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In clinical mental health practice, the presence of Dual Disorders (DDs), defined as the
comorbidity of at least one Substance Use Disorder (SUD) and another mental disorder in
the same person [1,2], is very high and in recent years, the epidemiological data have been
steadily increasing. It can be affirmed that the existence of DDs is more the rule than the
exception in the care setting. Currently, a multidisciplinary and comprehensive response to
the needs of persons with DDs is required. Our previous publication of a first Special Issue
on the subject, prepared before the COVID-19 pandemic, compiled a set of topics, from
basic to clinical perspectives, with a very positive impact on scientists and professionals in
the field [3]. The evidence leaves no doubt about the need for and interest in considering
the existence of psychiatric comorbidities in the therapeutic management of patients with
SUD. Additionally, it is even more important, if possible, to carry it out comprehensively by
expert interdisciplinary teams since dual patients have greater difficulties in both clinical
management and stabilization compared to those with only SUD or other mental health
disorders (i.e., increases admissions in emergency rooms, hospitalizations, suicide, etc.).

There is currently a long way to go in understanding DDs and with this second Special
Issue, we aimed to compile recent advances, considering different levels of approach that
provide interesting data, with a view to being transferred as soon as possible to health care.
In addition, the impact of the COVID-19 pandemic has already had a negative impact on
mental health, especially in the young population. Thus, the detection of both substances
and behavioral addictions and many other mental disorders (major depression, anxiety,
eating disorders, etc.) has been alerted. All of this takes place in health systems that are
already traditionally stressed in the field of mental health, regardless of the country and the
model of care, and where there is a need for specialized centers and professionals trained
in the management of DDs. This situation will only be overcome with rigorous work from
multiple approaches (biological, psychological, social) that allows for inter-disciplinary
integration which will result in future advances in knowledge and overcoming the deficits
that exist today and new opportunities to improve them.

Puértolas-Gracia et al. [4] showed in a cohort study of 1356 patients with alcohol or
cocaine use disorder, which were admitted to treatment in the public addiction outpatient
services in Barcelona, that the lifetime prevalence of screening positive for DDs was 74%,
with depression being the most frequent (76.4%). These patients were more frequently
women, younger, unemployed, reported higher polysubstance use, poorer self-perceived
health, and other medical conditions. The results highlighted the prevalence and clinical
relevance of DDs and the need to screen to diagnose and treat properly in these services
for addiction disease. In the study of Horigian et al. [5], they confirmed the existence of
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accidental overdoses and intentional overdoses, and even suicidal attempt, in patients with
SUD. In a novel way, they use the Concise Health Risk Tracking Self-Report, a measure
that assesses associated symptoms related to suicide as ideation, intent, pessimism, lack
of social support, helplessness, and despair. Both studies [4,5] strongly support that
entry into treatment for SUD as an invaluable opportunity to assess the presence of other
mental disorders or DDs, evaluate suicide risk, and apply adequate treatment and early
prevention plans.

However, not only those who request outpatient treatment have a high presence of
DDs. Ferrer-Farré et al. [6] studied the existence of DDs among patients with SUD admitted
to a general hospital for any pathology and attended by a consultation liaison addiction
service, and its association with addiction severity and quality of life. They applied a
gender perspective in the study related to the increase in interest in the topic in health in
general and in addiction diseases in particular [7]. Again, although the most prevalent DD
was depression for both sexes (33.8%), it was higher in women (46.2%) than men (30.9%).
Additionally, when DDs were present, women suffered a worse quality of life than men.
The study confirms a high prevalence of DDs among patients with SUD admitted to a
general hospital for any pathology, and its being associated with a worse quality of life,
particularly in women.

Traynor and colleagues [8] developed a trial of patient navigation to reduce barriers to
care in people with HIV (human immunodeficiency virus) who reported substance use. Of
the 801 participants, 55.3% had a history of substance use treatment in the 6 months prior to
treatment, about one-third reported injection drug use in the last 12 months, and 22% had a
recorded psychiatric history or DD. Greater severity of alcohol and drug use, less readiness
for substance use treatment, and more negative attitudes towards drug treatment were
indicators associated with the profiles of patients with increased barriers to care. The results
emphasize the need to identify and meet needs at the complex intersection of substance
use and HIV services, whose integration can improve patient outcomes.

In recent years, interest in the study of personality traits in DD patients has shown
to have differences with respect to those with diagnoses of only SUD or only comorbid
mental disorder. It is currently suggested that this could be an endophenotype whose
consideration would improve both prevention and treatment programs in mental health [9].
This may be specifically useful in the comorbidity between SUD and personality disorders.
The research by De la Rosa-Céceres et al. [10] focused on the study of the personality facets
of the Alternative Model of Personality Disorder of DSM-5 [11] in patients with alcohol use
disorder by means of a network analysis. The data show a connection with the facets related
to the disinhibition (risk taking, irresponsibility, impulsivity, and rigid perfectionism) and
antagonism (callousness, grandiosity, and hostility) domains, which are also associated
with premature patient dropout. These facets are relevant to antisocial and borderline
personality disorder diagnoses, and their assessment can help to determine whether the
personality disorder of patients with SUD is primary or secondary.

Restrictions due to the COVID-19 pandemic had an evident impact on the attention
of specialized addiction centers. The study by Mancheo-Velasco et al. [12] evaluated the
admissions to treatment of dual patients together with their main sociodemographic and
clinical characteristics, considering three key periods in the first wave of the pandemic in
Spain: pre-confinement, confinement, and post-confinement. The period of confinement
meant there was a large decrease in admissions in general, although in percentage terms, the
number of dual patients even increased. There are few differences in the sociodemographic
and clinical profile of the patients admitted between time periods, although the increase
during the confinement of women, opioid users, and those with mixed anxiety—depressive
disorders stand out. Among other indicators, during the confinement, a decrease in the
number of toxicological tests and planned therapeutic sessions was observed, even though
the patients attended a greater percentage of scheduled sessions.

In recent years, great progress has been made in the development of explanatory
models through machine learning in mental health, which could improve both the detection
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and diagnosis of multiple disorders [13] and be a future tool for precision psychiatry. The
research by Oliva et al. [14] is the first to apply machine learning to predict the presence of
comorbid SUD in bipolar disorder and using random forest models to identify the type of
SUD (any, alcohol, and alcohol with at least another). Although with a low or moderate
specificity of the models, due to the consideration of socio-demographical or clinical factors
alone, alcohol use disorder with at least one other SUD correctly classifies up to 75% of the
sample studied. In addition, this consumption pattern of bipolar patients was positively
associated with a hypomanic episode at the onset of bipolar disorder and the presence of
hetero-aggressive behavior.

Circadian rhythmicity is an aspect seldom studied in patients with DDs; most of
the previous research focuses on sleep problems and/or disorders. The work of Serrano-
Serrano et al. [15], studying the circadian rhythm of distal skin temperature and the sleep—
wake rhythm, observed that in dual patients with severe mental illness (schizophrenia,
bipolar disorder, and major depression) undergoing treatment, after three or more months
of abstinence, there is a normalization of sleep, but a more marked impairment of wakeful-
ness persists in dual patients with schizophrenia and bipolar disorder. Consideration of the
treatment modality shows a more morning-focused pattern with a better quality of both
sleep and wakefulness in residential patients compared to outpatients, regardless of severe
mental illness. The data suggest that including in the treatment aspects of regular time
habits (activity, intake, exposure to light, etc.) and with a morning-type pattern to promote
rhythmic reorganization, this can improve adherence to treatment and the prevention of
relapses, especially in outpatients.

The Adan and Navarro [16] protocol proposes a characterization of dual patients,
focused on comorbid major depression and schizophrenia, with aspects of genetic poly-
morphisms, circadian rhythmic functioning, neurocognition, and personality traits with
the aim to elucidate the possible markers of vulnerability and prognosis (with a follow-up
of one year) useful in clinical practice. In this direction, the same group of researchers has
suggested that in dual schizophrenia, the evaluation of the circadian rhythmic expression
may be a biomarker [17]. In addition, it is proposed that we carry out a pioneering study
with a light exposure intervention in SUD and dual depressed outpatients of both sexes
who show difficulties in rhythmic reorganization during treatment.

Finally, the study carried out by Vintré-Alcaraz et al. [18] with gambling disorder
outpatients under group cognitive-behavioral treatment is one of the first to explore
substance use (tobacco, alcohol, and illegal drugs) in this behavioral addiction. It should
be noted that the consumption of substances in these patients exceeds 55%, and that those
with the presence of gambling-related illegal acts present a higher likelihood of substance
use, specifically tobacco and illegal drugs. These results should encourage future studies
on gambling disorders to consider the coexistence of SUD and its implications both in
committed gambling related-offenses and in adherence to treatment.
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Abstract: The coexistence of a substance use disorder and another mental disorder in the same indi-
vidual has been called dual disorder or dual diagnosis. This study aimed to examine the prevalence
of lifetime dual disorder in individuals with alcohol or cocaine use disorder and their retention in
treatment. We conducted a pilot cohort study of individuals (1 = 1356) with alcohol or cocaine use
disorder admitted to treatment in the public outpatient services of Barcelona (Spain) from January
2015 to August 2017 (followed-up until February 2018). Descriptive statistics, Kaplan-Meier survival
curves and a multivariable Cox regression model were estimated. The lifetime prevalence of screening
positive for dual disorder was 74%. At 1 year of follow-up, >75% of the cohort remained in treatment.
On multivariable analysis, the factors associated with treatment dropout were a positive screening for
lifetime dual disorder (HR = 1.26; 95% CI = 1.00-1.60), alcohol use (HR = 1.35; 95% CI = 1.04-1.77),
polysubstance use (alcohol or cocaine and cannabis use) (HR = 1.60; 95% CI = 1.03-2.49) and living
alone (HR = 1.34; 95% CI = 1.04-1.72). Lifetime dual disorder is a prevalent issue among individuals
with alcohol or cocaine use disorders and could influence their dropout from treatment in public
outpatient drug dependence care centres, along with alcohol use, polysubstance use and social
conditions, such as living alone. We need a large-scale study with prolonged follow-up to confirm
these preliminary results.

Keywords: dual disorder; mental disorders; screening; cocaine use disorder; alcohol use disorder;
substance-related disorders; treatment retention

1. Introduction

The coexistence of a substance use disorder (SUD) and another mental disorder in
the same individual has been called dual disorder or dual diagnosis (DD) [1]. Several
epidemiological studies have shown a high positive association between SUD and other
mental health problems [2—4]. According to the National Institute for Health and Care
Excellence (NICE) [5], the prevalence of DD is estimated to be between 0.05% and 0.2%
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in the general population. In the clinical population, the prevalence of DD ranges from
34% in mental health care service samples to 46% in drug dependent care service samples.
This heterogeneity of DD prevalence estimates could be explained by the distinct health
care settings, the primary substance of use, the type of comorbid mental disorder and the
assessment method used in DD evaluation [6,7]. Regarding DD evaluation, few validated
instruments are currently available to assess DD in people with SUD. The Composite
International Diagnostic Interview (CIDI) [8] contains a section to screen for DD; however,
the Spanish version of this instrument showed low specificity for the diagnosis of mental
disorders in the population of substance users [9,10].

SUDs are most frequently associated with affective, anxiety and personality disor-
ders [11]. For example, individuals with alcohol use disorder (AUD) are three times more
likely to develop a depressive disorder in their lifetime than those without this [4]. In
addition, between 40% and 73% of people with cocaine use disorder (CUD) would meet the
diagnostic criteria for another mental disorder, mainly affective or anxiety disorders [12-14].
Individuals with DD have more clinical and social problems than individuals with a single
mental disorder. At the clinical level, these individuals show increased psychopathological
severity. For example, individuals with dual schizophrenia have more positive symptoma-
tology (i.e., hallucinations, delusions, disorganised speech) [15]. They are also more likely
to have infectious diseases (e.g., AIDS, hepatitis or sexually transmitted diseases) [16] and
to overdose, with a higher number of hospital emergency department visits and psychiatric
hospitalisations than individuals with an SUD alone [15]. In addition, these individu-
als have an increased risk of premature death, mainly from preventable causes such as
suicide [17,18]. At the social level, several studies have suggested that the prevalence of
unemployment, homelessness and risk of violent behaviours are higher in individuals with
DD [15].

The high complexity of individuals with DD may explain their difficulty in maintaining
abstinence or remaining in treatment [19-21]. Studies based on health care professionals’
experiences report partial or non-adherence to treatment plans [22,23]. Some studies
highlight that individuals with DD are more likely to have more symptoms and medication
side effects, polysubstance use, longer substance use, a legal history, less family support,
lower socioeconomic status and poor treatment motivation, which have been associated
with lower treatment retention.

However, there are few studies on the topic, and some of these provide contradictory
results regarding the prevalence of DD and its influence on treatment retention [15,24,25].
Therefore, according to the previous literature review, our study hypotheses are: the
prevalence of lifetime DD in a drug dependence care setting would be around 50%; so-
ciodemographic and clinical characteristics and treatment retention would differ between
individuals screening positive for lifetime DD and individuals with a SUD alone; and
differences in treatment retention among patients screening positive for lifetime DD and
patients with a SUD alone would be explained by some sociodemographic, clinical and
follow-up characteristics.

The present study aimed to examine: (i) the prevalence of lifetime DD in individuals
with AUD or CUD admitted to treatment in four public outpatient drug dependence care
centres in Barcelona (Spain); (ii) the sociodemographic and clinical differences between
individuals screening positive for lifetime DD and individuals with AUD or CUD alone;
(iii) the differences in treatment retention between individuals screening positive for lifetime
DD and individuals with AUD or CUD alone; and (iv) the factors associated with treatment
retention during the study period from January 2015 to February 2018.

2. Materials and Methods
2.1. Design and Study Population

This was a retrospective/prospective dynamic pilot cohort study comprising all in-
habitants of Barcelona (Catalonia, Spain) aged >18 years admitted to treatment in 4 public
outpatient CAS (Catalan acronym for drug dependence care centres) in Barcelona. The
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study was based on the first years after the implementation of a DD screening interview
in the routine clinical practice of these 4 outpatient drug dependence care centres (from
a total of 6) managed by the Public Health Agency of Barcelona. We started the study in
January 2017, the cohort was identified and assembled at an earlier point in time based on
existing Electronic Health Records (EHR), and was followed prospectively until August
2017 (total follow-up time = 38 months). This was a dynamic cohort because patients
could be recruited or leave the cohort at different times. These centres offer the following
services: biopsychosocial diagnosis; harm reduction; individual, group and family therapy;
psychopharmacological treatment; social and occupational assistance; legal advice; health
education; and coordination with other social and health care services. The therapeutic
programmes of the CAS include alcohol, heroin, cocaine, cannabis, DD and severe addictive
disorders. The teams are multidisciplinary with psychiatry, general medicine, psychology,
nursing, social work, and social education professionals [26].

The study population included individuals meeting AUD or CUD criteria of the
International Classification of Diseases Tenth Edition (ICD-10) [27] and screened with the
Dual Diagnosis Screening Interview (DDSI-IV) [28]. We excluded individuals who started
treatment by court order. We used a non-probabilistic sampling. Individuals admitted
to treatment for AUD or CUD were included in the study by convenience, i.e., as a pilot
study, the lifetime DD screening was administered according to staff capacity in the centres,
and mostly to those individuals who showed or reported psychiatric symptoms. The first
admission to treatment during the recruitment period (January 2015-August 2017) was
considered as an incident case, regardless of whether the individual had been in treatment
before the cohort.

2.2. Information Sources

We used the centralised Electronic Health Record (EHR) system of the public Drug
Dependence Care Centres of Barcelona, which is managed by the Public Health Agency of
Barcelona. Sociodemographic and clinical information of all patients was collected using
a standardised survey that is routinely administered during the first treatment visit. We
used the Dual Diagnosis Screening Interview (DDSI-IV) [28] to screen for lifetime DD. This
brief structured interview of 63 items screens for 11 lifetime mental disorders: depression
(7 items), dysthymia (2 items), mania (5 items), panic disorder (3 items), generalised
anxiety disorder (3 items), specific phobia (7 items), social phobia (2 items), agoraphobia
(2 items), psychosis (24 items), post-traumatic stress disorder (2 items) and attention deficit
hyperactivity disorder (6 items), according to the criteria of the Diagnostic and Statistical
Manual of Mental Disorders (DSM), 4th version. The DDSI-1V is an adaptation of the
screening section of the Composite International Diagnostic Interview (S-CIDI) [8]. It
includes some questions to differentiate between primary and substance-induced disorders
(e.g., psychosis and attention deficit hyperactivity disorder) and is easy to administer
in routine clinical assessments. This screening interview was validated in a Spanish
population of substance users from health care settings and research units on drugs of
abuse (non-health care settings), showing good psychometric properties, with a sensitivity
ranging from 0.80 to 0.93 and a specificity ranging from 0.82 to 0.97 depending on the
psychiatric disorder [28,29]. The DDSI-IV was administered by a trained psychologist or
psychiatrist during the second or third treatment visit at each centre. Individuals were
followed-up annually, and their treatment data recorded (e.g., number of visits, therapeutic
programme, services received, status and cause of passive status) in the centralised EHR.
We followed the STROBE guidelines for reporting observational studies [30].

2.3. Variables

The dependent variable was treatment retention, defined as total days in treatment
from the first face-to-face treatment visit to treatment dropout. To our knowledge, there is
no standard definition of treatment retention. We considered the definition of treatment
dropout of the National Plan of Drugs of the Spanish Government [31], which follows the
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European Guidelines [32], that define dropout as a lack of face-to-face contact between the
individual and the treatment centre for 6 months. Each year was reviewed to determine
whether the individual was in treatment or not (passive status) and the cause of passive
status: dropout, therapeutic discharge, referral, or exitus (Latin language term indicating
the death of the patient). The treatment procedures protocol of the Barcelona Public
Health Agency defines therapeutic discharge as occurring when the individual in treatment
has a favourable outcome, without compulsion or thoughts about future or occasional
drug consumption, at least in the last 6 months before the date of discharge; referral
when the individual is referred to another health service; and exitus when the patient
dies. Individuals in treatment at the end of the study follow-up were censored at the end
date (28 February 2018). The primary explanatory variable was the result of the DDSI-IV.
Other covariates were sociodemographic (sex, age, educational level, living arrangements,
employment status, and legal history), clinical (substance of use, frequency and years of
substance use, previous substance use treatment, previous psychiatric treatment, medical
or psychiatric history, family history of substance use, self-perceived health and treatment
centre) and follow-up (number of visits with a physician or psychiatrist, psychologist, or
social worker during the study period) (Appendix A, Table Al).

2.4. Statistical Analysis

We conducted a descriptive analysis of the sample characteristics. We stratified the
analyses by the DDSI-1V result, a positive result for one or more mental disorders (dual
disorder) or a negative result (AUD or CUD alone, no dual disorder). Sociodemographic
and clinical differences between individuals screening positive for DD and individuals
with AUD or CUD alone were assessed using Pearson’s chi-square test or Fisher’s exact test
for qualitative/categorical variables, and Student’s t-test or the Mann-Whitney U test for
quantitative variables, using an alpha significance level of 0.05. We estimated Kaplan-Meier
survival curves to analyse differences in treatment retention between individuals screening
positive for DD and patients with AUD or CUD alone. We studied whether differences
were statistically significant using the Wilcoxon and Log-Rank tests.

A multivariable Cox regression model was estimated and was adjusted for potential
confounders. Firstly, we estimated a model with the significant variables (p-value < 0.2) in
the descriptive analysis. We used a manual backward elimination method and theoretical
criteria to construct 4 blocks of variables introduced in the model in the following order:
explanatory, sociodemographic, clinical and follow-up variables. The final model included
explanatory variables (DDSI-IV result and substance of use), sociodemographic variables
(sex, age and living arrangements), clinical variables (previous psychiatric treatment) and
follow-up variables (visits with a physician/psychiatrist, psychologist or a social worker).
Finally, we checked whether the final model met the Cox proportional hazards assumption.
We performed all analyses using STATA 14.0 (Lakeway Drive College Station, TX, USA)
statistical software.

3. Results
3.1. Sociodemographic and Clinical Characteristics

The study sample consisted of 1356 individuals with AUD or CUD screened for
lifetime DD with the DDSI-IV. This study sample represented 48.0% of the total number
of individuals who started treatment due to AUD or CUD in the four CAS during the
study period. The prevalence of individuals screening positive for lifetime DD was 74.0%
(n =1000). Among these, the lifetime comorbid mental disorders were depression (76.4%),
dysthymia (27.2%), mania (13.1%), panic disorder (37.5%), generalised anxiety disorder
(26.5%), specific phobia (13.4%), social phobia (17.9%), agoraphobia (13.2%), psychosis
(30.1%), post-traumatic stress disorder (23.5%) and attention deficit hyperactivity disorder
(19.3%). A total of 71.4% (n = 971) were individuals with AUD and 77.5% (n = 386) were
individuals with CUD (data not shown in Table 1).
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Table 1 details the individuals’ sociodemographic and clinical characteristics. Com-
pared with individuals screening negative for lifetime DD, those screening positive at
baseline were more frequently women (30.0% vs. 17.0%, p-value < 0.001), younger (56.0%
vs. 49.0%, p-value = 0.049), unemployed (39.5% vs. 27.3%, p-value < 0.001) and reported
higher polysubstance use (13.0% vs. 9.0% of alcohol and stimulants, respectively, and 6.0%
vs. 3.0% of alcohol/cocaine and cannabis, respectively, p-value = 0.006). Moreover, a higher
proportion had received previous treatment for an SUD (57.3% vs. 42.1%, p-value < 0.001),
previous treatment for a psychiatric disorder (45.1% vs. 23.9%, p-value < 0.001), and
more frequently reported a history of organic and psychiatric problems (35.6% vs. 21.4%,
p-value < 0.001), a family history of substance use (44.5% vs. 34.3%, p-value = 0.002) and
poorer self-perceived health (43.6% vs. 28.9%, p-value < 0.001). The median number of
medical or psychiatric treatment visits (8 [IR: 4-13] vs. 6 [IR: 4-10], social care visits (2 [IR:
1-5] vs. 1.5 [IR: 1-3]) and follow-up time (423 vs. 369 days) were relatively higher and were
significant in those screening positive for lifetime DD (data not shown in Table 1).

3.2. Characteristics of Treatment Retention

At one year of follow-up (Figure 1), treatment retention was more than 75% in both
groups. Moreover, more than 50% of individuals remained in treatment for the entire
follow-up period (38 months). Treatment retention decreased similarly in both groups
during the study period, and the difference was not statistically significant (Wilcoxon
p-value = 0.659; Log-Rank test p-value = 0.769). The proportion of dropouts in individuals
screening positive for lifetime DD was 29.5% and was 28.4% in those screening negative.
There were 458,941 person-days of follow-up among individuals screening positive for
lifetime DD and 151,543 person-days of follow-up among those screening negative (Table 1).

Kaplan-Meier survival curves

Time (years)

No Dual Disorder = —— Dual Disorder

Figure 1. Kaplan-Meier survival curves for treatment retention by DDSI-IV result in a cohort of
individuals with alcohol or cocaine use disorder (1 = 1356). Outpatient drug dependence care centres
in Barcelona, January 2015-February 2018.

11



J. Clin. Med. 2022, 11, 3760

3.3. Multivariable Explanatory Models of Treatment Dropout

Table 2 shows the different multivariable Cox regression models estimated. After
adjustment for different sociodemographic, clinical and follow-up covariates, individuals
screening positive for lifetime DD had a 26% increased risk of treatment dropout (HR = 1.26;
95% CI = 1.00-1.60) than those with SUD alone (no DD). According to the substance of use,
those who used alcohol only and those who used alcohol or cocaine with cannabis had a
35% (HR= 1.35; 95% CI 1.04-1.77) and a 60% (HR = 1.60; 95% CI = 1.03-2.49) higher risk
of treatment dropout, respectively, than those using cocaine only. Individuals who lived
alone had a 34% (HR = 1.34; 95% CI = 1.04-1.72) increased risk of treatment dropout than
those living with a partner and/or children. The risk of treatment dropout was reduced
by 22% with one additional medical visit (HR = 0.78; 95% CI = 0.75-0.80), by 4% with one
additional psychologist visit (HR = 0.96; 95% CI = 0.94-0.97) and by 3% with one additional
visit with a social worker (HR = 0.97; 95% CI = 0.95-1.00). The Cox proportional hazard
assumption (p-Value > 0.05) was observed for all variables included in the final model
(model 4), except for the variables of previous psychiatric treatment and number of visits
with a physician/psychiatrist and with a psychologist (Appendix A, Table A2).
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4. Discussion

The main findings of this study were: (i) the high prevalence of positive screening for
lifetime DD among individuals with AUD or CUD; (ii) the sociodemographic and clinical
differences between individuals screening positive for lifetime DD and those with AUD
or CUD alone; (iii) the high treatment retention during the study period; and (iv) the risk
of treatment dropout was increased by screening positive for lifetime DD, living alone,
alcohol use and polysubstance use.

The prevalence of individuals screening positive for lifetime DD (74%) is consistent
with some previous studies conducted in clinical samples but using diagnostic tests. About
62% [33] to 85% [34] of individuals undertaking outpatient substance use treatment were
diagnosed with DD using the Psychiatric Research Interview for Substance and Mental
Disorders (PRISM). Another study, which administered the Mini-International Neuropsy-
chiatric Interview, found that about two out of three individuals with CUD or AUD had a
lifetime mental disorder (73.4% and 76.1%, respectively) [14,35].

In Spain, there is a gatekeeping system at the primary care level and general prac-
titioners can medicate individuals with psychiatric symptoms. This might explain our
finding that 23.9% and 8.7% of individuals screening negative for a lifetime mental disorder
reported they had previous psychiatric treatment or a previous psychiatric history. This
reinforces the importance of incorporating screening tools with good psychometric prop-
erties and DSM-IV-based criteria into specialised primary addiction care to allow better
identification of psychiatric comorbidities among individuals with SUD [36].

Treatment retention in the cohort was more than 75% at one year of follow-up. This
percentage is higher than that reported in another study in Barcelona [37]. Almost 50% of
individuals treated in outpatient drug dependence care centres dropped out at one year of
follow-up. These individuals had been referred from a hospital emergency department.
However, in our study, more than 43% of individuals sought treatment on their own
initiative or by family recommendation.

After adjustment for different covariates, screening positive for lifetime DD, alcohol
use, polysubstance use and living alone showed the potential to explain treatment retention
in our study. The risk of treatment dropout was modestly (26%) higher in individuals
with a positive result for lifetime DD than in those with AUD or CUD alone. However,
we could not accept or reject our study hypothesis because we did not find a significant
association on the bivariate analysis and the association on the multivariate analysis was
almost not statistically significant. The previous literature also found contradictory results
related to retention in the treatment of individuals with DD. For example, Daigre et al.
(2019) reported that DD was not an associated factor for treatment retention [25]. However,
in their study, they only selected patients with prolonged treatment stays. In contrast,
other studies showed that DD is related to poor treatment adherence in individuals with
SUD [19-21,23]. Studies conducted in different health care settings (e.g., outpatient clinics,
hospitals, therapeutic communities) concluded that the main obstacle to improving health
outcomes in these individuals is the difficulty of enhancing their adherence to therapeutic
plans. These studies also highlight several related factors, such as symptom severity,
medication side effects, years of substance use, polysubstance use or more unfavourable
socioeconomic conditions [15,24].

In our study, social living conditions, such as living alone, increased the risk (34%) of
treatment dropout. Previous studies also reported a higher risk of treatment dropout when
individuals had poor social support or family cohesion, or family conflict. Social and family
support has been reported to have a buffering effect on stress related to illness and the
treatment process and a motivating effect on treatment follow-up [38]. Likewise, several
studies have found an association between social support and recovery in individuals with
SUD, showing a reduction in substance use, relapses, stress levels and enhanced general
well-being [39,40].

We observed that individuals with alcohol use alone presented a higher risk (35%) of
treatment dropout than individuals with cocaine use alone. Likewise, a recent study found
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that patients with cocaine use and a higher education were more likely to complete treat-
ment than patients with alcohol use [25]. A possible explanation could be the legal status
of alcohol use and its advertising and availability in the urban environment [41]. Some
studies have observed a positive relationship between the concentration of advertising and
sale points of alcoholic beverages and risky alcohol consumption and higher associated
morbidity and mortality [42,43].

In our study, individuals with polysubstance use of alcohol or cocaine and cannabis
had a higher risk of treatment dropout (60%) than those with cocaine use alone. Previous
studies have shown a relationship between polysubstance use and worse treatment out-
comes and premature dropout [44,45]. For example, polysubstance use hampers treatment
adherence, i.e., remembering to take prescribed medications, attend treatment appoint-
ments, etc. [46]. Likewise, a previous study reported a relationship between polysubstance
use and a lower percentage of therapeutic discharges in DD patients [47].

This study has several limitations. First, the participants were recruited from four pub-
lic drug dependence care centres (CAS) in Barcelona, and therefore the study results cannot
be extrapolated to other contexts with a significant private supply of drug dependence care.
However, these centres are distributed across the city and account for approximately 55%
of all SUD treatment admissions. Therefore, we believe that different patient profiles are
represented in our study. Second, we used a lifetime DD screening instrument (DDSI-IV)
to determine the presence of comorbid mental disorders. Consequently, we may have
overestimated the prevalence of DD. However, this instrument has shown ease of adminis-
tration in routine evaluations, was validated in a population of substance users and, when
compared with the Psychiatric Research Interview for Substance and Mental Disorders
(PRISM), as the gold standard, showed high sensitivity and specificity (>80%) [28]. Third,
we screened for lifetime DD, which might hamper the detection of more significant differ-
ences in treatment retention. However, because this was a cohort pilot study, recruitment
could only be conducted by convenience, and the DDSI-IV was mostly administered to
individuals who showed or reported current psychiatric symptoms when starting treat-
ment. However, the present study has allowed us to identify how to improve clinical
interview procedures to introduce DD screening systematically as a part of routine clinical
practice (i.e., the DD screening is administered by therapists in training supervised by their
referent in the centre). Following this preliminary study, the DDSI-IV has been adapted to
the DSM-5 criteria, considering current comorbid mental disorders. However, screening
for personality disorders has not been introduced in this version either. Fourth, we were
unable to differentiate between primary and substance-induced diagnoses for some of the
disorders screened. Therefore, an additional routine assessment was recently introduced
during the first treatment visits for individuals screening positive in the DDSI-IV.

The main strengths of this study are the cohort study design, with prospective follow-
up of participants, the large sample of a clinical population, the inclusion of several public
drug dependence care centres and the use of a centralised EHR system with sociodemo-
graphic, clinical and follow-up information. Moreover, the study includes many potential
confounders of treatment retention, identified through a comprehensive literature review.

5. Conclusions

Our study shows that DD is a prevalent issue among individuals with alcohol or
cocaine use disorders and could influence their dropout from treatment in public outpatient
drug dependence care centres, along with alcohol use, polysubstance use and social condi-
tions, such as living alone. We have designed a new large-scale study, which introduces
all the above changes and an extended follow-up to confirm these preliminary results.
We believe that introducing DD evaluation in the routine biopsychosocial assessments of
individuals with a SUD when starting treatment could help the design of more tailored
treatment strategies and improve the prognosis of those individuals.
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Appendix A

Table Al. Baseline sociodemographic and clinical information routinely collected by survey in
outpatient drug dependence care centres in Barcelona.

Sociodemographic Variables

Male

Sex Female

Age

Residence area

Cannot read or write

Unfinished primary education

Completed primary education

Elementary school or ESO
Upper secondary school, BUP, COU, intermediate
professional training
University bachelor’s degree of 3 years
University bachelor’s degree of 4 or 5 years
Other higher education degrees

Educational level

Alone
Alone with children
With parents
Cohabitation With a partner
With a partner and children
With friends
Other
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Table A1. Cont.

Sociodemographic Variables

Employment status

Employee with indefinite contract

or self-employed

Employee with a temporary contract
Unpaid work for the family
Unemployed without having worked before
Unemployed having worked before
Permanent disability or retired
Student
Only housework
Other

Legal history

Yes
No

Clinical variables

Treatment initiation

Self-initiative
Family or friends’ recommendation
Drug dependence care referral
Primary care referral
Emergency department or hospital referral
Social services referral
Legal services referral
Prison or similar
Company, service of a company
Other drug dependence services

Other
Primary substance of use
Secondary substance of use
Third substance of use
Fourth substance of use
Every day
4 or 6 days per week
2 or 3 days per week

Substance use frequency

Once a week
Less than once a week
No consumption

Substance use in years

Previous substance use treatment

Yes, related to the current primary substance of use
Yes, related to a different primary substance of use
Yes, related to the current primary substance of use
and for other substances
No, never

Previous psychiatric treatment

Yes

Medical history

Psychiatric history

Family history of substance use
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Table A1. Cont.

Sociodemographic Variables

Excellent
Good
Regular
Bad

Self-perceived health

Treatment centre

Table A2. Assessment of the proportional hazards assumption of the final Cox regression model

(model 4).
Rho Chi-Square p-Value
No dual disorder . . .
DDSI-IV result Dual disorder —0.04967 1.01 0.314 *
Cocaine only . . .
Alcohol only —0.07545 2.39 0.122 *
Substance of use Alcohol + stimulants —0.01408 0.08 0.7767 *
Alcohol or co.came —0.02338 023 0.635 *
+ cannabis
S Female . . .
ex Male —0.00478 0.01 0.924
Age >45 years
& 18-44 years 0.00698 0.02 0.887 *
With others . . .
Living Y Al(;ne ~0.03802 0.60 0.439 *
arrangements omeless or 0.03603 0.53 0.468 *
Institutionalised
Missing values —0.04295 0.75 0.388 *
Previous Yes . .
psychiatric No —0.10596 4.49 0.034
treatment Missing values —0.03373 0.46 0.498 *
Physician/Psychiatrist 0.34088 47.90 <0.001
visits
Psychologist visits 0.17575 14.19 <0.001
Social worker visits 0.05082 1.57 0.210 *

*, indicates that the Cox proportional hazard assumption (p-Value > 0.05) was observed.
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Abstract: Increasing rates of overdose and overdose deaths are a significant public health problem.
Research has examined co-occurring mental health conditions, including suicidality, as a risk factor
for intentional and unintentional overdose among individuals with substance use disorder (SUD).
However, this research has been limited to single site studies of self-reported outcomes. The cur-
rent research evaluated suicidality as a predictor of overdose events in 2541 participants who use
substances enrolled across eight multi-site clinical trials completed within the National Drug Abuse
Treatment Clinical Trials Network between 2012 to 2021. The trials assessed baseline suicidality
with the Concise Health Risk Tracking Self-Report (CHRT-SR). Overdose events were determined by
reports of adverse events, cause of death, or hospitalization due to substance overdose, and verified
through a rigorous adjudication process. Multivariate logistic regression was performed to assess
continuous CHRT-SR score as a predictor of overdose, controlling for covariates. CHRT-SR score was
associated with overdose events (p = 0.03) during the trial; the likelihood of overdose increased as
continuous CHRT score increased (OR 1.02). Participants with lifetime heroin use were more likely to
overdose (OR 3.08). Response to the marked rise in overdose deaths should integrate suicide risk
reduction as part of prevention strategies.
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1. Introduction

Increasing rates of overdose and overdose deaths are significant public health problems
in the US [1]. While opioids have been the leading cause of overdose and overdose deaths,
recent evidence suggests increases in overdose deaths due to stimulants [1,2]. Studies also
suggest that among individuals who use substances, concurrent use of multiple substances
is “ ... the norm rather than the exception” [3]. Research also indicates that individuals
might shift their substance use preferences across their lifespan [4]. It is important to
understand and address the social determinants of health and to identify factors and
underlying conditions that put individuals at risk for overdose and other adverse outcomes.

The frequent co-occurrence of mental health conditions among individuals with sub-
stance use disorder (SUD) is often termed “dual disorders” [5]. Mental health conditions
are highly prevalent in individuals seeking treatment for substance use disorders [6]. Major
depression (50-60%) [7,8], post-traumatic stress disorder (PTSD) (47%) [9], and anxiety
(31.2%) [10] are common among persons with opioid use disorder (OUD), and a majority
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report suffering from insomnia [11]. Similarly, mental health conditions are highly preva-
lent in persons with stimulant use disorders, with 35.7 to 41.6% having a lifetime history of
major depression [8] and between 23 to 42% with lifetime history of PTSD [12]. Depressive
symptoms along with other mental health conditions have been associated with nonfatal
overdoses among individuals with SUD, drawing attention to the importance of early
identification and treatment for these co-occurring conditions [6,13,14].

Suicide is the 10th leading cause of death in the United States and is a contributor to
premature mortality [15]. With the goal of better understanding and preventing opioid
overdose and overdose fatalities, recent literature has drawn attention to the distinction
between intentional and unintentional overdoses among opioid users [2,16]. Suicidal
thoughts might increase the risk of non-fatal overdose and potentially elevate the risk for
future intentional overdose or unintentional overdose. Because suicidal ideation and intent
may underlie many overdose events [17], studies have shed light on the importance of
further characterizing overdose events with the final goal of deploying specific prevention
strategies to individuals with suicidal risk and intent [16,18,19]. While these are important
contributions that have brought attention to suicidality as an overdose risk factor, these
analyses have been limited to single-site or single system studies, have focused on small
samples of OUD patients with self-reported intentionality and outcomes, and have been
constrained by patient recall.

The co-occurrence of mental health and substance use disorders increases suicidal
ideation and behavior [20]. The identification of suicidality is therefore clinically relevant,
particularly among persons with dual disorders [21-23]. The Concise Health Risk Tracking
SR (CHRT-SR) [24] is a self-reported measure that—unlike other clinical assessments for sui-
cide [25,26]—assesses other important associated symptoms related to suicide propensity
aside from ideation and intent. These include pessimism, lack of social support, helpless-
ness, and despair. The CHRT-SR has proven to have excellent psychometric properties
in patients with major depression [24], bipolar disorders [27,28], and stimulant use dis-
orders [29]. Early identification at treatment entry, whether the individual is driven by
suicidal thoughts and intent or by hopelessness and despair, expands the opportunities for
intervention and could prevent fatalities.

