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ABSTRACT
Objective: Schizophrenia, cocaine-related disorder, antisocial personality disorder, and
psychopathy share biological bases, but few studies discriminate between these disorders
by means of prepulse inhibition. This work studies the phenotype of patients with cocaine-
related disorders who are vulnerable to presenting a dual diagnosis of schizophrenia or
antisocial personality disorder, by evaluating their prepulse inhibition, impulsivity and psych-
opathy personality traits. Methods: The sample (n¼ 38) was divided into three groups: (1)
cocaine-related disorder (8 individuals diagnosed with cocaine-related disorder who did not
present any other mental disorder), (2) cocaine-related disorder and schizophrenia (n¼ 14),
and (3) cocaine-related disorder and antisocial personality disorder (n¼ 16). Results: The
prepulse inhibition in the two groups with dual diagnosis was lower than that in the
cocaine-related disorder group, F(2, 35)¼ 6.52, p¼ .004, while there was no significant differ-
ences between the two dual-diagnosis groups. Psychopathy was evaluated with the revised
Hare Psychopathy Checklist and showed no correlation with the prepulse inhibition.
Secondary psychopathy (impulsivity and poor behavior control), as evaluated with Levenson
Self-Report Psychopathy Scale, was related to the prepulse inhibition. Two discriminating
functions were obtained that allowed prediction of patient inclusion in the groups using
the prepulse inhibition and the revised Hare Psychopathy Checklist with a success rate of
81.6% (cocaine-related disorder¼ 62.5%; cocaine-related disorder and schizophrenia¼ 78.6%;
cocaine-related disorder and antisocial personality disorder¼ 93.8%). These results are dis-
cussed in regard to the neurobiological implications of prepulse inhibition in dual diagnosis.
Conclusions: The results suggest that the prepulse inhibition is a promising dual-diagnosis
vulnerability marker in individuals with cocaine addiction, because prepulse inhibition defi-
cits are related both to schizophrenia and antisocial personality disorder. In addition, pre-
pulse inhibition, which is considered a good endophenotype for studies on the genetic and
neurobiological basis of cocaine-related disorder and schizophrenia, could be used in the
same way in studies on antisocial personality disorder.
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Introduction

Cocaine is responsible for more hospital admissions
for treatment (36.5%) and emergencies (43.7%) than
any other drug (Observatorio Espa~nol de la Droga y
las Toxicoman�ıas (OEDT), 2016). Schizophrenia and
antisocial personality disorder (ASPD) are very preva-
lent in cocaine users (Araos et al., 2014; Arias et al.,
2013). Prepulse inhibition (PPI; Blumenthal, Reynolds,
& Spence, 2015) is a robust measure of sensorimotor

gating (Kohl, Heekeren, Klosterk€otter, & Kuhn, 2013),
is a cross-species phenomenon (Zhang, Forkstam,
Engel, & Svensson, 2000), is significantly heritable
(Greenwood et al., 2016), and is a useful schizophre-
nia endophenotype (Siegel, Talpos, & Geyer, 2013).
PPI is reduced in patients with psychiatric disorders
compared with healthy controls (Arenas, Caballero-
Reinaldo, Navarro-Franc�es, & Manzanedo, 2017).
Since animal studies suggest the unitary nature of the
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neurocircuits that govern both major psychiatric syn-
dromes and enhanced addiction vulnerability, it is
probable that many genetic and environmental risk
factors for mental illness, substance use disorders, or
dual diagnosis conditions could be identical
(Chambers, 2007). PPI, given its usefulness as an
endophenotype, seems a good starting point to study
these common etiological bases.

The regulation of PPI depends on the correct func-
tioning and interaction of different neurotransmission
systems (dopaminergic, glutamatergic, serotoninergic,
and cholinergic), which are altered in schizophrenia
(Geyer, Krebs-Thomson, Braff, & Swerdlow, 2001).
The acoustic startle response is sensitive to dopamin-
ergic modulation (Efferen et al., 2000). Cocaine users
seem to have a lower startle reaction to single pulse
trials and a more marked PPI, but PPI alterations
could also be the result of a lower baseline startle
reactivity (Kohl et al., 2013). The overlap of reward
circuits shown to be altered in cocaine users (in par-
ticular the ventral striatum), and cortico-striato-
pallido-pontine circuits regulating PPI, suggests that
PPI may be altered in cocaine addiction (Arenas et al.,
2017; Preller et al., 2013).

