguientes conclusiones a partir de los resultados obtenidos:

1) Los pacientes abstinentes con dependencia de alcohol presentaban una
atenuacion de la magnitud de la RS y menores porcentajes de IPP, en
comparacion con los sujetos sanos.

2) Las alteraciones de la IPP fueron atin mayores durante los estadios iniciales del
SAA, tendiendo a recuperarse parcialmente después de haberse completado el
tratamiento de desintoxicacion alcoholica, a pesar de lo cual, los pacientes con
dependencia de alcohol continuaban teniendo mas alterada la IPP.

3) La RSy la habituacion de la RS se correlacionaron con dos de las dimensiones
de la impulsividad (control inhibitorio y demora de la recompensa) en los
sujetos con dependencia de alcohol, pero no entre los controles sanos. Es
posible que la interaccion de ambas, medie el proceso a través del cual se

desarrollan los TUA.
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