The objective of this study is to evaluate whether suicidality at treatment entry is a
baseline predictor of overdose events in patients with SUD, using data from the National
Drug Abuse Treatment Clinical Trials Network (CTN) [30] multi-protocol platform and its
associated NIDA Data Share website. We predict that those with higher baseline suicidality
assessment scores, indicative of suicidal propensity, ideation, and/or intent, will be more
likely to have an overdose event than those with lower scores.

2. Methods

The study uses data collected from eight randomized clinical trials that were imple-
mented within the CTN, a network that provides an infrastructure in which the National
Institute on Drug Abuse (NIDA), medical and specialty treatment providers, academic
centers, researchers, and patients cooperatively develop, validate, refine, and deliver new
treatment options for patients with SUD [30]. There are 16 CTN research sites termed
‘nodes’ in the U.S. that conduct clinical trials across diverse settings and populations. For
this study, we analyzed data that was approved for public release or that was publicly
available on NIDA Data Share website (https://datashare.nida.nih.gov/ (accessed on 15
February 2022)). Data Share is an electronic environment that allows access to data from
completed trials to promote new research using secondary analyses [31].

2.1. Participants

We analyzed data from eight multicenter CTN trials that included 2543 participants [32-39].
Only 2541 participants were included in the analysis (2 participants were excluded due
to missing data). Included studies: (1) were completed in the last 10 years (2012-2021),
(2) used the CHRT-SR as a measure to assess suicidality of patients at baseline, prior to
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treatment, and (3) captured overdose events via the adverse event form, death form, and/or
hospital utilization form. Trial characteristics are described in Table 1. While each of these
eight multisite trials secured approval from their respective Institutional Review Board, the
current study only used de-identified data and therefore was exempt from ethical review.

Table 1. Selected CTN Trial Characteristics.

Main Target Recruitment Intervention
Trial Study Title Study Type Sample Size 8 . Period/Follow
Substance Setting .
Up Period
Stimulant Reduction Stimulants Residential
Intervention Using (Cocaine and substance use 12 weeks/
CTN 0037 32,401 Dosed Exercise Z-arm RCT 302 Metham- treatment 36 weeks
(STRIDE) phetamine) programs
Project HOPE: Hospital
Visit as Opportunity for Inpatient,
Prevention and . Hospitalized, 26 weeks/
CTN 0049 [33,41] Engagement for 3-arm RCT 801 Any substance enrolled at 50 weeks
HIV-Infected Drug bedside
Users
Extended-Release
Naltrexone vs. 2-arm Community 24 weeks/
CTN 0051 [34,42] Buprenorphine for comparative 570 Opioids based treatment 36 weeks
Opioid Treatment effectiveness RCT programs
(X:BOT)
Multicenter,
“treatment-
seeking
Achieving Cannabis Double-blind, cannabis-
Cessation: Evaluating placebo . dependent adults 12 weeks/
CTN 0053 [3543] N-Acetylcysteine controlled 2-arm 302 Cannabis who submit 16 weeks
Treatment (ACCENT) RCT positive urine
cannabinoid
testing during
screening”
Accelerated Outpatient,
Development of 2-stage pilot communit 8 weeks/
CTN 0054 [36,44] Additive se P 49 Methamphetamine Yy
study treatment 9 weeks
Pharmacotherapy roeram:
Treatment (ADAPT) programs
Linkage to Hepatitis C
Virus (HCV) Care Follow up 26 weeks/
CTN 0064 [37,45] among HIV/HCV 2-arm RCT 113 Any substance population of 50 K
Co-infected Substance CTN 0049 weeks
Users
Comparing Treatments
for HIV-Infected Opioid
Users in an Integrated L. . 24 weeks/
CTN 0067 [38,46] Care Effectiveness 2-arm RCT 116 Opioids Primary Care 24 weeks
Study (CHOICES)
Scale-Up
Accelerated Adults 18-65
Development of Double-blind, were recruited
Additive placebo from 12 weeks/
CTN 0068 [39,47] Pharmacotherapy controlled 2-arm 403 Methamphetamine ~communities near 16 K
Treatment (ADAPT-2) RCT with the trial sites with weeks

for Methamphetamine
Use Disorder

adaptive design

the use of ads and
direct referrals

RCT: Randomized Controlled Trial. * The CTN 0049 population assessed in this analysis includes only those
unduplicated patients (N = 688 of 801 total) who were not re-randomized to CTN 0064 (N = 113).

2.2. Independent Variable: Suicidality

The independent variable analyzed as the predictor was the baseline suicidality score
as measured by the 12-item CHRT-SR [24] that evaluates suicide propensity, ideation, and
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intent. Items assess signs and symptoms, including characteristics such as pessimism,
lack of social support, helplessness, and despair; the last three items assess active suicidal
ideation and behavior. Responses are measured by a 5-point Likert scale ranging from
strongly disagree (1) to strongly agree (5), with total scores ranging from 12 to 60. The
CHRT-SR was also used to create a binary indicator of suicidality if a participant responded
“Yes” to any of the three following items indicative of suicidal thoughts: “I have been
having thoughts of killing myself”, “I have thoughts about how I might kill myself”, or “I
have a plan to kill myself”. The Cronbach’s alpha for CHRT-SR was acceptable for all trials
(CTNO0037: 0.86; CTN0049: 0.91; CTN0051: 0.87; CTN0053: 0.89; CTN0054: 0.87; CTN0064:
0.90; CTN0067: 0.86; CTN0068: 0.89).

2.3. Dependent Variable and Adjudication Process: Overdose Events

An overdose event during the study period, the outcome of interest, was defined
as a binary outcome (Present: yes/Absent: no). Responses were determined through
a review of the dataset for: (1) MedDRA-Preferred Terms captured in Adverse Event
forms, (2) primary cause of death reported on death form, or (3) hospital utilization due
to overdose reported on hospitalization forms. Through a rigorous adjudication process,
a panel of experts consisting of a subgroup of study co-authors (VEH, RDS, DB, KH,
JE ST) followed explicit steps and key terms recommended by a CTN medical monitor
(RK) as they reviewed the recorded adverse events, deaths, and hospitalizations. The key
recommended term for adverse event forms was “overdose”, but related terms such as acute
amphetamine toxidrome, respiratory depression and drug intoxication were considered
where the term overdose was not recorded but suspected. For these overdose suspected
cases, the medical monitor reviewed narratives from the study forms for an indication of
involved substances which were then discussed by the panel to reach consensus on the
adjudication of the outcome. For the 2 trials where both the hospitalization and death
forms were used (CTN 0049 [33,41] and CTN 0064 [37,45]), the panel reviewed all causes for
hospitalization (primary discharge diagnosis) and the primary cause of death as recorded in
the database. Deaths due to overdose were listed as “Drug Use/Overdose” or “Substance
Use”. Key terms used to search the hospitalization events included “Overdose”, “Abuse”,
“Intoxication”, and “Detox”; however, all primary discharge diagnoses were considered
individually by the panel.

2.4. Covariates

The panel used a process of consensus to decide on the pertinent covariates to in-
clude in the model, and the measures that should be used in each trial to ascertain the
variables/covariates of interest. Decisions were made based on the literature and standard
practice. Demographic covariates considered across the protocols included age, gender,
and race/ethnicity.

Given the correlation between depression and suicidality, the prevalence of baseline
depression was also assessed by creating a binary indicator of depression using the in-
strument that had been part of each trial’s procedures. Depression measures included the
9-item Patient Health Questionnaire (PHQ-9 [26]: CTNO0067 [38,46], CTNO0068 [39,47]), the
18-item Brief Symptom Inventory (BSI-18 [48]: CTNO0049 [33,41], CTN0064 [37,45]), the
Addiction Severity Index Lite (ASI Lite [49];CTNO0037 [32,40], CTN0051 [34,42]), the Medi-
cal and Psychiatric History (CTN0054 [36,44]), and the Hospital Anxiety and Depression
Scale (HADS [50]: CTNO0053 [35,43]). Because lifetime heroin use [51], recent alcohol and
benzodiazepine use [52], and past psychiatric history [53], increase risk of overdose, these
factors were also included as covariates in the model. Each of these covariates was assessed
by creating binary variables of each distinct instrument or question across the 8 trials.
The assessment of lifetime use of heroin included the Addiction Severity Index Lite (ASI
Lite [49]: 0037 [32,40], 0049 [33,41], 0051 [34,42], 0064 [37,45], 0067 [38,46]) and the Alcohol
and Substance History (0054 [36,44], 0068 [39,47]). One trial, CTN 0054, did not assess
lifetime use of heroin. Recent alcohol and benzodiazepine use was determined by creating
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a binary indicator using each trial’s instrument to assess this variable. The assessment of
alcohol and benzodiazepine use was determined by the ASI Lite (0037 [32,40], 0049 [33,41],
0051 [34,42], 0064 [37,45], 0067 [38,46]), and the DSM-5 checklist [54] (CTN0054 [36,44],
CTNO0053 [35,43], CTNO0068 [39,47]). Psychiatric history exclusive of depression was deter-
mined as a binary indicator, using each trial’s instrument to assess this variable. The assess-
ment of psychiatric history included the Medical History Form (0051 [34,42], 0054 [36,44],
0067 [38,46], 0068 [39,47]), ASI Lite (CTN 0037 [32,40]), Additional Psychiatric Diagnosis
Form (CTNO0064 [37,45]), and the Mini International Neuropsychiatric Interview, version
6.0 (MINI 6.0 [55]: 0053 [35,43]). For participants in CTN0049, psychiatric diagnosis was
considered via two instruments. First, the team reviewed the Initial Hospital Admission
form, and included patients as having a history of psychiatric diagnosis if the primary
diagnosis during admission and/or any comorbid diagnoses included terms or conditions

" ou s

such as “suicidal ideation”, “psychosis”, “schizophrenia”, “bipolar disorder”, “PTSD”, “hal-
lucinations”, “mood disorder” and “altered mental state”. Second, if CTN0049 participants
reported that they saw a professional for the primary purpose of getting help for psycho-
logical or emotional issues in the past 6 months (Service Utilization Detail Form [33,41]),
they were also included as having a history of a mental health diagnosis.

Because these trials were diverse in the study treatments, settings, targeted substance
use disorders and specific populations, we included trial as a covariate to account for this
variability. Treatment arm (experimental or control) was also included to account for the

difference in treatments within trials.

2.5. Analytic Plan

Descriptive statistics, including mean and standard deviation for continuous variables
and frequencies and proportions for categorical variables, were calculated across trials and
among participants with and without suicidality and with and without overdose events.
A multivariate logistic regression, using a generalized estimating equation, analyzed con-
tinuous CHRT-SR score at baseline as a predictor of binary overdose event (present/not
present), while controlling for covariates. Adjusted odds ratios and 95% confidence inter-
vals were calculated. For all analyses, two-tailed p-values less than 0.05 were considered
statistically significant. All analyses were performed using SAS version 9.4 [56].

3. Results

A total of 2541 participants were included in this analysis. The majority of participants
were male (67.4%) and the mean age was 39.4 years (SD 11.4); 38.3% were Black, 41.3%
White, and 14.4% Hispanic. Recent use of alcohol and benzodiazepines was reported by
60.0% and 15.8%, respectively, and 39.0% reported lifetime use of heroin. With regard to
co-occurring mental health conditions, 51.6% scored in the depressed range at baseline,
and 50.2% indicated that they had at least one preexisting psychiatric diagnosis. The
mean baseline CHRT-SR score was 23.9 (SD 8.5; min 11, max 59). A total of 122 (4.8%)
either agreed or strongly agreed with the last three items in the CHRT- SR scale and were
categorized as suicidal at baseline. Among those who were suicidal, there was a higher
proportion of Black/African American (45.1%), followed by White (38.5%) and Hispanic
(13.1%) populations. Seventy-five participants (3.0%) had at least one overdose event
during their study participation. Of these 49.3% were white, 26.7% were Black/African
American and 20.0% were Hispanic. Of those participants who reported suicidal thoughts
and intent, only 6 (4.9%) had an overdose event.

Demographic characteristics of the participants can be found in Table 2, and propor-
tions of gender and of race/ethnicity overall, among those who were suicidal, and among
those with an overdose event can be found in Figures 1 and 2. Demographic information
by study can be found in the primary outcomes’ publications [32-39]. Total participants in
analyses varied slightly due to occasional missing data.
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Table 2. Participant characteristics overall, by suicidal yes/no, by overdose yes/no.

Overall Suicidal * Non-Suicidal CII-;/[I:;-I;R Yes Overdose No Overdose
(N =2541) (N =122) (N =2418) (N =75) (N = 2466)
Score
Mean
(Standard M (SD) or N M (SD) or N M (SD) M (SD) or N M (SD) or N
Deviation) or (%) (%) (%) (%)
N (%)
Age 39.4 (11.4) 424 (10.5) 392 (11.5) - 39.1(11.8) 39.4 (11.4)
Female 829 (32.6%) 28 (23.0%) 800 (33.1%) 23.8 (8.3) 22 (29.3%) 806 (32.7%)
S
X Male 1712 (67.4%) 94 (77.0%) 1618 (66.9%) 23.9 (8.6) 53 (70.7%) 1659 (67.3%)
Black/Af Am 972 (38.3%) 55 (45.1%) 916 (37.9%) 23.5 (8.6) 20 (26.7%) 951 (38.6%)
Hispanic 366 (14.4%) 16 (13.1%) 350 (14.5%) 24.0 (8.4) 15 (20.0%) 351 (14.2%)
Race/Ethnicity
Other 153 (6.0%) 4 (3.3%) 149 (6.2%) 25.0 (8.0) 3 (4.0%) 150 (6.1%)
White 1050 (41.3%) 47 (38.5%) 1003 (41.5%) 23.9 (8.6) 37 (49.3%) 1013 (41.1%)
Treatment Arm  Experimental 1310 (51.6%) 64 (52.5%) 1245 (51.5%) 24.0 (8.5) 45 (60.0%) 1265 (51.3%)
Assignment Control 1231 (48.5%) 58 (47.5%) 1173 (48.5%) 23.7 (8.6) 30 (40.0%) 1200 (48.7%)
Yes 1310 (51.6%) 112 (91.8%) 1197 (49.5%) 27.0 (8.7) 37 (49.3%) 1273 (51.7%)
Depressed
No 1230 (48.4%) 10 (8.2%) 1220 (50.5%) 205 (6.9) 38 (50.7%) 1191 (48.3%)
History of Yes 1276 (50.2%) 75 (61.5%) 1200 (49.6%) 252 (8.7) 42 (56.0%) 1233 (50.0%)
Psychiatric
Diagnosis No 1265 (49.8%) 47 (38.5%) 1218 (50.4%) 22.5(8.1) 33 (44.0%) 1232 (50.0%)
Recent Alcohol Yes 1523 (60.0%) 72 (60.0%) 1450 (60.0%) 23.5 (8.6) 37 (49.3%) 1485 (60.3%)
Use No 1016 (40.0%) 48 (40.0%) 968 (40.0%) 24.4 (8.4) 38 (50.7%) 978 (39.7%)
Recent Benzo Yes 400 (15.8%) 19 (15.8%) 381 (15.8%) 25.2 (8.6) 18 (24.0%) 382 (15.5%)
Use No 2139 (84.2%) 101 (84.2%) 2037 (84.2%) 23.6 (8.5) 57 (76.0%) 2081 (84.5%)
Yes 992 (39.0%) 41 (33.6%) 951 (39.3%) 25.4 (8.0) 53 (70.7%) 939 (38.1%)
Lifetime
Heroin Use No 1245 (49.0%) 74 (60.7%) 1170 (48.4%) 23.8 (8.9) 21 (28.0%) 1223 (49.6%)
Missing 304 (12.0%) 7 (5.7%) 297 (12.3%) 19.1 (7.0) 1(1.3%) 303 (12.3%)
Yes 122 (4.8%) 122 (4.8%) - 39.8 (7.9) 6 (8.0%) 116 (4.7%)
Suicidal No 2418 (95.2%) ) 2418 (95.2%) 23.1(7.8) 69 (92.0%) 2348 (95.2%)
Yes 75 (3.0%) 6 (4.9%) 69 (2.9%) 25.8 (8.8) 75 (3.0%) )
Overdose
No 2465 (97.0%) 116 (95.1%) 2348 (97.1%) 23.8 (8.5) - 2465 (97.1%)
CHRT-SR Score 23.9 (8.5) 39.8 (7.8) 23.1(7.8) - 25.8 (8.8) 23.8 (8.5)

* One participant is missing from the suicidal total due to missing responses to the last 3 items on CHRT.

Preliminary results of model fit revealed that age, gender, and race/ethnicity were not
significant in the model, and therefore dropped from the final model. Results of logistic
regression show that the continuous CHRT-SR score was associated (p = 0.03) with overdose
events and the likelihood of overdose increased as the continuous CHRT-SR score increased
(OR 1.02; 95% CI = 1.00-1.04). Depression, recent use of alcohol or benzodiazepines,
history of psychiatric disorders, and treatment arm were not associated with higher odds
of overdose, but lifetime use of heroin was associated (p < 0.01) with increased odds of
overdose (OR 3.08; 95% CI = 1.93-4.92). Model results can be found in Table 3.
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Figure 1. Proportion of Female/Male overall, among those who are suicidal, and among those with
an overdose event.
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Figure 2. Proportion of Race/Ethnicity overall, among those who are suicidal, and among those with
an overdose event.
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Table 3. Results of logistic regression/generalized estimating equation assessing CHRT-SR as a
continuous predictor of overdose.

Odds Ratio 95% Confidence Limits p-Value

CHRT-SR Score 1.02 1.00 1.04 0.03
Yes 0.76 0.32 1.83 0.54
Depressed
No 0 0 0
Yes 0.81 0.63 1.05 0.11
Recent Alcohol Use
No 0 0 0
Yes 1.40 0.77 2.54 0.27
Recent Benzo Use No 0 0 0
Missing 0.19 0.11 0.32 <0.01
Lifetime Heroin Use Yes 3.08 1.93 4.92 <0.01
No 0 0 0
History of Yes 0.85 0.65 111 0.23
Psychiatric
Diagnosis No 0 0 0
Treatment Arm Experimental 1.48 0.81 2.70 0.20
Control 0 0 0

4. Discussion

Results of this study demonstrate that suicide propensity, ideation and intent, as
assessed by the continuous CHRT-SR score, were associated with overdose events amongst
patients seeking treatment in eight clinical trials for SUD. Increases in the total score of
CHRT-SR were associated with a higher likelihood of experiencing an overdose event. To
our knowledge this is the first study exploring the relationship of suicidality and overdose
events in a substance-using, treatment-seeking population.

Surprisingly, only 4.8% of the sample endorsed suicidal ideation or intent at baseline.
This is possibly explained by the fact that most studies excluded actively suicidal patients
at enrollment. Suicidal ideation and intent have not been previously documented systemat-
ically during treatment in patients with SUD or dual disorders. Rather, assessments have
been based on suicide mortality in these populations. Esang and Ahmed [57] reported an in-
creased risk of suicide in patients with substance use and psychiatric conditions. Increased
opioid overdose risk has been described in patients with OUD [58]. Studies assessing
suicidal intent after an overdose report highly variable prevalence of suicidal ideation. For
example, while one study documented that 58.0% of patients with OUD who overdosed
indicated a desire to die [18], another reported only 6.6% of opioid overdose survivors
firmly expressed their intent to die [16]. In addition, these retrospective studies relied on
patients’ self-reports, where reconstruction of the feelings, thoughts, and desire prior to
the overdose event might be misconstrued or be prone to recall bias. Suicidal ideation and
intent have been documented in prior studies of patients with acute major depression with
non-psychotic features. Based on the type of assessment used, the prevalence of suicidal
thoughts and intent ranged from 10.7% to 19.0% at baseline [59]. The prevalence of suicidal
ideation or intent documented in our study is therefore lower than that observed in patients
in treatment for major depression. Of note, the prevalence of depression in our sample
was 51.6%, and 50.2% of the participants reported a previous psychiatric history. While
the association between depression and SUD in our sample was high, other studies have
demonstrated even higher levels of depression in patients with SUD [60].

Results from this study confirm that lifetime heroin use is associated with an increased
likelihood of an overdose event. Brandt and colleagues [58] and Stover and colleagues [19]
have demonstrated increased risk of opioid overdose events in patients with a history of
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heroin use. Surprisingly, and in contrast with the literature, neither depression nor recent
alcohol or benzodiazepine use were associated with overdose events in our study. This
might be explained by the variability in the approach to the assessment of depression across
trials, or that participants were only experiencing mild depressive disorders, and therefore,
the association with increased overdose was not observed as expected.

Consistent with the literature, overdose events were more frequent in the White
population (49.3%), followed by Black/African American (26.7%) and Hispanic (20.0%)
populations, whereas suicidality was more frequent in Black/African American (45.1%), fol-
lowed by White (38.5%) and Hispanic (13.1%) populations. Gicquelais and colleagues [16]
found that active or passive suicidal intent was more prevalent in Whites (86.3%) followed
by multiracial individuals (9.3%), whereas only 4.3% of the Black/African American sam-
ple intended to die. In our study, the choice of substance used may have accounted for
the racial/ethnic differences we found. However, this is speculative, given that most of
the information on the overdose was self-reported at the time of documentation and was
inconsistently documented in the narrative of overdose events, preventing identification of
specific substances involved.

The present study has several strengths. First, it provides an examination across multi-
ple sites and multiple studies expanding on prior single site examinations of suicidality
and overdose. Second, it expands on the use of large datasets to rapidly answer practical
clinical questions and furthers the understanding of mental health conditions and their
association with adverse substance use outcomes.

This study also presents several limitations. First, the design of this study only allowed
for examination of associations and not causation. Second, the population enrolled across
these eight clinical trials is representative of individuals seeking treatment for SUD who
agreed to participate in a research study. Therefore, our results might not be generalizable to
the entire population of persons with SUD and other co-occurring mental health conditions.
It is noteworthy that while the panel of experts ascertained outcomes using a binary yes/no
approach for each of the covariates, the measures used to evaluate these variables differed
across trials and may have had slightly different meanings. However, the tradeoff of this
heterogeneity might be mitigated by the large sample size accrued across multiple sites
and conducted over 10 years. Finally, heroin use was not assessed in one of the trials and is
reported as missing data in our results.

This study highlights the relevance of assessing suicidality at baseline for patients
entering treatment. As drug overdose deaths continue to rise in the U.S. and worldwide and
suicide remains a leading cause of death, particularly in patients with comorbid substance
abuse and mental health disorders, multi-pronged approaches covering prevention, early
detection, and intervention are needed. Integration of suicide risk reduction should be
included as part of an overall prevention strategy in response to the steep climb in overdose
fatalities. Entry into treatment for SUD and other co-occurring mental health conditions
presents an invaluable opportunity to re-set, evaluate suicide risk, and employ early
prevention plans.
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Abstract: Dual disorders (DD) and gender differences comprise an area of considerable concern in
patients with substance use disorder (SUD). This study aims to describe the presence of DD among
patients with SUD admitted to a general hospital and attended by a consultation liaison addiction
service (CLAS), in addition to assessing its association with addiction severity and quality of life
from a gender perspective, between 1 January and 30 September 2020. The dual diagnosis screening
interview (DDSI), the severity of dependence scale (SDS), and the WHO well-being index were
used to evaluate the patients. In the overall sample, DD prevalence was 36.8%, (women: 53.8% vs.
men: 32.7%, NS). In both genders the most prevalent DD was depression (33.8%, women: 46.2%
vs. men: 30.9%, p = 0.296). Women presented more panic disorders (46.2% vs. 12.7%, p = 0.019)
and generalized anxiety (38.5% vs. 10.9%, p = 0.049) than men. When DD was present, women had
worse quality of life than men (21.7 vs. 50 points, p = 0.02). During lockdown period 77 patients were
attended to and 13 had COVID-19 infection, with no differences in relation to sociodemographic and
consumption history variables. The study confirms a high prevalence of DD among patients with
SUD admitted to a general hospital for any pathology, and its being associated with worse quality of
life, particularly in women.

Keywords: dual diagnosis; substance use disorders; consultation liaison service; quality of life; gender

1. Introduction

Dual disorder (DD) is the coexistence in the same patient of a substance use disorder
(SUD) and another psychiatric condition [1]. Whilst not a new phenomenon, it is gaining
importance due to its marked prevalence and complexity with respect to the clinical
approach of such patients.

Several studies show that, compared with patients with only SUD, DD patients
require a greater number of emergency room admissions and hospitalizations in psychiatry
services. They also present higher suicide rates and more risky behaviour associated with
mortality and infectious diseases, such as HIV and hepatitis viruses [2,3]. Moreover, in
addition to more frequent episodes of violent behaviour, such patients have greater social
problems (higher unemployment rates) [4]. Consequently, DD patients present a greater
risk of addiction chronicity and severity, their treatment is more difficult and expensive,
and they have a worse prognosis than those with only one psychiatric disorder (SUD or
other) [5,6].
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It has also been observed that DD patients have a worse perceived quality of life
(QoL) than those with only SUD, a little-studied parameter that is gaining relevance as an
indicator of the results of the treatments offered [7-10].

To date, studies carried out to determine DD prevalence in mental health units and
addiction services have reported a high incidence in both cases [11-13]. To the best of
our knowledge, however, no studies have been performed analysing this prevalence in
patients admitted to a general hospital, beyond the emergency room, for any health reason
besides SUD. Furthermore, in recent years, interest in gender perspective in the study of
addictions has increased [14]. Gender plays a crucial role in determining vulnerability,
clinical presentation, and treatment outcomes in patients with SUD. Women are more
vulnerable than men in the addiction process, since they progress more quickly from
the first substance contact to their addiction (telescoping effect), requiring less dose and
time of use to reach a greater degree of addiction severity [14-16]. Women with SUD
present more medical and psychiatric comorbidities than their male counterparts [17].
In women with SUD (compared to men with SUD) a higher prevalence of infections
(HIV, HCV, etc.) has been observed, and in terms of DD, the most common psychiatric
disorders are depression, anxiety, and post-traumatic stress disorders (PTSD). Finally, a
higher incidence of gender-based violence and history of sexual abuse has been detected
among women with SUD, leading them to being more susceptible to psychiatric illness
and a resulting worse perceived QoL than SUD men [18-20].

The objective of the present study was to analyse DD prevalence among patients
with SUD admitted to a general hospital for any health problem, whether related to their
addiction or not. They were attended by a consultation liaison addiction service (CLAS),
which assessed addiction severity and perceived QoL in addition to a gender perspective.
The study was interrupted by the COVID-19 lockdown; consequently, as a secondary
objective, we compared the characteristics of patients attending CLAS during those months
who were unable to receive face-to-face interview assessment.

2. Materials and Methods
2.1. Participants

The study sample was made up of patients with an SUD diagnosis according to DSM
5 criteria [21] admitted to a general hospital (Hospital del Mar) for any health problem,
whether directly related to their addiction or not, and attended by the CLAS. Patient
recruitment of patients was carried out between 1 January and 30 September 2020.

2.2. Inclusion and Exclusion Criteria

Inclusion criteria were: (1) patients with any SUD diagnosis admitted and assessed by
the CLAS at Hospital del Mar; (2) being over 18 years of age; and (3) speaking /understanding
Spanish. Exclusion criteria were: (1) documented mental retardation/moderate-severe
neurocognitive impairment, with prior neuropsychological evaluation or assessed in the
psychopathological examination and the Spanish version of the Montreal Cognitive Assess-
ment 26 (MOCA 26) test [22] (a score 10-17 indicating moderate neurocognitive deteriora-
tion, and less than 10 severe neurocognitive deterioration); (2) acute confusional disorder
(according to psychopathological examination); (3) not speaking /understanding Spanish;
and (4) the patient’s clinical condition hindering evaluation. If any of the exclusion criteria
were transitory (such as delirium or intoxication), the interview was carried out once the
condition had improved.

2.3. Assessment Instruments

For DD screening, a dual diagnostic screening interview (DDSI) was used [23]. DDSI
is an instrument that assesses the following mental conditions: panic disorder, generalized
anxiety disorder, specific phobia, social phobia, agoraphobia, depression, dysthymia, mania,
psychosis, attention deficit hyperactivity disorder (ADHD), and PTSD. The diagnoses
obtained with the DDSI are lifetime psychiatric diagnoses.
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QoL was evaluated with the WHO well-being index [24]. This self-administered
tool consists of 5 questions that refer to the physical-emotional state of the patient in the
previous 2 weeks. The total score obtained ranges from 0 to 100 points, and the higher the
score the greater the well-being.

Addiction severity was measured with the Spanish version of the Severity of Depen-
dence Scale (SDS) [25,26], The self-administered SDS consists of 5 questions referring to
substance use in the previous year. The total score ranges from 0 to 15 points, a higher
score indicates a greater degree of dependence on the substance in question.

2.4. Procedure

The CLAS at Hospital del Mar receives daily requests for interventions with patients
who present an SUD concomitantly to their cause of admission. As part of standard
procedure, clinical and sociodemographic data are collected in a database and include
details of substance use and comorbidities (including serological status of HIV and hepatitis
viruses). Patients who met the inclusion criteria were informed and, if they agreed to
participate, an independent researcher conducted the study. DDSI was performed first
followed by the WHO Well-being Index and the SDS. The total time of the evaluation was
a maximum of 25-30 min.

Due to the COVID-19 lockdown (from 10 March 2020 to 22 June 2020) the independent
researcher had no face-to-face access to the patients. Basic sociodemographic and clinical
data gathered from the CLAS in this period were analysed.

2.5. Analysis of Data

A descriptive analysis of variables was carried out and possible differences by gender
from the interviews were analysed. To do so, the mean, median, standard deviation, range,
and frequency were calculated according to the nature of each variable. Kolmogorov—
Smirnov normality tests were performed and, consequently, non-parametric tests were
used. For the comparison of means between groups the Mann-Whitney and Wilcoxon U
tests and Chi-square for categorical variables were employed. All calculations were carried
out using the IBM (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version
22.0. Armonk, NY, USA: IBM Corp.).

2.6. Ethics

Patients who met the inclusion criteria were informed of the characteristics of the
study and the confidentiality of data processing. Prior to the interview they were asked to
sign an informed consent. There was no impact on the patients’ usual treatment. The study
was approved by the Parc de Salut Mar Clinical Research Ethics Committee (SEIC-PSMAR);
CEIm project number: 2019/8970/1.

3. Results

During the entire period of study, a total of 233 patients were admitted by the CLAS. In
the lockdown period (from 10 March 2020 to 22 June 2020) 77 patients were only attended
by the liaison team and were included for a separate analysis. Of the 156, a total of 104
were candidates, and 68 patients completed the assessment interviews and were included
for the principal objective (see Figure 1). There were no differences in gender proportion or
other sociodemographic variables of the included patients versus the non-included ones.

3.1. Sociodemographic Characteristics

The characteristics of the 68 patients that completed the interview are shown in Table 1.
Women (1 = 13) represented 19% of the sample. Mean age was 50.99 years (SD = 11.67) and
there were no differences between genders. Neither were there gender differences found
with respect to civil status, employment situation, living conditions, and criminal records
(Table 1).
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Figure 1. Flowchart for study enrolment.

Table 1. Demographic characteristics of the sample stratified by gender.

Women Men Participants
n=13 n=>55 n=68
n (%) n (%) n (%) 4
Age (mean + SD) years ~ 47.92 4+ 10.15 51.71 +11.97 50.99 + 11.67 0.310
Civil status
Single 5(41.7) 23 (43.4) 28 (41.1) 0.433
Married/partner 3(25) 13 (24.5) 16 (23.5) .
Others 5(38.4) 19 (34.5) 24 (35.2)
Origin 0217
National 11 (84.6) 37 (67.3) 48 (70.6) ’
Employment situation
Employed 1(8.3) 7 (12.7) 8(11.7)
Unemployed 8 (66.7) 25 (45.4) 33 (48.5) 0.740
Retired 4 (25) 11 (20) 15 (22.1)
Others 0 12 (21.8) 12 (17.6)
Living with
Nobody 0 13 (23.6) 13 (19.7)
Family 9(69.2) 21 (38.1) 30 (45.5) 0.336
Homeless 3(23.1) 13 (23.6) 16 (24.2)
Others 1(7.7) 8 (15.5) 9(13.2)
Criminal records 0.559
No 8(72.7) 35 (67.3) 43 (63.2) ’

SD: Standard deviation.

3.2. Clinical Characteristics

The clinical characteristics of the 68 patients are shown in Table 2. Regarding the main
drug of use, alcohol was present in 47.1% of the patients, followed by opiates (38.2%) and
cocaine (10.3%), with no differences by gender.
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Table 2. Clinical characteristics of the sample, stratified by gender.

Women Men Participants
(n=13) (n = 55) (n = 68)
n% n% n% P
Main drug: Opiates 5(38.5) 21 (38.2) 26 (38.2)
Alcohol 6 (46.2) 26 (47.3) 32 (47.1)
Cocaine 2 (15.4) 5(9.1) 7 (10.3) 0.896
Amphetamines 0 2 (3.6) 2(3)
Tobacco 0 1(1.8) 1(1.5)
Commencement age of main 53 4 gog 17834591 1871+ 659 0.018
drug (x & SD), years
Total abstinence time
(% + SD), months 18.73 £24.50 25.31 £37.28 24.15 4+ 35.27 0.903
Time since last consumption
of the main drug (x & SD), 6.08 £ 20.76 3.98 £+ 14.30 4.37 £15.54 0.850
months
Patients previously involved
in an addiction treatment 10(76.9) 30(55.6) 40(58.9) 0.159
Age at first addiction 3575+ 1326 3439+ 149 3474 + 14.29 0.572
treatment (X & SD) years
HIV antibodies positive 3(23.1) 10 (18.2) 13 (19.1) 0.702
Ab HCV serology positive 4 (30.8) 16 (29.1) 20 (29.4) 0.954
Ab core HBV serology 4(30.8) 10 (18.2) 14 (20.6) 0.601
positive
Ag surface HBV positive 0 2(3.6) 2(29) 0.728
Chronic liver disease 5(38.5) 19 (34.5) 24 (35.3) 0.909

SD: standard deviation, SUD: substance use disorder, HIV: human immunodeficiency viruses, HBV: hepatitis B
virus, HCV: hepatitis C virus, Ag. Antigen, Ab. Antibody. Bold numbers represent statistically significant results.

The mean commencement age of the main substance was 18.71 years, which was
lower in men than women (17.83 vs. 23 years, p = 0.018). The mean of total abstinence time
was 24.15 months, without differences by gender. More than half the sample (58.9%) had
been previously involved in addiction treatment without differences between men and
women. There were no differences between genders regarding HIV and hepatitis B and C
virus infections (HBV and HCV).

3.3. Dual Disorder Assessment

Of the 68 patients interviewed, 25 (36.8%) had positive screening for DD; depression
was the most prevalent (33.8%) followed by psychosis and panic (both 19.1%) (Table 3).

Prevalence of DD was 32.7% in men and 53.8% in women. In the former, the most
common psychiatric disorder was depression (30.9%), followed by psychosis (16.4%),
mania and PTSD (both 14.5%). While in the latter, the most frequent psychiatric disorders
were depression and panic (both 46.2%), followed by generalized anxiety (38.5%).

Panic disorder and generalized anxiety were greater for women than men (p = 0.019
p = 0.049 for generalized anxiety, respectively) (Table 3).

When analysing DD with other clinical variables, a greater proportion of patients with
HIV antibodies was observed (36% vs. 9.3%; p = 0.02). No differences were found for the
other clinical and sociodemographic variables.
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Table 3. Prevalence of DD amongst patients that completed the interview, stratified by gender.

Women Men Participants
n=13 n=>55 n=68
Psychiatric Diagnoses n (%) n (%) n (%) r
Dual Disorder 7 (53.8) 18 (32.7) 25 (36.8) 0.156
Panic 6 (46.2) 7 (12.7) 13 (19.1) 0.019
Generalized anxiety 5(38.5) 6(10.9) 11 (16.2) 0.049
Simple phobia 3(23.1) 3(5.5) 6(8.8) 0.104
Social phobia 1(7.7) 4(7.3) 5(7.4) 0.958
Agoraphobia 1(7.7) 2(3.6) 3(44) 0.522
Dysthymia 3(23.1) 4(7.3) 7 (10.3) 0.092
Depression 6(46.2) 17 (30.9) 23 (33.8) 0.296
Mania 3(23.1) 8 (14.5) 11 (16.2) 0.174
Psychosis 4(30.8) 9 (16.4) 13 (19.1) 0.445
ADHD 3(23.1) 6 (10.9) 9(13.2) 0.479
PTSD 1(7.7) 8 (14.5) 9(13.2) 0.512

DD: Dual Disorder, ADHD: attention deficit hyperactivity disorder, PTSD: post-traumatic stress disorder. Patients
can present more than one psychiatric diagnosis. Bold numbers represent statistically significant results.

3.4. Dual Disorder and Quality of Life

Considering only patients with DD (18 men and 7 women), the QoL index was higher
for men (x:50 points vs. X:21.7 points, respectively, p = 0.02). This difference did not change
when the comparison was made excluding patients with HIV antibodies that could bias
results. No gender differences were detected in non-DD patients (Table 4).

Table 4. Total scores of WHO and SDS in DD vs. non-DD patients.

DD Women Men Total
(1 =13) (n = 55) (n = 68) P
WHO No 62 4 23.83 52.32 +£30.9 53.67 + 30.03 0.404
(x £SD) Yes 21.71 £ 21.52 50 + 31.02 42.08 £+ 31.0 0.020
SDS No 454327 692 +4.14 6.58 4+ 4.08 0.146
(x £SD) Yes 10.14 +3.72 7.39 4+ 4.65 8.16 £ 4.52 0.145

WHO: WHO well-being Index; SDS: Severity of Dependence Scale; SD: standard deviation. Bold numbers
represent statistically significant results.

3.5. Dual Disorder and Severity of Addiction

According to SDS, the mean severity of dependence was 6.58 points (SD = 4.08) in
non-DD patients and 8.16 points (SD = 4.52) in DD ones, without differences in gender
(Table 4).

3.6. Sociodemographic and Clinical Characteristics of Patients Attended during Lockdown Period
During the lockdown period 77 patients were attended by the CLAS and could not
be included for interview assessment. No differences were found in relation to gender
proportion and all the clinical and sociodemographic variables analysed in this study
(Tables S1 and S2). Of these patients, 13 (16.8%) were diagnosed with COVID-19 infection.