Very little research has used PPI to study personality
disorders. Kumari et al. (2005) found that PPI was
lower in patients with ASPD or schizophrenia and a
history of violence and with schizophrenia and no his-
tory of violence, than in healthy volunteers, but that
this parameter could not distinguish between these
three groups. In contrast, Sedgwick et al. (2017) found
significantly lower PPI in violent men with diagnoses
of both psychosis and dissocial personality disorder,
relative to the control and psychosis-only groups. In
addition, across all three clinical groups, PCL-R factor-
2 (behavioral, impulsive, and lifestyle factor) scores
were negatively correlated with PPI. Furthermore,
Loomans, Tulen, and Van Marle (2015) used the startle
reflex to differentiate between patients with ASPD and
psychopathy and those with ASPD only. Thus, the
neural substrates of PPI, specifically the hippocampus,
amygdala, thalamus, and basal ganglia, are all impli-
cated in ASPD and schizophrenia (Kumari et al.,
2005). However, very little research has analyzed the
PPI in patients with ASPD and/or psychopathy.

Given the biological bases shared by schizophrenia,
cocaine-related disorder, ASPD, and psychopathy, and
the scarcity of studies that discriminate between these
disorders using PPI, the main objective of this work
was to use PPI to study the characteristics of patients
with cocaine-related disorder who presented a dual
diagnosis of schizophrenia or ASPD, and to relate it

to impulsivity personality traits and psychopathy. The
specific objectives were to: (a) evaluate the presence of
mental disorders, impulsivity, psychopathy, and PPI
in individuals with cocaine-related disorder; (b) assess
the relationship between PPI and psychopathy in par-
ticipants with cocaine-related disorder; and (c) study
if there are any differences in impulsivity, psychop-
athy, or PPI between patients with dual diagnosis
(cocaine-related disorderþ schizophrenia and cocaine-
related disorderþASPD) and those with only
cocaine-related disorder. Our hypotheses were that:
(1) individuals with cocaine-related disorder with a
dual diagnosis (with ASPD or schizophrenia) present
lower PPIs than those who only have cocaine-related
disorder; and (2) PPI negatively correlates with the
degree of psychopathy in patients with cocaine-
related disorder.

Materials and methods

Design

This was an observational, cross-sectional, multi-center
study in participants aged over 18 years who were
admitted to the Addictive Behavior Unit, Hospital
Detoxification Unit, or Severe Dual Diagnosis Program
at the Provincial Hospital Consortium of Castell�on
(Spain), for treatment for cocaine-related disorder.

Participants

The sample comprised 38 participants, all male,
obtained by intentional consecutive sampling of
patients who underwent treatment for cocaine-related
disorder in 2017. Criteria for inclusion in the study
were: (a) males aged 18 years or older; (b) diagnosis
of cocaine-related disorder, cocaine-related disorder
and schizophrenia, or cocaine-related disorder and
ASPD; and (c) consent to participation by signing the
informed consent form. Criteria for exclusion were:
(a) mental disorders other than those of the inclusion
criteria; (b) a neurological disorder that could inter-
fere in the PPI; and (c) illiteracy or being unable to
understand sufficient Spanish to participate.

Three groups were created: (a) cocaine-related dis-
order (eight individuals diagnosed with cocaine-
related disorder who did not present any other mental
diagnoses); (b) cocaine-related disorderþ schizophre-
nia (14 individuals diagnosed with both cocaine-
related disorder and schizophrenia); and (c) cocaine-
related disorderþASPD (16 individuals diagnosed
with both cocaine-related disorder and ASPD).
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Procedure

There was a complete discussion of the study with
potential participants. Written informed consent was
obtained after this discussion. The confidentiality of
the participants and the data was guaranteed. This
research complied with the guidelines set out at the
World Medical Association Declaration of Helsinki.
The Ethical Committee of Hospital Provincial of
Castell�on approved this research (ref. 21122017). The
sample participants were recruited by the healthcare
professionals attending the patients. These volunteers
were required to sign their informed consent in order
to participate in the study. The researchers conducting
these psychometric tests were trained in their admin-
istration and in the evaluation of PPI. The tests were
administered after 7–10 days of detoxification treat-
ment when psychopathological stabilization had
been reached.

Instruments

1. Sociodemographic questionnaire.
2. Dual Diagnosis Screening Interview (Mestre-

Pint�o, Domingo-Salvany, Mart�ın-Santos, Torrens,
& PsyCoBarcelona Group, 2013), according to the
DSM-IV criteria for people with a substance-
use disorder.

3. Psychiatric Research Interview for Substance and
Mental Disorders (PRISM-IV; Torrens, Serrano,
Astals, P�erez-Dom�ınguez, & Mart�ın-Santos, 2004),
which evaluates past and current disorders caused
by substance consumption and psychiatric disor-
ders, borderline personality disorder, and ASPD.

4. Barratt Impulsiveness Scale (Patton, Stanford, &
Barratt, 1995), which assesses total, cognitive,
motor, and unplanned impulsivity.

5. Sensitivity to Punishment and Sensitivity to
Reward Questionnaire (Torrubia, Avila, Molt�o, &
Caseras, 2001).

6. The Levenson Self-Report Psychopathy Scale
(LSRP; Levenson, Kiehl, & Fitzpatrick, 1995),
which determines two dimensions: manipulation/
insensitivity and impulsivity/conduct-
controlled behavior.

7. The revised Hare Psychopathy Checklist (PCL-R;
Hare, 2003), which evaluates psychopathy and
two other factors: interpersonal/affective and
social deviance. Psychopathy was considered to be
present if the total score was 26 or more
(Loomans et al., 2015).

8. Evaluation of the PPI of the acoustic startle reflex,
using the BIOPAC MP 150 QUICK START

(Mark II, SR-Lab, San Diego, California). This
system generates alarm stimuli by emitting sounds
that are played through headphones. The response
is measured by facial changes in the periorbital
area with surface electromyography. In our study,
the participants received white noise at 70 dB, fol-
lowed by three blocks of stimuli. The first block
consisted of five single pulses. The second block
was comprised of eight single pulses and 24
pulses preceded by a prepulse at 30, 60, or
120 ms. The third block was the same as the first
one. The pulse intensities were 105 dB and lasted
40 ms and the prepulse intensities were 85 dB
and lasted 20 ms. A total of 42 trials were per-
formed in approximately 15 minutes.
There was no restriction in relation to tobacco
consumption prior to the PPI test, but the test
was not carried out until at least 20 minutes after
the participant’s last cigarette. The main depend-
ent variable was the PPI percentage calculated as:
{[(response strength for the single pulse) –
(response strength for the pulse preceded by the
prepulse)] � (response strength for the single
pulse)}� 100. The mean latency, amplitude (mean
response to the single pulse tests), and habituation
(difference between the average response to the
single-pulse tests from the first and last block)
were also calculated.

Data analysis

The SPSS (v21) program was used for the statistical
analyses. After the exploratory and descriptive study,
the sociodemographic and clinical variables were com-
pared by analysis of variance (ANOVA) for quantita-
tive and v2 for categorical variables. We used
multivariate analysis of variance (MANOVA) to verify
if there were differences between the groups in the
dependent variables: impulsivity, behavioral activation
and inhibition, psychopathy and PPI; specifying these
differences using one-way ANOVAs and Tukey tests.
The effect size (ES) as the partial eta squared and the
observed power (1�b) were calculated. Mixed
ANOVA (Prepulse � Group) was used to check the
influence of the prepulse administration interval and
repeated-measures ANOVA was used for intragroup
comparison according to the prepulse interval. The
correlation between PPI and the other variables was
calculated using Spearman’s rho and the difference in
PPI between individuals with and without psychop-
athy, those who consumed substances or not, and
who took antipsychotics or not were assessed using
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Student t-tests. The data were modeled with discrim-
inant functions to check if the dependent variables
were able to predict patient inclusion in the diagnos-
tic groups.

Results

The average participant age was 41.47 years
(SD¼ 6.56), and there were no differences between the
groups (X cocaine-related disorder¼ 43.13, SD¼ 5.46;
X cocaine-related disorderþ schizophrenia¼ 39.14,
SD¼ 7.18; X cocaine-related disorderþ ASPD¼ 42.69,
SD¼ 6.27). Sociodemographic descriptions and com-
parisons between groups are shown in Table 1.

The participants were addicted to an average of
3.26 substances (SD¼ 1.63). There were differences in
the number of addictions, F(2, 35)¼ 3.61, p¼ .038,
with cocaine-related disorderþASPD patients pre-
senting more addictions than cocaine-related disorder-
þ schizophrenia individuals (X cocaine-related
disorder¼ 3.1, SD¼ 1.45; X cocaine-related disorder-
þ schizophrenia¼ 2.5, SD¼ 1.09; X cocaine-related
disorderþASPD¼ 4, SD¼ 1.86). All (100%) of the
participants were smokers and they all had an addic-
tion to cocaine (N¼ 38); 68.4% to cannabis (n¼ 26),
55.3% to alcohol (n¼ 21), 47.4% to heroin (n¼ 18),
31.6% to sedatives (n¼ 12), 10.5% to stimulants
(n¼ 4), 7.9% to methadone (n¼ 3), and 5.3% to other
opioids (n¼ 2). Cocaine-related disorderþASPD indi-
viduals presented a higher rate of addiction to heroin

than cocaine-related disorderþ schizophrenia partic-
ipants; v2 ¼ 16.476, p < .001.

Antipsychotics were used by 54.1% (n¼ 20) of the
study cohort and the average daily chlorpromazine-
converted dose was 64.30 mg (SD¼ 59.32). The
majority of patients taking antipsychotics were in the
cocaine-related disorderþ schizophrenia group,
v2 ¼ 23.91, p < .001, and so this group had the high-
est average daily doses of these drugs (X cocaine-
related disorder¼ 0.45, SD¼ 0.39; X cocaine-related
disorderþ schizophrenia¼ 88.91, SD¼ 51.21; X
cocaine-related disorderþASPD¼ 0.10, SD¼ 0.07,
F(2, 15)¼ 6.75, p¼ .008). The clinical descriptions and
comparisons for these patients are shown in Table 2.