4. Discussion

The prevalence of DD among patients with SUD admitted to the general hospital was
around 37% and depression was the most frequent psychiatric disorder in both genders,
representing more than a third of the sample. This prevalence is described for the first
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time in a CLAS of a general hospital. Other studies had reported a depression incidence of
10-15% in general hospital inpatients [27,28], but not in SUD patients.

Although in our study women tended to have more DD than men (53.8% vs. 32.7%),
differences were not significant, probably related to their low number. This is in contrast
with other studies, where women with SUD presented more DD than men [28,29]. Depres-
sion was the most common DD in both genders, while panic and generalized anxiety were
more frequent in women. We could not confirm results of other studies [14-18], except for
a higher prevalence of anxiety disorders in women compared to men. We think a possible
explanation, besides the small sample size, could be an under-diagnosis or lower self-report
of consumption, specifically in women, that limit their seeking consultation.

Regarding the self-perceived QoL, there are several communications that associate
worse QoL with the presence of addiction and other mental health problems [7,8,10]. In our
sample there were no differences between patients with and without DD, when separating
by gender; however, in women, the QoL self-perception was significantly worse, which
could not be explained by other analysed sociodemographic and clinical factors. We
observed that the presence of HIV antibodies was associated with more DD but not with
worse QoL. QoL has been proposed as a neglected factor that could play a critical role
in sustaining remission [30], according to these results; therefore, women with DD had a
more difficult path to recovery.

In relation to addiction severity, there was a tendency for it to be worse in women and
in patients with DD, although such differences were non-significant.

The COVID-19 pandemic changed conditions for everybody, including patients and
clinicians. We analysed the data of patients that could not be interviewed by the study
researcher and observed no marked differences with respect to the other participants, with
the exception of 13 diagnosed with COVID-19. Nevertheless, other factors, such as isolation
and the infection itself, could have had different implications in the psychopathology and
well being of these patients; therefore, it will be crucial to look forward prospectively.

Regarding the limitations of the study, it should be noted that the sample was small,
especially the number of women, which could be associated with some bias and limit
external validity; women are usually underrepresented in addiction research and it is
essential to design the projects with gender perspective. In addition, due to the COVID-19
pandemic, the interviews ceased for a few months, which also led to the final sample
being smaller than expected. Nevertheless, we adapted to this situation by adding an
additional objective. There were no differences in gender proportion or sociodemographic
variables of included patients versus non-included ones; the sample therefore should be
representative. In addition, the comorbid diagnosis has been obtained with a screening
tool and not by a structured interview. For this reason, although there is a high sensitivity,
there would be less specificity to obtain diagnosis; however, previous studies validating the
DDSI screening tool have found acceptable specificity for the majority of diagnoses [23].

Patients with more severe clinical conditions were excluded as they were unable to
complete the assessment, and also those diagnosed with COVID-19 infection. It is thus
possible that the QoL and addiction severity scores might have been worse.

In addition, there could have been a selection bias since only those patients that general
medicine deemed necessary were assessed. There may have been others in which the SUD
was considered less important, either because the patients did not report it, were abstinent,
or it was simply not detected. This might also explain why the number of women with
SUD was much lower than that of men [31]. Regarding women, it would also have been
useful to obtain information about their backgrounds, for instance, if they were mothers,
had suffered gender violence and/or sexual abuse and so on, and observe whether such
factors were more prevalent in patients with DD. More stigma is associated with addicted
women than men which could be a reason not to seek help during hospital admission.
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5. Conclusions

In this study, patients were assessed by a psychiatry liaison service specializing in
addiction. The study provides some insights into the characteristics of in-ward patients
with an SUD and reinforces the need of an individualized approach.

Our findings suggest a high prevalence of DD amongst patients that were attended
by the addiction liaison service of a general hospital. Furthermore, parameters such as
QoL and addiction severity were worse when DD was present, especially in the group of
women. Such results support the importance of routinely exploring substance consumption
in hospitalized patients, and assessing the presence of dual pathologies, as they can play
a role not only in medical pathology, but also in QoL, and particularly in women. More
studies will be necessary to determine the implications of these differences in order to
elucidate specific needs.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/2077-038
3/10/23/5572/s1, Table S1. Sociodemographic characteristics of participant patients vs. lockdown
period patients. Table S2. Clinical characteristics of participant patients vs. lockdown period patients.
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Abstract: Engaging people living with HIV who report substance use (PLWH-SU) in care is essential
to HIV medical management and prevention of new HIV infections. Factors associated with poor
engagement in HIV care include a combination of syndemic psychosocial factors, mental and physical
comorbidities, and structural barriers to healthcare utilization. Patient navigation (PN) is designed to
reduce barriers to care, but its effectiveness among PLWH-SU remains unclear. We analyzed data
from NIDA Clinical Trials Network’s CTN-0049, a three-arm randomized controlled trial testing the
effect of a 6-month PN with and without contingency management (CM), on engagement in HIV
care and viral suppression among PLWH-SU (1 = 801). Latent profile analysis was used to identify
subgroups of individuals” experiences to 23 barriers to care. The effects of PN on engagement in
care and viral suppression were compared across latent profiles. Three latent profiles of barriers to
care were identified. The results revealed that PN interventions are likely to be most effective for
PLWH-SU with fewer, less severe healthcare barriers. Special attention should be given to individuals
with a history of abuse, intimate partner violence, and discrimination, as they may be less likely to
benefit from PN alone and require additional interventions.

Keywords: HIV; substance use; patient navigation; co-occurring disorders; barriers to care; social
determinants of health; syndemic framework

1. Introduction

Despite major progress in the effectiveness and availability of antiretroviral therapy
(ART), considerable challenges in the treatment of people living with HIV (PLWH) remain.
There are significant gaps in the HIV care continuum, with the greatest deficits seen in
retaining individuals in care and achieving viral suppression. Of the 1.1 million individ-
uals living with HIV in the U.S., the Centers for Disease Control and Prevention (CDC)

J. Clin. Med. 2023, 12, 114. https:/ /doi.org/10.3390/jcm12010114 45

https:/ /www.mdpi.com/journal /jem



J. Clin. Med. 2023, 12, 114

estimates that only 49% are continuously engaged or retained in HIV care and 53% have
reached viral suppression [1]. One population that is particularly difficult to engage in
care comprises people living with HIV who report substance use (PLWH-SU). In a 2018
review examining predictors of outcomes along the HIV care continuum, substance use
was the most commonly cited risk factor associated with poor retention [2]. Compared
to PLWH who report no substance use, those who use substances are less likely to access
antiretroviral therapy, less likely to adhere to medication plans, and more likely to fall out
of care [3]. Psychiatric comorbidities were also found to be predictors of poor retention
in HIV care [4,5], and co-occurring diagnoses or “dual disorders”—the presence of both
a substance use disorder and at least one psychiatric disorder [6]—among PLWH further
complicate clinical management and deter retention in treatment [7]. This can lead to
uncontrolled infection, which contributes to ongoing disease transmission. The need for
interventions to improve engagement of this high-risk population in HIV care remains a
national public health priority [8].

To understand why PLWH-SU do not engage in care, it is necessary to recognize the
challenges they face in accessing care. This requires a thorough examination of multi-level
factors, including social determinants of health, associated with access to and retention
in HIV care. Data from the 2016 sample of the Medical Monitoring Project, a nationally
representative sample of all adults diagnosed with HIV in the U.S., showed that 42% of
respondents had household incomes below the federal poverty threshold and 43% were
unemployed [9]. These factors have consistently been shown to severely limit the re-
sources available to obtain healthcare [10-12]. Additionally, 22% and 26% of respondents
reported symptoms of depression and anxiety, respectively, both of which are associated
with lowered healthcare utilization and poor adherence to treatment plans [9,13-15]. Other
barriers to HIV treatment identified through both qualitative and quantitative studies
include housing instability [11,16-19], food insecurity [16,20,21], transportation [18,22],
substance use [2,23,24], intimate partner violence (IPV) [25,26], perceived stigma [23],
discrimination [27], clinic location and hours [24], service availability [26], and privacy
concerns [24,28]. Self-perceived barriers to care, including financial, structural, and lo-
gistical barriers, as well as concerns about personal health or service delivery, have been
associated with higher rates of mortality among PLWH [29]. For PLWH-SU, their sub-
stance use presents additional barriers to care, such as stigma, incarceration, and difficulty
maintaining scheduled treatment regimens [30-33].

One intervention specifically designed to help individuals overcome barriers to care is
patient navigation (PN). PN is a patient-centered intervention that identifies strategies to
eliminate barriers to care and guides individuals through the healthcare system. It employs
a strengths-based case management approach [34] and motivational interviewing [35] to
empower individuals to manage their healthcare. Examples of activities involved in PN
include helping individuals obtain health insurance, scheduling medical appointments,
arranging transportation or childcare services, and providing assistance in applying for
social services [36]. Screening for social determinants of health, such as housing, is another
critical navigation activity [37]. PN may be combined with other tools such as contingency
management (CM), which offers financial incentives for completing various activities of
a treatment plan. The use of incentives has been specifically useful for engaging people
who use drugs and/or alcohol [38,39]. PN strategies can help individuals with layered and
complex mental health and/or addictions overcome barriers to obtaining services from
various, and often fragmented, systems [40,41].

Although PN was initially developed to help predominantly underrepresented mi-
nority women access breast cancer screening and treatment services, it is now used for a
variety of patient populations [42,43]. Among PLWH, results of studies assessing the effect
of PN on HIV care have been mixed. Some studies have shown that PN is efficacious for
linking individuals to care and improving steps along the HIV care continuum [34,44-46],
while others reported no effect [47,48]. These conflicting results have raised questions
about the effectiveness of PN and warrant additional research to determine for which
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populations and in what circumstances PN is most beneficial [49]. The effectiveness of PN
has been difficult to establish, in part because PN is classified as a “complex intervention.”
This means that it consists of several core components, targets multiple behaviors, and is
often tailored to meet specific conditions [50,51]. The many sources of variation make it
difficult to determine which aspects of the intervention are most beneficial. In the case of
PN, intervention activities are highly dependent on the specific barriers encountered by
each individual. Therefore, it is possible that PN works better for certain patients than for
others, depending on the type and number of barriers experienced.

It is also possible that the combination of healthcare barriers, stemming from social
determinants of health and other individual and interpersonal factors, may influence the
effectiveness of an intervention such as PN on HIV care. Because many PLWH face multiple,
concurrent barriers, there is a growing number of studies supporting the use of a syndemics
framework for describing factors that influence HIV infection. The syndemics approach
suggests that there is an overlap of interrelated factors that drives risk for multiple, co-
occurring conditions [52]. Previous studies have identified several syndemic conditions
known to occur among PLWH; these include mental illness, violence, homelessness, and
socioeconomic disadvantage [53,54]. Previous research has shown that PLWH have an average
of two to four syndemic conditions, but some may experience as many as eight conditions [55].
Studies have also shown that these concomitant syndemic factors act synergistically to produce
poor health outcomes. For example, research on the interplay among psychosocial factors,
substance use, and HIV risk-taking suggests that psychological problems and substance
use interact to not only negatively impact retention in care [2], but are also associated with
increased risky behaviors [56]. The clustering of risk factors creates a syndemic vulnerability
that places individuals at increased risk for HIV acquisition, high-risk sexual behaviors,
sexually transmitted infections, and more frequent substance use [52,57].

Additional work has been done to examine syndemic vulnerability as it relates to the
HIV care continuum. Glynn et al. (2019) found that among PLWH in Miami, Florida, the
odds of having low ART adherence (<80%) and unsuppressed viral load increased for every
syndemic condition experienced [55]. This finding supported previous work showing that
a higher number of syndemic factors is associated with poor medication adherence and
lower odds of viral suppression [58,59]. In 2015, Mizuno et al. (2015) examined syndemic
factors specifically among persons who inject drugs and found similar results [57]. All
outcomes along the HIV care continuum worsened as the number of psychosocial risk
factors increased.

Despite the insights of this previous research, it is limited, in that syndemic barriers to
care are measured as a sum of the number of syndemic factors an individual experiences.
This composite-score approach places equal weight on the influence of each risk factor and
suggests that simply minimizing the number of barriers can lead to improved outcomes. It
is possible, however, that the pattern of factors an individual faces is more important than
simply the number of barriers. Some syndemic factors may be more significant barriers
to treatment than others. Some barriers may be more likely to cluster together than other
barriers, creating subgroups of individuals characterized by different combinations of
healthcare barriers. Thus, examining patterns of experienced barriers and the impact of
these patterns on subsequent health outcomes may provide an improved understanding of
how individuals respond to interventions designed to address healthcare barriers.

The current study has two main objectives. The first objective is to describe subgroups
of PLWH-SU that share common patterns of barriers to care. The second objective is to
analyze how subgroup membership influences the association between PN interventions
and HIV outcomes. The data for this study come from CTN-0049, a randomized, controlled
trial that studied PN in a sample of 801 hospitalized PLWH-SU who had uncontrolled
HIV [60]. The trial tested the effect of a 6-month PN intervention, offered with and without
CM, on engagement in care and viral suppression at 6 and 12 months. The results showed
that the PN and PN+CM interventions were effective for engaging participants in care at
6 months, and PN+CM was effective for viral suppression at 6 months. Although these
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effects were not maintained through the 12-month follow-up period, CTN-0049 provides
a unique opportunity to explore factors that contributed to the short-term success of the
intervention. The data from this study may help characterize the populations likely to
benefit from PN; this characterization can inform future adjustments to the intervention,
maximize its effectiveness, and result in a more efficient allocation of resources.

2. Materials and Methods
2.1. CTN-0049 Overview

The CTN-0049 study was a randomized, controlled trial supported by the National
Institute on Drug Abuse’s National Drug Abuse Treatment Clinical Trials Network and has
been described in detail elsewhere [61]. Briefly, the purpose of CTN-0049 was to determine
the effect of a structured PN intervention, delivered with or without CM, on HIV health
outcomes among hospitalized PLWH-SU with advanced HIV disease. Participants were
recruited between July 2012 and January 2014 from 11 U.S. hospitals with both a high HIV
inpatient census and a high prevalence of substance use among patients. Patients were
eligible for enrollment if they had a clinical indication that they were out of HIV care and
had evidence of substance use in the past 12 months. A total of 801 participants were
randomized to one of three treatment groups: (1) PN, (2) PN+CM, or (3) treatment as usual
(TAU). Those randomized to one of the PN groups were offered up to 11 PN sessions over
a 6-month intervention period. During sessions, navigators used a strengths-based case
management approach to assist patients to coordinate care with clinicians, review their
health information, address personal challenges, and provide direct psychosocial support.
Those in PN+CM also received financial incentives for target behaviors, including session
attendance, completion of paperwork, HIV clinic visits, SUD treatment visits, negative
substance use specimens, blood draws, and active ART prescriptions. Participants in
the TAU group did not interact with the patient navigators, and received the standard
treatment provided at their hospital for linking hospitalized patients to outpatient HIV
care and substance-use-disorders treatment, which at most hospitals was written referral.
Patients were followed up at 6 months (1 = 761) and 12 months (1 = 752) post-randomization
and assessed for HIV viral load and other outcomes; however, no differences in rates of
HIV viral suppression or death among the three groups at 12 months were revealed.

2.2. Measures
2.2.1. Main Outcomes

This study examined how different barrier profiles influenced the effect of PN interven-
tions on four separate outcomes—engagement in HIV care at 6 months, engagement in HIV
care at 12 months, viral suppression at 6 months, and viral suppression at 12 months. En-
gagement in care was measured as a binary variable. Participants were considered “in care”
if they self-reported affirmative responses to two questions: “During the past 6 months,
did you go to any hospital clinic, hospital outpatient department, community clinic or
neighborhood health center for medical care, for example, to care for your HIV /AIDS or
other physical problems?” and “If Yes, were any of these HIV primary care visits?” HIV
viral load was clinically measured from blood drawn at the 6 and 12-month study visits, or
as abstracted from medical records if patients did not attend these visits. The outcome was
treated as a binary variable, with a viral load < 200 copies/mL defined as “suppressed”
and a viral load > 200 copies/mL defined as “unsuppressed”.

2.2.2. Demographics

Demographic variables were collected at baseline and used in the analysis as follows:
age (in years; continuous), race (Black/White; binary), ethnicity (Hispanic/non-Hispanic;
binary), and gender (male/female; binary). Education was measured as a categorical vari-
able with these options: middle school or less, some high school/no diploma, high school
diploma/GED, junior college, technical/trade/vocational school, some college, college
graduate, or graduate/professional school. Categories of race, ethnicity, gender, and educa-
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tion were established in the primary outcomes paper for CTN-0049 [60]. Southern/non-
southern residence was a binary variable determined by the study site location [61]. Sites in
Atlanta, Baltimore, Birmingham, Dallas, and Miami were considered southern sites. Sites
in Boston, Chicago, Los Angeles, New York, Philadelphia, and Pittsburg were considered
non-southern sites.

2.2.3. Psychiatric History

Participants were classified as having a psychiatric history if either of two criteria were
met: (1) an initial hospital intake (at time of enrollment) with a primary diagnosis and/or any
comorbid diagnoses that included terms or conditions such as “suicidal ideation”, “psychosis”,
“schizophrenia”, “bipolar disorder”, “PTSD”, “hallucinations”, “mood disorder”, and “altered
mental state,” or (2) participant self-report that they “saw a professional for the primary

purpose of getting help for psychological or emotional issues in the past 6 months”.

2.2.4. Barriers to Care

An analysis of barriers to care was guided by a socioecological framework described by
Mugavero et al. (2013) to examine engagement in HIV care across multiple levels of healthcare
access [62]. Building upon earlier models of healthcare utilization, this framework categorizes
healthcare utilization factors into four categories: (1) Individual factors, which may include
demographics, personal health beliefs, past experiences, and coping skills; (2) Relationship
factors, which may include connections with family, friends, and medical providers; (3) Com-
munity /health system factors, which may include community-level poverty, social norms,
and the local health service infrastructure; and (4) Policy factors, which may include treatment
guidelines, service coordination, and funding. This study specifically examined 23 barriers to
care at the first two levels (individual and relationship factors) and health system factors at
the third level. Addressing community factors and policy-level barriers was beyond the scope
of this research. All measures were assessed at baseline.

1. Alcohol use severity—This was measured on a continuous scale using the Alcohol Use
Disorders Identification Test (AUDIT) [63]. This is a 10-item questionnaire assessing
the frequency of alcohol consumption, alcohol dependence, and harmful consequences
of alcohol use. Each item was scored on a scale from 0 to 4, with a total score range
from 0 to 40. A sample question is, “How often during the last year have you failed to
do what was normally expected of you because of drinking?” (0 = never, 1 = less than
monthly, 2 = monthly, 3 = weekly, 4 = daily or almost daily). Higher scores represent
greater alcohol use severity.

II.  Drug use severity—This was measured on a continuous scale using a short version of
the Drug Abuse Screening Test, the DAST-10 [64,65]. This is a 10-item questionnaire
with “yes” or “no” response options for each item. A sample item is, “Have you had
‘blackouts’ or ‘flashbacks’ as a result of drug use?” All items with a “yes” response
represent 1 point on a total scale from 0 to 10. Greater scores represent greater drug
use severity.

III. Food insecurity—This was measured on a continuous scale using the Household
Food Security Access Scale [66]. This is a 9-item questionnaire assessing various
food insecurity domains, such as quantity, quality, and uncertainty experienced in
the past 4 weeks. Each item was scored from 0 to 3 based on the frequency of
experiencing each domain. For example, “In the past four weeks, did you worry
that your household would not have enough food? How often did this happen?”
(0 =never, 1 = rarely, 2 = sometimes, 3 = often). Total scores ranged from 0 to 27, with
higher scores representing greater food insecurity.

IV.  History of abuse—This was measured as a binary variable. Participants who reported
any history (either as a child or an adult) of being beaten, physically attacked or
abused, raped, or sexually abused were scored a 1. Others were scored a 0.

V. History of IPV—This was measured as a binary variable and was based on 4 “yes/no”
items from a previously published IPV screening tool [67]. A sample question is,
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“Have you ever been in a relationship where a sexual partner threw, broke, or punched
things?” Participants who answered affirmatively to any of the items were scored a 1.
Others were scored a 0.

Recent incarceration—This was measured as a binary variable and was based on
participant self-report of being incarcerated in the past 6 months.

Housing insecurity—This was measured as a binary variable. Participants who self-
reported being homeless or living in a shelter, transitional housing, hotel, group home,
or other residential facility in the last 6 months were scored a 1. Others were scored a 0.
Language barriers—This was measured as a binary variable and was based on partici-
pant self-report as to whether English was their second language.

Lack of health insurance—This was measured as a binary variable and was based on
participant self-report of current health insurance status.

Lack of a case manager—This was measured as a binary variable and was based on
participant response to the question, “During the past 6 months, did you receive any
help from case managers or social service workers with things like obtaining health
care or legal services, housing, or easing money problems?”

Lack of transportation—This was measured as a binary variable based on participant
self-report about how they got to their most recent medical appointment. If partic-
ipants indicated that they drove themselves, they were scored a 0. Others who, for
example reported taking public transportation, being taken by somebody else, or
walking, were scored a 1.

Low access to healthcare—This was measured as a continuous variable using a 6-item
instrument that was adapted from an instrument assessing medical care for low-
income persons with HIV [10]. Each response was scored on a scale from 0 to 4, for a
total score range from 0 to 24. Higher scores represented lower access to care, and in
some cases, items were reverse-scored to maintain this pattern. A sample item is, “I
am able to get medical care whenever I need it” (0 = strongly agree, 1 = somewhat
agree, 3 = uncertain, 4 = somewhat disagree, 5 = strongly disagree).

Low health literacy—This was measured as a continuous variable using a brief 3-item
health literacy screening tool [68]. Each response was scored on a scale from 0 to 4,
for a total score range from 0 to 12. Items were reverse-scored so that higher scores
represented lower health literacy. A sample question is, “How confident are you
filling out medical forms by yourself?” (0 = extremely, 1 = quite a bit, 2 = somewhat,
3 = a little bit, 4 = not at all).

Low income—This was measured as a binary variable based on participant self-report
of income level according to categories of income range. Participants with incomes
less than $10,000/year were considered low-income. This cut point was chosen based
on poverty thresholds determined by the 2014 U.S. Census Bureau, which was $12,071
for a single person [69].

Low readiness for substance use treatment—This was measured as a continuous
variable using 4 items derived from a previously published treatment readiness
instrument. [70]. Each item was scored on a scale from 1 to 5, for a total score
range from 4 to 20 Items were reverse-scored so that higher scores represented lower
readiness for treatment. A sample item is, “You want to be in a treatment program”
(1 = strongly agree, 2 = agree, 3 = undecided, 4 = disagree, 5 = strongly disagree).
Low perceived health status—This was measured as a continuous variable using the
SF-12 instrument, a 12-item short form health survey [71]. Ten items were scored
on a scale from 1 to 5, and two items were scored on a scale from 1 to 3, for a total
score range from 12 to 56. Items were scored so that higher scores represented lower
perceived health. A sample item is, “Does your health now limit you in moderate
activities such as moving a table, pushing a vacuum cleaner, bowling, or playing
golf?” (1 =no, not at all, 2 = yes, limited a little, 3 = yes, limited a lot).

XVII Low social support—This was measured as a continuous variable based on responses

to 5 items adapted from a social support instrument for HIV-infected individuals
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measuring support over the last 4 weeks [72]. Each item was scored on a scale from
1 to 5, for a total score range from 5 to 25. Lower scores represented lower social
support. A sample item is, “How often was someone to love and make you feel
wanted available to you during the past 4 weeks if you needed it?” (1 = none of the
time, 2 = a little of the time, 3 = some of the time, 4 = most of the time, 5 = all of
the time).

XVIII.Medical mistrust—This was measured as a continuous variable using the Group-
Based Medical Mistrust Scale [73]. Each of the 12-items were scored on a scale from 1
to 5, for a total score range from 12 to 60. Higher scores represented greater medical
mistrust, and some items were reverse-scored to maintain this pattern. A sample item
is, “Doctors and health care workers sometimes hide information from patients who
belong to my ethnic group” (1 = strongly disagree, 2 = disagree, 3 = neither agree nor
disagree, 4 = agree, 5 = strongly agree).

XIX. History of discrimination—This was measured as a binary variable. Participants who
self-reported that they had ever experienced discrimination, been prevented from
doing something, been hassled, or made to feel inferior in a healthcare setting because
of their gender, sexual orientation, race, ethnicity, HIV status, or drug use were scored
a 1. Others were scored a 0.

XX. Social conflict—This was measured as a continuous variable based on responses to
3 items adapted from a Conflictual Social Interactions instrument measuring conflict
over the last 4 weeks [72]. Each item was scored on a scale from 1 to 5, for a total score
range from 5 to 15. Higher scores represented greater social conflict. A sample item is,
“During the past 4 weeks, how much of the time have you had serious disagreements
with your family about things that were important to you?” (1 = none of the time,
2 = a little of the time, 3 = some of the time, 4 = most of the time, 5 = all of the time).

XXI. Psychological distress—This was measured as a continuous variable using the 18-item
Brief Symptom Inventory to assess depression, anxiety, and somatization [74]. Each item
was scored on a scale of 0 to 4 with higher scores representing greater psychological
distress. The three domains were combined into a single score for a total score range of 0
to 72. A sample item is, “In the past 7 days, how much were you distressed by feeling
lonely?” (0 = not at all, 1 = a little bit, 2 = moderately, 3 = quite a bit, 4 = extremely).

XXII. Negative attitudes toward substance use treatment—This was measured as a continu-
ous variable using a 4-item subscale of the Treatment Attitude Profile [75]. Each item
was scored on a scale of 1 to 5, for a total score range from 4 to 20. Higher scores
represented greater negative attitudes toward treatment. A sample item is, “Substance
use treatment programs have too many rules and regulations for me” (1 = strongly
disagree, 2 = disagree, 3 = undecided, 4 = agree, 5 = strongly agree).

XXIIL.Unemployment—This was measured as a binary variable based on participant self-
report that they were unemployed.

2.3. Statistical Analyses

First, a latent profile analysis (LPA) was conducted to identify subgroups of individuals
with similar barriers to care. LPA is a latent variable modeling technique that identifies
unobserved subgroups of individuals within a population based on responses to a set of
observed variables; it assumes that individuals can be categorized by patterns of responses
that relate to profiles of personal and/or environmental attributes [76]. LPA, rather than a
Latent Class Analysis, was used in this analysis, as it can accommodate both categorical
and continuous indicators [77].

The current study included the 23 barriers to care previously described. Profile solu-
tions were evaluated based on several standard fit indices, including Akaike information
criteria (AIC), adjusted Bayesian criteria (BIC), model entropy, Lo-Mendel-Rubin test, and
the bootstrapped likelihood-ratio test. Additionally, the clinical meaningfulness, inter-
pretability, and sample size of each class were considered in the selection of the final model.
Latent profile plots were created to visualize differences between the profiles. Differences
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in latent profiles by gender, race, and southern/non-southern residence were assessed
using a likelihood-ratio test with a significance level of ot = 0.05.

Next, structural models were constructed to test how the relationship between the
intervention groups (PN, PN+CM, and TAU) and the four distal outcomes of interest
differed by profile. Model construction followed a 3-step approach [66,67]. In step 1,
LPA was performed; age, gender, southern/non-southern residence, and treatment group
were included as covariates using the auxiliary option in Mplus. In step 2, a new latent
profile variable was created by incorporating the classification error obtained from the step
1 logits for classification probabilities. This classification method is preferred over other
methods such as classify—analyze or pseudo-class draw approaches because it accounts for
uncertainty in latent profile assignment and reduces bias [78]. In step 3, the distal outcome
was regressed on the intervention variables, controlling for the covariates and comparing
effects across the latent profiles. This process was repeated for each outcome. Odds ratios
were used to interpret the effect of latent profile on each outcome.

3. Results
3.1. Characteristics of the Study Population

Select demographic, clinical, psychosocial, and healthcare access factors of the 801 study
participants are summarized in Table 1. The sample was mostly male (67.4%), Black
(82.5%), and Non-Hispanic (89.0%) with a mean age of 44.2 years. There were slightly
more participants enrolled from southern sites (59.2%) than from northern sites. The
average time since HIV diagnosis was 11.8 years. Most participants reported a history
of being in HIV care (82.9%) and being on antiretroviral therapy (77.2%) at some point
in their lives, but approximately two-thirds of the sample had a CD4 count of less than
200 cells/uL at enrollment. About one-third of participants reported injection drug use in
the last 12 months, and 55.3% had a history of substance use treatment in the 6 months
prior to enrollment. Approximately 22.0% of the study sample had a recorded psychiatric
history. The overall baseline mean of psychological stress as measured by the BSI-18 was
22.5 (16.1 SD). Based on established BSI thresholds, there were 39 individuals with minor
elevation, 17 with moderate elevation, and 11 with marked elevation [79].

Table 1. Characteristics of the CTN-0049 study sample (1 = 801).

Patient Navigation +

Treatment as Usual Patient Navigation .
Range (1 = 264) (1 = 266) Contingency
Management (n = 271)
Demographics
Age (years) 18-68 44.0 (10.1) 44.3 (9.9) 44.2 (10.0)
Male 184 (69.7%) 179 (67.3%) 177 (65.3%)
Black race 216 (81.8%) 226 (85.0%) 219 (80.8%)
Hispanic ethnicity 35 (13.3%) 28 (10.5%) 25 (9.2%)
Education (high school grad or more) 167 (63.3%) 149 (56.0%) 166 (61.3%)
Southern U.S. residence 155 (58.7%) 158 (59.4%) 161 (59.4%)
Clinical Characteristics
Baseline CD4 count (cells/uL) 0-1482 152.6 (150.4) 157.5 (168.4) 171.3 (172.3)
Years since HIV diagnosis 0-32 12.1 (8.9) 12.1 (11.0) 11.2(8.3)
Ever in HIV care 227 (86.3%) 219 (82.6%) 218 (80.4%)
History of antiretroviral therapy 208 (79.1%) 203 (76.3%) 207 (76.7%)
Injection drug use, last 12 months 85 (32.2%) 90 (33.8%) 85 (31.4%)
Substance use treatment, last 6 months 149 (56.6%) 152 (57.1%) 142 (52.4%)
Hepatitis C positive 87 (34.0%) 90 (34.0%) 81 (30.4%)
Psychiatric History 56 (7.0%) 67 (8.4%) 53 (6.6%)

Individual Barriers to Care
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Table 1. Cont.

Treatment as Usual

Patient Navigation

Patient Navigation +

Range Contingenc
8 (n = 264) (n = 266) Manageme 8 n y 271)
Employed (full-time, part-time, temp) 34 (12.9%) 24 (9.0%) 35 (12.9%)
Low income (<$10,000/year) 166 (77.9%) 181 (80.4%) 171 (74.0%)
Uninsured 85 (32.6%) 88 (33.3%) 88 (32.6%)
Health literacy 0-12 9.2 (3.0) 9.0(3.2) 8.8(3.2)
Language barrier 37 (14.0%) 31 (11.7%) 31 (11.4%)
Access to healthcare 0-24 17.8 (4.7) 14.5 (5.0) 18.2 (4.7)
Perceived health status 0-55 33.3(9.3) 33.8(9.5) 33.9(8.7)
Food insecurity 0-27 6.5(8.2) 6.4(8.1) 5.8 (7.3)
Housing insecurity 91 (34.5%) 106 (39.9%) 101 (37.3%)
Lack of transportation 199 (87.7%) 211 (92.1%) 229 (90.9%)
Psychosocial distress (BSI-18) 0-69 222 (16.1) 23.0 (16.4) 224 (15.8)
Alcohol use severity (AUDIT) 0-38 9.2 (9.5) 9.0(9.7) 8.9 (9.5)
Substance use severity (DAST-10) 0-10 4.6 (2.9) 4.6 (3.0) 4.8 (2.9)
Negative treatment attitudes 4-20 10.7 (3.4) 10.7 (3.5) 10.7 (3.5)
Readiness for treatment 4-20 14.0 (4.4) 14.5 (3.8) 14.1 (4.4)
History of incarceration, last 6 months 16 (6.1%) 20 (7.5%) 15 (6.4%)
Relationship Barriers to Care
Social support 0-25 14.7 (6.8) 14.6 (6.3) 14.7 (6.4)
Social conflict 0-15 6.9 (3.5) 6.6 (3.3) 6.8 (3.4)
Medical mistrust 12-60 29.1(7.8) 28.9 (8.0) 28.1(7.4)
History of discrimination 0-5 0.6 (1.2) 0.6(1.1) 0.5 (1.0)
History of abuse 134 (50.8%) 129 (48.5%) 158 (58.3%)
History of intimate partner violence 145 (54.9%) 132 (49.6%) 151 (55.72%)
No case manager 188 (71.8%) 188 (70.7%) 182 (67.4%)

Range, mean (std dev) shown for continuous variables; 1 (%) shown for dichotomous variables. Abbreviations:
BSI = Brief Symptom Inventory, AUDIT = Alcohol Use Disorders Identification Test, DAST = Drug Abuse Severity Test.

Many participants had achieved at least a high school education (60.2%), but most
(77.4%) reported an annual income less than $10,000, and only 11.6% were employed. Most
individuals reported unreliable transportation (90.3%), not having a case manager (70.0%),
and low levels of social support (mean = 14.7 out of 25). Many participants, however, had
health insurance (67.4%) and moderate to high levels of health literacy (mean = 9.0 out of
12). There were no differences in the distribution of baseline characteristics across treatment
groups, which was expected due to randomized treatment assignment. The reliabilities of
measurement scales are shown in Table 2. All scales had a Cronbach alpha > 0.70, indicating

adequate reliability.

Table 2. Reliability of continuous scales used to measure barriers to care.

Cronbach Alpha
Food insecurity 0.944
Intimate partner violence 0.829
Social support 0.861
Social conflict 0.746
Psychological Distress—(BSI-18) 0.916
Alcohol use severity (AUDIT) 0.864
Drug use severity (DAST-10) 0.824
Readiness for substance use treatment 0.835
Attitudes about substance use treatment 0.747
Perceived health status 0.856
Medical mistrust 0.849
Experienced discrimination 0.718
Health literacy 0.731
Access to care 0.725

Abbreviations: BSI = Brief Symptom Inventory, AUDIT = Alcohol Use Disorders Identification Test, DAST = Drug

Abuse Severity Test.
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3.2. LPA Results

Models of two to five profiles were considered for the LPA. The five-profile solution
was ruled out because the best likelihood value could not be replicated after 2000 random
starts. Among the remaining models, multiple fit statistics (Table 3) and interpretability
indicated that a three-profile solution best fit the data. The sample-size adjusted BIC score
(69,367.41) was lower in the three-profile solution than the two-profile solution (indicating
a better fit), while maintaining a high entropy (0.863). The Lo-Mendell-Rubin adjusted
likelihood-ratio test, however, showed that the four-profile solution did not significantly
improve fit above the three-profile solution (p = 0.166). The three-profile solution also
presented a logical substantive interpretation, adequate class distinction, and adequate
sample sizes. Therefore, the three-profile solution was selected as the best model.

Table 3. Latent Profile Enumeration using 23 indicators of barriers to care.

Number Log- LMR-A BLRT
of Profiles Likeliiood AlC aBIC Entropy p-Value p-Value
1 —35,383.31 70,838.62 70,892.99 - - -
2 —34,802.32  69,724.63 69,815.25 0.802 <0.001 <0.001
3 —34,536.27  69,240.54 69,367.41 0.863 <0.001 <0.001
4 —34,426.40 69,068.80 69,231.91 0.892 0.166 <0.001
Abbreviations: AIC = Akaike information criteria, aBIC = adjusted Bayesian information criteria,

LMR-A = Lo-Mendell-Rubin adjusted likelihood-ratio test, BLRT = bootstrapped likelihood-ratio test.

A comparison of the three profiles is described in Table 4 and displayed in Figure 1.
Standardized means are shown for continuous variables, and proportions of item endorse-
ment are shown for dichotomous variables. The first profile had relatively low barriers
to care. Values for all barriers were the lowest for this profile except for lack of case man-
agement, low income, and not having insurance. This profile comprised half of study
participants (50.3%) and was labeled “Lower Barriers (LB).” The second profile, which
described 35.7% of the study sample, generally exhibited higher barriers to care compared
to the first profile and was characterized by having a higher probability of reporting a
history of abuse (67.3%) and intimate partner violence (65.6%). This profile was labeled
“Higher Barriers with Abuse and Violence (HB-AV).” The third profile, which comprised
14.0% of the study sample, was quite close to the second, with similar values across most of
the barriers. The main distinguishing features of this profile were an even higher likelihood
of having a history of abuse (74.8%) and intimate partner violence (65.6%) and a high
likelihood of having experienced discrimination (std mean = 5.41). This profile was labeled
“Higher Barriers with Discrimination, Abuse and Violence (HB-DAV).” This three-profile
solution was further analyzed for differences by key demographic characteristics including
gender, race, and southern/non-southern residence (see Supplementary Materials.).

Standard Mean

Lower Barriers (LB) Profile (50.3%)

~= Higher Barriers/History of Abuse and Intimate Partner Violence (HB-AV) Profile (35.7%)

Higher Barriers/History of Discrimination, Abuse, and Intimate Partner Violence (HB-DAV) Profile (14.0%)

Figure 1. Visualization of Three-Class Latent Profile Analysis solution using 23 indicators of barriers to care.
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Table 4. Standard means and proportions of continuous and categorical indicators by profile.