There were differences between the groups in terms
of the dependent variables, F(34, 32)¼ 2.529, p¼ .005,
ES¼ 0.729, 1�b¼ 0.990. Table 3 shows the scores
and comparisons for dependent variables of impulsiv-
ity and behavioral activation and inhibition. Table 4
shows the scores and comparisons for the psychop-
athy variables.

There were no differences between the groups in
terms of the latency (F(2, 35)¼ 1.966, p¼ .155), amp-
litude (F(2, 35)¼ 0.793, p¼ .460), or habituation (F(2,
35)¼ 0.182, p¼ .835) of the response reflex. Table 5
shows the percentages of PPI at 30, 60, and 120ms
and the comparisons between the groups.

No interactions were observed for the Group �
Prepulse ANOVA (F(4, 66)¼ 0.554, p¼ .697,
ES¼ 0.032, 1�b¼ 0.176), the main effects of the

Table 1. Sociodemographic Descriptions and Comparisons Between Groups
% TOTAL (n) % CRD (n) % CRDþ SCZ (n) % CRDþASPD (n) v2 (Sig.)

Nationality
Spanish 94.4 (34) 75 (6) 100 (12) 100 (0) 7.412 (.045)�
Other countries Europe 2.8 (1) 12.5 (1) 0 (0) 0 (0)
South America 2.8 (1) 12.5 (1) 0 (0) 0 (0)

Marital status
Single 76.3 (29) 62.5 (5) 85.7 (12) 75 (12) 3.716 (.816)
Married 5.3 (2) 0 (0) 7.1 (1) 6.3 (1)
Separated 5.3 (2) 12.5 (1) 0 (0) 6.3 (1)
Divorced 13.2 (5) 25 (2) 7.1 (1) 12.5 (2)

Number of children
0 67.6 (23) 50 (4) 91.7 (11) 57.1 (8) 6.426 (.172)
1 17.6 (6) 37.5 (3) 0 (0) 21.4 (3)
2 14.7 (5) 12.5 (1) 8.3 (1) 21.4 (3)

Education level
None 44.7 (17) 0 (0) 57.1 (8) 56.3 (9) 17.583 (.011)�
Primary education 13.2 (5) 37.5(3) 7.1 (1) 6.3 (1)
Compulsory Secondary Education 34.2 (13) 50 (4) 21.4 (3) 37.5 (6)
Baccalaureate or vocational training 5.3 (2) 0 (0) 14.3 (2) 0 (0)
Higher education 2.6 (1) 12.5 (1) 0 (0) 0 (0)

Employment status
Pensioner 42.1 (16) 25 (2) 71.4 (10) 25 (4) 13.442 (.064)
Unemployed, but has been employed 44.7 (17) 37.5 (3) 28.6 (4) 62.5 (10)
Unemployed and has never worked 5.3 (2) 12.5 (1) 0 (0) 6.3 (1)
Family business, without a salary 2.6 (1) 12.5 (1) 0 (0) 0 (0)
Salaried employment 5.3 (2) 12.5 (1) 0 (0) 6.3 (1)

Note. The underlined statistics are those which showed significant differences according to the corrected standardized residuals.
CRD¼ cocaine related disorder; SCZ¼ schizophrenia; ASPD¼ antisocial personality disorder; Sig.¼ significance.�p < .05.
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group (F(2, 32)¼ 2.539, p¼ .094, ES¼ 0.133,
1�b¼ 0.472), or the prepulse interval (F (2, 32)¼
1.717, p¼ .196, ES¼ 0.097, 1�b¼ 0.334) in the total
sample. However, there were differences according to
the prepulse interval in cocaine-related disorder (F(2,
4)¼ 9.381, p¼ .031, ES¼ 0.824, 1� b¼ 0.728) and
cocaine-related disorderþ schizophrenia (F(2,
12)¼ 6.013, p¼ .016, ES¼ 0.501, 1� b¼ 0.784)
groups, although these differences did not reach sig-
nificance in the pairwise comparisons. There were no
differences according to the prepulse interval in the
cocaine-related disorderþASPD group, (F(2,
14)¼ 2.524, p¼ .116, ES¼ 0.265, 1� b¼ 0.422).

Figure 1 shows the average PPI of each group in each
prepulse interval.

The PPI at 30 ms was related to the motor impul-
sivity score (rho¼�0.334, p¼ .041) and secondary
psychopathy on the LSRP (rho¼�0.434, p¼ .006),
while the PPI at 60 ms and 120 ms was not related to
any of the variables we studied. PPI was not related to
the daily amount consumed for any of the substances
studied or to the average daily dose of antipsychotics.
No differences were found in PPI between individuals
with or without psychopathy, between those addicted
or not to different substances, or between those who
did or did not take antipsychotics.

Table 2. Clinical Descriptions and Comparisons Between Groups
% TOTAL (n) % CRD (n) % CRDþ SCZ (n) % CRDþASPD (n) v2 (Sig.)