B]:;ri,:rrs Higher Barriers, Abuse and IPV Higher B:;tzzs;r?éslclfgn ination,
Continuous Indicators Standard Means

Food insecurity 0.392 1.275 1.655
Social support (higher = more support) 2.528 2.132 2.043
Contflict 1.727 2.547 2.622
Psychological distress 0.995 2.827 2.674
Alcohol use severity 0.811 1.088 116
Drug use severity 1.302 2.249 2.33
Readiness for substance use treatment 3.276 3.659 3.659
Negative attitudes about drug treatment 2.945 3.216 3.277
Low perceived health status 4.602 6.334 6.042
Medical mistrust 3.637 3.835 4.263
History of discrimination 0.282 0.387 5412
Low health literacy 0.751 1.244 1.125
Low access to care 1.154 1.404 1.617

Categorical Indicators Proportion Endorsed
Housing instability 27.4% 43.5% 55.6%
Recent incarceration (last 6 m) 6.4% 4.5% 10.6%
No case manager 78.7% 60.3% 62.3%
Unemployment 89.9% 98.7% 98.3%
Low income 74.5% 80.3% 80.6%
Uninsured 39.4% 24.7% 29.3%
Language barrier 11.8% 13.5% 11.7%
History of abuse 35.8% 67.3% 74.8%
History of intimate partner violence 37.7% 65.6% 78.2%
Lack of transportation 85.3% 94.3% 94.8%

3.3. Structural Model Results

Estimates for the final three-profile LPA are shown in Table 5. After controlling for
race, gender, and southern/non-southern residence, structural models indicated that there
were significant effects of the PN and PN+CM interventions on being engaged in care at
6 and 12 months and viral suppression at 6 months. However, these associations were
only observed for certain profiles. The greatest effects were seen for the Lower Barrier
(LB) profile, where the PN+CM group was associated with higher likelihood of being in
care at 6 months (3 = 1.37, OR = 3.94, p < 0.001), being virally suppressed at 6 months
(B =0.687, OR = 1.99, p = 0.15), and being in care at 12 months ( = 0.881, OR = 2.41,
p =0.019), compared to the TAU group. The PN-only group also had a significant effect on
viral suppression at 6 months (3 = 0.610, OR = 1.85, p = 0.035) and a marginally significant
effect on being in care at 6 months ( = 0.660, OR = 1.93, p = 0.054), compared to the TAU
group. The Higher Barriers with Abuse and Violence (HB-AV) profile had higher odds of
being engaged in care for both the PN+CM group (§ = 1.25, OR = 3.49, p = 0.001) and the
PN group ( =0.981, OR =2.67, p = 0.018) compared to the TAU group, but there were no
significant associations with the other distal outcomes of interest. The interventions did not
have any significant effects for those with the Higher Barriers with Discrimination, Abuse,
and Violence (HB-DAV) profile. Additionally, there were no significant intervention effects
on viral suppression at 12 months for any of the latent profiles.
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Table 5. Effect of patient navigation interventions on engagement in care and HIV viral suppression
by latent profile.

. Higher Barriers, Higher Barriers,
Lower Barriers .
(1 = 403) Abuse, IPV Discrimination,
- (n = 286) Abuse, IPV (n = 112)
est. s.e. p-val est s.e. p-val est s.e. p-val

Engaged in care—6 months

PN intervention
PN+CM intervention
Race
Age
Gender
Southern U.S.

In care at baseline

0.660 0.342 0.054 0.981 0.413 0.018 0.160 0.706 0.820

1.370 0.387 <0.001 1.250 0.393 0.001 1.881 1.185 0.112
—1.242 0.651 0.056 0.636 0.395 0.107 1.087 0.848 0.200
—0.016 0.014 0.248 —0.010 0.018 0.566 —0.111 0.041 0.007

0.074 0.325 0.820 —0.209 0.334 0.532 —0.799 0.850 0.347
—0.928 0.357 0.009 —0.884 0.357 0.013 —0.426 0.758 0.574

0.643 0.334 0.054 0.325 0.349 0.352 2.284 0.789 0.004

Viral suppression—6 months

PN intervention
PN+CM intervention
Race
Age
Gender
Southern U.S.
Suppressed at baseline

Engaged in care—12 months

PN intervention
PN+CM intervention
Race
Age
Gender
Southern U.S.

In care at baseline

Viral suppression—12 months

PN intervention
PN+CM intervention
Race
Age
Gender
Southern U.S.
Suppressed at baseline

0.610 0.291 0.035 —0.357 0.392 0.363 —0.318 0.534 0.551
0.687 0.282 0.015 0.337 0.340 0.321 —0.008 0.581 0.988
—0.534 0.331 0.107 —0.704 0.362 0.052 —0.521 0.627 0.406
—0.005 0.011 0.655 0.029 0.017 0.086 0.039 0.024 0.107
—0.398 0.283 0.160 —0.295 0.305 0.332 0.584 0.498 0.241
—0.679 0.236 0.004 0.027 0.297 0.927 —1.107 0.463 0.017
0.943 0.404 0.019 1.206 0.474 0.011 1.613 0.693 0.02
0.140 0.335 0.676 0.165 0.428 0.700 —0.358 0.584 0.540
0.881 0.376 0.019 0.143 0.392 0.716 0.075 0.789 0.925
—0.495 0.501 0.323 0.095 0.217 0.828 1.576 0.71 0.026
—0.002 0.014 0.891 0.026 0.018 0.142 0.025 0.028 0.377
—0.225 0.313 0.473 —0.072 0.335 0.829 —0.581 0.627 0.355
—0.381 0.322 0.237 —0.577 0.343 0.093 0.634 0.558 0.256
1.237 0.344 <0.001 0.186 0.34 0.584 0.832 0.542 0.125
0.406 0.282 0.151 —0.249 0.398 0.531 —0.264 0.565 0.640
0.266 0.288 0.356 0.339 0.354 0.338 —0.619 0.614 0.313
—0.927 0.333 0.005 —0.357 0.365 0.328 —1.476 0.722 0.041

0.013 0.012 0.267 0.014 0.017 0.419 0.034 0.031 0.271
—0.087 0.268 0.746 0.178 0.305 0.559 0.389 0.517 0.451
—0.718 0.238 0.003 —0.674 0.309 0.029 —0.787 0.489 0.108
0.179 0.403 0.656 0.991 0.471 0.035 1.669 0.615 0.007

4. Discussion

This study provides important insights about the differential effects of PN interven-
tions for engaging PLWH-SU in care. It suggests that PN, offered with or without CM, is
most effective for individuals with relatively low levels of healthcare barriers. Of the three
barrier profiles identified in this analysis, the LB group had the greatest response to PN,
with higher 6- and 12-month rates of engagement in care and viral suppression than the
TAU group. The positive intervention effects observed for the LB group may be explained
by the absence of extreme healthcare barriers that would delay or compete with the need
to engage in care. For example, if a patient has an overwhelming and immediate need to
address an aspect of their wellbeing, such as a severe mental health condition or unstable
housing, the patient may prioritize such a need over HIV care. The navigator would need to
help resolve these other issues before the patient is ready to focus on HIV care. If, however,
a patient is stable and does not require other assistance, the patient navigator can focus on
linking the individual directly to care.
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Conversely, individuals with a history of abuse, IPV, and discrimination are not likely
to benefit from stand-alone PN interventions. In this analysis, the HB-AV group had only a
partial response to the PN and PN+CM interventions. These individuals had higher odds
of being engaged in care at 6 months, but these effects were not sustained at 12 months and
did not lead to viral suppression. Finally, the HB-DAV group did not respond to either of
the PN interventions. These results imply that PN (with or without CM) is not sufficient for
all patient populations and underscore the importance of a thorough assessment of patients’
needs when recommending behavioral interventions. In an era of precision medicine,
the development of personalized interventions is becoming increasingly more valuable in
prevention science.

These findings contribute to the current science of healthcare utilization among PLWH-
SU by identifying high-risk barrier profiles. Specifically, a history of abuse, intimate partner
violence, and/or discrimination are important indicators of a high overall level of healthcare
barriers. In both profiles characterized by abuse and IPV, nearly all other barriers were
present at higher rates compared to the profile without abuse and IPV. This is consistent
with other work, most notably Singer’s work on the SAVA syndemic of substance abuse,
violence, and HIV/AIDS, indicating that these factors are likely to co-occur [25,26,53,69,80].
Individuals who experience IPV and/or abuse are more likely to suffer from depression and
other psychiatric disorders [54] Substance use in this context further perpetuates violence
and abuse. Healthcare personnel should be cognizant of these factors, incorporate screening
for multiple conditions into practice, and be prepared to link patients to the appropriate
programs or provide appropriate co-located services.

This study also provides insights about the potential impacts of trauma and abuse on
the effectiveness of health interventions. PN interventions designed to engage PLWH-SU in
care were not found to be effective for individuals with a history of IPV, physical or sexual
abuse, or discrimination. This finding may be related to the possibility that individuals are
still in abusive relationships at the time PN interventions are administered. Individuals in
such situations may lack the resources and/or the autonomy to independently seek healthcare
or suffer from fear or anxiety about being in a healthcare setting where the abuse may be
discovered. Even if an individual is not actively in an abusive situation, the harms from past
events may have lingering mental health effects that influence one’s decision to seek care.
Additionally, if a person experienced abuse or discrimination in a healthcare setting, this could
deter that person from seeking care in the future. Thus, the identification of psychosocial
barriers to care is an important part of a routine needs assessment, and it is especially important
to determine if there is a history of abuse or IPV, with or without discrimination. Alternatives
to PN, or PN delivered in combination with other interventions, may be required to result in
positive health outcomes for these individuals.

Another noteworthy finding is that among the subgroups that had positive responses
to the PN interventions, the effects were stronger when CM was added to PN, compared
to PN alone. It could be that the combination of PN and CM interventions targets both
intrinsic and extrinsic motivations for behavior change [70]. Alternatively, the financial
incentives may have enhanced the effect of PN by encouraging individuals to attend more
PN sessions [81]. Additional research is needed to evaluate the effect of this combined
approach on this study’s population and other patient populations.

The results of this study should be considered with the following limitations. First,
there may have been some degree of measurement error associated with the barriers to care
included in the analysis. All measures were self-reported and some of the barriers were
measured indirectly. For example, information about transportation barriers was derived
from responses about how participants got to their clinic appointment. A better way
would be to specifically ask about transportation barriers to healthcare. Measurement tools
designed specifically to evaluate barriers to HIV care, such as the Kalichman’s Barriers to
Medical Care instrument [82], should be considered for future studies. Second, this analysis
considered only individual and relationship-level barriers to care. A more comprehensive
examination that includes higher level barriers, such as system and policy factors, may
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reveal other distinct profiles that impact the response to interventions and should be
explored in future analysis. Finally, the results of this work are limited to a specific
population and may not be generalizable to other populations of PLWH. This study’s
population was a highly disadvantaged group of individuals with advanced HIV disease.
This may have reduced the variability in observed healthcare barriers, as most of the CTN-
0049 participants suffered from multiple barriers. Further research is needed to determine
if similar barrier profiles exist in other populations.

Despite these limitations, this study has significant implications for public health
practice. It underscores the importance of screening PLWH-SU for a history of abuse, IPV,
and discrimination. Not only are they indicators of particularly vulnerable individuals,
but they may also reduce the effectiveness of otherwise beneficial interventions. If these
conditions are present, protocols should be initiated to make the appropriate referrals
to mental health or social services. Screenings and follow-up assessments should be an
ongoing part of interventions, not just part of the baseline evaluation. While this study
was conducted in a U.S. population enrolled in a clinical trial, there may be important
considerations for other PLWH populations with co-occurring drug use to identify and
meet needs at the complex intersection of substance use and HIV services. A global
review of studies assessing the integration of HIV and substance-use services showed that
increased service integration can improve patient outcomes among this population across
a variety of service models, both in and outside the U.S. [83]. Additionally, strategies to
integrate treatment for mental health and substance use disorders among PLWH have
been implemented in low-to-middle income countries [84]. Finally, this study builds on
existing work by describing the complexities of how healthcare barriers group together. It
suggests that, in addition to the number of barriers to care an individual faces, there are
specific-barriers profiles that can differentially impact care. As a next step, it would be
useful to conduct a direct comparison of latent variable approaches using barrier profiles
with the composite-risk score method used in previous studies.

5. Conclusions

In summary, this research elucidated the complexities of engaging PLWH-SU in
treatment. It identified distinct healthcare barrier profiles among PLWH-SU enrolled in
CTN-0049, each with different responses to PN interventions. These results help to inform
the use of PN programs and provide a more efficient target for PN resources by more
narrowly defining the patient population for which PN is effective.
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Abstract: Background: Personality disorders show strong comorbidities with alcohol-use disorder
(AUD), and several personality traits have been found to be more frequent in people with AUD. This
study analyzes which personality facets of those proposed in the Alternative Model of Personality
Disorder (AMPD) of DSM-5 are associated with the diagnostic criteria of AUD. Methods: The
sample was composed of 742 participants randomly selected from the Spanish population, and
243 patients attending mental health services. All participants were of legal age and signed an
informed consent form. The instruments were administered to the community sample in an online
format, and a psychologist conducted individual face-to-face interviews with the patients. AMPD
facets were assessed through the Personality Inventory of DSM-5 Short-Form, and the AUD criteria
through the Substance Dependence Severity Scale. A network analysis was applied to identify the
personality facets mostly associated with the AUD criteria. Results: The network analysis showed
the existence of three communities, grouping the AUD criteria, externalizing spectrum facets, and
internalizing spectrum facets, respectively. Risk taking, callousness, and irresponsibility facets
showed the strongest association with the AUD criteria, bridging externalizing personality traits
with AUD criteria. Conclusions: The facets of risk taking, callousness, and irresponsibility should be
accurately assessed in patients with AUD to differentiate between a possible primary personality
disorder and a syndrome induced by alcohol addiction.

Keywords: alcohol-use disorders; personality disorders; externalizing; network analysis; antisocial
personality disorder; borderline personality disorder

1. Introduction

Alcohol is the most widely consumed drug worldwide [1], yet only a fraction of
alcohol consumers develop an alcohol-use disorder (AUD). Various factors have been
suggested to increase the likelihood of developing AUDs, including genetic [2], social [3],
neuropsychological [4], and psychopathological and personality traits [5].

Focusing on the latter, population-based studies show that comorbidity between AUD
and PDs exceeds 40% [6], with the highest prevalence rates detected with antisocial, histri-
onic, and borderline personality disorders (PDs). Studies conducted with patient samples
show that the prevalence rates of comorbid disorders are higher than those observed in
the general population, noting that greater severity of AUD is associated with a higher
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probability of presenting these disorders [7]. A review conducted by Guy et al. [8] showed
that in patients diagnosed with antisocial PD, lifetime AUD reached 76.7%, while among
patients diagnosed with borderline PD the prevalence of AUD was 52.2%. In patients with
AUD, studies have reported mixed prevalence rates. However, Trull et al. [9] estimate that
in patients diagnosed with AUD, the general prevalence of PD exceeds 45%. Likewise,
these authors point out that in AUD patients, Cluster B PD is more prevalent than clusters
Aand C.

The above evidence indicates that several personality traits are likely to be shared
among individuals with AUD and PD. In this regard, numerous studies have been con-
ducted using the Five-Factor Model (FFM) to determine which traits are characteristic
of heavy alcohol users and those with AUD. For instance, a meta-analysis conducted
by Malouff et al. [10] showed that low conscientiousness, low agreeableness, and high
neuroticism were associated with alcohol consumption. A subsequent meta-analysis by
Kotov et al. [11] also found that low conscientiousness and high neuroticism traits were
more frequently found in people with AUD. However, no association was found with the
agreeableness trait. Moreover, the meta-analysis by Hakulinen et al. [12] also agrees with
previous studies by showing that lower agreeableness and conscientiousness and higher
neuroticism are associated with heavy alcohol consumption. In addition, these authors also
found that higher extraversion is associated with heavy alcohol consumption in a specific
way; that is, the traits associated with the transition from moderate to heavy alcohol con-
sumption were lower conscientiousness and higher extraversion. The latter trait, aligned
with the detachment domain of the Alternative Model for Personality Disorders (AMPD),
was found by Moraleda et al. [13] to be a distinctive trait of patients with AUD compared
to those with other substance-use disorders. However, the described relationships between
personality traits and AUD should be contextualized in those countries where alcohol
consumption is widely accepted in the culture. Factors associated with disapproval of
alcohol consumption, differences in family and interpersonal values, or attitudinal aspects
that differ across cultures may mediate the relationships between personality traits and
alcohol consumption [14].

Despite previous evidence suggesting that people with high alcohol consumption
exhibit certain personality traits, the specific relationships between these traits and AUD
are largely unknown. In this regard, network analysis could help to delve deeper into the
relationships between personality traits and AUD. Although this type of technique has its
origins in sociological studies, in the last decade it has been applied to the study of mental
disorders [15]. Network analysis constitutes a set of techniques that allow the reciprocal
relationships between symptoms or diagnostic criteria to be depicted in graphical form.
Each symptom or diagnostic criterion is represented by a node, allowing for analysis of
the interrelationships between these nodes [16,17]. Those nodes that are more densely
related form substructures or clusters [18], which can be distinguished from other possible
clusters. In addition, this technique allows us to determine which criteria or symptoms
exert a greater influence on the others [19] and identify those nodes that are most strongly
related to nodes of other distinct substructures. These nodes are considered useful for
explaining comorbidity between various disorders, as shown by previous studies that have
used network analysis to depict associations between AUD and internalizing traits [20].

Thus, the present study aimed to (1) examine the relationships between personality
facets and AUD criteria according to their organization into different substructures in the
network, as well as to test for invariance according to gender by comparing the structure,
global strength, and edges between the networks of men and women; and (2) identify the
bridge nodes between the different substructures identified, which could help to explain
the comorbidity between PD and AUD.

64



J. Clin. Med. 2022, 11, 3468

2. Methods
2.1. Participants

The present study sample included 985 participants, composed of adults randomly se-
lected from the general population (1 = 742) and a sample of patients undergoing treatment
at mental health services (n = 243).

The 742 adults in the community sample were selected by stratified random sampling,
proportionally represented in the Spanish population according to age group, gender, and
geographic area. The inclusion criteria for the community sample were being over 18 years
old and not presenting any diagnosis of mental disorder. The 243 patients in the sample
were being treated in public mental health services in the province of Huelva (Spain). The
inclusion criteria for the patient sample were being over 18 years old and undergoing
treatment in the mental health services during data collection. The exclusion criteria for
both samples (patients and community) were (1) having been diagnosed with a medical or
psychological disorder that disqualified them from taking the tests; and (2) not signing the
informed consent form.

Sociodemographic characteristics of the total sample are presented in Table 1. Of
the sample, 49.7% (n = 490) were female, with an age range of 18 to 80 years (M = 44.93;
SD =14.6). On the other hand, 24.26% of the sample met the diagnostic criteria for at least
one mental disorder according to the Diagnostic and Statistical Manual of Mental Disorders,
fifth edition (DSM-5). Table 2 shows the frequency and proportion of diagnoses for the
patient sample (1 = 243) and the whole sample (1 = 985), with depressive disorders (38.68%)
and anxiety disorders (36.21%) being the most frequent.

Table 1. Sociodemographic characteristics of participants.

Sociodemographic Characteristics n %

Gender

Male 495 50.3

Female 490 49.7
Education level

Did not complete primary education 17 1.7

Primary education 52 53

Secondary education 533 54.1

University studies 383 38.9
Employment status

Employed 569 57.8

Unemployed 416 42.2

Table 2. Distribution of diagnoses in the patient sample.

. % Sample Patients % All Sample
(n =243) (n = 985)

Neurodevelopmental Disorders 5 2.06 0.51
Schizophrenia Spectrum and Other Psychotic Disorders 21 8.64 2.13
Bipolar and Related Disorders 11 4.53 112
Depressive Disorders 94 38.68 9.54
Anxiety Disorders 88 36.21 8.93
Obsessive-Compulsive and Related Disorders 6 2.47 0.61
Trauma- and Stressor-Related Disorders 76 31.28 7.72
Dissociative Disorders 2 0.82 0.20
Somatic Symptom and Related Disorders 2 0.82 0.20
Feeding and Eating Disorders 4 1.65 0.41
Substance-Related and Addictive Disorders 10 412 1.02
Personality Disorders 25 10.29 2.54
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2.2. Measures

The Personality Inventory for DSM-5-Short Form -PID-5-SE- [21] in its Spanish ver-
sion [22]. The PID-5-SF assesses the 25 personality facets identified in the Alternative
Model of Personality Disorder (AMPD) of the DSM-5: Anhedonia, Anxiousness, Attention
Seeking, Callousness, Deceitfulness, Depressivity, Distractibility, Eccentricity, Emotional
Lability, Grandiosity, Hostility, Impulsivity, Intimacy Avoidance, Irresponsibility, Manip-
ulativeness, Perceptual Dysregulation, Perseveration, Restricted Affectivity, Rigid Per-
fectionism, Risk Taking, Separation Insecurity, Submissiveness, Suspiciousness, Unusual
Beliefs and Experiences, and Withdrawal. These facets are organized into five higher-order
domains: Negative Affect, Detachment, Antagonism, Disinhibition, and Psychoticism. The
25 facets are assessed through 100 Likert-response format items (four items per facet) from
0 (“very false or often false”) to 3 (“very true or often true”). Higher scores indicate a greater
presence of the facets.

This instrument has shown adequate test—retest reliability and internal consistency.
Likewise, according to the Standards for Educational and Psychological Testing [23], evi-
dence has been provided on its internal structure and relationship with other variables [22].

For the sample used in this study, Cronbach’s Alpha coefficient values above 80
were found for 14 of the 25 facets; another nine facets showed internal consistency values
above 0.70, and only two facets presented internal consistency values below this value
(Callousness: « = 0.69 and Irresponsibility: o = 0.63).

Spanish version of the Substance Dependence Severity Scale -SDSS- for DSM-5 [24,25]: The
SDSS consists of a semistructured interview designed to assess the severity of dependence
on one or more substances [26]. This instrument evaluates the diagnostic criteria established
in the DSM-5, using an evaluation timeframe of 30 days prior to the interview.

The Spanish version of the SDSS has shown evidence of good psychometric properties
in terms of reliability and validity [24,25]. In this study, only the items that operationalize
the 11 diagnostic criteria of the AUD were administered, which were coded with the values
1 (presence) and 0 (absence). A reliability value (estimated through Cronbach’s alpha) of
0.93 was obtained for the study sample.

In addition, questions were included on sociodemographic variables related to gender,
age, educational level, and employment.

2.3. Procedure

The instruments were administered to the community sample in an online format.
Before administration, participants were asked to answer a series of questions to check that
they could read and write correctly.

A trained psychologist administered the instruments to the sample of patients through
individual interviews that took place in a room in the mental health center where they were
being treated.

All participants (community sample and patients) were informed of the study objectives
and the voluntary and anonymous nature of their participation and signed the informed
consent form before completing the instruments. This study has been approved by the
Bioethics Committee of Biomedical Research of Andalusia (Spain) (file number PI 040/18).

2.4. Data Analysis

The multivariate normality test revealed the absence of multivariate normality for
skewness (Mardia = 60,874.19) and kurtosis (Mardia = 272.67). Therefore, the network was
estimated using the GLASSO algorithm [27] in combination with the EBIC selection model
(hyperparameter y = 0.5) [28] applied to the nonparanormal transformation of the data
set [29]. For the layout of the graph, the Fruchterman—Reingold algorithm was used [30].
The study’s sample size (n = 985) was adequate to estimate the network according to the
simulation study [31] (Supplementary Figure S1).

To detect community structures, the walktrap algorithm was employed [32]. The strength
of centrality indices, one-step Expected Influence (EI1), and two-step Expected Influence
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(EI2) were estimated [33]. Strength and EI provide information on the direct relationships
between each node and the rest by summing the weights of the edges, considering the
absolute values or the sign of the value (positive or negative), respectively. EI2 also
sums the weights of indirectly related edges [33]. The stability of the centrality indices
was quantified using a person-dropping bootstrap procedure that provides a correlation-
stability coefficient (CS-coefficient). CS-coefficient values > 0.5 indicate strong stability
and interpretability [31].

In addition, predictability (i.e., the proportion of variance of each node that is explained
by its neighboring nodes) was estimated [34], along with the Participation Coefficient (PC),
and Participation Ratio (PR) [35]. Higher PC values indicate that the edges of the nodes are
distributed more equally among the network communities, while higher PR values indicate
nodes with more numerous and stronger edges. The PC and PR values were transformed
to a scale of 0 to 1 for ease of interpretation.

Regarding the bridge nodes, the bridge strength, bridge EI1, and bridge EI2 were
estimated [36]. Bridge strength and bridge EI1 indicate the total connectivity of each node
with nodes of other communities with which it is directly related, by summing the weights
of the edges that connect the node with nodes of other communities considering absolute
values (bridge strength) or the sign of the values (bridge EI1). Bridge EI2 also considers
indirect relationships with nodes in other communities. A blind cut-off point at the 80th
percentile of bridge strength was applied to identify bridge nodes [37].

Finally, network invariance for men (n = 495) and women (n = 490) was analyzed
using the network comparison test [38] (5000 times repeated subsampling). In addition,
the invariance of network structure and overall strength was analyzed. The M statistic
indicates the differences in the connections between the edges of both networks, while the
S statistic indicates the difference in global strength between the two networks. If the test
for network-structure invariance is significant, the invariance of the individual edges will
be examined [38].

All analyses were conducted in R 4.1.2 and R-Studio 2022.2.0.443. In addition, the
packages mvn 5.9 [39], bootnet 1.5 [31], igraph 1.3.0 [40], network tools 1.4.0 [36], qgraph
1.9.2 [41], and Network-ComparisonTest 2.2.1 [38] were used.

3. Results
3.1. Network Structure with AMPD Personality Facets and AUD Criteria, and Invariance
According to Gender

The estimated network is shown in Figure 1. The network consisted of 250 edges
(out of a possible 630) that showed a partial correlation value different from zero. The
weights of the edges ranged from —0.009 (Restricted Affectivity-Attention Seeking) to
0.431 (Depressivity-Anhedonia). The graphical analysis reveals an optimal 3-community
solution (modularity index = 0.45), which organizes the nodes according to a structure that
differentiates the facets most strongly linked to the internalizing spectrum (Anhedonia,
Anxiousness, Depressivity, Distractibility, Eccentricity, Emotional Lability, Hostility, Inti-
macy Avoidance, Perceptual Dysregulation, Perseveration, Restricted Affectivity, Rigid
Perfectionism, Separation Insecurity, Submissiveness, Suspiciousness, Unusual Beliefs and
Experiences, and Withdrawal), to the externalizing spectrum (Attention Seeking, Callous-
ness, Deceitfulness, Grandiosity, Impulsivity, Irresponsibility, Manipulativeness, and Risk
Taking), and the AUD diagnostic criteria (Quit/Control, Time Spent, Activities Given Up,
Tolerance, Withdrawal, Larger/Longer, Physical/Psychological Problems, Neglect Roles,
Hazardous Use, Social/Interpersonal Problems, and Craving).

The standardized scores of the centrality indices, bridge-centrality indices, and the
predictability of the nodes are displayed in Table 3. The nodes with the highest strength
values were Anxiousness (1.94), Anhedonia (1.67), Perseveration (1.51), and Emotional
lability (1.08). The highest EI1 values were for Perseveration (1.51), Anhedonia (1.48),
Anxiousness (1.43), and Physical/ Psychological Problems (1.23). The highest EI2 val-
ues corresponded to Perseveration (1.57), Anhedonia (1.50), Eccentricity (1.24), and Anx-
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iousness (1.20). The CS-coefficient (cor = 0.7) was 0.75 for Strength and 0.75 for EI
(see Supplementary Figures S2 and S3, respectively), indicating strong stability and in-
terpretability of the estimates. The nodes with the highest bridge strength, bridge EI1,
and bridge EI2 values were Irresponsibility (bridge strength = 2.77; bridge EI1 = 2.91;
bridge EI2 = 3.01), Impulsivity (2.49, 2.85, 2.84), Callousness (2.21, 1.34, 1.25), and Risk Tak-
ing (1.43, 1.47, 1.82). The predictability of each node is shown in Figure 1 and Table 3. The
predictability values (R?) ranged from 0.62 (Anhedonia) to 0.22 (Separation Insecurity), with
an average value of 0.42. The symptoms with the least explained variance (i.e., the most
independent) were Separation Insecurity (R? = 0.22), Quit/Control (R? = 0.24), Intimacy
Avoidance (R? = 0.24), Larger/Longer (R? = 0.27), and Restricted Affectivity (R =0.27).
In contrast, the symptoms with the greatest explained variance were Anhedonia (R? = 0.62),
Depressivity (R = 0.60), Anxiousness (R? = 0.57), and Perseveration (R? = 0.56). Table 3 also
shows the PC and PR values. The highest PC values correspond to Hostility (PC = 0.53),
Impulsivity (PC = 0.50), and Rigid Perfectionism (PC = 0.38), these being the nodes with
edges that are distributed more equally among the communities. According to the PR val-
ues, the nodes with the strongest and most numerous edges were Irresponsibility (PR = 1),
Perseveration (PR = 0.97), and Perceptual Dysregulation (PR = 0.90).

Concerning the invariance analysis, Table 4 shows the descriptive statistics (means and
standard deviations) for the AMPD facets and AUD criteria in the total sample (1 = 985),
the male subsample (1 = 495), and the female subsample (1 = 490). It is observed that the
mean difference between males and females has a small or null effect size for all AUD facets
and criteria except for Emotional Lability, which yielded a medium effect size (d = 0.62).

Community 1
© LLo: Larger/Longer
© QCo: Quit/Control
© TSp: Time Spent
© AGU: Activities Given Up
© Tol: Tolerance
© Wdr: Withdrawal
© PPP: Phys./Psych. Problems
© NRo: Neglect Roles
© HUs: Hazardous Use
© SIP: Socialinterp.Problems
© Cra: Craving

Community 2
© Anh: Anhedonia
© Anx: Anxiousness
© Dep: Depressivity
© Dis: Distractibility
© Ecc: Eccentricity
© ELa: Emotional Lability
© Hos: Hostility
© |Av: Intimacy Avoidance
© PDy: Perceptual Dysregulation
© Per: Perseveration
© RAF. Restricted Affectivity
© RPe: Rigid Perfectionism
© Sln: Separation Insecurity
© Sub: Submissiveness
© Sus: Suspiciousness
© UBE: Unusual Beliefs and Exp.
© Wit Withdrawal

Community 3
© AIS: Attention Seeking
© Cal: Callousness
© Dec: Deceitfulness
© Gra: Grandiosity
© Imp: Impulsivif
© Irr: Iresponsibility
© Man: Manipulativeness
© RTa: Risk Taking

Figure 1. Empirical network model (network structure estimated from a walktrap modularity
analysis) for the complete sample (1 = 985). Note. Each node represents a symptom. The edges
represent the relationships (partial correlations) between the symptoms. Positive relationships are
represented in green, and negative relationships in red. The thickness of the edge reflects the strength
of the association, so that the most strongly related symptoms are connected by thicker edges. The
blue pie chart surrounding each node represents the predictability of each node (a higher proportion
of blue indicates greater predictability). The membership of the nodes to the different communities is
represented by different colors: the symptoms of Community 1 are shown in blue, the symptoms of
Community 2 are shown in salmon, and the symptoms of Community 3 are shown in green. The
arrangement of the nodes was established based on the Fruchterman-Reingold algorithm.
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Table 4. Means, standard deviations, and Cohen’s d of scores on the PID-5-SF subscales and alcohol-
use disorder criteria.

All Sample Men Women Cohen’s d
PID-5 Subscales
Anhedonia 6.78 (3.24) 6.18 (2.71) 7.38 (3.60) 0.38
Anxiousness 8.60 (3.38) 7.81 (3.17) 9.41 (3.39) 0.49
Attention Seeking 5.88 (2.50) 6.04 (2.55) 5.72 (2.44) 0.13
Callousness 4.75 (1.50) 4.90 (1.69) 4.59 (1.26) 0.34
Deceitfulness 5.24 (2.00) 5.40 (2.16) 5.08 (1.81) 0.16
Depressivity 5.88 (2.91) 5.39 (2.36) 6.38 (3.31) 0.34
Distractibility 7.97 (3.42) 7.40 (3.27) 8.54 (3.48) 0.34
Eccentricity 7.11 (3.39) 6.89 (3.28) 7.34 (3.48) 0.13
Emotional Lability 9.21 (3.14) 8.28 (2.85) 10.13 (3.15) 0.62
Grandiosity 5.50 (2.12) 5.74 (2.32) 5.25 (1.88) 0.23
Hostility 6.95 (2.85) 6.35 (2.69) 7.54 (2.88) 0.43
Impulsivity 6.47 (2.91) 6.10 (2.79) 6.85 (3.02) 0.26
Intimacy Avoidance 6.26 (3.26) 5.99 (2.76) 6.54 (3.66) 0.17
Irresponsibility 5.51(1.91) 5.52 (2.01) 5.50 (1.80) 0.01
Manipulativeness 5.62 (2.13) 5.72 (2.18) 5.51 (2.08) 0.10
Perceptual Dysregulation 5.32 (2.20) 5.21 (2.13) 5.44 (2.25) 0.10
Perseveration 7.31 (2.96) 6.88 (2.79) 7.75 (3.07) 0.30
Restricted Affectivity 7.35 (2.66) 7.67 (2.68) 7.03 (2.59) 0.24
Rigid Perfectionism 8.06 (3.12) 7.84 (3.05) 8.27 (3.19) 0.14
Risk Taking 5.40 (2.23) 5.51 (2.30) 5.29 (2.14) 0.10
Separation Insecurity 7.90 (3.26) 7.78 (3.26) 8.03 (3.26) 0.08
Submissiveness 6.94 (2.82) 6.63 (2.56) 7.25 (3.02) 0.22
Suspiciousness 6.69 (2.57) 6.50 (2.51) 6.88 (2.63) 0.15
Unusual Beliefs and Exp. 5.92 (2.67) 5.63 (2.45) 6.21 (2.84) 0.22
Withdrawal 6.98 (2.93) 6.86 (2.86) 7.09 (3.00) 0.08
Alcohol-Use Disorder criteria
Larger/Longer 0.17 (0.17) 0.20 (0.40) 0.14 (0.35) 0.16
Quit/Control 0.19 (0.23) 0.25 (0.43) 0.13 (0.33) 0.31
Time spent 0.05 (0.20) 0.06 (0.24) 0.04 (0.20) 0.09
Activities given up 0.04 (0.38) 0.05 (0.22) 0.03 (0.17) 0.10
Tolerance 0.05 (0.39) 0.07 (0.25) 0.03 (0.18) 0.18
Withdrawal 0.05 (0.22) 0.06 (0.24) 0.04 (0.20) 0.09
Phys/Psych.Problems 0.08 (0.20) 0.09 (0.28) 0.06 (0.24) 0.12
Neglect roles 0.03 (0.22) 0.04 (0.21) 0.02 (0.13) 0.11
Hazardous use 0.06 (0.22) 0.08 (0.27) 0.03 (0.18) 0.21
Social/Interp.Problems 0.04 (0.26) 0.05 (0.22) 0.03 (0.18) 0.10
Craving 0.06 (0.24) 0.07 (0.26) 0.05 (0.22) 0.08
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The above values are congruent with the invariance test conducted for men (1 = 495)
and women (1 = 490), detecting no significant differences in terms of network structure
(i.e., differences in the edge connections of the two networks, M = 0.22; p = 0.838) or global
strength (i.e., difference in the sum of the absolute weights between the two networks,
S =0.34; p = 0.494). The overall strength of the network estimated for the male sample was
17.18, and for the female sample this was 16.84.

3.2. “Bridging Nodes” between AUD Criteria and Personality Facets

Figure 2 shows (in yellow) the facets that act as “bridge nodes” between the different
network structures (i.e., the nodes more connected to nodes of other communities with
which they are directly related), according to the highest values of bridge strength shown
in Table 3. Through the edges, it is observed that most of the relationships between the
AUD criteria and the personality facets occur through these “bridge nodes”. Furthermore,
it appears that most of the facets acting as “bridge nodes” correspond to the “antagonism”
and “disinhibition” domains of the AMPD. Only the bridge node corresponding to the
“hostility” facet falls within the “negative affectivity” domain of the AMPD.

Bridge
© Cal: Callousness
© Gra: Grandiosity
© Hos: Hostility
© Imp: Impulsivity
© Irr: Irresponsibility
© RPe: Rigid Perfectionism
© RTa: Risk Taking

Community 1

LLo: Larger/Longer

QCo: Quit/Control

TSp: Time Spent

AGU: Activities Given Up
Tol: Tolerance

Wdr: Withdrawal

PPP: Phys./Psych. Problems
NRo: Neglect Roles

HUs: Hazardous Use

SIP: Social/Interp.Problems
Cra: Craving

00000000000

Community 2

Anh: Anhedonia

Anx: Anxiousness

Dep: Depressivity

Dis: Distractibility

Ecc: Eccentricity

ELa: Emotional Lability

|Av: Intimacy Avoidance

PDy: Perceptual Dysregulation
Per: Perseveration

RAf: Restricted Affectivity

Sin: Separation Insecurity
Sub: Submissiveness

Sus: Suspiciousness

UBE: Unusual Beliefs and Exp.
Wit: Withdrawal

0000000000000 0O0

Community 3
© AtS: Attention Seeking
© Dec: Deceitfulness
© Man: Manipulativeness

Figure 2. Empirical network model (network structure estimated from a walktrap modularity
analysis) and bridge nodes for complete sample (1 = 985). Note. Each node represents a symptom. The
edges represent the relationships (partial correlations) between the symptoms. Positive relationships
are represented in green. and negative relationships in red. The thickness of the edge reflects the
strength of the association, so the most strongly related symptoms are connected by thicker edges. The
blue pie chart surrounding each node represents the predictability of each node (a higher proportion
of blue indicates greater predictability). The membership of the nodes to the different communities is
represented by different colors: bridge symptoms are shown in yellow; the symptoms of Community
1 are shown in blue; the symptoms of Community 2 are shown in salmon; and the symptoms of
Community 3 are shown in green. The arrangement of the nodes was established based on the
Fruchterman-Reingold algorithm.
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A detailed analysis of the relationships between the AUD criteria and the bridging
nodes is displayed in Table 5, which shows the partial and Pearson correlations between
the facets that constitute “bridging nodes” and the AUD diagnostic criteria. The bridge
node “risk-taking” is the one that presents the most relationships with the AUD diagnostic
criteria, followed by the facets of “irresponsibility” and “callousness.” Concerning the AUD
diagnostic criteria, it can be observed that the diagnostic criterion “withdrawal” shows the
most associations with the bridging nodes, together with “neglect roles” and “craving”.

Table 5. Partial and zero-order correlations between network symptoms on estimation sample.

Scales 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1. Callousness 1 045 031 029 049 025 036 014 013 025 0.27 031 0.32 026 031 029 033 031
2. Grandiosity 012 1 029 029 036 039 043 013 0.2 020 021 029 023 019 020 026 0.26 0.29
3. Hostility 0.01 - 1 057 042 041 038 0.13 0.08 018 020 018 0.23 021 019 019 0.21 0.19
4. Impulsivity - - 020 1 053 031 053 013 0.08 021 025 019 023 023 020 020 021 0.17
5. Trresponsibility 012 - 0.00 016 1 023 043 023 013 0.28 035 029 031 033 034 035 0.32 0.34
6. Rigid Perfectionism - 012 0.04 013 -0.02 1 0.33 0.04 0.06 0.08 0.08 0.07 0.07 0.10 0.05 013 0.13 0.13
7. Risk taking 0.03 012 - 018 - - 1 0.25 0.18 027 0.28 030 031 035 0.29 035 0.30 0.30
8. Larger/longer - - - - - - 0.05 1 048 035 028 039 030 042 034 036 034 034
9. Quit/control - - - - - - - 027 1 039 033 032 029 040 032 029 029 025
10. Time Spent - - - - - - 0.01 019 023 1 058 052 048 055 048 046 050 040
11.  Activities given up - - - - 0.04 - - - - 020 1 049 050 050 0.53 052 051 048
12.  Tolerance - - - - - - 0.02 004 - 022 009 1 051 0.52 051 044 053 048
13.  Withdrawal 0.03 - 0.01 - 0.02 - 0.04 008 - 0 010 019 1 055 049 045 046 041
14.  Phys./Psych.Problems - - - - - - 0.01 0.08 005 012 005 005 020 1 0.57 057 054 048
15. Neglect roles 0.05 - - - 0.01 0.02 - - - 0.02 022 011 011 009 1 0.54 0.66 0.42
16. Hazardous use 0.01 - - - - - 0.04 010 - 0.04 005 0.02 - 017 013 1 0.59 048
17.  Social /Interp.Problems - 0.02 - - - - 0.01 - - 0.05 006 010 0.09 011 025 021 1 0.42
18. Craving 0.03 0.02 - - 0.05 - - 010 005 - - 027 0.08 0.11 001 0.06 0.04 1

Partial correlations are shown on the lower diagonal and zero-order correlations on the upper diagonal. The
dashes represent correlation values = 0. The bold type reflects the relationships between the bridging nodes and
the AUD criteria.

4. Discussion

The present study aimed to deepen our knowledge of the existing comorbidity be-
tween PDs and AUD. For this purpose, this study aimed to complement the existing
evidence [10-12] with new evidence obtained through network analysis and use of the
DSM-5 AMPD trait model. To our knowledge, no previous studies have used network
analysis to examine the relationship between the DSM-5 AMPD traits and AUD criteria.

Analysis of the centrality indices of the AUD criteria has shown relatively low values,
indicating their low capacity to influence the personality facets. This finding is also evident
in the visualization of the network, in which the AMPD facets and the AUD criteria are
organized into three independent communities—albeit empirically related and theoretically
grounded. The alcohol diagnostic criteria maintain close relationships, leading them to
be organized into an independent community, while the AMPD facets are organized into
two interrelated communities, linked to the internalizing and externalizing spectrum. This
organization of the AMPD facets is consistent with studies that have applied a hierarchical
analysis of personality [42—44], and the independent organization of the AUD is congruent
with the Hierarchical Taxonomy of Psychopathology (HiTOP) model [45] and previous net-
work analysis studies [46-48]. Despite the relative independence of the three communities,
the AUD diagnostic criteria show relationships with a set of personality facets that act as
a bridge. These are mostly associated with the externalizing spectrum, highlighting the
relationships with Callousness, Irresponsibility, and Risk Taking.
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Our observation of these bridging facets is congruent with the relationships observed
in previous studies analyzing FFM traits in alcohol consumers. The specialized literature
supports an association between alcohol consumption and the FFM traits of conscientious-
ness and agreeableness [10,12], which are aligned with the disinhibition and antagonism
domains of the AMPD [49]. This study has shown that these relationships could largely
be due to the connection between the AUD criteria and the bridging facets within the
disinhibition (risk taking, irresponsibility, impulsivity, and rigid perfectionism) and antag-
onism (callousness, grandiosity, and hostility) domains. Similarly, it is worth noting the
connection between the AUD criterion “withdrawal” and the facet “hostility” framed in
the negative affectivity domain of the AMPD (aligned with the neuroticism trait included
in the FFM). This finding is congruent with the results of the meta-analysis conducted by
Hakulinen et al. [12], which found that the domain “neuroticism” is associated primarily
with people who engage in heavy alcohol consumption. It is also compatible with studies
suggesting that people with AUD have biases toward recognizing and attributing hostile
expressions and behaviors [50,51]. Thus, one hypothesis to explain this relationship could
be that the occurrence of “withdrawal” exacerbates the “hostility” trait. Therefore, this
association is observed mainly in heavy alcohol users and is weaker in those who consume
alcohol in moderation.

On the other hand—and concerning PDs—some studies show that it is borderline
and antisocial PDs that most frequently co-occur with AUD. According to the DSM-5
AMPD [52], antisocial PD is evaluated based on the presence of the facets “Callousness”,
“Irresponsibility”, and “Risk Taking”, among others, while Borderline PD includes the
facets of “Risk Taking” and “Hostility” for its diagnosis. Thus, the bridging facets identified
in this study are some of those required for the assessment of the two PDs mentioned
above. Therefore, it is likely that the high comorbidity of AUD with these disorders is
caused by the relationships between the diagnostic criteria of AUD and these bridging
facets. This finding along with the results reported by other authors [53,54], could also
help to explain why patients with antisocial and borderline PD have higher rates of relapse
and treatment dropout. These authors found that patients who prematurely terminate
treatment score higher on the facets of “Hostility”, “Callousness”, and “Risk-taking” than
those who complete treatment. Thus, these bridging facets that are relevant to antisocial
and borderline PD diagnoses, are also associated with premature patient dropout.

We consider the findings of this study to be useful for advancing our knowledge of
the comorbidity of AUD with PDs. Nonetheless, it is also worth considering some aspects
of the study sample that could have affected the results. As already indicated, the sample
of patients shows the highest prevalence of emotional disorders (depressive and anxiety
disorders). This may have maximized the relationships between the facets associated with
the “negative affectivity” domain, which resulted in higher values of the centrality indices
observed for these facets. However, aside from the centrality indices, the network structure
is congruent with the hierarchical analysis reported in previous studies [42-44], and so
the impact of this sample composition is more likely to be limited to the understanding of
comorbidity between AUDs and PDs.

We would also like to point out that the partial correlations between the “bridging
nodes” and the AUD criteria are low. It is possible that these weak relationships were
found because this study did not include a specific sample of patients with AUDs, with
the sample of the general population being more representative. Consequently, greater
variability in the personality facets and AUD criteria are observed compared to the case in
which AUD patients are specifically selected, which could negatively affect the values of
the partial correlations. Despite this, the results have revealed the existence of “bridging
nodes” congruent with evidence from previous meta-analysis [10-12]. Therefore, we
consider that the results of this study provide novel insights that could help to improve our
understanding of comorbidity between these disorders.

Finally, we consider it necessary to limit the generalizability of the relationships
observed in this study to the cultural context in which it was carried out. In this sense, it
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should be noted that cultural studies analyzing the relationship between personality traits
and alcohol consumption have shown differences in the relationships established between
agreeableness, antisocial behavior, and alcohol-related consequences when comparing
different countries [55]. Moreover, it should be considered that social norms about what
constitutes, for example, “irresponsibility” or “risk taking” in the case of personality trait
assessment, or “social/interpersonal problems” or “hazardous use” in the case of AUD
assessment, may differ across cultures and even within a culture [56]. Therefore, we
consider that the observed interrelationships be contextualized within the framework of
Spanish culture as well as in other countries with equivalent social norms and legislation.
Future cross-cultural studies should provide evidence on the stability of these relationships
in other countries and cultures.

5. Conclusions

The present study has shown, through network analysis, connections between AUD
diagnostic criteria and personality facets. It has been observed that the bridge nodes
correspond to facets associated with the disinhibition and antagonism personality domains
of the AMPD. This finding is congruent with the results of previous studies using the FFM
model and applying other statistical techniques. This finding also helps to understand
the comorbidities observed between AUD, borderline, and antisocial personality disorder.
From a clinical perspective, the results indicate the importance of accurately assessing
the risk-taking, callousness, and irresponsibility traits in patients with AUD, in order
to differentiate between a possible primary personality disorder, or the existence of a
syndrome induced by alcohol addiction. In addition, the observed connections may be
useful to guide the development of interventions aimed at dual-pathology patients with
AUD and PD.
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Abstract: Background: Health care provision during the COVID-19 pandemic and confinement has
led to significant changes in the activity of addiction centers. These changes in healthcare activity may
have had a greater impact on patients with dual pathology. The aim of this study is to compare the
treatment indicators of patients with dual pathology in addiction centers during the pre-confinement,
confinement, and post-confinement periods. Methods: A retrospective observational study was
conducted for the period between 1 February 2019 and 30 June 2021. A total of 2785 patients treated
in specialized addiction services were divided into three periods according to their time of admission:
pre-confinement, confinement, and post-confinement. Results: During the pre-pandemic period, the
addiction centers attended to an average of 121.3 (SD = 23.58) patients, decreasing to 53 patients
during confinement (SD = 19.47), and 80.69 during the post-confinement period (SD = 15.33). The
number of appointments scheduled monthly for each patient decreased during the confinement
period, although this number increased after confinement. There was a reduction in the number of
toxicological tests carried out both during and after confinement (except for alcohol). Conclusions:
The results show a reduction in the number of patients seen and the care activity delivered to dual
diagnosis patients. These results, which were caused by the COVID-preventive measures, may affect
the progress and recovery of dual patients. A greater investment is needed to bring the care activity
up to the standards of the years prior to confinement.

Keywords: dual pathology; COVID-19; care activity; pandemic; drug addiction; mental health

1. Introduction

The impact of the COVID-19 pandemic on mental health has been extensively docu-
mented [1-4]. Increased diagnoses of anxiety and depression have been described [5-8], as
well as a rise in the number of suicides in the population [9]. In addition, several authors
have pointed out that the consequences of the pandemic have been more negative for
people who had previously been suffering from other mental disorders, including addictive
disorders [10-12].

Some authors have reported that at the onset of confinement there was an increase
in drug use, as reflected in indicators suggesting increased sales of alcohol [13,14] and
cannabis [15]. Furthermore, higher rates of alcohol [16], cannabis, and other forms of drug
abuse [17-21] have also been documented. For example, Chappuy et al. [19] reported
a 29.2% increase in alcohol use, a 27.6% increase in cannabis use, a 36.2% increase in
psychostimulant use, and a 25.9% increase in hypnosedative and opiate use. In addition, a
48.7% increase in behaviors associated with pathological gambling has also been detected.
Other authors have reported increases in self-medication patterns in patients with opioid
dependence [11] and a rise in overdose rates [22,23]. However, despite the above data, it
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should be borne in mind that consumption patterns may vary according to the country and
the specific regulations in force during the pandemic [18,24].

In terms of health care provision, the pandemic, confinement, and the policy measures
adopted by governments have led to significant changes in the care activities of specialized
addiction centers. For example, Mark et al. [25] found a 28% decrease in admissions to
treatment during the beginning of the pandemic compared to the previous year. In contrast,
Aguilar et al. [26] noted an increase in care activity and higher relapse rates during the
second half of confinement. In addition, other authors have reported changes in care
patterns, with online appointments being prioritized and an increase in attendance at these
appointments [27]. Likewise, it has been shown that confinement has led to an increase in
the therapeutic needs of patients with addiction, with these patients also encountering more
barriers to receiving therapeutic sessions and pharmacological treatments [11,28,29]. Some
authors have also reported a slight increase in requests for pharmacological prescriptions
by new patients, although an overall decrease in patients has also been noted [30]. On the
other hand, Huskamp et al. [31] reported a decrease in the number of toxicological tests
carried out in outpatient addiction centers.

These changes in healthcare activity may have had a greater impact on patients with
dual pathology. Generally, these patients require more extensive follow-up due to the
greater therapeutic complexity involved in comparison with patients without dual pathol-
ogy [32,33]. In addition, the closure of some addiction centers [34] and the shift to virtual
treatment have posed a major challenge to meeting the therapeutic needs of these patients.
Therefore, some authors have warned of the worsening of comorbid mental disorders
and disruptive behaviors both in confinement periods [35-37] and in the subsequent peri-
ods [38], in addition to a likely increase in relapses [39].

Although previous studies have suggested the potential impact of the pandemic on
patients diagnosed with dual pathology, no studies have yet compared the treatment
indicators of care activities implemented for patients with dual pathology in addiction
centers across the pre-confinement, confinement, and post-confinement periods. Thus,
the present study had the following objectives: (i) to examine the evolution of admissions
to treatment for patients with dual pathology receiving coordinated care with mental
health centers between February 2019 and June 2021; (ii) to analyze the sociodemographic
profiles, consumption patterns, and psychopathological profiles of these patients; and (iii) to
compare care indicators related to therapeutic appointments, toxicological tests, and treatment
abandonment across the three specified time periods. As hypotheses based on those
objectives, it is expected that:

(a) The evolution of admissions to treatment decreased during confinement;

(b) Patients with dual pathology who attend addiction care centers presented changes in
their sociodemographic, consumption, and diagnosis profiles during the pandemic
compared to the previous period;

(c) Care indicators related to therapeutic appointments, toxicological tests, and treatment
abandonment changed during the pandemic compared to the previous period.

2. Material and Methods
2.1. Design

Retrospective observational study for the period between 1 February 2019 and 30 June
2021. Patients were divided into three periods according to their time of admission to the

addiction centers: pre-confinement (1 February 2019 and 15 March 2020), confinement
(16 March 2020-31 May 2020), and post-confinement (1 June 2020-30 June 2021).

2.2. Participants

For the current study, we included only patients admitted between 1 February 2019 to
30 June 2021 in specialized addiction services with dual pathology. Inclusion criteria were the
following: (1) to be older than 18 years of age, (2) to have at least one diagnosis according to the
International Classification of Diseases 10 (ICD-10) of an addictive disorder (cocaine, heroin,
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alcohol, cannabis, or pathological gambling) and another comorbid mental disorder, and (3) to
have a clinical indication to receive coordinated care with mental health services.

The final sample consisted of 2785 patients diagnosed with an addictive disorder and
another mental disorder according to ICD-10. In addition, all patients of the sample had
therapeutic prescriptions to receive care in mental health services according to the Ries [40]
classification. This is a dimensional model based on the severity of the addictive disorder
and other mental disorders. Depending on the severity levels of these disorders, patients
receive treatment exclusively in mental health (severe mental disorder and mild addictive
disorder), in addiction centers (severe addictive disorder and mild mental disorder), or in
both services in a coordinated manner (severe mental health and addictive disorder). All
patients in this study received coordinated care between specialized addiction centers and
mental health units in Andalusia [41]. These patients were admitted to treatment in one of
the 121 outpatient centers of the Public Network for Addiction Care in Andalusia (Spain).
Of the sample, 1576 (56.6%) were admitted during the year prior to confinement, 160 (5.7%)
were admitted during confinement, and 1049 (37.7%) were admitted to treatment from the
end of confinement until 06/30/2021.

Most patients were male (74.8%), with a mean age of 40.4 years (SD = 11.69) at the
time of admission to treatment. Most patients had completed primary (37.6%) or secondary
education (23.5%). Regarding employment status, 22.7% of the patients were employed,
44.9% were unemployed, 25% were retired, 3.7% were studying, and 3.7% were in an
unknown employment situation.

According to ICD-10 criteria, 37.6% of the patients were diagnosed with alcohol de-
pendence or harmful use, 33.6% with cocaine, 22.3% with cannabis, 16.3% with opiates, and
3.2 with hypnosedatives. In addition, 4.5% of the patients were admitted for pathological
gambling. Excluding tobacco addiction, 13.9% of these patients were diagnosed with
dependent or harmful use of more than one drug.

2.3. Procedure

The data used in the present study belong to the EHR of the Information System of
the Andalusian Plan on Drugs (SIPASDA). The EHR begins by recording information corre-
sponding to the variables of the Treatment Demand Indicator (TDI) Standard Protocol 3.0
of the European Monitoring Centre for Drugs and Drug Addiction [42]. The TDI provides
basic information on sociodemographic variables, drug use history, previous treatments,
and infectious diseases at the start of treatment. In addition, clinical data collected during
the periodic appointments that patients attend (with physicians, psychologists, nurses,
and social workers) are incorporated into the clinical history of each patient. In these
appointments, each team member (physicians, psychologists, nurses, and social workers)
inputs the relevant patient information into the EHR. This information includes the diag-
nosis of the patients according to ICD-10 criteria, prescribed pharmacological treatments,
psychological evaluation and treatments, results of toxicological tests, social status of the
patient, and evolution of treatment. All this information is stored in a centralized database,
and therapists can access the information at any time. Previous research conducted with
this same data set has shown good reliability values [43].

Due to the pandemic, most of the Andalusian centers used telephones as the main
channel for treatment admissions and follow-up. Critically ill patients received face-to-face
care from professionals, while telephone services have been maintained for patient follow-
up after the confinement period. The requests are recorded by health professionals in the
Electronic Health Record (EHR).

2.4. Ethics and Approvals

This research has been approved by the Research Ethics Committee of the Andalusian
Ministry of Health, who certified compliance with the requirements for the ethical handling
of the information.
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To access the EHRSs, the researchers made a request to the General Secretary of Social
Services of the Department of Equality and Social Policies of the Regional Government of
Andalusia (Spain). Patients gave their authorization so the information could be registered
in the system. The database is fully anonymized for both patients and professionals, so it is
not possible to inform the participants about the study. The storage and encoding of this
data comply with the General Health Law of 25 April 1986 (Spain) and Law 41/2002 of
14 November on patient autonomy, rights, and obligations regarding clinical information
and documentation. It also complies with the Organic Law 3/2018 of 5 December 2018,
regarding the protection of personal data and the assurance of digital rights, adapted to

European regulations.

2.5. Statistical Analysis

The three groups were compared using nonparametric analyses, given the differences
in sample size between the confinement group and the pre- and post-confinement groups.
The differences between qualitative variables were analyzed using Pearson’s chi-
square test, and Cramer’s V statistic was used to calculate effect sizes.
variables were analyzed with the Kruskal-Wallis test, using the epsilon-squared test to

calculate effect sizes.

Analyses were conducted using IBM SPSS Statistics software version 27 (Chicago, IL, USA).

3. Results

3.1. Evolution of Treatment Admissions between 1 February 2019 and 30 June 2021

Figure 1 shows the monthly evolution of the number of treatment admissions for each
month analyzed, with respect to the patients receiving coordinated care with mental health
services. This shows the downward trend in admissions of these patients. Thus, during the
pre-pandemic period, the addiction centers attended to an average of 121.3 (SD = 23.58)
patients with dual pathology per month, decreasing to 53 patients during confinement
(SD =19.47), and 80.69 (SD = 15.33) patients during the post-confinement period.
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Figure 1. Evolution of patient admissions for treatment in the addiction centers.

In percentage terms, the number of patients with dual pathology seen during the year
prior to confinement was 7.2%, with this number increasing slightly during confinement
(8.1%) and then falling to 6.7% in the year after confinement, and these differences were
statistically significant (x2 =6.646; d.f. =4; p=0.036; V = 0.013). As shown in Table 1, the
variations observed in these periods run parallel to the readmissions to treatment (patients
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requesting treatment who had previously been in treatment), with the highest percentage
of readmissions to treatment occurring during confinement.

Table 1. Sociodemographic characteristics, consumption profile, and diagnosis of patients with

dual pathology.
Admission Period L.
Statistics (d.f.) r Effect Size
19 February-20 February March-20 May 20 June-21 June
No. of patients 1577 (56.6%) 159 (5.7%) 1049 (37.7%)
% Patients 2 (1) — * -
(out of total patients) 7.2 8.1 6.7 X* (4) = 6.646 0.036 V=0.013
Readmissions 67.4% 74.8% 63.2% x2 (4) =10.549 0.005 ** V =0.062
Sociodemographic variables
Admission age _ 2
(Mean, SD) 40.36 (11.536) 39.25 (11.698) 40.58 (11.920) H (2) =1.482 0.477 &% =0.001
Gender (%)
Male 75.8 725 73.8 >
Female 240 275 26.2 X~ (2) =1.796 0.407 V =0.025
Educational level (%)
No education 17.0 14.1 14.6
Primary 39.1 37.8 35.3
Secondary 223 224 25.6 X2 (8) = 13.402 0.099 V =0.049
Baccalaureate/Degree 149 20.5 17.8
Higher 6.7 5.1 6.8
Employment status (%)
Employed 22.7 185 23.3
Unemployed 449 459 44.8
Retired 24.7 26.1 25.1 x2 (8) = 6.830 0.555 V =0.035
Student 35 6.4 3.6
Others 42 3.2 3.1
Main referral source (%)
Legal Services 3.1 4.4 2.5
Own initiative 419 48.1 422
Family members 13.2 8.9 12.8 5 _ _
Health Services 144 13.9 157 X (10)=7.263 0700 V=0.036
Social Services 23.3 22.2 22.7
Others 4.1 2.5
Variables related to consumption
Age of onset of
consumption 19.64 (10.91) 20.81 (14.28) 19.74 (11.29) H (2) =0.739 0.691 €% = 0.000
(Mean, SD)
Admission drug (%)
Alcohol 36.4 344 39.3 2.930 0.231 V =0.032
Cocaine 34.1 30.6 334 0.819 0.664 VvV =0.017
Cannabis 234 20.2 4.447 0.108 V =0.040
Opioids 18.3 21.3 125 18.840 0.000 ** V =0.082
Hypnosedatives 29 44 3.5 1.455 0.483 V =0.023
Pathological gambling 47 1.9 47 2.759 0.252 V =0.031
Other drugs used prior to admission (%)
Alcohol 55.6 55.0 58.0 X2 (2) =1.522 0.467 V=0.023
Cocaine 36.8 35.0 39.4 X2 (2) =2.284 0.319 V =0.029
Cannabis 39.9 40.6 374 X% (2) = 1.901 0.387 V =0.026
Opioids 18.6 22.5 137 X2 (2) = 14.231 0.001 ** V=0.071
Hypnosedatives 8.1 6.3 7.9 X2 (2) = 0.653 0.721 V =0.015
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Table 1. Cont.

Admission Period

Statistics (d.f.) 14 Effect Size
19 February-20 February March-20 May 20 June-21 June
Frequency of consumption in the 30 days prior to admission (%)
Every day 441 45.2 424
4-6 days/week 7.4 5.1 9.1
2-3 days/week 13.9 12.7 14.1 5 _ _
1 day/week 55 10.8 59 x* (10) = 12.011 0.284 V =0.048
Less 1 day/week 7.8 6.4 8.2
Did not consume 21.3 19.7 204
Variables related to the diagnosis of comorbid mental disorders
F 20. Schizophrenia,
schizotypal disorders, and 16.2 16.4 16.2 0.004 0.998 V =0.001
delusional disorders
F 30-39. Mood disorders 174 13.8 16.9 1.297 0.523 VvV =0.022
F 40-49. Neurotic, secondary
to stressful situations, and 31.9 34.0 32.6 0.362 0.834 V=0.011
somatoform disorders
F 41. Mixed
Anxiety-Depressive Disorder 16.8 20.1 17.6 1.241 0.538 V=0.021
F 90. Hyperkinetic disorders 4.6 3.8 3.3 2.480 0.289 V =0.030
Mental retardation 1.3 1.9 15 0.409 0.815 VvV =0.012
Adult personality and behavioral disorders (%)
Any personality disorder . _
(F 60-F 60.9) 244 24.5 20.2 6.421 0.040 V =0.048
F 60.0 and 60.1. Paranoid or 20 25 13 2220 0330 V=008
schizoid personality disorder
F 60.2-60.4. Antisocial,
borderline, histrionic or 12.6 8.8 109 3.268 0.195 V =0.034
narcissistic disorder
F 60.5-60.7. Avoidance,
dependence, or 12 13 1.0 0.394 0821  V=0012
obsessive-compulsive
disorder.
F609. Unspecified 88 119 7.2 4688 009%  V=0041
Personality disorder
Patients without specified 13.1 10.7 164 7.441 0.024*  V=0052

ICD-10 diagnosis

Abbreviations: d.f.—degrees of freedom; SD—Standard Deviation; H—Kruskal-Wallis; V— Cramer’s V;
* p-value < 0.05; ** p-value < 0.01

3.2. Sociodemographic Characteristics, Consumption Patterns, and Comorbid Diagnoses

Table 1 compares the three time periods according to sociodemographic variables,
consumption patterns, and psychopathological diagnoses. There were no statistically sig-
nificant differences in the sociodemographic profiles of the patients, although there was an
increase in the number of women who were admitted to treatment during confinement.
With respect to consumption patterns, it should be noted that treatment admissions for
opiate use increased during confinement (and although the number of admissions subse-
quently decreased, the differences were statistically significant). Concerning admissions
for patients with alcohol abuse/dependence, a slight decrease was observed during con-
finement, after which an increase of almost 5% was observed after confinement. However,
admissions for cannabis dependence/abuse decreased after confinement. Finally, admis-
sions for pathological gambling decreased during confinement, subsequently returning to
pre-confinement levels.

Concerning the diagnoses of comorbid mental disorders, in general terms, no statisti-
cally significant differences were observed between the three periods, except for personality

84



J. Clin. Med. 2022, 11, 4341

disorders. However, an increase in diagnoses of anxiety spectrum disorders was observed
during confinement, mainly due to mixed anxiety-depressive disorders. On the other
hand, a reduction in personality disorders diagnosed after confinement was observed.
However, it should be borne in mind that after confinement, there was an increase in
the number of patients with clinical indications for coordinated care with mental health
services, although the diagnosis provided in the clinical history was generic (severe mental
disorder-SMD-together with an addictive disorder of difficult clinical management).

3.3. Care Provision Indicators

Table 2 shows the care indicators for the three periods analyzed. With respect to
the therapeutic sessions planned by the clinicians, the number of monthly appointments
scheduled for each patient decreased during the confinement period, although this number
increased after confinement. Regarding the care activity of the patients, it was observed
that they attended a greater percentage of scheduled appointments during the confinement
period, with no difference between pre-and post-confinement.

Table 2. Care indicators for patients with dual pathology.

Admission Period

Statistics (d.f.) 14 Effect Size
19 February-20 February March-20 May 20 June-21 June
Appointments (mean, SD)
Scheduled monthly 1.12 (2.22) 0.64 (0.74) 1.28 (2.32) H (2) = 62.655 0.000 ** e2=0.023
Percentage attendance 0.76 (0.23) 0.88 (0.25) 0.77 (0.25) H (2) =92.348 0.000 ** £2=0.033
Toxicological controls (mean, SD)

% Patients tested 7.7 0 104 x2 (2) =7.701 0.021 ** V =0.086

Alcohol Average per patient 491 (4.88) 0 5.72(14.82) H (2) =0.631 0.427 &2 =0.000
Positive ratio 0.14 (8.75) 0 0.19 (0.35) H (2) =3.565 0.168 e? =0.001

% Patients tested 53.6 245 454 2 (2)=18.174 0.000 ** V =0.139

Cocaine Average per patient 6.51 (12.75) 0.8 (1.14) 5.20 (5.83) H(2)=17.721 0.000 ** £2=0.006
Positive ratio 0.38 (0.40) 0.50 (0.58) 0.37 (0.41) H (2)=0.287 0.866 &2 =0.000

% Patients tested 52.3 20.0 40.1 x2 (2) =19.761 0.000 ** V=0178

Cannabis Average per patient 5.16 (6.16) 1.87 (0.64) 4.86 (4.59) H () =6.142 0.046 ** e2 =0.002
Positive ratio 0.64 (0.42) 0.63 (0.52) 0.53 (0.45) H (2) = 3.437 0.179 €2 =0.001

= % Patients tested 45.7 14.7 374 x2 (2) =13.031 0.001 ** V =0.169
Opioids Average per patient 4.75 (6.69) 1.60 (0.89) 5.04 (6.55) H (2) =2.825 0.243 &2 =0.001
Positive ratio 0.30 (0.41) 0.75 (0.50) 0.75 (0.29) H (2) = 28.033 0.000 ** €2 =0.010

% Patients tested 21.7 14.3 13.5 x2 (2)=1.013 0.603 V =0.106
Benzodiazepines Average per patient 2.10 (2.18) 0 2.20 (1.30) H(2) =2.827 0.243 €2 =0.001
Positive ratio 0.69 (0.46) 0 0.40 (0.55) H (2) =1.29 0.255 &2 =0.000

% Patients that dropped out of 401 344 133 215.46 0.000 V=0.280

treatment

Abbreviations: d.f—degrees of freedom; SD—Standard Deviation; H—Kruskal-Wallis; V—Cramer’s V;
** p-value < 0.05.

There was a reduction in the number of toxicological tests carried out both during
and after confinement (except for alcohol). In the case of patients with alcohol-related
problems, a greater number of tests were carried out after confinement. For the remaining
substances, there was a significant reduction in the percentage of patients who underwent
toxicological tests. It should be noted that of the five substances analyzed, a statistically
significant increase in positive test results was only observed for opiates.

Concerning treatment retention, a significant reduction in the percentage of patients
abandoning treatment was observed across the three periods.

4. Discussion

Various studies have shown how the pandemic has resulted in changes in the treat-
ment demands placed on addiction centers and the healthcare provision patterns of
clinicians [25-27,44], along with the associated impact on patients [35-38]. Unlike pre-
vious studies, this study focused exclusively on patients with dual pathology and analyzed
the evolution of treatment admissions, profiles, and care indicators corresponding to the
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periods before, during, and after confinement, when various anti-COVID-19 measures were
implemented in addiction and mental health services.

Concerning the first hypothesis, the present study has clearly shown a change in
the evolution of treatment admissions of patients with dual pathology. Specifically, we
have observed an increase in admissions during confinement followed by a drop in such
admissions post-confinement. The increase in the number of patients admitted during
confinement might be explained by treatment readmissions (patients who had previously
been in treatment). This finding is similar to that of Di Lorenzo et al. [45]. Although these
authors did not exclusively analyze patients with substance use disorders, they observed
a reduction in urgent psychiatric consultations during confinement while this number
increased in people who were already being treated. Therefore, the observed increase could
be due to the fact that patients with pre-existing mental disorders experienced a marked
deterioration of symptoms during this period. Concerning the decline in admissions post-
confinement, other authors have reported a similar observation, and this may pattern be
due to infection-control measures associated with COVID-19 [25,46].

With regard to our second hypothesis, we expected to find differences in the profiles
of patients admitted across the three-time periods analyzed, a prediction that was not
supported by our results. However, there was a notable percentage increase in women
admitted to treatment during confinement. This may be due to the characteristic symptoma-
tology of anxious-depressive disorder experienced during this stage since the percentage
of women with this diagnosis increased from 24.9% before confinement to 41.4% during
confinement. Other authors have also found that these emotional stress symptoms are more
frequent in women [35,38]. Therefore, the symptomatology associated with this disorder is
likely to be the factor that explains the percentage increase observed in this gender.

We also observed a significant increase in the number of patients admitted for opi-
ate dependence. The reduced availability of opiates in the illegal market has possibly
prompted patients dependent on this substance to come to addiction centers demanding
pharmacological treatment [30]. However, barriers to obtaining epidemiological data on
illicit drug use during the pandemic in Spain, especially for drugs such as opiates [47],
make it difficult to test this hypothesis.

Concerning diagnoses of mental disorders, the results of the present study agree with
those reported by other authors, indicating an increase in symptoms characteristic of mixed
anxiety-depressive disorders during confinement [48]. However, we found no increase
in the number of admissions to treatment in patients with personality disorders, which
might be expected based on other studies [49]. In fact, quite the opposite trend was found—
the number of admissions to treatment for these patients decreased after confinement.
However, this decrease may be due to methodological problems associated with the data
recording techniques since, as described above, there was a significant increase in patients
without a specific ICD-10 diagnosis after confinement.

The analysis of our third hypothesis revealed that patients with dual pathology re-
ceived less care during confinement, although some post-confinement indicators were
similar to those observed pre-pandemic. Other authors have also reported this lower atten-
dance to psychiatric services [50]. These observations may be due to the implementation
of care protocols designed to protect these patients against COVID-19. However, despite
this reduction in scheduled appointments, it was found that patients in treatment attended
more appointments and showed a reduction in treatment dropout, in congruence with
other studies conducted in addiction centers [44]. Thus, patients showed greater treatment
adherence during confinement, although subsequently, care indicators showed activity
equivalent to that of pre-confinement levels, with a notable reduction in treatment dropout.
In addition, fewer toxicological tests were carried out during confinement, as reported by
other authors [31], with no recovery of pre-confinement levels. It is likely that the risk of
contagion associated with the collection of biological samples has influenced this reduction
in care activity, with priority given to self-report measures of drug use.
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We should consider some limitations to correctly interpret these findings and compare
the results. One of the main aspects to consider is that patients receive treatment coordi-
nated with mental health services. In this study, while the activity of addiction services
has been analyzed, the activity of these patients in mental health services has not. Thus,
we are observing only a part of the care provided to these patients without knowing the
care indicators of these patients in mental health services. Previous studies conducted in
patients with dual pathology under this care modality have shown that sometimes patients
leave one of the care networks and remain in the other, depending on the addiction profile
and psychopathological disorder of the patients [51,52]. Moreover, the present study was
based on data obtained from the EHR registry. Although clinicians have been using EHRs
in a standardized manner since 2015, the pressure of care experienced in the months studied
herein could have produced slight errors in the completion of EHRs. This could explain, for
example, the increase in patients without a specific ICD-10 diagnosis observed in the data.
On the other hand, it is necessary to keep in mind that the study included patients with
high severities of their respective addictive disorders and other mental disorders, and not
only patients with other comorbid disorders. Consequently, it is likely that the prevalence
of dual pathology observed in this study is lower than that observed in other studies of
dual pathology conducted in addiction centers.

Despite these limitations, the present study provides useful information for under-
standing the changes produced by the COVID-19 pandemic. In particular, our results
provide relevant knowledge about a large sample of patients with dual diagnosis and
the health care provided in several addiction centers. As this is a coordinated treatment
modality, we have observed only the care that has occurred in addiction centers and not the
care that these patients have received in mental health centers. Bearing this in mind, the
data have shown a reduction in the healthcare received by these patients. Moreover, it is
striking that after confinement, the number of patients with dual pathology has decreased.
Therefore, it is likely that there is a group of patients with dual pathology who are presently
either only receiving care in mental health centers or are not attending health services.
Thus, we suggest that the coordinated treatment modality followed by these patients with
dual pathology has proven to be insufficient for providing adequate clinical care during the
pandemic period. Therefore, we believe that it is now more necessary than ever to integrate
mental health and addiction services for the coordinated treatment of these patients with
dual pathology.

Future studies should continue to provide information on care activity and confirm the
results found with these patients, so that these data can be used to inform the development
of effective and efficient treatments for patients with dual pathology. In addition, future
analyses could identify factors that may mediate and prevent some of the major risks in
similar situations.

5. Conclusions

We can conclude that: (1) the period of confinement resulting from the coronavirus
pandemic has triggered a reduction in the number of patients seen and the care activity
delivered to dual diagnosis patients, including treatment admissions. At the end of the
isolation period, the care activity of the addiction centers increased again. (2) There has
been an increase in the number of patients admitted for opiate dependence and in re-
ported symptoms characteristic of mixed anxiety-depressive disorders during confinement.
(3) These results—due to the COVID-19 preventive measures—may impact the progress
and recovery of dual patients. (4) A greater investment is needed to raise the current level
of care up to the standards of the pre-pandemic period. (5) A precise evaluation of the
impact of the pandemic on patients with dual pathology and care activity will require more
time to analyze the full extent of its effects.
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Abstract: Substance use disorder (SUD) is a common comorbidity in individuals with bipolar
disorder (BD), and it is associated with a severe course of illness, making early identification of the
risk factors for SUD in BD warranted. We aimed to identify, through machine-learning models, the
factors associated with different types of SUD in BD. We recruited 508 individuals with BD from a
specialized unit. Lifetime SUDs were defined according to the DSM criteria. Random forest (RF)
models were trained to identify the presence of (i) any (SUD) in the total sample, (ii) alcohol use
disorder (AUD) in the total sample, (iii) AUD co-occurrence with at least another SUD in the total
sample (AUD+SUD), and (iv) any other SUD among BD patients with AUD. Relevant variables
selected by the RFs were considered as independent variables in multiple logistic regressions to
predict SUDs, adjusting for relevant covariates. AUD+SUD could be predicted in BD at an individual
level with a sensitivity of 75% and a specificity of 75%. The presence of AUD+SUD was positively
associated with having hypomania as the first affective episode (OR = 4.34 95% CI = 1.42-13.31),
and the presence of hetero-aggressive behavior (OR = 3.15 95% CI = 1.48-6.74). Machine-learning
models might be useful instruments to predict the risk of SUD in BD, but their efficacy is limited
when considering socio-demographic or clinical factors alone.

Keywords: bipolar disorder; substance use disorder; cannabis use disorder; alcohol use disorder;
machine learning

1. Introduction

Substance use disorder (SUD) frequently occurs among people with bipolar disorder
(BD), worsening their clinical trajectories [1,2]. A comorbid diagnosis of BD and SUD occurs
in up to 30-60% of people with SUD, depending on the substance used, including alcohol [3],
cannabis [4], tobacco [5], or others [3,6,7], with men having higher lifetime risks of SUD
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than women [8]. The presence of SUD accounts for a higher number of lifetime mood
episodes and hospitalizations [9]; lifetime medical comorbidities [10]; reduced cognitive
and psychosocial functioning [11]; and an increased risk for suicide [12], impulsive and
aggressive behavior [13], or mortality [14]. Substance use may also attenuate the efficacy or
compliance to psychopharmacological treatments, further worsening BD course [15,16].

The strongest comorbid associations of SUD among individuals with BD are found
with alcohol use disorder (AUD), followed by cannabis and other illicit drugs [8]. In-
terestingly, the most current report by the National Epidemiological Survey on alcohol
and related conditions [17] suggests that the presence of both alcohol use and having a
psychiatric diagnosis, including BD, are associated with higher utilization rates of lifetime
poly-substance abuse [18] compared with individuals without these clinical characteristics.
Patients with BD with multiple SUDs have even more severe outcomes, including the
risk of overdose, criminal conviction, low adherence to treatments, and reduced global
functioning [10,19,20].