Previous psychiatric hospitalization 52.6 (20) 25 (2) 78.6 (11) 43.8 (7) 6.735 (.035)�
Suicide attempts 28.9 (11) 0 (0) 57.1 (8) 18.8 (3) 9.479 (.010)�
HIV positive 10.5 (4) 0 (0) 0 (0) 25 (4) 6.147 (.060)
Additional family clinical history 63.2 (24) 62.5 (5) 57.1 (8) 68.8 (11) 0.434 (.905)
Family clinical history of mental disorders 42.1 (16) 37.5 (3) 50 (7) 37.5 (6) 0.567 (.765)
Prison incarcerations 34.2 (13) 12.5 (1) 0 (0) 75 (12) 20.783 (<.001)��
Number of addictions
1 5.3 (2) 0 (0) 14.3 (2) 0 (0) 11.367 (.553)
2 39.5 (15) 50 (4) 42.9 (6) 31.3 (5)
3 18.4 (7) 12.5 (1) 28.6 (4) 12.5 (2)
4 15.8 (6) 25 (2) 7.1 (1) 18.8 (3)
5 7.9 (3) 0 (0) 7.1 (1) 12.5 (2)
6 10.5 (4) 12.5 (1) 0 (0) 18.8 (3)
8 2.6 (1) 0 (0) 0 (0) 6.3 (1)

Psychopathy 29.7 (11) 0 (0) 0 (0) 68.8 (11) 20.546 (<.001)��
Note. The underlined statistics are those which showed significant differences according to the corrected standardized residuals.
CRD¼ cocaine related disorder; SCZ¼ schizophrenia; ASPD¼ antisocial personality disorder; Sig. ¼ significance.�p < .05; ��p < .01.

Table 3. Scores and Comparisons Between the Groups in the Dependent Variables: Impulsivity, Activation, and Behavioral Inhibition
Instrument Variable Group Mean (SD) F (df; Sig.) Tukey

Barratt Impulsiveness Scale Cognitive impulsivity CRD 13.63 (4.47) 2.393 (2, 35; p ¼ .106)
CRDþ SCZ 15.93 (5.18)
CRDþASPD 18.06 (4.52)

Motor impulsivity CRD 18.88 (6.15) 0.980 (2, 35; p ¼ .386)
CRDþ SCZ 19.50 (8.39)
CRDþASPD 23 (8.77)

Unplanned impulsivity CRD 22.88 (7.22) 3.090 (2, 35; p ¼ .058)
CRDþ SCZ 24.71 (9.65)
CRDþASPD 31.06 (8.57)

Total impulsivity CRD 55.38 (14.85) 2.789 (2, 35; p ¼ .075)
CRDþ SCZ 59 (15.90)
CRDþASPD 69.25 (14.97)

Sensitivity to Punishment and
Sensitivity to Reward
Questionnaire

Sensitivity to punishment CRD 8.50 (4.40) 3.958 (2, 35; p ¼ .028)�
Tukey test did not reach

significance.
CRDþ SCZ 13.93 (5.42)

CRDþASPD 9.44 (5.18)
Sensitivity to reward CRD 14.50 (5.09) 0.562 (2, 35; p ¼ .575)

CRDþ SCZ 15.21 (3.98)
CRDþASPD 13.56 (4.09)

Stop task Letters reaction time CRD 705.75 (67.60) 0.186 (2, 34; p ¼ .831)
CRDþ SCZ 664.46 (74.74)
CRDþASPD 688.56 (220.67)

Average stop signal delay CRD 518.75 (79.89) 0.956 (2, 34; p ¼ .395)
CRDþ SCZ 438.46 (141.64)
CRDþASPD 487.75 (150.33)

Note. CRD¼ cocaine related disorder; SCZ¼ schizophrenia; ASPD¼ antisocial personality disorder; df¼ degrees of freedom; Sig. ¼ significance.�p < .05.
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Two discriminating functions were obtained that
allowed prediction of patient inclusion in the groups
using the PPI and the PCL-R with a success rate of
81.6% (cocaine-related disorder¼ 62.5%; cocaine-
related disorderþ schizophrenia¼ 78.6%; cocaine-

related disorderþASPD¼ 93.8%). The first had an
eigenvalue of 4.612 and explained 93.5% of the vari-
ance and the second had an eigenvalue of 0.321 and
explained 6.5% of the variance. These equations are:

Z1 ¼ 0:993� Total PCL� 0:121� 30 ms PPI

Z2 ¼ 0:117� Total PCLþ 0:993� 30 ms PPI

Figure 2 shows the scatter diagram for these dis-
criminant functions.

Discussion

The objective of this work was to study the character-
istics of patients with cocaine-related disorder who
have a dual diagnosis with schizophrenia or ASPD,
and these results confirm our initial hypothesis. The
main finding is that the two groups with a dual diag-
nosis have a lower PPI than the group which only
had a cocaine addiction. That is, the PPI is altered
both in patients with cocaine-related disorder who
have comorbid schizophrenia and in those with an
ASPD comorbidity.