Despite its burden, the relationship between SUDs and BD has been minimally studied.
Indeed, a few longitudinal studies have examined the predictors of SUD onset in BD,
reporting that alcohol use disorder (AUD) might be predicted by psychotic symptoms [21],
while cannabis use disorder might be predicted by younger age, lower education, and
previous substance use [22]. In addition, the generalizability of much-published research
on this issue is problematic, given that individuals who exclusively meet the criteria for
a single SUD do not represent the naturalistic population in clinical settings [19]. This
more significant symptomatic burden of comorbid SUDs in adults with BD points out the
necessity of identifying the risk factors of co-occurrence in order to implement appropriate
preventative strategies.

Evidence has suggested the feasibility of developing predictive models in psychiatry
through machine-learning algorithms [23,24]. Several studies have used data mining and
machine learning techniques to predict patient outcomes, including SUD [25]. However, to
the best of our knowledge, no study has applied machine-learning techniques to date to
predict the presence of comorbid SUD in individuals with BD. In addition, no studies on
the topic have analyzed to what extent BD phenotypes differ according to the type of SUD.

The current study aims at identifying the most meaningful variables associated with
SUD, AUD, and AUD in comorbidity with any other SUD in a large sample of patients
with BD through the use of a random forest (RF) model. These variables will then be used
in a regression model to provide further information on the associations between BD and
specific types of SUD.

2. Materials and Methods
2.1. Participants

The present study included all the patients enrolled in the systematic prospective
follow-up of the Bipolar Disorders Unit of the Hospital Clinic, University of Barcelona,
Catalunia, Spain, from October 1998 to November 2021. Barcelona’s Bipolar and Depressive
Disorders Unit provides both tertiary- and secondary-level care. The unit enrolls difficult-
to-treat BD patients BD derived from all over Spain, and patients from a catchment area
of approximately 170,000 inhabitants in Barcelona in particular [26]. Trained psychiatrists
regularly treat more than 700 patients according to a local protocol based on international
clinical guidelines [27,28]. The inclusion criteria were as follows: (i) older than 18 years
of age, and (ii) diagnosis of BD type I (BDI) or type II (BDII) according to the Diagnostic
and Statistical Manual of Mental Disorders (DSM) IV [29], DSM-IV-TR [30], or DSM-5
criteria [31]. In addition, the exclusion criteria were the presence of severe organic diseases
requiring urgent treatment at baseline assessment or severe cognitive, motor, or visual
impairment. All participants provided written informed consent for this ethical committee-
approved study (approval code: HCB/2017/0432).
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2.2. Clinical Variables Assessment

Patients were assessed using the Structured Clinical Interview for DSM Disorders [32].
The main sociodemographic and clinical characteristics were collected through an ad hoc
schedule. If specific information was not collected during the baseline assessment, the
electronic clinical records of each patient were inquired. Collected variables included
age, education, working and living status, duration of illness, current pharmacological
treatment (if maintained for at least six months), the number of hospitalizations and
affective episodes, and lifetime aggressive behavior, among other variables of interest (see
Table 1). Predominant polarity was defined according to the standard definition created
in our unit and repeatedly validated [33]. A family history of psychiatric disorder was
defined as having a first-degree relative diagnosed with and/or treated for any mood
disorder, including major depression, cyclothymia, and dysthymia. The term “suicide
attempt” refers to intentional self-inflicted poisoning, injury, or self-harm with a deadly
intent without death. The presence of lifetime SUD was assessed according to DSM-
IV [29], DSM-IV-TR [30], or DSM-5 criteria [31], including drug-specific diagnoses for
ten substances: alcohol, cannabis, cocaine, heroin, hallucinogens, inhalants, prescription
opioids, sedatives/tranquilizers, stimulants, and other drugs (e.g., ecstasy or ketamine).
Each DSM-5 SUD diagnosis required positive responses to 2 or more of the 11 criteria for
each drug-specific SUD.

2.3. Statistical Analyses

All of the analyses were conducted with RStudio, R version 4.1.2 [34]. The Kolmogorov—
Smirnov test was used to assess whether continuous variables displayed a normal distribu-
tion. The parametric comparative analyses for the demographic and clinical characteristics
of the groups (SUD vs. non-SUD) were done with unpaired t-test with Bonferroni post hoc
correction for continuous variables; for non-parametric distributions, a Mann-Whitney U
Test or Kruskal-Wallis Test was used, where appropriate. Categorical data were analyzed
by Chi-square analysis.

2.3.1. Missing Data

We inspected missing data using the R package “skimr” [35], and these were assumed
to be missing at random. Therefore, we included only the variables presenting at least
75% of the available data in the model. For those contributing less than 25% of missing
data, missing data were imputed using the R package “missRanger” [36], which is based on
the algorithm of “missForest” (Stekhoven and Bithlmann 2012) and uses a random forest
(RF) approach. The parameter “num.trees” was set at 5000, and the out-of-bag (OOB) errors
were calculated for each variable in order to measure the accuracy according to the method
outlined in previous evidence [37]. OOB errors ranged from 0 (better performance) to 1
(worse performance).

2.3.2. Random Forest

We performed RFs using the R packages “RandomForest” [38] and “caret” [39] to
tune the algorithm. A series of RFs were primarily used to select the most important
features, which predicted different outcomes. To select the most critical variables, the
“mean decrease of Gini coefficient” was adopted to observe which variables substantially
contributed to the homogeneity of the nodes and leaves in the resulting RE.

We conducted a first RF considering the presence of lifetime SUD as the predicted
condition in the entire sample. Next, among people with SUD, as the first step, we selected
only people with a lifetime diagnosis of AUD who consumed alcohol alone or combined
with other substances (i.e., cocaine, cannabis, hallucinogens, or MDMA). Then, we con-
ducted a second and third RF considering the presence of AUD mono-use or comorbid
with another SUD as the predicted conditions, compared with non-abusing controls; finally,
we performed a fourth RF to differentiate people with AUD mono-use from people with
AUD+SUD. RF is a classification algorithm that combines multiple decision trees made
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by randomly selected bootstrap samples, mainly affected by unbalanced data. We used
the R package “ROSE” [40] to under sample the predicted class that presented the most
observations in order to obtain a balanced dataset. As a secondary step, to exploratory
assess the accuracy of the prediction model, a “train” and a “test” dataset were prepared,
containing 80% and 20% of the original observations, respectively. We initially used a
repeated cross-validated RF (10-folds, ten repeats) on the “train” dataset and then tuned
some hyperparameters (i.e., number of trees, number of features randomly selected at each
node, and size of the node) during the learning phase, to obtain the best accuracy value.
Then, we applied the trained model to the “test” dataset, and calculated measures such
as accuracy, sensitivity, specificity, the OOB estimate, and the F-score (F1), which alterna-
tively are tests of the model’s accuracy. To graphically present our results, we produced a
confusion matrix.

Table 1. Socio-demographic and clinical characteristics of the sample classified according to the

presence of substance use disorder(s).

SUD Non-SUD YZI?
(1 = 262; 51.57%) (n = 246; 48.4%) X p
Gender (1; %)
- Female 109; 41.6% 167; 67.9% 332 <0001
Living status (1; %)
- Parents 45; 18.8% 83; 33.2%
- Family 141; 59% 114; 45.6% 14.27 0.003
- Alone 33;18.8% 36; 14.4%
- Other (community) 20; 8.4% 17; 6.8%
Relationship status (11; %)
- Not in a relationship 72;29.8% 125; 48.4%
- Married 117; 48.3% 84; 32.6% 27.8 <0.001
- Divorced 40; 16.5% 47;18.2%
- Widow 13;5.4% 2;0.8%
Working status (1; %)
- Full-time or part-time job 127; 53.8% 131; 52.8%
- Unemployed 27;11.4% 23;9.3% 14.78 0.011
- Retired 33;14% 45;18.1%
- Not able to work 34; 14.4% 17; 6.9%
Diagnosis (1; %)
- BDI 190; 72.5% 155; 63% 5.26 0.014
- BDII 72;27.5% 91; 37%
Age and illness duration (mean + SD)
Age at assessment 48.6 + 15.08 43.77 & 26.46 26.397  <0.001
Age at onset 29.3 £13.19 26.4 +10.63 28.307 <0.001
Duration of illness 19.27 +12.1 17.32 + 12.06 29.959 0.048
Number of affective episodes, lifetime (mean & SD)
- Depressive 8.39 + 11.87 7.13+£9.17 28.285  0.084
- Manic 225+ 4.1 2.52 + 3.69 35.186 0.066
- Hypomanic 5.51 +£10.2 4.04 £7.76 28.288  <0.001
- Mixed 0.63 + 1.89 0.65 + 1.77 32.958 0.54
- Total 16.84 + 22.61 14.34 4+ 16.66 30.338 0.25
Polarity of the first affective episode (1; %)
- Depressive 168; 70.9% 66; 26.2%
- Manic 52;21.9% 22;8.7% 7.94 0.09
- Hypomanic 9; 3.8% 155; 61.5%
- Mixed 6;2.5% 5; 2%
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Table 1. Cont.

SUD Non-SUD

(n = 262; 51.57%) (1 = 246; 48.4%) vZihe p
Number of Psychiatric admissions, lifetime (mean 4 SD) 1.59 +2.14 1.61 +£2.01 30.023 0.61
Clinical course variables, lifetime (1; %)
- Suicide attempts 73; 51.4% 172; 47% 0.702 0.23
- Aggressive behaviours
- Self-directed 52;21% 52;19.8% 0.130 0.4
- Hetero-directed 26; 10.6% 54;20.6% 9.64 0.001
- Psychotic symptoms 119; 49.2% 132;51.2% 0.198 0.36
- Rapid cycling 60; 22.9% 68; 27.6% 1.51 0.130
- Seasonality 63; 25.6% 53;20.2% 2.08 0.09
- Family history of Mood Disorder 143; 62.2% 153; 61.4% 0.027 0.47
- Comorbidity with Personality Disorder
Cluster 3 20,57 spon 7 008
- Cluster C 11;4.8% 4;1.6%

BD = bipolar disorder; SUD = substance use disorder; n = number of cases; p = statistical significance;
SD = standard deviation; )(2 = Chi-square test; t = Independent Samples t-test; Z = Mann-Whitney U test.

2.3.3. Multiple Logistic Regression

The variables selected by the RFs that mostly decreased the homogeneity of the
nodes and leaves of the model were considered as independent variables in multiple
logistic regressions, adjusting for sex, duration of illness, and age at BD onset, as these are
known factors associated with SUD in previous studies [6,20,41]. The dependent variables
were the same ones considered in the corresponding RFs. Odds ratios (ORs) and their
95% confidence intervals (Cls) were estimated to assess the significance of each result.
The variance explained was calculated as Nagelkerke’s pseudo R? with the R package
“fmsb” [42]. These regression models were useful to provide further information on the
association between the relevant variables identified by the RFs and the various SUD
comorbidities of interest.

3. Results
3.1. Characteristics of the Sample

A total of 508 patients were included, of which 276 were female (54.3%). The mean
age of the total sample was 46.11 (standard deviation—SD = 14.47) years old. Our sample
consisted of 345 (67.9%) patients with BD-I and 163 (32.1%) patients with BD-II. Of all of the
patients, 262 (51.57%) fulfilled the DSM criteria for lifetime SUD of any type. The most used
substance was alcohol (42.1%), followed by cannabis (22.6%), cocaine (12%), amphetamine
(4.7%), MDMA (4.7%), and hallucinogens (2.1%). A total of 106 patients (20.8%) had AUD
with at least another SUD (AUD+SUD). The sample characteristics are presented in Table 1.

3.2. Missing Data
Among the variables presenting missing data, 22 of them presented less than 25% of
missing values. Of these, 17 presented fewer than 10% of missing values. Errors estimated

during the imputation of missing data were less than 20%, except for the number of lifetime
hospitalization (OOB = 0.29).

3.3. Patients with SUD vs. without SUD
The RF model performance outputs are reported in Table 2. The variables presenting

”ou

higher values of mean decrease of gini were “number of total affective episodes”, “number
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A A

of total depressive episodes”, “number of total hypomanic episodes”, “number of total

”ou

manic episodes”, “number of lifetime hospitalization”, “being in a relationship”, “diagnosis
of cluster B personality disorder”, “number of attempted suicides”, “number of mixed
episodes”, and “treatment with benzodiazepines”.

These variables were tested in a multiple logistic regression adjusted for relevant
covariates (see Methods). The presence of SUD was positively associated with a diagnosis
of cluster B personality disorder (OR = 2.31 [95% CI = 1.26—4.23]; p = 0.006), and negatively
associated with being in a relationship (OR = 0.6 [95% CI = 0.39-0.91]; p = 0.015) (Figure 1).
The model explained 16.9% of the total variance in the sample of BD with SUD vs. non-SUD.

3.4. Patients with AUD vs. without SUD
RF model performance outputs are reported in Table 2. The variables presenting higher

"o

values of mean decrease of gini were “number of total affective episodes”, “number of

i a

total depressive episodes”, “number of total hypomanic episodes”, “number of total manic

”ou ”ou i

episodes”, “number of mixed episodes”, “number of lifetime hospitalization”, “number of

"o

attempted suicides”, “being in a relationship”, “diagnosis of cluster B personality disorder,
any”, “treatment with mood stabilizers other than lithium”.

In a multiple logistic regression model adjusted for relevant covariates (see Methods),
none of these variables was significantly associated with the presence of AUD (Figure 1).

The model explained 14.2% of the total variance.

Table 2. Random forest model performance outputs.

Number of Number of Node

o o o e R
Data Set Trees Features Size Accuracy% 95% CI P Sensitivity ~ Specificity ~ F1-Score
SUD VS. NO-SUD 800 9 6 65.3% 54.8-747  0.004  69.6% 61.2% 0.66
AUD VS. NO-SUD 350 3 43 53.8% 39.5-67.8  0.44 44% 63% 0.48
AUD+SUD VS. NO-SUD 500 26 47 75% 56.6-88.5  0.003 75% 75% 0.75
AUD+SUD VS. AUD 800 2 14 62.5% 43.6-789 0107  43.8% 81.2% 0.54

Substance use disorder: SUD; alcohol use disorder (AUD); confidence interval (CI).

3.5. Patients with AUD+SUD vs. without SUD or AUD

RF model performance outputs are reported in Table 2. The variables presenting higher

i

values of mean decrease of gini were “number of total hypomanic episodes”, “presence

”ou v

of hetero-directed aggressivity”, “number of total affective episodes”, “number of total

”ou i "o

depressive episodes”, “violent suicide attempt”, “number of total manic episodes”, “being
in a relationship”, “number of lifetime hospitalization”, “first episode as hypomanic”,
“presence of melancholia”.

In a multiple logistic regression adjusted for relevant covariates, hypomania as the first
affective episode (OR = 4.34 [95% CI = 1.42-13.31]; p = 0.01) and hetero-directed aggressivity
(OR =3.15[95% CI = 1.48-6.74]; p = 0.003) were associated with AUD+SUD (Figure 1). The

model explained 31.5% of the total variance in AUD+SUD.

3.6. Patients with AUD+SUD vs. with AUD
RF model performance outputs are reported in Table 2. The variables presenting higher

"o

values of mean decrease of gini were “number of total affective episodes”, “number of

i ”ou

total manic episodes”, “number of total depressive episodes”, “number of total hypomanic

”ou ”ou ]

episodes”, “mood disorders familiarity”, “number of lifetime hospitalization”, “number
of total mixed episodes”, “first episode as depressive”, “presence of rapid-cycling”, and
“atypical depression”.

These variables were considered in an adjusted multiple logistic regression. The
presence of another SUD in the context of AUD was negatively associated with having
depression as the first affective episode (OR = 0.41 [95% CI = 0.21-0.81]; p = 0.011) (Figure 1).

The model explained 30.5% of the total variance.
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Figure 1. Logistic regression plots of odds ratio (OR) and 95% confidence intervals (CI). Independent
variables were selected among the top ten features derived from the random forest (RF) models. The
four models predicted (from left to right): any substance use disorder (SUD) in the total sample,
alcohol use disorder (AUD) in the total sample, AUD co-occurrence with at least another SUD in the
total sample, and AUD co-occurrence with at least another SUD among BD patients with AUD.

4. Discussion

To the best of our knowledge, this is the first study attempting to examine the value
of socio-demographic and clinical factors for the prediction of SUD in a large, naturalistic
sample of adults with BD using a machine-learning approach.

Using a random forest classifier, we developed models to predict the presence of SUD,
AUD, or the co-occurrence of AUD and other SUDs in BD. Although the specificities of
the models were acceptable, their accuracies were low to moderate. The comparison of
the performance of our models with previously developed models is limited by the scarce
evidence on the topic [20].

The model with the highest accuracy was the one predicting the co-occurrence of an-
other SUD among individuals with AUD and compared with those without SUD, correctly
classifying up to 75% of the sample. The top features were similar among the four random
forest models and included clinical factors associated with a severe course of illness in BD,
such as the lifetime number of affective episodes and the respective episode polarity [43],
type of index episode [44], the presence of comorbid cluster B personality disorder [45],
and suicide or aggressive behavior [46]. It should be remarked that the top features ex-
tracted might be highly correlated with other relevant variables associated with poor BD
outcomes (e.g., presence of psychotic symptoms, and low socioeconomic status) [47,48],
thus hindering their effect on SUD prediction. However, the effect of other variables could
be considered minimal compared with that of the selected top features [49]. While we
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found similarities among the top features identified by the RF models, their association
with SUD comorbidities varied among the logistic regression models.

A lifetime comorbid diagnosis of cluster B personality disorder and not being in a
relationship predicted the presence of SUD vs. no-SUD. This result is not surprising as
SUD, cluster B personality disorders, and BD are characterized by impulsivity and poor
behavioral control [50-52]. The complex phenotypic overlap between BD and cluster B
personality disorders is a clinical challenge [53], with problematic clinical and genetic
boundaries [54], frequently leading to a misdiagnosis of BD in people with personality
disorders, such as borderline personality disorder (BPD) [55,56]. The risk of substance
use and abuse in individuals with BD and comorbid BPD is two to three times higher
than in individuals with BD alone [57]. This could be possibly justified by an even higher
tendency toward risky behaviors, mood instability, impulsivity, affective reactivity, and
context-specific increased sensitivity to rewards in patients with comorbid BD and BPD,
ultimately leading to substance misuse [58]. Another variable associated with SUD risk
is the lack of a stable relationship, which is in line with previous evidence [59]. Similarly,
socio-economic functioning is substantially decreased in patients with BD, with lower
odds of being in a stable relationship compared with the general population (Sletved et al.,
2021 [60]), while social or family support improves patients” global functioning [61].

Given the extremely high prevalence of AUD in BD and their strong interplay, we
analyzed predictors of AUD alone or comorbid with another SUD. The relationship be-
tween AUD and BD is complex and comprises shared biological pathways [62], as well
as clinical and psychological characteristics [63]. However, previous observational stud-
ies on AUD in BD were mainly conducted on individuals with a co-occurrence of other
SUDs [3,21,64], without clinical phenotyping, based on a distinct pattern of use. After
controlling for sex, age of onset, and duration of illness, no other factors were associated
with AUD without other SUDs in our sample. However, AUD comorbid with another
SUD was positively associated with a history of a hypomanic episode at BD onset and
hetero-aggressive behavior compared with non-use, and negatively associated with a his-
tory of a depressive episode at BD onset when compared with non-use. The polarity of
the first episode has a relevant influence on the course of BD, with the depressive one
being the most common and being related to suicide attempts [65], with (hypo)manic
being related to alcohol or other substance misuses [44]. Given that polarity at onset might
predict subsequent predominant polarity in BD [44,66], its evaluation may guide long-term
therapeutic planning [67]. The link between first-episode polarity or predominant polarity,
SUDs, and BD requires further analysis in prospective longitudinal studies, as affective
episodes may be triggered by substance use, thus influencing lifetime affective episodes of a
specific polarity [68]. Aggressive behavior is considered a trait and a state factor associated
with BD, often driven/worsened by substance use [52]. Proneness to impulsivity may
lead to greater involvement in substance use and an increased risk for criminal, violent, or
aggressive acts. However, these premises and the existence of putative common biological
underpinnings of aggressive behavior and BD suggest that this undesirable outcome might
result from environmental-gene interactions [69].

Individuals that reported substance misuse before the onset of BD are sometimes con-
sidered to have a “milder” BD phenotype [70]. In addition, sub-threshold mood symptoms
or mood instability might be the result of substance use and might lead to BD misdiag-
nosis [71]. Therefore, the direction of the association between SUD and BD is relevant,
as it might depict two different subpopulations of individuals according to the onset of
SUD (i.e., before or after BD onset) with distinct clinical needs. However, our study lacked
information about the differences between these subpopulations and the direction of the
association. Several other limitations in this study should be considered. The cross-sectional
design of the study, as well as the use of clinical variables, collected retrospectively from
electronic clinical records, may have affected the accuracy and reliability of our data, partic-
ularly regarding previous affective episodes, hypomanic onsets—for which retrospective
diagnosis is a clinical challenge—or mixed episodes—for which the DSM definition varied
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across the years. Obviously, a longitudinal study would be a better design to test our
models [72]. In addition, we only included data on current psychopharmacological treat-
ment, but not on psychosocial, psychoeducational, or other psychological interventions
that are highly recommended for comorbid SUD management in major guidelines [73]
because they improve adherence to pharmacological treatment, leading to a more stable
BD course [74]. Secondly, SUD might have been underdiagnosed because of internalized
stigma [75]. Given that patients were recruited from a specialized unit, a potential selection
bias should also be taken into account, as we could assessed the most severe cases that were
ultimately forwarded to a tertiary clinic or, conversely, the less severe ones. Furthermore,
when considering lifetime SUD, we might have excluded people with current SUD, thus
inflating the risk for Berkson’s bias, and ultimately reducing the overall generalizability
of the results. Finally, RFs are a “black box”, making any local interpretation of a specific
prediction quite impractical.

Despite its possible limitations, the present study is the first one to develop algorithms
to identify SUD in patients with BD and to describe potential sociodemographic and clinical
predictors of comorbidity. Furthermore, our data come from a highly specialized unit, in
which patients are regularly followed-up by trained psychiatrists.

5. Conclusions

Bipolar disorder that occurs in comorbidity with substance use disorder represents
a severe clinical phenotype of bipolar illness. Alcohol use disorder is the most frequent
comorbid substance use disorder in individuals with bipolar disorder, and it frequently
presents in co-occurrence with other substance use. Machine-learning models might be
used to predict the risk of having a comorbid substance use disorder in bipolar disorder,
but their accuracy is limited when they include socio-demographical or clinical factors
alone, as done in this study. Complex models integrating biological and clinical predictors
represent a promising alternative to improve the performance of prediction.
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Abstract: Dual disorders (substance use and mental illness comorbidity) are a condition that has
been strongly associated with severe symptomatology and clinical complications. The study of
circadian characteristics in patients with Severe Mental Illness or Substance Use Disorder (SUD)
has shown that such variables are related with mood symptoms and worse recovery. In absence
of studies about circadian characteristics in patients with dual disorders we examined a sample of
114 male participants with SUD and comorbid Schizophrenia (SZ+; n = 38), Bipolar Disorder (BD+;
n = 36) and Major Depressive Disorder (MDD+; 1 = 40). The possible differences in the sample of
patients according to their psychiatric diagnosis, circadian functioning with recordings of distal skin
temperature during 48 h (Thermochron iButton®), circadian typology and sleep-wake schedules
were explored. MDD+ patients were more morning-type, while SZ+ and BD+ had an intermediate-
type; the morning-type was more frequent among participants under inpatient SUD treatment. SZ+
patients had the highest amount of sleeping hours, lowest arousal and highest drowsiness followed
by BD+ and MDD+, respectively. These observed differences suggest that treatment for patients with
dual disorders could include chronobiological strategies to help them synchronize patterns with the
day-light cycle, since morning-type is associated with better outcomes and recovery.

Keywords: circadian rhythm; dual disorders; chronobiology; substance use disorders; schizophrenia;
major depressive disorder; bipolar disorder; distal skin temperature

1. Introduction

As defined by the Word Health Organization in its lexicon of alcohol and drug terms,
Dual Disorders are defined as the comorbidity of at least one Substance Use Disorder
(SUD) and one Severe Mental Illness (SMI) in the same person [1], being the most frequent
psychotic, bipolar and depressive spectrum disorders [2,3]. Given the heterogeneous
nature, high prevalence and clinical and functional implications of dual disorders, in recent
years interest in its study has increased with the aim of improving both the detection and
the therapeutic approach [2—4].

Different studies have shown that addictive behavior has negative effects on circadian
rhythmic expression [5,6] which can persist weeks or months after starting substance
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withdrawal [7,8] and they do not always respond to treatment with medication [9,10]
Rhythmic alterations commonly observed in patients with SUD are amplitude reduction
and phase delay, which in severe cases can lead to chronodisruption or disappearance of
rhythmicity [8]. This affectation is related both to the type of substance used and to the
person’s metabolism and tolerance (i.e., sensitivity to reward) [11].

The relationship between circadian rhythms and SUD is bidirectional, with evening-
type as a precipitating factor for drug use and with drug use generating chronodisrup-
tion [8,9]. Moreover, sleep disturbances have been associated with a higher risk of drug
use and relapses [12,13], while the magnitude of the phase delay with the degree of depen-
dence [14]. Thus, the exploration of the affectation and recovery of circadian rhythmicity
seems to be of special relevance in patients under treatment for SUD [7,15]. In relation to
the circadian typology, there seem to be rhythmic differences depending on the chronotype.
The evening typology has been identified as a probable risk factor for the development of
SUD, while the morning typology has been identified as a protective factor [16,17]. The
reinforcing effect of the substances, mediated by clock genes, is greater in evening typology,
especially during adolescence and early youth [16,18].

Studies in patients with SUD who have completed a detoxification phase indicated
they have a higher prevalence of the morning and intermediate typologies, compared with
those who have not initiated treatment, which seems to be a positive characteristic linked
to better adherence to treatment [7,15]. Likewise, these patients exhibited a more robust
circadian pattern of distal skin temperature (DST) than healthy controls, which is associated
with longer abstinence periods and related to some of the treatment strategies used in
therapeutic communities (e.g., strong daytime activity and morning habits). Furthermore,
poorer sleep quality in patients with SUD is linked to their age and to a greater fragility of
the circadian rhythm and chronodisruption [15].

There is a great lack of knowledge about the circadian characteristics in patients with
SUD and comorbid SMI. Thus, to date no study has been conducted in dual patients with
the diagnoses of schizophrenia (5Z+), bipolar disorder (BD+) and major depressive disorder
(MDD+). In this sense, the available evidence on circadian rhythmicity in psychiatric
conditions without SUD is limited and heterogeneous, indicating disruptions in prodromal
phases in patients without medication [19,20] and in those with remission symptoms or
in a sustained withdrawal phase [15,21-23]. All of this evidence suggests that circadian
alterations could not only be symptoms but a significant clinical characteristic that affects
the appearance and development of SMI [24,25].

Patients with schizophrenia show phase delays, free-running rhythms of 48 h or less
than 24 h in the sleep-wake cycle or in melatonin secretion, flat amplitude and fragmen-
tation of the activity-rest pattern [26-29]. All these alterations could be related to poor
endogenous control and/or inadequate exposure to external synchronizers [28]. On the
other hand, disruptions in the sleep-wake rhythm in schizophrenia have been associated
with both clinical and functional prognosis. Deficits in sleep quality have been related with
the predominance of positive symptoms [28,30,31] and a lower amplitude and inter-daily
stability in the activity-rest rhythm, with poorer neurocognitive performance [27]. Some
authors have observed an evening typology predominance in these patients compared to
healthy controls [32,33], while in other work no differences have been appreciated [34].
None of these studies found a relationship between circadian typology and the age of the
patient, as observed in healthy control subjects. Overall, no previous work has evaluated
the circadian rhythm of DST in patients with schizophrenia.

Regarding patients with bipolar disorder, the findings indicate a reduced amplitude
activity-rest rhythm, with phase delays (for example, melatonin secretion), greater rhythm
fragmentation and more prevalent evening-type [35,36]. Furthermore, although depressive
and maniac mood episodes change the rest and activity patterns, circadian alterations
persist in euthymic phases [22], which seems to be relevant for the differential diagnosis
and for non-psychiatric groups at risk of bipolar disorder [37,38].
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Stabilized bipolar patients do not differ in nocturnal activation but they do show less
intradaily variability compared to control participants, which may be due to depressive
symptoms dependent on variable mood [23,39]. Two systematic reviews that examined
activation and energy patterns found that both the euthymic and depressed bipolar groups
differ from the controls by a lower mean activity mediated by mood, also concluding that it
may be a consequence of bipolar disorder itself [21,40]. It is remarkable that the results that
point out a delayed circadian phase in these patients are associated with a younger age,
a shorter duration of bipolar disorder and more frequent depressive episodes [41], while
those patients who show an advanced phase presented manic episodes and more suicide
attempts [42].

Finally, in relation to circadian characteristics in MDD+ patients, only one published
study [15] compared these dual patients with SUD ones and explored the possible influence
of outpatient vs. residential treatment in therapeutic community. Such work described that
the SUD group in therapeutic community presented a better adjustment to the light-dark
cycle and a better DST pattern (greater amplitude, relative amplitude and percentage
of rhythm and lower minimum temperature average) compared with MDD+ and with
patients under outpatient treatment. Furthermore, the therapeutic community patients
had the highest prevalence of morning-type regardless of their psychiatric diagnosis.
These observations contrast with studies that have described an association of the evening
typology with SUD [6,14] and with depression [43,44], although in none of these studies
the participants were under residential treatment.

Even though the circadian rhythmic alteration or even its chronodisruption are not
precipitating factors for mental disorders, they are related to a greater clinical symptoma-
tology, more difficulties for remission, worse clinical prognosis, lesser healthy habits and
worse quality of life [6,45]. All of this can be applicable to both SUD and the three comorbid
diagnoses (SZ+, BD+ and MDD+) that have focused our attention on this study.

Therefore, the main goal of this work is to explore the possible differences in circadian
rhythmicity in a sample of under treatment patients with SUD taking into account their
comorbid SMI. Additionally, we aim to elucidate the possible relationship among circadian
rhythmicity with epidemiological and clinical characteristics. This research could provide
data of interest and applicability at the therapeutic level, especially when it comes to
improve treatment adherence and recovery of dual patients with different SMI.

2. Materials and Methods
2.1. Study Design and Participants

The present study has a cross-sectional multicenter design, with a sample of 114 male
patients with a diagnosis of dual disorder undergoing treatment for SUD (outpatient or
residential) in different public and private specialized services located in the province of
Barcelona. All patients with SUD were divided into three groups according to the comorbid
psychiatric diagnosis: SZ+ (1 = 38), BD+ (n = 36) and MDD+ (1 = 40).

The inclusion criteria for the study were: (a) men between 20 and 50 years of age;
(b) diagnosis of SUD (dependence) in initial remission phase according to Diagnostic
and Statistical Manual of Mental Disorders (DSM-5) criteria [46] (c) comorbid psychiatric
diagnosis of Schizophrenia, Bipolar Disorder or Major Depressive Disorder, not induced
by substances or due to medical condition and (d) a minimum abstinence period of three
months up to one year. The consideration of including only men patients in our sample
is based on the higher prevalence of SUD in this gender and due to significant greater
proportion of men in treatment facilities [2]. Moreover, only males were included to avoid
possible biases in the circadian characteristics generated by the differential consumption
patterns observed in men vs. women [2]. On the other hand, the exclusion criteria were:
(a) patients with unstable or uncontrolled psychiatric symptoms or (b) inability (intellectual,
cognitive, developmental or physical) to complete the assessment. Disorders related to
caffeine and nicotine consumption were not considered as SUD, although data related to
the consumption of both substances were recorded.
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For the comparison of temperature data, a group of 40 male healthy control (HC)
volunteers (mean age 36.50 yrs.; SD = 8.83; age range 21-51 yrs. old) recruited and assessed
at the University of Murcia was also included. Regarding these participants 62.5% were
married/with a stable partner, 25% were single and 12.5% were separated/divorced; the
majority of them were active (working 88%), and very few were unemployed (10%) or
with a disability pension (2%). None of the participants in the HC group had a medical or
psychiatric diagnosis, nor any past or present SUD, and they were not under any kind of
pharmacological treatment.

This study was approved by the Ethics Committee of the University of Barcelona (reg-
istration number: IRB00003099) and complied with the ethical principles of the Declaration
of Helsinki. Participation in the study was voluntary and the patients did not receive any
compensation except for individualized verbal feedback of their results.

2.2. Sociodemographic and Clinical Assessment Instruments

Sociodemographic and clinical data were collected through the Structured Clinical
Interview for Axis I Disorders of the DSM-IV (SCID-I) [47], together with a structured
interview specifically designed for our study. All collected data were corroborated by the
psychologist/psychiatrist in charge of patient’s treatment, as well as checked in the clinical
records of each treatment center.

The Positive and Negative Syndrome Scale (PANSS) [48] in its Spanish version was
used [49] for the assessment of psychiatric symptoms in the SZ+ group. The PANSS
scale yields scores in four areas related to different symptomatology: positive syndrome,
negative syndrome, composite scale and general psychopathology. In the BD+ group,
we used the Young Mania Rating Scale (YMRS) [50] to measure the severity of maniac
symptoms as well as the Hamilton Depression Rating Scale (HDRS) [51]. The YMRS in its
Spanish version [52] gives a total score from 0 to 60 understood as it follows: 0-6 euthymic,
7-20 mixed episode and >20 possible maniac episode. On the other hand, the HDRS was
used to assess depressive symptoms for the BD+ and MDD+ groups, with its 17-item
Spanish version [53] and cut-off points being: 0-7, no current depression; 8-13, low;
14-18, mild; 19-22, severe; and >23, very severe depressive symptoms.

2.3. Circadian Assessment Instruments

To evaluate the circadian typology, the Spanish version of the Composite Morning
Scale (CSM) [54] was used, consisting of 13 items and a total score from 0 to 55. Its
interpretation considers the following cut-off points: 13-25 as an evening typology, 26-36 as
an intermediate typology and 37-55 as a morning typology. The sleep-wake schedules
were recorded using the structured interview designed for our study.

DST was recorded using the Thermochron iButton® DS1921H (Maxim Integrated
Products, San Jose, CA, USA), previously programmed to take measurements every 2 min
for 48 consecutive hours with an accuracy of £0.125 °C. The sensor, which is attached to a
strap similar to that of a wristwatch, was placed on the wrist of the non-dominant hand
over the temporal artery [55].

2.4. Statistical Analysis

For the sociodemographic, clinical and SUD data, descriptive statistics were calculated
for the three groups of patients (mean, standard deviation, frequencies and percentages)
and subsequent contrasts were performed with ANOVA and Chi-square, depending on
the data were parametric or non-parametric.

For the analysis of the DST data, the CircadianwareTM software version 7.1.1 [56] was
used. The parametric analyses of cosinor (maximum and minimum temperature, mesor,
amplitude, acrophase and percentage of variance explained by the cosine wave), and the
analysis of the Rayleigh vector and the Fourier analysis with the first 12 harmonics were
made to characterize the circadian rhythm of the DST. The circadianity index was calculated
as detailed in previous publications [57]. Non-parametric analyses were performed [55,58]
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to obtain the values of interdaily stability (IS), intradaily variability (IV), relative amplitude
(RA), maximum mean temperature in 5 consecutive hours (M5), temperature minimum
average in 2 and 10 consecutive hours (L2 and L10).

DST values, both parametric and non-parametric, and sleep schedules (after transfor-
mation to the centesimal system) were evaluated using MANCOVA, while IS and CSM
scores were analyzed with ANCOVA. In all cases, age was considered as a covariate, the
analyses were performed with the diagnostic group as a factor (SZ+, BD+ and MDD+) and
they were repeated considering treatment modality (outpatient/residential). Furthermore,
in the parametric analyses for the DST the HC group was also incorporated together with
the three clinical groups. Correlational analyses were also performed among DST and
clinical variables. Subsequently, a linear regression analysis was carried out with significant
correlations at the level of p = 0.01. The effect size was calculated as an estimate of the risk
of committing type I error with the partial square index of Eta (17p?), assuming values of
0.01 as low, 0.06 as moderate and 0.14 as high [59]. Bonferroni test was applied in all the
post-hoc contrasts. The data of the present study have been analyzed using the Statistical
Package for the Social Sciences program (IBM SPSS Statistics 25.0, Armonk, New York,
United States). Two-sided statistical significance was established with a predefined type I
error of 5% (p < 0.05).

3. Results
3.1. Sociodemographic and Clinical Characteristics

The groups showed significant differences (see Table 1) in the sociodemographic
variables studied such as age (p = 0.009), marital status (p = 0.011), number of children
(p = 0.002), family situation (p = 0.001), employment status (p = 0.001) and years of study
(p = 0.026). The mean age of the total sample of patients was 37.72 yrs. old (SD = 7.68),
observing a higher mean age in SZ+ with respect to MDD+ (p = 0.005). The comparison
among the three groups and HC subjects did not show differences for age (F(3 153, = 3.176;
p = 0.167) while they did for marital status (x2(3) =39.771; p < 0.001), economic situation
(x2(3) =125.086; p < 0.001) and years of schooling (F(3 153, = 8.903; p < 0.001).

Table 1. Sociodemographic data for the three groups of patients. Means, standard deviation, percentages and statistical
contrasts (ANOVA and Chi Square test).