PPI is very useful as a schizophrenia endopheno-
type which links this disorder with its genetic vulner-
ability (Greenwood et al., 2016). However, this
hypothesis had not been tested in patients with

Table 4. Scores and Comparisons Between the Groups in the Psychopathy-Dependent Variables
Instrument Variable Group Mean (SD) F (df; Sig.) Tukey

Levenson Self-Report
Psychopathy Scale (LSRP)

Primary psychopathy CRD 35.63 (4.74) 1.284 (2, 35; p ¼ .290)
CRDþ SCZ 31.71 (6.06)
CRDþASPD 34.38 (6.41)

Secondary psychopathy CRD 22.13 (3.83) 2.801 (2, 35; p ¼ .074)
CRDþ SCZ 27 (5.88)
CRDþASPD 26.81 (4.82)

Hare Psychopathy Checklist
Revised (PCL-R)

Interpersonal/affective factor CRD 3.88 (2.10) 49.806 (2, 34; p < .001)��
CRDþASPD> CRD (p < .001) and

CRDþ SCZ (p < .001)
CRDþ SCZ 2.23 (1.30)
CRDþASPD 10.69 (3.09)

Social deviation factor CRD 3.75 (2.49) 59.065 (2, 34; p < .001)��
CRDþASPD> CRD (p < .001) and

CRDþ SCZ (p < .001)
CRDþ SCZ 4.85 (1.99)
CRDþASPD 14.88 (3.61)

Total score CRD 9.63 (3.33) 77.340 (2, 34; p < .001)��
CRDþASPD> CRD (p < .001) and

CRDþ SCZ (p < .001)
CRDþ SCZ 7.92 (3.47)
CRDþASPD 28.19 (6.04)

Note. CRD¼ cocaine related disorder; SCZ¼ schizophrenia; ASPD¼ antisocial personality disorder; df¼ degrees of freedom; Sig. ¼ significance.��p < .01.

Table 5. Percentages of Prepulse Inhibition and Comparisons Between Groups
Instrument Variable Group Mean (SD) F (df; Sig.) Tukey

Prepulse Inhibition Percentage 30 millisecond Prepulse CRD 37.42 (21.63) 6.522 (2, 35; p ¼ .004)��
CRDþ SCZ (p ¼ .004) and CRDþASPD

(p ¼ .011) < CRD
CRDþ SCZ �7.62 (34.51)
CRDþASPD �1.70 (27.89)

60 millisecond Prepulse CRD 50.87 (24.33) 1.512 (2, 34; p ¼ .235)
CRDþ SCZ 11.45 (37.55)
CRDþASPD 13.70 (69.15)

120 millisecond Prepulse CRD 40.96 (19.67) 1.995 (2, 33; p ¼ .152)
CRDþ SCZ �1.95 (58.94)
CRDþASPD 21.03 (40.33)

Note. CRD¼ cocaine related disorder; SCZ¼ schizophrenia; ASPD¼ antisocial personality disorder; df¼ degrees of freedom; Sig. ¼ significance.��p < .01.
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Figure 1. Prepulse inhibition percentage. Note. CRD¼ cocaine
related disorder; SCZ¼ schizophrenia; ASPD¼ antisocial per-
sonality disorder; PPI¼ prepulse inhibition; ms¼milliseconds.
The a value was significantly higher than b (p ¼ .011) and c
(p ¼ .004). The d variables had differences according PPI inter-
val (CRD p ¼ .031 and CRDþ SCZ p ¼ .016), that did not
reach significance in the pairwise comparisons.
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schizophrenia who also have a cocaine addiction. In
addition, very few studies have shown the usefulness
of PPI as an endophenotype in ASPD, although anti-
social features have been associated with a lower PPI
(Sedgwick et al., 2017). Our results indicate that this
is also true in patients with ASPD and
cocaine addiction.

However, as in the study by Kumari et al. (2005),
the PPI does not differentiate individuals with schizo-
phrenia from those with ASPD. This suggests that
alterations in PPI could be a marker of nonspecific
mental disorder vulnerability. Alterations in the PPI
would affect the functionality of inhibitory mecha-
nisms, vulnerability to stress (Garc�ıa-S�anchez,
Mart�ınez-Gras, Rodr�ıguez-Jim�enez, & Rubio, 2011),
information processing, some executive functions, lat-
eralized attention, and reasoning (Morales-Mu~noz
et al., 2015), and depending on the individual and
environmental factors, would result in one or another
mental disorder. Alterations in PPI are derived from
neurobiological changes, which may be common in
the different disorders that present them. Complex
psychiatric syndromes such as schizophrenia, with an
increasingly well-known neurobiological basis, can
help us to understand the neurobiological basis of
other syndromes such as ASPD, which have been
studied less but that also has PPI alterations. The
orbitofrontal cortex and striatal dopamine have been
identified as a neurobiological substrate of ASPD
(Preller et al., 2013; Rosenbluth & Sinyor, 2012). PPI
has an established neural basis in the cortico-pallido-
striatal-thalamic circuitry, and these neural substrates
are implicated in the pathophysiology of

schizophrenia. Sharing neurobiological substrates
makes it difficult to use the PPI for differential diag-
nosis (Kohl et al., 2013); however, it can facilitate psy-
chopharmacological studies, for example with
antipsychotics (Ettinger & Kumari, 2015)—with dem-
onstrated efficacy in schizophrenia and improvement
of PPI deficits—although there is little evidence for its
use in the treatment of ASPD.