Sociodemographic Data SZ+ (n =38) BD+ (1 =37) MDD+ (n = 39) Contrasts
Age (years) 35.13 + 8.20 37.58 £8.19 40.41 £5.67 Foai1y =4.87*
Marital status X @) =16.55*%
Single 86.8% 55.6% 47.5%
Married/stable partner 2.6% 8.3% 10.0%
Separated /divorced 10.5% 33.3% 42.5%
Widower 0% 2.8% 0%
Family situation Xy =1178*
Without children 86.8% 61.1% 50.5%
With children 13.2% 38.9% 50.0%
Living arrangements )(2(3) =21.88 ***
Alone 7.9% 16.7% 5.0%
Sharing 65.8% 61.1% 45.0%
Therapeutic community 15.8% 22.2% 50.0%
Supported accommodation 10.5% 0% 0%
Economic situation X (3) = 26.64 %
Working 13.2% 11.1% 12.5%
Unemployed 21.1% 22.52% 55.0%
Under sick leave 7.9% 5.6% 20.0%
Disability pension 57.9% 61.1% 12.5%
Years of schooling 10.00 + 2.36 11.54 + 3.07 10.64 & 2.57 Foaiy =377 *

SZ+: Substance use disorder with comorbid schizophrenia; BD+: Substance use disorder with comorbid bipolar disorder; MDD+: Substance
use disorder with comorbid major depressive disorder; * p < 0.05; ** p < 0.01; *** p < 0.001.
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The analysis of the clinical variables (see Table 2) confirmed that a high percentage
of patients with MDD+ were under a residential treatment in therapeutic community, in
contrast with the SZ+ (xz(l) =19.90; p = 0.001) and BD+ groups (xz(l) = 8.85; p = 0.003)
who were receiving an outpatient follow-up. The SMI age of onset was later in the MDD+
group compared with SZ+ (p = 0.001) and to BD+ (p = 0.019). In contrast, no differences
were found among the groups for medical disease comorbidities, family history and
years of duration of the SMI, and global functioning (not showed in table). Regarding
pharmacological treatment, the SZ+ group took a greater amount of psychotropic daily
drugs than the MDD+ group (p = 0.026), while the BD+ group was in an intermediate
position. In all groups the percentage of smoking patients was >80%, with no differences
in the active smoking years (>17 years; not showed in table). The mean score of the
Fagerstrom questionnaire for nicotine dependence was higher in the SZ+ group compared
to MDD+ (p = 0.008). Instead, the caffeine daily intake did not exhibit differences among
the groups (not showed in table). Scores on the PANSS, Hamilton and YMRS clinical scales
indicated that all groups were clinically stable, although the MDD+ group (11.23 4 5.14)
had a higher HDRS score than the BD+ group (6.86 4= 5.17) (F(1 74y = 5.44; p = 0.024).

Table 2. Clinical data for the three groups of patients regarding psychiatric diagnosis and substance use disorders. Means,

standard deviation, percent

ages and statistical contrasts (ANOVA and Chi Square test).

Clinical Data SZ+ (n =38) BD+ (n=37) MDD+ (n = 39) Contrasts
Treament modality A2y =20.93 *
Outpatient 78.9% 62.2% 28.2%
Residential 21.1% 37.8% 71.8%
SMI age of onset (years) 23.53 + 7.50 26.26 +9.75 31.74 £ 8.14 F(o,1009) = 9.37 ***
Suicide attempts 1.08 +1.86 1.38 +3.14 0.77 £0.98 Fp11y=0.74
Pharmacological treatment (N/day) 3.35+1.54 3.14+1.82 232 +1.64 ngng) =3.98*
Typical antipsychotic 26.3% 8.1% 2.6% Xy =1117*
Atypical antipsychotic 94.7% 64.9% 12.8% X (1) = 55.55 ***
Mood stabilizers 36.8% 70.3% 15.4% Xz(lg =23.22 %
Anxiolytics 42.1% 35.1% 43.6% X =082
Antidepressants 34.2% 43.2% 71.8% X ) =12.44*
Anticholinergic 26.3% 2.7% 0% 7(2(12 =18.36 ***
Alcohol-aversive-agent 26.3% 21.6% 28.2% X~ =0.56
Other psychotropics 13.2% 13.5% 17.9% xay =047
Chlorpromazine 406.08 + 34.73 14595 + 35.71 32.44 + 3427 Flo108) = 30.65 *
equivalent dose (mg) ’
Daily cigarettes per day 21.95 + 11.54 18.84 £+ 8.76 13.23 £ 6.87 Fo,111) = 8.80 ***
Fagerstrom total score 6.11 & 2.60 503 +£275 4.28 +2.40 Foa1ry =4.82*
SUD age of onset (years) 17.24+5.16 20.81 +10.10 18.59 £ 7.01 F,110) = 2.04
Duration of the SUD (years) 17.63 + 1.42 17.02 4+ 1.45 21.82 +£1.10 Fo,110)=3.39 %
Quantity substances used 374+ 144 254 +1.19 295+ 141 F,111) = 7.55 ***
Type of substance @
Cocaine 94.7% 64.9% 87.2% Ky = 1247
Alcohol 76.3% 89.2% 89.7% xXPay =346
Cannabis 78.9% 48.6% 53.8% ;(251) =831*
Ectasis 18.4% 10.8% 5.1% X =325
Hallucinogens 39.5% 16.2% 20.5% )(2(1) =6.10*
Opioids 28.9% 13.5% 25.6% Xy =287
Anxiolytics/hypnotics 28.9% 10.8% 12.8% xz(l) =517
DAST-20 total score 12.68 + 3.18 12.74 +9.47 13.74 £ 3.94 F,111) =0.30
Severity of addiction )(2(3) =17.58*
Low 2.6% 10.8% 2.6%
Mild 13.2% 16.2% 12.8%
High 42.1% 13.5% 35.9%
Severe 7.9% 10.8% 28.2%
Months of abstinence 10.88 + 1.15 8.44 +1.18 733 +1.14 Fo11) =248
Quantity of relapses 1.05 £ 1.57 0.75 + 1.30 0.87 +£1.23 F11) =044

SZ+: Substance use disorder with comorbid schizophrenia; BD+: Substance use disorder with comorbid bipolar disorder; MDD+: Sub-
stance use disorder with comorbid major depressive disorder; SMI: Severe mental illness; N: Number; SUD: Substance use disorder;
DAST-20: Drug abuse screening test. * Percentages will not equal 100 as each patient may have taken more than one substance. * p < 0.05;

* 1 <0.01; ** p < 0.001.
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The results in the clinical variables related to SUD did not indicate any differences
among groups for the SUD age of onset, but they did in its duration, being higher in
MDD+ patients compared to SZ+ (p = 0.05). The SZ+ group consumed more amounts of
substances compared to BD+ (p = 0.001) and MDD+ (p = 0.037), although we obtained a
majority pattern of polydrug use in the entire sample (>80% in each group; not showed in
table), regardless of the SMI diagnosis. The most commonly used substances in all groups
were cocaine, alcohol and cannabis. The DAST-20 revealed a higher proportion of MDD+
patients with high and severe dependence compared to BD+ (X2(3) =7.83; p = 0.035). The
groups did not contribute differences in the abstinence period, or in the number of relapses
prior to the start of treatment. The presence of family, work and legal related problems did
not exhibit differences either (not showed in table).

3.2. Circadian Typology and Sleep-Wake Data

The ANCOVA analysis (see Table 3) showed a mean score for the CSM questionnaire
in the morningness range for the MDD+ group (p = 0.026; np2 =0.064), in contrast with for
patients with SZ+ (p = 0.008) and BD+ (p = 0.002), who were placed in the intermediate
range. The percentage of patients in the morning typology was also higher in the MDD+
group compared to the SZ+ (xz(z) =9.60; p =0.008) and BD+ (xz(z) =7.81; p=0.02) groups. In
both SZ+ and BD+ the predominating typology was the intermediate one. Regarding sleep-
wake schedules, a greater total sleep duration was observed for SZ+ patients compared to
MDD+ (p = 0.001); without differences from the BD+ group, which showed an intermediate
position. Furthermore, the MDD+ group got up earlier than SZ+ (p = 0.009) and BD+
(p =0.015).

Table 3. Circadian typology and sleep-wake data for the three groups of patients. Means, percentages and differences
according to the type of treatment.

SZ+

BP+ MDD+ Outpatient Residential

(n=39) (n=37) (n=39) Contrasts (n= 63) (n=51) Contrasts
CSM total 3404+111 3356+110 3755+ 110  Fuuy=377% 34144086 3629 +0.97 Fo1) =270
Circadian typology )(2(2) =12.66* X @) =10.96 **
Morning-type 28.9% 32.4% 64.1% 29.7% 58%
I“fert‘;‘;fg‘a‘e' 57.9% 18.6% 28.02% 57.8% 28%
Evening-type 13.12% 18.9% 7.7% 12.5% 14%
Total sleeping (h) 944 +025  875+024 8034024  Fpp =7.84 % 9.03 +0.18 7094020  Fpp = 24.89 %%
Bedtime 2307 £020  23:26 4020  23:05+0.20 Fon =093 2329 +0.15  22:51 +0.17 Foip =7.72%
Gettingup time ~ 08:01 £ 0.22  07.93+0.22  07:02+022  Fi1p =578 % 0836+ 0.5 06734017  Fpq1p = 50.97 ***
Nap (yes) 34.2% 24.3% 20.5% X’y =197 39.1% 10.0% X’y =1222%
Nap (t;’il)“me 2493 +£555 13774503  10.03 + 541 Foa12) = 1.90 2521439603 0422 +448  Fpyyp = 1299

SZ+: Substance use disorder with comorbid schizophrenia; BD+: Substance use disorder with comorbid bipolar disorder; MDD+: Substance
use disorder with comorbid major depressive disorder; * p < 0.05; ** p < 0.01; *** p < 0.001.

On the other hand, the mean score on the CSM scale according to the type of treatment
(outpatient vs. residential) provided a similar score for both modalities. However, the
percentage of morning typology patients was higher in the residential treatment modality
than in the outpatient one (p = 0.004). Being under an outpatient treatment program was
associated to the intermediate circadian typology. The proportion of people with evening
chronotype was also the minority for both treatment modalities. The influence of the
type of treatment on sleep-wake schedules showed that outpatients slept for more hours
(p =0.001), went to bed and got up later (p = 0.006 and p = 0.001, respectively). Furthermore,
the percentage of patients who took naps and its duration was also higher in the outpatient
treatment group (p = 0.001).
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3.3. Distal Skin Temperature

Table 4 shows the results of the DST analyses for the three groups of patients and
the data for the HC group. The MANCOVA carried out, both for the parametric and
non-parametric indexes, showed significant differences depending on the comorbid SMI
diagnoses (see Figure 1). The SZ+ group presented the highest minimum and mesor
compared to the MDD+ group (p = 0.021), without differences from the BD+ group, which
was in an intermediate position. We also found a higher M5 value for BD+ patients
compared with MDD+ (p = 0.025).

Table 4. Distal skin temperature for the three groups of patients and the healthy controls group. Means, standard error and

MANCOVA analyses.
MANCOVA MANCOVA

SZ+ (n = 38) BP+ (n =37) MDD+ (n = 39) Fpa1n) yp?>  HC Group (n = 40) F3,150 np?
Maximum 36.08 + 0.09 36.12 + 0.90 35.98 + 0.09 0.64 0.01 36.17 £ 0.09 0.98 0.02
Minimum 31.65 +£0.28 31.16 +0.28 30.58 + 0.28 3.78*  0.07 30.40 +0.21 5.15** 0.10
Mesor 34.01 £0.15 33.83 £0.15 33.45+0.15 3.23*  0.06 33.60 + 0.09 3.23* 0.06
Amplitude 0.82 £0.13 1.00 +£0.13 1.10 £0.13 1.11 0.02 0.88 £ 0.06 1.08 0.02
Acrophase®  01:30 £ 0.74 00:36 + 0.74 23:59 £ 0.74 0.97 0.02 02:19 +0.43 0.42 0.01
Rayleigh 0.88 £ 0.03 0.88 £0.03 0.94 £ 0.03 0.88 0.02 0.80 £ 0.02 2.71% 0.05
P1 0.56 £0.19 0.95£0.19 0.65 £0.19 1.15 0.02 0.48 £0.07 1.53 0.03
P12 1.01 £0.31 1.59 +£0.32 1.88 £0.31 1.83 0.03 0.81 £0.11 3.18* 0.06
CI 0.39 £0.03 0.43 £0.03 0.34 £0.03 1.50 0.03 0.55 £ 0.02 747 % 0.14
Is 0.66 £ 0.02 0.72 £0.02 0.72 £ 0.02 1.14 0.02 0.44 £ 0.02 26.45 0.00
v 0.02 £0.00 0.02 £0.00 0.02 £ 0.00 0.83 0.02 0.19 £0.01 107.56 ***  0.70
RA_10 0.25 £ 0.03 0.32 +£0.03 0.30 £ 0.03 1.30 0.02 0.26 £ 0.01 1.35 0.03
M5 35.01 £0.10 35.12 £ 0.10 34.71 £0.10 3.78*  0.07 34.68 + 0.07 5.07 ** 0.10
T™M5 2 01:48 +0.72 01:12 £ 0.72 02:03 +0.72 0.36 0.01 03:20 + 0.44 1.81 0.04
L10 33.30 £0.22 3296 +0.22 32.66 +0.22 1.97 0.04 3293 +0.12 1.80 0.04
TL102 16:50 + 1.03 18:35 4+ 1.04 15:16 4 1.03 2.55 0.05 15:98 + 0.94 2.06 0.04

SZ+: Substance use disorder with comorbid schizophrenia; BD+: Substance use disorder with comorbid bipolar disorder; MDD+: Substance
use disorder with comorbid major depressive disorder; HC: healthy control group; ;7p?: Partial square index of eta (effect size); P1: first
armonic power; P12: Cumulative power of the twelfth harmonic; CI: Circadianity index; IS: Interdaily stability; IV: Intradaily variability;
RA_10: Relative amplitude multiplied by 10; M5: Mean value of the five consecutive hours of maximum temperature values; TM5: M5 time
location; L10: Mean value of the 10 consecutive hours of minimum temperature values; TL10: L10 time location. * Data expressed in hours
and minutes (mean and standard error). * p < 0.05; ** p < 0.01; *** p < 0.001.

The comparison of the DST parameters between the dual groups and the HC group
showed a higher minimum value (p = 0.002) and mesor (p = 0.024) in the SZ+ group, while
the Rayleigh vector (p = 0.036) and the accumulated potency of the first 12 harmonics
(p = 0.039), were higher in the MDD+ group. In addition, the CI was found below the value
of the HC group and the range of normality for SZ+ (p = 0.004) and MDD+ (p = 0.001). In
the case of IV, the degree of fragmentation was practically null in the three dual groups
and significantly different from the HC group (p = 0.001, in all cases). Finally, BD+ patients
showed a higher M5 value than the HC group (p = 0.011), although the value of this
parameter in the three groups indicated an adequate night’s rest (see Figure 1).

In the additional analyses carried out considering treatment modality as a fixed factor
(see Table 5 and Figure 2), the MANCOVA analyses indicated that the dual outpatients
presented the highest minimum, mesor and L10 values, and a later acrophase (p = 0.007)
together with a delay in the central hour of the waking period with respect to those who
received residential treatment. The last MANCOVA adding the diagnostic group factor, to
determine whether the differences between the type of treatment differed according to the
comorbid SMI, did not provide differences in any of the evaluated parameters.
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Figure 1. Distal skin temperature mean waveforms for healthy controls (A) and dual disorders (B).
Waveforms data are expressed as mean + SEM in function of local time (hours:minutes). HC: Healthy
Controls (dashed blue line, n = 40); SZ+: Substance use disorder with comorbid schizophrenia
(dashed red line, n = 38), MDD+: Substance use disorder with comorbid major depressive disorder
(dotted black line, n = 40), BD+: Substance use disorder with comorbid bipolar disorder (continuous
green line, n = 36).

Finally, the results of the correlational analysis (p < 0.01) between the DST and the
clinical variables showed significant relationships with nicotine dependence. In this sense,
the SZ+ group exhibited a negative relationship for the values of mesor and L10, and
the Fagerstrom score (r = —0.469; p = 0.003 and r = —0.438; p = 0.007, respectively), that
is, the higher the nicotine dependence score the lower values of both were observed.
Likewise, in the MDD+ group, a negative correlation was obtained between M5 and the
daily amount of cigarettes consumed (r = —0.475; p = 0.004); thus, in these patients, the
higher the consumption of nicotine, the lower the temperature values in the five hours of
maximum value.
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Table 5. Distal skin temperature for the total sample according to treatment modality. Means,
standard error and MANCOVA analyses.

Treatment Modality MANCOVA
Outpatient (n =63)  Residential (1 = 51) F,112) n?
Maximum 36.10 £+ 0.06 36.01 £+ 0.07 0.74 0.01
Minimum 31.56 £ 0.21 30.54 £ 0.24 9.63 ** 0.08
Mesor 33.95 £ 0.11 33.52 £0.13 5.64* 0.05
Amplitude 0.88 £0.10 1.08 £ 0.11 1.66 0.02
Acrophase ? 01:44 £+ 0.55 23:18 £ 0.62 7.59 ** 0.07
Rayleigh 0.90 £ 0.02 0.91 £0.03 0.05 0.01
P1 0.62 £0.14 0.84 £0.16 1.03 0.01
P12 1.23 +0.24 1.83 £0.27 2.66 0.02
CI 0.39 4 0.02 0.39 £+ 0.03 0.00 0.01
1S 0.73 4+ 0.02 0.72 4+ 0.02 0.23 0.01
v 0.02 4 0.00 0.02 £ 0.00 0.60 0.01
RA_10 0.26 4 0.02 0.32 +0.02 2.26 0.02
M5 35.04 + 0.08 34.83 £+ 0.09 2.75 0.02
TM5? 01:37 £+ 0.55 01:47 £+ 0.62 0.04 0.01
L10 33.22 £ 0.16 32.65 £ 0.19 4.88* 0.04
TL10? 18:16 £ 0.78 15:07 £ 0.88 7.01** 0.07

P1: first armonic power; P12: Cumulative power of the twelfth harmonic; CI: Circadianity index; IS: Interdaily
stability; IV: Intradaily variability; RA_10: Relative amplitude multiplied by 10; M5: Mean value of the five
consecutive hours of maximum temperature values; TM5: M5 time location; L10: Mean value of the 10 consecutive
hours of minimum temperature values; TL10: L10 time location; yp?: Partial square index of eta (effect size).
@ Data expressed in hours and minutes (mean and standard error). * p < 0.05; ** p < 0.01.
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Figure 2. Distal skin temperature mean waveforms for residential treatment (dashed black line,
n = 50) and ambulatory treatment (continuous blue line, n = 60). Waveforms data are expressed as
mean £+ SEM in function of local time (hours:minutes).

4. Discussion

This study aims to analyze differences in circadian rhythmicity in patients under
treatment with SUD attending to comorbid SMI, as well as its possible relationship with
epidemiological and clinical characteristics.

Regarding sociodemographic and clinical results, the three groups of dual patients
showed characteristics in line with previous studies [5,60-62]. Our results indicated an
important presence of factors related to a worse clinical symptomatology and prognosis,
especially for patients in the SZ+ group, and are consistent with the available litera-
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ture [63-65]. Moreover, for patients with SZ+ and BD+, the outpatient treatment modality
was predominant, while for patients with MDD+ the residential and therapeutic com-
munity treatment was more frequent. On the other hand, the mean age of SMI onset
was earlier for the SZ+ group, this observation has been associated with a worse clinical,
cognitive and functional prognosis [60,66,67]. As in previous studies, our sample presented
similarities in psychiatric family history, medical disease comorbidity and previous suicide
attempts [68-70]. Regarding nicotine consumption, although the three groups showed a
high percentage of smokers and a moderate level of dependence, the SZ+ group exhibited
the highest consumption and the MDD+ the lowest one.

Moreover, the longer duration of the SUD in patients with MDD+ may be related to
the older age of the group, greater latency from the onset of depression until they seek
professional help or may be unsuccessful attempts at previous treatments. According
to available publications, in the three groups the most commonly used substances were
cocaine, alcohol and cannabis [69,71,72], with an important common pattern of polydrug
use in all the groups [4,60,69,72]. While the main substance of abuse may have a specific
role in clinical and circadian rhythmic variables, polydrug use as a common pattern makes
difficult to address such specific analysis. On the other hand, the severity of addiction
was higher in the SZ+ group (followed by MDD+) in association with the consumption
of a greater number of substances [73]. All these indicators would confirm the need for
continuous, comprehensive treatments that affect relapse prevention [70].

Regarding the circadian typology, and in line with a previous study [15], in the MDD+
group the morning typology was the predominant one while in the SZ+ and BD+ groups
the intermediate typology was the most frequent. The highest percentage of people with
morning typology was observed in patients receiving residential treatment vs. outpatient
modality. This observation is consistent with previous studies [14,15,43] and points out
that there could be a possible regulating effect of the circadian rhythm generated by the
habits and routines imposed by a residential treatment. The restoration of an adequate
circadian rhythm is an element that contributes to the clinical improvement of patients
with major depression [44], and according to our results, this also could be extended to
those with MDD+, SZ+ and BD+.

On the other hand, in agreement with previous data in patients with a single SMI
diagnosis, such as schizophrenia and bipolar disorder [74], the total duration of daily
sleep in SZ+ patients were higher than those with MDD+, placing patients with BD+ in
an intermediate position. This could be explained by the delay in getting up observed in
patients with SZ+, which may be related to the sedative effect of most typical/atypical
antipsychotic drugs and anticholinergics they were taking [66]. Likewise, those who
received outpatient treatment slept more hours a day, went to bed and got up later, and
took more and longer naps. This suggests that sleep-wake rhythm time imbalances are not
simply a consequence of clinical symptoms and could be influenced by treatment modality.
The morningness tendency can be considered a marker of adherence to treatment and as a
protective factor for relapses in both SUD and depressed patients [14,15,75]. Treatments
that enhance synchronization with the environmental signals of the light-dark cycle, work
on the regularity of schedules and include practice of physical exercise influence circadian
recovery [19,25]. Our findings emphasize need to incorporate chronobiological adjustment
strategies in dual patients under outpatient treatment modality, especially in the cases of
those with SZ+ or BD+.

Regarding the circadian pattern of DST, it indicates less activation and/or greater
daytime sleepiness in SZ+ patients and, to a lesser extent, also in BD+ patients. Even
though there are no published data on DST in SZ+ patients, our findings are consistent
with studies that have evaluated circadian functioning in patients with a diagnosis of
schizophrenia only, where a lower amplitude and greater fragmentation of the activity-rest
pattern were also observed [26,28,29]. In addition, we found a higher M5 value in BD+
patients compared to MDD+, that, together with a greater stability of the rhythm, points out
a better night’s rest [76] in BD+ patients. However, in the three groups of our sample this

115



J. Clin. Med. 2021, 10, 4388

data was found within normality values according to population norms. The inclusion of
the HC group widened the differences found in the minimum and mesor values, Rayleigh,
P12,1C, IV and M5. The SZ+ group obtained a significantly higher minimum and mesor
value that denotes a lower diurnal activation [76] compared to control subjects and with
the MDD+ group, without differences from BD+.

It is worth mentioning the differential relationship observed between tobacco con-
sumption and circadian rhythmicity [14] regarding the comorbid SMI. For SZ+ patients
nicotine dependence was associated to the quality of wakefulness, while for patients with
MDD+ nicotine dependence was linked to the sleep period (M5). Thus, tobacco consump-
tion and its level of dependence could be considered as a modulating factor of circadian
rhythmicity, which is also related to the type of SMI diagnosis. Even though this should be
deepened in the future, smoking seems to impair the quality of sleep for MDD+ patients.
Furthermore, the poorer quality of wakefulness shown by patients with SZ+ is minimized
in those who smoke, which could be explained by the palliative effect of nicotine over the
side effects of antipsychotic treatment.

On the other hand, we found more stability of the circadian rhythm (Rayleigh vector
and the power of the first 12 upper harmonics) in the MDD+ group than in the HC group.
A previous study [15] observed that superior stability occurred in patients in therapeutic
community (residential treatment) vs. those who were in an outpatient program. Therefore,
if we take into account that the majority of patients in the MDD+ group underwent
treatment in therapeutic community, our results could be congruent due to the probable
influence of the type of treatment on circadian rhythmicity. A result to emphasize is
the lower rhythm stability index (IC) for patients with SZ+ compared to the HC group,
which has been related to a more immature circadian system [58]. Furthermore, the three
groups of patients showed a lower IV compared to the HC group. Furthermore, less
fragmentation was also found for both the SUD and in the MDD+ groups, regardless of
treatment modality [15]. Despite the absence of previous data about rhythm fragmentation
in SZ+ and BD+ patients, the alteration of the IV in both cases suggests that it could be
used as a psychopathological marker associated with SMIs, as it has been observed in
schizophrenia [26,28] and bipolar disorder [23,39] conditions, regardless of the presence of
a comorbid SUD.

Regarding treatment modality, our results suggest a better quality of both sleep and
wakefulness and a more robust circadian pattern of DST in dual patients under residen-
tial treatment. The patients under outpatient treatment, however, showed less daytime
activation (minimum, higher L10 value and mesor) and a more evening pattern (later
acrophase) compared to patients in residential facilities. Overall, these observations reveal
a low contrast in their day-to-day life [77] in consistency with previous observations made
in MDD+ [15] and in depression without SUD [44]. Therefore, it is emphasized that the
treatment of dual patients, regardless of their SMI comorbidity, should promote rhythmic
organization, physical activity in the open air and stable feeding times to maximize a good
circadian expression and a morning pattern [14,55,78].

This work has some limitations, such as the cross-sectional design with a sample
composed only by men, which rules out the establishment of causal relationships and does
not allow the generalization of the results to women. Likewise, the wide age range of the
sample, although partially controlled with age as a covariate, might have contributed to
type Il error. The high pattern of polydrug use in the patients does not allow us to assess
specific associations between the type of substance and circadian rhythmicity. On the other
hand, the higher proportion of patients in residential treatment in the MDD+ group could
have influenced some of the circadian rhythm results attributed to their diagnosis. Future
studies should evaluate circadian rhythmicity at the beginning as well as during treatment
in order to know the differential evolution of patients and to identify possible risk factors
and predictors of therapeutic adherence.
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5. Conclusions

The present work represents a first contribution to the knowledge of the differential
circadian characteristics of dual diagnosis patients taking into account their comorbid
SMI, as well as the relationship with sociodemographic, clinical variables and treatment
modality received for the SUD. The results obtained point out the importance to consider
the circadian rhythmic expression in the clinical management of dual patients, with resi-
dential treatment modality being a possible indicator of a better restoration of circadian
functioning. Our findings may confirm the idea that the DST rhythm could be a biological
marker of treatment adherence and a protective factor of the comorbid SMI disorder; even
though future longitudinal studies are required to contrast such evidence. Progress in
this line can contribute, firstly, to the detection of possible markers of vulnerability and,
secondly, to establishing more appropriate therapeutic goals that incorporate chronothera-
peutic strategies. All of this seems especially of interest for patients with greater circadian
dysfunction such as those with SZ+, BD+ and under outpatient treatments, in whom the
emphasis on maintaining changes in behavior and appropriate time habits may improve
the response to treatment and prevent relapses.
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Abstract: This protocol aims to characterize patients with dual disorders (DD; comorbid major
depression and schizophrenia) compared with patients with only a diagnosis of substance use dis-
order (SUD) and those with only a diagnosis of severe mental illness (SMI; major depression and
schizophrenia), evaluating clinical and personality characteristics, circadian rhythmic functioning,
genetic polymorphism and neuropsychological performance in order to obtain a clinical endophe-
notype of differential vulnerability for these diagnostic entities. Patients will be divided into three
groups: DD (45 men with comorbid schizophrenia, 45 men and 30 women with major depression),
SUD (n = 90, with a minimum of 30 women) and SMI males (45 with schizophrenia, 45 with major
depression). All patients will be under treatment, with at least three months of SUD abstinence
and/or with SMI in remission or with stabilized symptoms. Outpatients of both sexes with insuf-
ficient restoration of circadian rhythmicity with SUD (1 = 30) and dual depression (1 = 30) will be
asked to participate in a second two-month study, being alternately assigned to the condition of the
chronobiological adjuvant approach to the treatment of regular hour habits and exposure to light or to
the usual treatment (control). The effect of the intervention and patient compliance will be monitored
with a Kronowise KW6® ambulatory device during the first two weeks of treatment and again at
weeks 4 and 8 weeks. After completing the evaluation, follow-up of the clinical evolution will be
carried out at 3, 6 and 12 months. This project will allow us to analyze the functional impact of DD
comorbidity and to develop the first study of chronobiological therapy in the treatment of SUD and
dual depression, with results transferable to the clinical setting with cost-effective recommendations
for a personalized approach.

Keywords: substance use disorder; dual disorders; major depressive disorder; schizophrenia; circa-
dian rhythm; genetic polymorphisms; neurocognition; chronobiological therapy; exposure to natural
light; clinical course

1. Introduction

Substance use disorder (SUD) affects millions of people worldwide with possible dev-
astating personal consequences, which require a specific, intense and long-term therapeutic
approach to recovery. This disorder generates a high economic cost and very significant
drop-out and relapse rates. Dual disorders (DD), defined as the coexistence of an SUD and
a severe mental illness (SMI) not secondary to the first, have become increasingly prevalent
in recent years [1]. Among the comorbidities of SUD, diagnoses of major depression and
schizophrenia are the most frequent. In addition, about 50% of schizophrenic patients
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and 32% of patients with affective disorders also have an SUD, excluding nicotine and
caffeine [2,3].

In both SUD and DD, the male sex is most prevalent in the clinical setting (around 80%),
with cocaine or alcohol being the substances that produce the most frequent dependence in
Spain and other European countries, followed by cannabis [4,5], although most patients
develop a pattern of polyconsumption. Currently, DD has an enormous clinical impact due
to the difficulty in diagnosis and therapeutic management, as well as its high healthcare
cost. Thus, it has been demonstrated that DD patients are more likely to exhibit an increase
in symptoms, more relapses, hospitalizations, medical illnesses and suicidal risk, as well
as greater victimization, social isolation and premature death [6,7]. Patients with DD also
tend to show poor adherence, worse treatment response and lower quality of life [8,9] as
compared to those with a single pathological condition.

1.1. Circadian Rhythmicity

The alteration of the circadian rhythmic system (amplitude reduction, phase delay,
lower interdaily stability, worse sleep quality and wakefulness) has been considered a
possible marker for SUDs [10], major depression [11,12] and schizophrenia [13,14]. In
young people with affective disorders in early stages, alterations are related to social and
occupational functioning [15], whereas in adolescents at risk of developing psychosis, they
are related to the severity of psychotic symptoms and the deterioration of social functioning
at one year of follow-up [14]. In the middle and advanced phases, circadian involvement
may meet chronodisruption criteria and is correlated with symptomatic severity, more
remission difficulty, worse prognosis and worse quality of life in patients [16]. However,
research has focused on the presence of sleep disorders in SUD (with 70% of patients who
come to treatment), major depression and schizophrenia [17] and, to a lesser extent, in the
rhythms of circadian markers, such as body temperature.

Numerous review studies have proposed, from the observations of circadian dysregu-
lation in SUD patients prior to treatment and during detoxification, that it would be useful
to incorporate chronobiological strategies both in the therapeutic approach [17,18] and in
prevention [19], similar to how these strategies have been applied in patients with seasonal
or non-seasonal depression. A lower contrast between day and night (reduced amplitude)
and a greater fragmentation of the rhythm and fragility of the sleep—wake cycle have been
considered poor indicators of circadian rhythmicity, which may reflect an immaturity of
the circadian system [20]. Our group has demonstrated that patients in treatment with only
SUD [21] and, to a greater extent, with dual depression [22] exhibit a lower percentage of
rhythm, interdaily stability and amplitude due to less adequate diurnal values related to
onset age of consumption, severity of addiction, withdrawal time and type of treatment
(residential /outpatient). These observations suggest a slower restoration of the homeostatic
process (S), and the need for sleep during wakefulness compared to the circadian process
(C) of the revised Borbély model [23].

Despite the increasing interest and the possible clinical utility attributed to chrono-
biology for the understanding and management of SUD and DD, studies with humans,
although offering very promising data, are very limited. The development of ambulatory
devices for the evaluation of a set of objective parameters of the functioning of the circadian
system, such as the Kronowise KW6® (Kronohealth, Murcia, Spain) (distal body tempera-
ture, activity, intensity and type of environmental light), offers enormous possibilities to
advance knowledge of variables key to clinical practice. Body temperature is considered a
good estimator of circadian endogenous rhythmic expression, whereas exposure to light is
valued as an indicator of synchronization with the solar cycle and of activity expressing
the circadian behavioral habits of individuals. Its use in this investigation may result in
obtaining a clinical marker of response to treatment and risk of relapse, with very affordable
technology and costs and with good acceptance by patients.
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1.2. Genetic Polymorphisms and Clock Genes

Molecular genetics plays an important role in the identification of new risk factors and
pathophysiological mechanisms for the vast majority of neuropsychiatric disorders, which
are useful for the development of new approaches for both diagnosis and treatment. Single
nucleotide polymorphisms (SNPs) represent the most frequently studied type of genetic
variation in human molecular genomics. Currently, the human SNP database includes
more than 30 million of SNPs (http:/ /www.ncbi.nlm.nih.gov/SNP; accessed on 21 March
2022). A fraction of SNPs has direct functional effects and is the basis for a large number of
interindividual differences, as well as being involved in the predisposition to diseases and
endophenotypes related to the individual response to drugs, among many others [24].

Among the circadian or clock genes, the Period genes (PER2 and PER3) stand out
for their implications, encoding proteins that are increased during the night hours and
decreased during daytime. These inform the NSQ cells and peripheral organs as to what
time it is approximately. There is a complex interaction between the clock genes and the
functioning of the organism, with a bidirectional relationship between circadian rhythmic
expression and various mental disorders. Thus, certain characteristics of circadian rhyth-
micity (phase delay and reduced amplitude, among others) influence the risk of developing
an SUD, and this, in turn, is a factor that impairs proper circadian rhythmicity by modifying
the gene expression of clock genes [17]. Genetic studies support the thesis that circadian
genes are directly involved in the regulation of the dopaminergic reward circuit and that in
vulnerable individuals, alterations of the circadian system could contribute to modifying
the value of the reward and the motivation for substance use. In this sense, neuroimaging
studies show altered neuronal responses towards the reward in evening subjects [19].

In humans, the PER2 gene has the greatest influence on NSQ and is only expressed
in the CNS. Polymorphisms in this gene have been associated with compulsive stress-
mediated alcohol consumption, in addition to being involved in the expression of period
and phase. Research with animal models of addiction has shown that a reduced expression
of Per2 is related to a decreased production of the MAOA enzyme, as well as to increases in
dopamine and improvements in depressive symptomatology [12,25], whereas D2R activity
contributes to reducing the expression and rhythm of Per2 in the reinforcement system
(striatum) [18]. Thus, serotonin at adequate levels regulates the circadian expression of
Per2 (low during the day and elevated at night) [25]. The PER3 gene, the most robust
of the rhythmic genes, has been related to the circadian typology phase in response to
morning light exposure and to differences in cognitive impact (executive functions and
memory) [26]. PER3 polymorphisms and levels of their gene expression have also been
associated with addiction, schizophrenia and major depression, as well as response to
SSRI-type antidepressants [12,26].

PER2 (rs934945) has been found, in Latin American participants, to be associated
with morning alertness and activity planning, whereas PER3 (rs2640909) is associated with
morningness—eveningness (phase) [27]. Therefore, we intend to further analyze this aspect
in the present investigation. We are not aware of any study exploring the presence of these
polymorphisms in patients with SUD or DD. Our interest in this work, being aware of the
small number of participants regarding the current genetic research in consortium and with
global databases, is to try to establish their possible relationships with the other variables
under study.

In relation to other genetic polymorphisms, there are numerous studies in patients
diagnosed with SUD, major depression or schizophrenia, whereas in DD, knowledge is
very limited, with heterogeneous data. Based on the diagnoses and variables considered
in the present study, we focused our interest on the exploration of the BDNF (brain-
derived neurotrophic factor; rs6265), APOE rs429358, rs7412 (E2, E3 and E4) and MAOA
(uVNTR) genes, considering their implications for cognitive performance and circadian
rhythmic expression, as well as the possible relationship with the response to the proposed
chronobiological intervention.
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BDNF rs6265 (Val66Met) is one of the main candidate genes in major depression [28]
and in schizophrenia [29], and it has been implicated in cognitive deficits exhibited by
the patients. Likewise, the existence of BDNF polymorphisms has been confirmed in DD
patients with schizophrenia [30] and with altered cognitive performance. The data on APOE,
which acts as a regulator of several mechanisms of cerebral plasticity, are controversial in
schizophrenia, with both positive and negative conclusions but with some involvement as
a protective factor in Asian populations [31]. In healthy individuals, a polymorphism in
the promoter region of the MAOA gene has been related to the quality of wakefulness [32],
whereas polymorphisms in MAOA have been associated with major depression and with
suicidal behavior in men [33].

1.3. Cognitive Performance

Neuropsychological impairment associated with SUD, both psychotic and depressive,
is a field of study with numerous published papers [34] (for review). Different cognitive
deficits have also been identified in SUD, associated with problems of behavioral inhibition,
decision making, sustained attention and strategy planning [35,36]. In all cases, there is
evidence that deficits do not always recover after the remission of the disorder and that
cognitive rehabilitation and psychosocial interventions in the therapeutic approach are key
factors for recovery.

The data collected in patients with DD are scarce and heterogeneous, although—to a
greater or lesser extent—deficits in attention, memory and executive functions are consis-
tently observed, in agreement with neurochemical and neurofunctional affectations. These
deficits have been described both in relation to schizophrenia [37,38], with deficits in flexibil-
ity and inhibition in executive functions, and affective disorders/major depression, in which
the magnitude of the deficits is comparable to that observed in SUD [39]. Various studies car-
ried out by our group suggest that a complete neuropsychological evaluation is necessary,
although compatible with the pressure of clinical practice, and that the affectation is modu-
lated by factors such as age, the age at onset of SUD, the main type of dependence drug
and premorbid Intellectual Quotient (IQ) in both SUD [40] and dual schizophrenia [41-43].
That is, in dual schizophrenia, there is a complex model in which young patients have less
vulnerability than those with only schizophrenia due to the presence of neurocognitive
deficits, regardless of the domain studied, although these deficits become evident around
age 50, associated with the risk of neurodegeneration and the main type of drug consumed.
In relation to decision making, this is less appropriate in patients with dual schizophrenia
regarding SUD, and the existence of suicide attempts seems to be a determining factor [44].