Atypical antipsychotics are effective for treating
impulsivity, aggression, and anger in personality disor-
ders (Rosenbluth & Sinyor, 2012); quetiapine decreases
impulsivity, hostility, aggressiveness, irritability, and
rage reactions in ASPD (Walker, Thomas, & Allen,
2003) and clozapine reduces aggression in schizophre-
nia and ASPD (Brown et al., 2014). Thus, integrating
psychopharmacology with the neurobiological effects of
psychotherapy may produce synergistic and long-
lasting benefits (Ripoll, Triebwasser, & Siever, 2011).
PPI could serve as a psychotropic drug or psychother-
apy treatment-response marker (Kohl et al., 2013;
Swerdlow, Braff, & Geyer, 2016) among people with
schizophrenia and/or ASPD. That is, PPI seems to be a
promising endophenotype for improving our know-
ledge about ASPD, a disorder whose prevalence is
almost the same as that of schizophrenia, and which
generates a tremendous personal, social, and economic
cost for which few effective treatments are available
(Walker et al., 2003).

Our second hypothesis was only partially con-
firmed. The psychopathy evaluated with the PCL-R
did not correlate with PPI, although secondary psych-
opathy (impulsivity and poor behavioral control) eval-
uated with LSRP was related to PPI. No differences
were found in PPI between individuals with cocaine-
related disorder with and without psychopathy.
However, through discriminant functions, the psych-
opathy evaluated with PCL-R allowed the group with
ASPD to be distinguished from the other two groups
(probably because all of the participants with psychop-
athy are in the ASPD group), while PPI discriminates
between those who only have cocaine-related disorder
and those who present a dual pathology, especially
those with schizophrenia.

Traditionally, a distinction has been made between
two factors of psychopathy: one interpersonal–affec-
tive (charm, grandiosity, deceitfulness/conning, lack of
remorse, empathy, and emotional depth) and another
related to impulsivity and antisocial acts (Anton,
Baskin-Sommers, Vitale, Curtin, & Newman, 2012).
Evidence has been found that the neurobiological
underpinnings to psychopathy-specific features are
distinct and separate from those associated with

Figure 2. Scatter diagram for the discriminating functions.
Note. CRD¼ cocaine related disorder; SCZ¼ schizophrenia;
ASPD¼ antisocial personality disorder.
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general antisocial-externalizing tendencies (Drislane,
Vaidyanathan, & Patrick, 2013). Furthermore,
Loomans et al. (2015) hypothesized that the aversive
reactivity deficits were specifically related to the affect-
ive/interpersonal factor. In addition, Drislane et al.
(2013) hypothesized that in addition to the deficits in
impulse control that also occurred in ASPD, psychop-
athy is specifically characterized by impairments in
the brain’s defensive motivational system reactivity
and structures involved in processing fear (e.g.,
the amygdala).

On the one hand, unlike our study, Ehlers, Phillips,
Criado, and Gilder (2011) found no relationship
between the startle response and the diagnosis of
ASPD/conduct disorder. On the other hand, the
results of Sedgwick et al. (2017), which showed that
the impulsive/antisocial factor is related to poor PPI,
do coincide with our findings. Kumari et al. (2005)
also found a relationship between high violence ratios
and the impact of PPI. These divergent results may be
due to the differential characteristics of the samples or
because the distinction between both factors is not
very clear given the high degree of overlap between
the two; there may be underlying common factors
such as violence and criminal acts or they may share
biological bases. The striatum has been linked to both
interpersonal/affective and impulsive/antisocial fea-
tures of psychopathy (Glenn & Yang, 2012), and both
are marked by dysfunction in the frontal regions of
the brain required for impulse control, executive func-
tion, and planning (Drislane et al., 2013). Likewise,
reduced amygdala volume has been implicated in the
development of severe persistent aggression and the
development of psychopathic personality (Pardini,
Raine, Erickson, & Loeber, 2014). In addition, the
association between violent behavior and impaired
PPI suggests that the neural structures and functions
underlying PPI are implicated in the inhibition of vio-
lence (Kumari et al., 2005).

Another interesting point is that the differences in
PPI between the groups only appeared for the 30ms
interval. There is a lot of variety in the literature
about PPI regarding the intervals in which the differ-
ences occur. In schizophrenia, deficits occur mainly at
60ms, although they have also been found at other
intervals (Swerdlow et al., 2014). For cocaine, Efferen
et al. (2000) found differences at 100ms, and Preller
et al. (2013) found differences in the average PPI of
the four intervals used (30, 60, 120, and 240ms) and
also showed that the PPI increased with longer inter-
vals. In ASPD, Sedgwick et al. (2017) observed them
at 60ms, whereas Kumari et al. (2005) found that the

PPI did not increase as the interval increased. In our
study, no significant differences were found for ASPD
according to the interval (although the PPI did tend
to increase with longer interval lengths), while in the
two groups where there were differences according to
the interval (cocaine-related disorder and cocaine-
related disorderþ schizophrenia), the highest PPI was
recorded at 60ms. These differences may be because
of methodological factors related to PPI evaluation.
Studies from different laboratories differ slightly in
the precise temporal “sweet spot” for this inhibitory
deficit, and this might reflect differences in stimulus
characteristics or response acquisition hardware and/
or software (Swerdlow et al., 2014).

However, the different intervals could have a clin-
ical significance. Pre-attentive stimulus, detection, and
evaluation occur at a prepulse lead time of about
60ms, stimulus discrimination and further attentional
allocation occur at lead times of about 120ms, and
transition from stimulus evaluation to judgment
occurs at lead times of about 240ms (Li, Du, Li, Wu,
& Wu, 2009). Therefore, we propose that deficits at
60ms could constitute a marker of vulnerability to
mental disorders with involvement of higher func-
tions, while deficits at 30ms could be markers of vul-
nerability to mental disorders with involvement of
more pre-attention functions. Another explanatory
proposal is that because all the patients studied had
cocaine-related disorder, statistical differences in the
60ms PPI would not have been found because they
would all have deteriorated in a similar way because
of this addiction. The groups with a dual diagnosis
could present a ‘double dose’ of PPI deterioration and
hence differ from the group without dual pathology at
30ms, therefore indicating higher basic pre-attention
process deterioration.

This double effect could be interpreted as an indi-
cator of greater severity of the pathology. The concept
of a double dose has been described by Sedgwick
et al. (2017) with another connotation. These authors
postulated that the existence of a double dose means
that the PPI would be more strongly affected in indi-
viduals with comorbid psychosis and ASPD than
those with only one of these disorders, without taking
into account the different prepulse intervals. Morales-
Mu~noz et al. (2014) proposed a third explanation of
the double dose effect, suggesting that deficits induced
by the consumption of cannabis or cocaine should be
added to the congenital deficits in PPI function
(Arenas et al., 2017). Thus, in their model, while the
deficit at 30ms would be related to vulnerability, defi-
cits at 60ms and 120ms would be the result of
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neurodegeneration caused by a dual diagnosis and
would reflect long-term psychosocial deterioration
(Morales-Mu~noz et al., 2016). Following this line, it
has also been found that psychosocial deprivation in
childhood (Sedgwick et al., 2017) and maternal
deprivation or social isolation cause PPI deficits
(Fendt & Koch, 2013).

We cannot conclude our discussion without con-
sidering the main limitation of our study: we did
not compare the patients with cocaine-related dis-
order to healthy volunteers. This was because, in
order to test our first hypothesis, we had to use
cocaine-related disorder participants without a dual
diagnosis as a comparison group. In addition, the
effects of cocaine on PPI are not clear. It appears
that acute administration of cocaine decreases PPI
by increasing dopamine, although depending on the
period of abstinence, the PPI could be restored in
chronic cocaine users (Arenas et al., 2017). However,
a design which also included a group of healthy vol-
unteers would have allowed the hypothesis of dou-
ble-dose deterioration caused by the consumption of
substances to be better tested. Another limitation is
that only men were included in the study. It is
important to remember that lower PPI have been
observed both in women with schizophrenia and in
healthy women (Javitt & Freedman, 2015). Although
tests were administered when participants were psy-
chophysiological stabilized, they only spent 7–10 days
without using cocaine. Therefore, one limitation
could be the potential effects of withdrawal in PPI.
Finally, we took into account the capacity that anti-
psychotic medication has to reduce the PPI
(Swerdlow et al., 2014). There were no differences in
the PPI between those taking antipsychotics and
those who did not, nor in the relationship between
their dose and the PPI. We also studied all the sub-
stances used by the patients, but noted no differen-
ces in the PPI between those who did or did not
use substances, nor any relationship between the
amount consumed and the PPI. Thus, we consider
that the use of antipsychotics or the consumption of
abuse substances does not influence the PPI
results obtained.

In conclusion, the PPI represents a promising
marker of vulnerability to dual diagnosis in patients
with cocaine addiction because taking into account
the “double dose” hypothesis of PPI deterioration, def-
icits in PPI are related to addiction and both schizo-
phrenia and ASPD. In addition, PPI, which is
considered a good endophenotype for studies on the
genetic and neurobiological basis of cocaine-related

disorder and schizophrenia, could also play the same
role in studies on ASPD.
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