Until now, the combined measurement of neurocognition, circadian rhythmicity and
molecular genetics in the diagnostic entities that we propose to study has never been
addressed. This research could allow us to elucidate the presence of endogenous and
exogenous explanatory factors and, if possible, with a predictive capacity of clinical interest.

1.4. Personality Characteristics

There is a large amount of evidence that indicates that certain personality character-
istics, evaluated with multiple questionnaires that underlie different theoretical models,
would be risk factors for the development of addictive behaviors and psychopathological
disorders, also related to cognitive performance, clinical course and adherence to treatment.
The existence of a vulnerability endophenotype is currently pointed out to develop an asso-
ciation between SUD and high Neuroticism-Anxiety and Impulsivity-Sensation-Seeking. If
the disorder is developed, greater severity of addiction, craving and relapse are related to
high scores of both personality traits [7]. In addition, treatment dropout occurs to a greater
extent in patients with low scores in the Reward Dependency and Persistence traits [45].

Despite the heterogeneity of designs of previous studies with DD, we can point out
that in male patients, there is a specific personality pattern, where SUD men tend to present
with high Neuroticism-Anxiety and Impulsivity-Sensation-Seeking characteristics, and
SMI men tend to show high Avoidance and low Persistence, regardless of whether SMI
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involves schizophrenia or major depression [46]. In dual depression, low Activity scores
(ZKPQ) are specifically observed, being more evident with an early age at onset of SUD [7].
Low Activity is a feature present in the evening typology [47], and although it must be
further analyzed, it could configure the personality endophenotype of dual depression and
be related to polymorphisms of the PER2 clock genes and PER3. On the other hand, in
dual schizophrenia, low scores in Sociability are specifically observed [48], although this
finding should be replicated in future studies with a greater number of patients and control
of variables.

The implementation of therapeutic interventions aimed at the management of extreme
personality traits has been more effective in individuals at high-risk of developing SUD than
in classical cognitive or motivational therapies [49]. Similarly, in SUD patients, personality
traits are beginning to be considered as a clinical marker, suggesting their usefulness
in personalized treatments [50]. Our research aims to expand existing knowledge to
DD, also linking it with clinical aspects of circadian rhythmicity and neurocognition to
configure relevant and useful information in the therapeutic approach during the early
remission phase. We consider the psychobiological-based personality questionnaires the
most sensitive for this purpose, so we have been using the revised Cloninger Temperament
and Character Inventory (TCI-R) and the Zuckerman-Kuhlman Personality Questionnaire
(ZKPQ) based on the model of personality of the five alternative factors.

1.5. Chronobiological Therapeutic Approach to SUD and DD

The establishment of habits with regular sleep—wake schedules, meals and daily
activities is very beneficial to maintain health and essential to recover it. In addition,
these should be synchronized to the light-dark cycle with a morning pattern phase in
which the contrast between light of day and night darkness is enhanced. It has been
observed that the stability of habits is a protective factor for the development of mood
disorders and to prevent relapses if they occur [12,51]. This therapeutic approach is based
on fundamentals of chronobiology, although its implementation has been called “social
rhythm therapy”, and it has been applied with good results in patients with bipolar disorder
(see [51] for a review). The guidelines recommending stable habits and synchronization
to the solar cycle are usually successfully incorporated into the withdrawal treatment of
SUD, especially in the residential regime, regardless of the therapeutic approach [19,22].
However, investigation of the therapeutic effects of the establishment of habits in humans
is scarce; information on compliance by outpatients and longitudinal efficacy data have not
been collected in any case.

Because light is the main synchronizer of the human circadian clock, exposure to
light has been proposed as a significant element to be incorporated into “social rhythm
therapy” [51], whether natural or artificial light and preferably in the early hours of the
morning [52]. Light has serotoninergic and melatoninergic agonist effects, which underlie
the therapeutic actions explored so far.

Exposure to bright artificial light, ideally white full-spectrum light, is necessary when
exposure to natural (solar) light is insufficient or not available, and it is the most frequent
option in studies that have addressed the efficacy of light therapy. This has shown efficacy in
reducing depressive symptoms in both seasonal and non-seasonal depression [53], as well
as in insomnia and circadian sleep disorders (see [54] for a meta-analysis) at an intensity
of between 2500 and 10,000 lux without differing greatly in the results for depression
treatment [55]. Although exposure to light in the treatment of non-seasonal depression
is effective in monotherapy regardless of sex, showing a faster response than that of
antidepressants, some studies indicate greater symptomatic improvement in combination
with antidepressant drugs (i.e., fluoxetine) [56,57]. The most common exposure periods
are between 7 and 14 days, although it is suggested as ideal to maintain the treatment for
between two and five weeks for non-seasonal depression [55]. A recent meta-analysis [58]
concluded that bright white light, starting at 1000 lux, also improves daytime alertness and
cognitive performance.
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The study of exposure to natural light has provided data of interest, especially in the
field of depression. Wirz-Justice et al. [52] observed that patients with seasonal depression
responded to an hour of walking exposed to the light in winter (Switzerland) after only
one week and also responded better than to exposure to artificial light of 2800 lux. The
hospitalization time in patients with non-seasonal depression decreases if spaces are better
illuminated, which has been observed in Mediterranean latitudes regardless of the season
of the year [59], as well as further north in Holland [60]. In adults of not very advanced age,
it promotes and adjusts the secretion phase of nocturnal melatonin [61], which in turn can
correct abnormal functional patterns in the dopaminergic reinforcement system [62]. The
intensity of natural light reaches therapeutic values without a problem, since it is estimated
to be 3000 lux on a cloudy day, 10,000 lux on a normal day (approximate intensity of 45 min
after sunrise) and 50,000 lux on a sunny day [61] (https://www.scribd.com/document/35
9698224 /LightLevels-outdoor-indoor-es, accessed on 21 March 2022).

The rhythmic restoration difficulties observed in SUD patients [21] and dual depressive
patients [22,63] under treatment, especially due to a worse quality of the daytime period,
can benefit from incorporating adjunctive treatment of hourly habits and light exposure.
This promotes the improvement of daytime activation, with its consequent benefits in the
cognitive and affective state, and can reduce depressive symptomatology and the dysphoria
of the withdrawal process in the case of dual patients. Natural light in our latitude
(Barcelona, 41°38N) is suitable for this intervention, even in the shortest photoperiod
months of the year [64].

Our project aims to obtain a clinical endophenotype of the differential vulnerability
of DD, focusing on the two most common SMIs comorbid to SUD (major depression and
schizophrenia) in clinical practice. For this purpose, a selection of measurements (circadian
rhythm, genetic polymorphisms, neurocognition and personality traits) was included that
may result in adherence and clinical course markers (with an emphasis on relapses) (Study
1). We also evaluated the efficacy of incorporating regular habits and exposure to natural
light as an adjunctive therapy to the clinical management of patients with SUD and dual
depression who show partial response to treatment compared to patients with similar
characteristics who received the usual treatment (Study 2). Both studies represent a novel
approach that may result in a significant advance in this field of knowledge.

2. Hypothesis and Objectives
2.1. Initial Hypothesis

1. Patients with DD will show worse social, clinical and quality of life characteristics,
the SMI group being in an intermediate position and the SUD group showing the best
profile in the majority of variables. Sex will influence this characterization, with worse
clinical profiles in women.

2. Alterations of the circadian rhythmicity of peripheral temperature (lower amplitude
and stability, phase delay, low percentage of rhythm, lower index of circadian func-
tion), with a predominance of endogenous deterioration, will be more present in
patients with DD and SMI than in SUD patients, being related to the severity of the
addiction, concomitant symptomatology, current age of patients and age at onset of
the disorder.

3. Polymorphisms in the proposed candidate genes will contribute to prediction of
clinical (MAOA), circadian (PER2 and PER3) and functioning profiles in neuropsycho-
logical tests (BDNF, MAOA) in patients.

4. Cognitive performance in neuropsychological tasks (attention, short and long-term
verbal memory, working memory, cognitive flexibility and executive functions) will
affect both SUD and DD patients compared to normative data. These will be mod-
ulated by sex and other variables, such as age, age at onset of the disorder, suicide
attempts, tobacco use, main dependence substance, comorbid mental disorder, etc.
The cognitive skills of patients with DD will be better than those of patients who only
suffer from SMI (intradisorder comparisons).
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The personality pattern of the SUD and DD patients will be characterized by the
endophenotype of high Impulsivity-Sensation Seeking and Anxiety-Neuroticism, a
pattern that will be configured with the additional feature of low Activity in dual
depression and low Sociability in dual schizophrenia. This will differ between gen-
ders, with high Impulsivity-Sensation Seeking in men and high Anxiety-Neuroticism
in women.

The deterioration of circadian rhythmic activity and cognitive performance will be
related to a lower adherence to treatment and a higher rate of relapse, evaluated
during a year of follow-up. In both cases, comorbidity will worsen the success of the
treatment, with a greater impact on dual schizophrenia than on dual depression.
Chronobiological intervention in SUD and dual depression will improve rhythmic
expression (increase in amplitude and interdaily stability of peripheral temperature).
Benefits will be obtained in diurnal activation, mood and quality of life related to
health and adherence to treatment in the early remission phase for both sexes. This will
be observed in both diagnostic groups, with greater magnitude in the dual depression
group and with respect to the control groups that follow the usual treatment in spite
of criteria compliance. The positive data of the intervention will indicate the greater
involvement and difficulty of restoring the S process than the C process (Borbély
model) and will be associated with the presence of PER2 polymorphisms (rs934945)
and worse cognitive performance prior to the intervention.

2.2. General Objectives

1

2)

3)

To study in patients with DD (major depression and comorbid schizophrenia) com-
pared to SUD-only patients and SMI-only (major depression and schizophrenia)
patients, as well as their clinical characteristics, circadian rhythmic functioning, pres-
ence of genetic polymorphisms, neuropsychological performance and personality
characteristics in order to obtain a possible clinically cost-effective endophenotype of
differential vulnerability for the diagnostic entities considered.

To establish clinical markers of treatment adherence, prognosis of evolution and risk
of relapse (one year follow-up) that can be considered in the therapeutic approach.
To evaluate the benefit of incorporating regularly scheduled habits and exposure
to natural light in the treatment of SUD and dual patients who exhibit difficulties
regaining circadian rhythmicity after three months of treatment.

2.3. Specific Objectives

For study 1:

To describe the presence of genetic polymorphisms and the characteristics of circadian
rhythmicity, neurocognitive performance and personality traits in patients with DD
(comorbid schizophrenia and major depression) compared to patients diagnosed with
SMI only and with SUD only. The registration of the endogenous and environmental
components underlying circadian rhythmicity, the selection of polymorphisms of circa-
dian genes and related to cognition, as well as the exhaustive consideration of cognitive
performance and personality characteristics facilitates a novel and robust approach.

To describe the differential aspects in circadian rhythmicity, genetic polymorphisms, neu-
rocognitive performance, personality traits and health-related quality of life in patients
with DD according to comorbid SMI (major depressive disorder and schizophrenia).
To determine the presence of the variables most affected or with greater specific weight
among those evaluated according to the characteristics of the SUD (age at onset, sever-
ity, etc.) and the comorbid diagnosis (major depressive disorder and schizophrenia).
The influence of sex will be explored in the case of SUD and dual depression.

To explore relationships between clinical variables and the presence of rhythmic
and/or cognitive deterioration, as well as genetic polymorphisms and extreme per-
sonality traits in the DD, SUD and SMI groups. These will be studied in SUD and
dual depression conditions according to sex. This information will lead us to consider
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possible indicators/markers of vulnerability to be considered in clinical evaluation or
treatment for an individualized approach.

5. To elucidate among the set of studied variables possible single or combined indicators
of treatment adherence, as well as prognosis of evolution and relapses in SUD and
DD to be used in future treatment and/or prevention for these patients.

For study 2:

1. To evaluate the benefits of adjuvant chronobiological therapy (regular habits in the
schedule and exposure to natural light) for two months in abstinent patients with
SUD and dual depression who show rhythmic restoration difficulties at three months
of treatment.

2. To explore possible predictive variables of response to the efficacy of chronobiological
therapy (genetic polymorphisms, cognitive performance, personality characteristics)
in SUD and dual depressive patients of both sexes.

3. To compare the differential effects of chronobiological therapy with respect to usual
treatment according to diagnosis (SUD and dual depression) and sex in terms of time
and magnitude of the response in circadian rhythmicity (peripheral temperature and
activity), clinical symptomatology and health-related quality of life.

4. To study the evolution of the chronobiological intervention of the SUD and dual
depressive patients of both sexes with a one-year follow-up, also comparing the
evolution of patients with the same diagnosis and similar clinical characteristics under
usual treatment.

3. Materials and Methods
3.1. Participants

For study 1, patients between aged 20 and 50 who presented only SUD, DD (dual
depression or dual schizophrenia) and only SMI (major depressive disorder and schizophre-
nia) according to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) crite-
ria [65]. A minimum of 90 patients will be included in each group, half of them diagnosed
with major depressive disorder and schizophrenia in the DD and SMI groups. In the SUD
group a minimum of 30 women will be included, whereas in the dual depression group
a minimum of 20 women will be added to the sample of 45 men. Likewise, associated
with the inclusion criteria of the second study, 45 DD patients with dual depression is the
minimum, but we should probably include about 10 to 15 more. In all cases, the inclusion
of nicotine and caffeine consumers will be allowed. Participation in the study will be
voluntary and unpaid, after signing of informed consent by the patient or his legal tutors.
See Figure 1.

For study 2, outpatients with a diagnosis of SUD and dual depression with a partial
restoration of circadian rhythmicity will be selected. At least 30 patients will be included in
each group, and ideally, 50% will be women. This will be determined based on the inclusion
criteria of peripheral temperature values of SUD patients obtained by Capella et al. [21],
which can be considered normative due to the high number of patients studied. Candidates
will be those with an L10 (average 10 h with a minimum value) greater than 33 °C, an
amplitude of less than 0.80 and an interdaily stability of rhythm of less than 0.5 (range 0-1).
In addition, the daily distribution of activity and its exposure to light will be assessed not
due to selection criteria but to individually emphasize the implementation of scheduled
habits. The exclusion criteria will be: (a) presence of ocular pathologies (retinopathies,
cataracts, etc.); (b) skin problems and/or eye sensitivity and photophobia; (c) obesity
and metabolic syndrome; (d) practice of daily or weekly intense physical exercise; and
(e) treatment with drugs known to modify circadian rhythmicity or produce sedative
effects (i.e., agomelatine, antipsychotics, mood stabilizers and hypnotics). Patients will be
alternately assigned to the condition of chronobiological approach adjuvant to the treatment
of regular hour habits and exposure to light or to the usual treatment (control) with only
the evaluations.
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Public and private centers of mental health

and substance use services.

Screening and derivation (to psychiatrist or
psychologist of therapeutic team)

Exclusion criteria:

® Less than 20 vears old and more than 50 years old
® Neurological or cognitive disorders and other mental disorders of those studied

e Treatment resistant patients

|

Substance Use Disorders
(SUD)
» DSM-5 criteria
* At least 3 months of
abstinence (urinoanalysis)

Dual Disorders (DD)
® DSM-5 criteria for SUD
and for major depressive
disorder {remission) and
schizophrenia (stabilized
at least 3 months)
® At least 3 months of

abstinence (urinoanalysis)

Severe Mental Iliness
(sMI)
® DSM-5 criteria for major
depressive disorder
(remission) and
schizophrenia (stabilized
at least 3 months)

+

= 90 patients (a minimum
of 30 women)

¥

¥

= 90 patients:
® Dual depression (=45
men and women)
® Dual schizophrenia ( = 45

= 90 patients:
® Major depressive
disorder { =45 men and
women)
¢ Schizophrenia ( = 45

mern)

men)

= 270 patients, voluntary and unpaved:
® Assessment (clinical and personality characteristics, circadian rhythm functioning,
genetic polymorphisms, neuropsychological performance) at inclusion
¢ Clinical follow-up at 3, 6 and 12 months

Figure 1. Inclusion and exclusion criteria of the groups of patients participating in Study 1.

Sample size. Starting with the population of patients from the referring centers, with
adherence to treatment during the inclusion period, the sample should be 239 patients (with
a 95% confidence level and a 5% margin of error), compared to the 270 proposed in study 1.
This would be an adequate sample size for the subsequent contrasts to be analyzed. For
study 2, there are no data on patients with rhythmic alteration in SUD or dual depression,
but the sample of our study exceeds that of all previous work on treatment with natural
light in other more prevalent pathologies.

3.2. Instruments

Clinical evaluation. Sociodemographic data, family and personal psychiatric history,
presence and characteristics of current diagnoses will be collected, along with age at
onset, pharmacological treatments, tobacco consumption (if so, the Fagerstrom dependence
questionnaire will be applied), caffeine consumption, assistance framework and treatment
program, withdrawal time, relapses and previous suicide attempts, number of hospital
admissions and duration and presence/absence of psychosocial problems. The health-
related quality of life assessment will also be incorporated (SF-36 questionnaire) [66].

To rule out that the comorbid mental disorder in DD is secondary, the Spanish version
of the Psychiatric Research Interview for Substance and Mental Disorders for DSM-5
(PRISM-5) [67] will be used. The severity of the SUD will be assessed using the Drug Abuse
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Screening Test (DAST-20) [68], the intensity of the depressive symptomatology using the
Hamilton depression scale (HDRS) [69], the psychotic symptomatology with the PANSS
scale [70] and suicidal risk using the Plutchik scale [71], all of them the Spanish version.

The evolution will be followed at 3, 6 and 12 months of inclusion in the study (applica-
tion in pdf with closed fields that can be filled in on the computer), preferably through the
contact professional of the center of origin or by the team’s researchers in a hetero-assessed
manner, with the patient and consulting their medical history.

Circadian rhythmicity pattern. A Kronowise KW6® ambulatory device (Kronohealth
SL, University of Murcia, Spain) will be used to objectively record circadian rhythmicity.
This integrates the measurement of peripheral/distal skin temperature, activity level by
means of a 3-axis accelerometer and body position, as well as four light channels (average
and peak of visible light, blue or circadian light that mimics the spectrum of melanopsin of
retinal ganglion cells and infrared radiation). This integrated register allows for collection of
variables that influence circadian rhythmicity (body position, physical activity, exposure to
light, sleep and food schedules, etc.) in an objective and validated way [20,72]. An easy-to-
use programming and reading-analysis software (Circadianware™, Kronohealth, Murcia,
Spain) has been developed and provides a complete circadian report. The device consists
of a clock system placed around the non-dominant wrist, with a micro-USB connection
for programming, data download and battery charging. Patients in study 1 should wear
the device for 2 days, and those in study 2 will be monitored continuously during the first
two weeks and at weeks 4 and 8, except in moments of personal hygiene, during which
they can be removed (indicated in the “event” option of the Kronowise KW6®). In addition
to the usual sleep schedule, on the days of registration, bedtime and waking up times
will be considered by the event marker available in the device. The use of ambulatory
instruments in mental health represents a significant progress both in assessment and, as
recently evidenced, in therapeutic management [73,74].

Self-assessed information on circadian typology will also be collected using the Com-
posite Morningness Scale (CSM) [75], mood rhythmicity pattern (Mrhl) [76] and seasonal
variations (SPAQ) [77], in all cases with validated instruments in the Spanish population.
For study 2, patients will fill in eight unipolar visual analogue scales [78] daily after natural
light exposition and during the two months of the intervention in order to assess subjective
activation and mood status.

Genetic determinations. A 2 mL sample of saliva (Salivette Oragene-DNA (OG-
500)) will be taken after 30 min of not having had any liquid or solid intake, including
chewing gums or smoking. The saliva samples will be stored at room temperature in a
light-preserved place until processed. For the extraction of genomic DNA, an aliquot of
saliva will be used, following the manufacturer’s protocol (Oragene). A Qubit fluorometer
(Invitrogen, Carlsbad, CA) will be used to determine DNA concentrations. The DNA
samples will be adjusted to a final concentration of 10 ng/ul in TE-4 (10 mM Tris-HCl,
0.1 mM EDTA, pH 7.5) and stored at 4 °C until use. Molecular genetics analyses will be
performed using previously validated real-time PCR-based methodologies, using Taqgman
probes for the PER2 polymorphisms (rs934945), PER3 (rs2640909), BDNF rs6265 (Val66Met),
APOE rs429358 and rs7412 (E2, E3 and E4). The VNTR in MAOA will be genotyped by
analyzing the amplified PCR fragments and run on agarose gel electrophoresis.

Neuropsychological evaluation. The battery of standardized neuropsychological tests
is based on the evaluation of functions that may be affected in our sample. A measurement
is avoided based on aspects such as reaction time or fine motor skills, since these may be
influenced by the effects of the various psychopharmacological treatments used by patients,
especially those with DD. The functions assessed and the tests applied are the following;:
(a) Cubes (manipulative IQ) and Vocabulary (verbal IQ) from the WAIS-III [79].

(b) Attention. Block of direct digits from the WAIS-III Digit test [79].
(c) Short and long-term verbal declarative memory will be evaluated by the Rey’s Verbal

Auditory Learning Test (RAVLT).
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(d) Executive functions. Trail Making Test (Part A and B) and block of reverse digits from
the WAIS-III Digits test for working memory; the Tower of Hanoi in its computerized
version of 4 disks for planning and problem resolution; and the Wisconsin Card
Sorting Task (WCST, Computerized Wisconsin Card Sort Task Version 4, 2003, Estevez-
Gonzalez, Barcelona, Spain) for cognitive flexibility, concept creation, problem solving,
inhibition and learning.

Finally, information will be collected with the Prefrontal Symptom Inventory (ISP) [80],
consisting of 46 items that evaluate three factors: executive control problems (motivational,
control and attention problems), social behavior problems and emotional control prob-
lems. This inventory has been validated in an adult clinical population with SUD, and
convergence data with neuropsychological measures are also available [81].

Personality characteristics. Two personality questionnaires will be used that have been
sensitive to numerous psychopathological disorders, including SUDs, and with positive
data also in DD. Both are available in validated Spanish versions with population norms:

(a) Revised Temperament and Character Inventory (TCI-R) [82], based on the 7-factor
personality model, consisting of 240 items with a response format on a 5-point Likert
scale (1: strongly disagree and 5: totally agree). This considers 4 dimensions of
Temperament of greater constitutional weight (Sensation Seeking, Persistence, Reward
Dependency and Avoidance of Danger) and 3 of Character determined by more
acquired personality aspects (Cooperation, Determination and Transcendence).

(b)  Zuckerman-Kuhlman Personality Questionnaire (ZKPQ) [83], based on the Five-Factor
Alternative Model and composed of a total of 99 dichotomous items (true—false). The
Spanish version will be used, for which there are normative data [84]. The ZKPQ
measures the dimensions of Neuroticism-Anxiety (N-Anx), Aggression-Hostility
(Agg-Host), Activity (Act), Sociability (Sy) and Impulsivity-Sensation Seeking (ImSS).

3.3. General Procedure

Study 1. Candidates to participate in the study will be added gradually, as they are
derived by the psychiatrist or psychologist in the therapeutic team from the clinical centers,
who will have briefly explained what the study consists of. The study objective will be
explained to all patients at the first visit (inclusion), along with the measurements to be
carried out and number of sessions involving their participation. Those who accept will
sign an informed consent (tutors in the case of incapacitation) and will be evaluated in the
patient’s usual care center, preferably in morning sessions (9:00 a.m.—2:00 p.m.).

The collection of epidemiological and clinical information, as well as the application of
the instruments, will be carried out by means of an individualized data collection booklet
that will be completed either by the experimenter (hetero-application) or by the patient
(self-application), depending on the case. Those tests that have a computerized version
will be presented and answered on a computer. These are mostly performance tests that
the subjects must answer individually. For the completion of the information, 3 individual
sessions with the patient will be required, with a variable duration depending on the time
it takes to respond but that will not exceed 2.5 h. The breakdown of sessions is presented in
Figure 2.

A report of the results will be prepared for the clinical centers, and the return to the
patient will be carried out by us or by a professional of the therapeutic team, according to
the center’s decision.

Study 2. Outpatients of both sexes with a diagnosis of SUD and dual depression who
have provided a circadian registry of peripheral temperature with a partial restoration of
circadian rhythmicity will be proposed to participate in a chronobiological intervention
complementary to the usual treatment. Those patients of both groups who agree to partic-
ipate (given the link with the centers, a very high affirmative response is expected) will
be assigned alternately to the treatment condition (habits and exposure to light) or to the
control condition, with only routine treatment and ambulatory evaluations of rhythmic and
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subjective measures, as well as scheduled visits. The instructions of habits and exposure to
natural light that will be stipulated for patients are presented in Box 1.

Substance use Dual disorders Severe mental
Disorders (SUD) (DD) illness (SMI)

Explanation of study and collection of informed consent.
Interview to collect sociodemographic and clinical data.
Rhythmic evaluation questionnaires (Composite Scale of
Morningness, Mood Rhythmicity and seasonal pattern).
e Saliva sample collection.

SESSION
1

Placement of the Kronowise KW6® device (for 48 hours).

SESSION Neuropsychological tasks (WAIS-III cubes and vocabulary, Rey’s
2 auditory learning test and Trail Making).

Prefrontal symptoms inventory (ISP) and Zuckerman-Kuhlman

Personality questionnaire (ZKPQ).

e Return of Kronowise KW6® device and check of recorded data.

SESSION Neuropsychological tasks with computerized tests (Tower of
3 Hanoi and Wisconsin Card Sorting Task).

Quality of life and Revised Temperament and Character

Inventoy (TCI-R).

Figure 2. Breakdown of measurements for the sessions in study 1.

Box 1. Instructions of habits and exposure to natural light stipulated for patients assigned to treatment
condition in study 2. The text will be printed on a plasticized card that will be delivered on the day of
inclusion to the patient so that they have it on hand and can check whenever they want.

Hourly habits:

e Get up before 08:00 a.m. and go to bed no later than 11:00 p.m.

e Sleep schedules will be regular, without changes on weekends or holidays.

e Have breakfast after getting up, lunch before 2:00 p.m. and dinner at about 9:00 p.m. After
eating, you can rest, but please avoid falling asleep.

e Avoid bright blue light (electronic devices) one hour before going to sleep.

Daily exposure to natural light:

Go out every day between 9:00 and 11:00 a.m. for a one-hour walk. You can take short rest breaks,
but it is better to keep moving and walking while exposed to daylight. Do not wear sunglasses or
glasses that darken in contact with light. If weather conditions make it impossible to go outside,
place yourself at the time of the walk next to a window with outside light for an hour while doing

some activity (for example reading).

The intervention will last two months with the following visits and planned evaluations:

e  Visit 1 (inclusion). Explanation of the study differentiated according to the assigned

condition and collection of informed consent. Placement of the Kronowise KW6®
device that will be worn continuously until the next visit, emphasizing that the pa-
tient should register daily the time of getting up, having meals and going to bed.
Specification of the rules to be followed in relation to hourly habits and exposure to
natural light and delivery of the reminder card for treatment condition. Delivery and
collection of the subjective assessment in 8 visual analogue scales (4 of activation and
4 of affective state) to be filled out by the patient each day until the next visit.
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e  Visit 2 (at 2 weeks of inclusion). Assessment of compliance with the chronobiological
approach by the patient and possible adverse effects referred to us (open evaluation).
Collection of the Kronowise KW6® device and the visual analogue scales of these first
15 days and delivery of those that will be filled in the next 15 days. Application of the
HAM-17 scale in patients with dual depression.

e  Visit 3 (at 4 weeks of inclusion). Assessment of compliance with the chronobiological
approach by the patient and possible adverse effects referred to us (open evaluation).
Collection of visual analogue scale and delivery of those that must be completed
until the next visit. Placement of the Kronowise KW6® device that will be worn
continuously for a week (it will be delivered on a routine visit to the center after the
registration week). Application of the SF-36 to all patients and the HAM-17 scale in
dual depression patients.

e  Visit 4 (at 8 weeks of inclusion). Assessment of compliance with the chronobiological
approach by the patient and possible adverse effects referred to us (open evaluation).
Collection of the visual analogue scales and placement of the Kronowise KW6® device
that will be worn continuously for a week. Application of the SF-36 to all patients and
the HAM-17 scale in dual depression patients.

e  Visit 5 (at 9 weeks of inclusion). Assessment of compliance with the chronobiological
approach by the patient. Collection of visual analogue scales and Kronowise KW6®
device. Recommendation to continue with the approach if the patient is satisfied and
his sociolaboral activity allows it.

For the follow-ups at 3 (12 weeks), 6 and 12 months of inclusion, the same information
will be collected from the patients in study 1 with a personal visit whenever possible.

Patients who agree to participate will sign a second informed consent that includes,
for the intervention condition, the commitment to adhere to the recommendations of daily
habits and daily exposure to natural light and to wear the Kronowise KW6® device during
the established periods, with specification of the control about their activity both night and
day. Patients assigned to the control group will sign another simplified informed consent.
Thanks to continuous ambulatory registry, adherence to both the schedules and the daily
session of exposure to natural light will be controlled, along with the quantification of the
intensity and type of light exposed and duration/intensity of physical exercise throughout
the record. This prevents us from requiring the patient to register daily, even for shorter
time periods of essential information, such as that collected with sleep diaries.

3.4. Statistical Analysis

The time series obtained from the Kronowise KW6® records, using the Circadianware™
software, will be subjected to a classic thythmometric analysis with the cosinor method
(maximum, minimum, mesor, amplitude, acrophase and % of the rhythm), as well as to an
analysis non-parametric (interdaily stability, intraday variability, relative amplitude, etc.).
The circadian function index (CFI) is calculated with the average of IS, IV and RA, ranging
from 0 (absence of rhythm) to 1 (robust circadian rhythm).

The SNPStats program [85] will be used to calculate allelic and genotypic frequencies,
as well as Hardy-Weinberg equilibrium analysis (with an x? test) to explore the association
of SNP genotypes, with quantitative measures of the evaluated variables. A corrected linear
regression model will be used for age and sex (when applicable). An approach based on the
false discovery rate (FDR, q value) will be applied for the correction of multiple statistical
tests, using the QVALUE program. The exploration of gene-gene and environment-gene
interactions will be carried out with the MDR program and the multilocus genetic profile
(MGP) method.

All independent and dependent variables collected in the study will be incorporated
through a double entry system in a computer file after conversion of the data involving
hours to the centesimal system. In the dependent variables for which population scales
are available (i.e., percentiles), these will be considered or Z or T scores will be calculated
as appropriate. Descriptive statistics and a complete correlational analysis will be calcu-
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lated for the different variables considered. Subsequently, different covariance analyses
(ANCOVA /MANCOVA) will be carried out for the rhythmic pattern, neuropsychological
performance and personality factors, as dependent variables, introducing group (DD, SUD,
SMI) as an independent variable and the age as covariate in all cases. The same analyses
will be carried out for the SUD and dual depressive patients, incorporating sex as a factor.
If the conditions for the analyses are not met, equivalent non-parametric tests will be used.
The need to apply Bonferroni correction for multiple comparisons will also be assessed.
The consideration of other independent variables to be included as covariates will be deter-
mined from the descriptive and correlational analyses (residential /outpatient treatment,
age at onset of the disorder, months of abstinence, etc.). All analyses will also be performed
comparing only the DD and SMI groups according to the type of mental disorder. For study
2, repeated measures analyses will be carried out with the different temporal measurements
and with intervention (treatment and control), diagnosis (SUD and dual depression) and
sex as factors, as well as contrasts between groups at each time considered. In all cases,
the eta squared partial statistic (npz) will be estimated to measure the effect sizes. Linear
or logistic regression models will be carried out, if applicable, that include as predictive
variables those present in the clinical history in relation to the measurements made in both
studies and, of these, in relation to the information of the follow-ups. The analyses will be
carried out with the SPSS/PC+ statistical package (SPSS Inc., Chicago, IL, USA), and the
statistical tests will be considered bilaterally, with a type I error established at 5%.

3.5. Management and Collection of Research Data

The protocols for the two studies are in accordance with Spanish legislation (Biomedi-
cal Research Law, BOE 4 July 2007, Research on data collection in humans). Our research
adheres to the ethical standards of the Declaration of Helsinki [86] and of research in
chronobiology [87]. Furthermore, the procedures will be carried out in accordance with
international recommendations in the field of ethics of human genetic studies [88]. Partici-
pation in the studies does not imply risks for patients, as there are no invasive registries or
interventions with known risky side effects.

Data collected from the research group for the Project will be digitized and stored
on the University’s Microsoft OneDrive for Business. The Microsoft Agreement includes
Terms and Conditions that are compliant with EU Data Protection Law and the National
Bioethics Committee rules and regulations. Only researchers working for the Project will
have access to the data, using their username and passwords to access the files.

4. Discussion

The results of this project can contribute significantly to the knowledge about patients
with SUD and DD both at a basic or theoretical level and for intervention and relapse
prevention. All the results obtained from the two studies, but especially the relationships
between the different variables evaluated (clinical characteristics, genetic polymorphisms,
circadian rhythmicity, neurocognitive functioning and personality traits), will represent,
in most cases, the first data obtained in the field both at national and international level.
The adjuvant chronobiological therapy intervention will be the first study to be carried
out with this type of patients and with an objective outpatient evaluation that provides us
with information on patient compliance and changes in circadian rhythmicity. The consid-
eration of sex in SUD and dual depression is a pending task due to the non-proportional
prevalence of cases in the clinic, which we will carry out in a novel way both at the level of
characterization and intervention.

Currently, both SUD and DD are disorders of high prevalence in drug dependence and
mental health care worldwide, with difficulties in therapeutic management and with high
relapse rates. The search for biomarkers or endophenotypes likely to improve adherence
and response to treatment is a relevant pending issue. Furthermore, exploring the option
of improving the approach by means of chronobiological strategies will be a pioneering
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contribution that can be transferred to the clinical setting, as well as being disseminated at
a social and media level.

Likewise, our research can provide recommendations in relation to considering aspects
that benefit the evaluation and diagnosis protocols and/or the convenience of incorporating
some strategies in the therapeutic management of patients (i.e., cognitive rehabilitation),
including the sex dimension. We also hope to delimit some cost-effective markers of
adherence, prognosis and risk of relapse, as well as the existence of rhythmic characteristics
in combination with modifiable genetic polymorphisms in case they are found to be altered.
With all this, the present research will result in a contribution in line with the general
objectives proposed by the WHO for mental illnesses [89] and specifically in the clinical
management of patients with addiction and DD [90]. Finally, the proposed intervention, if
it proves to be useful, will be the first work carried out worldwide with a potential clinical
sample (SUD and dual depression) that could unquestionably benefit from it.

From a social-impact point of view, since the Nobel medicine/physiology award
of 2017 (Jeffrey C. Hall, Michael Rosbash and Michael W. Young) for research on the
molecular mechanisms that control circadian rhythms, media interest in chronobiology has
notably increased. DD is a health issue to which the media are beginning to be sensitive,
especially promoted by the debate on the legal situation of cannabis and the coexistence of
psychotic disorders among its consumers. The media have also recently echoed the impact
that the coronavirus pandemic has generated on consumption patterns and increases in
SUD. The dissemination of the results of study 1 will make visible the high presence of
psychiatric comorbidity in SUD, as well as its personal and social impact, together with
recommendations based on useful markers in clinical management. The data from the
chronobiological intervention, if positive results are obtained, will undoubtedly be likely to
be disseminated not only in our country but internationally.

Author Contributions: Conceptualization, A.A.; methodology, A.A. and ].EN.; funding acquisition,
A.A.; writing—review and editing, all authors. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the grant PID2020-117767GB-I00 of the Spanish Ministry of
Science and Innovation (MCIN/AEI/10.13039/501100011033), the Generalitat of Catalunya (2017SGR-
748) and by Consejeria de Economia, Innovacion, Ciencia y Empleo, Junta de Andalucia, Spain (Group
CTS-195).

Institutional Review Board Statement: The study will be conducted according to the guidelines of
the Declaration of Helsinki and was approved by Ethics Committee of the University of Barcelona
(IRB00003099).

Informed Consent Statement: Informed consent will be obtained from all subjects involved in the
two studies.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Adan, A; Torrens, M. Special Issue: Diagnosis and management of addiction and other mental disorders (dual disorders). J. Clin.
Med. 2021, 10, 1307. [CrossRef] [PubMed]

2. Hunt, S.E; Large, M.M.; Cleary, M.; Lai, HM.X_; Saunders, ].B. Prevalence of comorbid substance use in schizophrenia spectrum
disorders in community and clinical settings, 1990-2017: Systematic review and meta-analysis. Drug Alcohol Depend. 2018, 191,
234-258. [CrossRef] [PubMed]

3. Xiong Lai, HM.; Cleary, M.; Sitharhan, T.; Hunt, S.E. Prevalence of comorbid substance use, anxiety and mood disorders in
epidemiological surveys, 1990-2014: Systematic review and meta-analysis. Drug Alcohol Dep. 2015, 154, 1-13.

4. Arias, F; Szerman, N.; Vega, P.; Meias, B.; Basurte, I.; Morant, C.; Ochoa, E.; Poyo, E; Babin, F. Madrid study on the prevalence
and characteristics of outpatients with dual pathology in community mental health and substance misuse services. Adicciones
2013, 25, 118-127. [CrossRef] [PubMed]

5. European Monitoring Centre for Drug and Drug Addiction. Comorbidity of Substance Use and Mental Disorders in Europe, EMCDDA
Insights; Publications Office of the European Union: Luxemburg, 2019.

6.  Olivares, ].M.; Sermon, J.; Hemels, M.; Schreiner, A. Definitions and drivers of relapse in patients with schizophrenia: A systematic

literature review. Ann. Gen. Psychiatry 2013, 12, 32. [CrossRef] [PubMed]

135



J. Clin. Med. 2022, 11, 1846

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Marquez-Arrico, J.E.; Rio-Martinez, L.; Navarro, J.E; Prat, G.; Adan, A. Personality profile and clinical correlates of patients with
substance use disorder with and without comorbid depression under treatment. Front. Psychiatry 2019, 9, 764. [CrossRef]
Marquez-Arrico, J.E.; Navarro, ].F.; Adan, A. Health-Related Quality of Life in male patients under treatment for substance use
disorders with and without major depressive disorder: Influence in clinical course at one-year Follow-up. ]. Clin. Med. 2020, 9,
3110. [CrossRef] [PubMed]

Torrens, M.; Mestre-Pint6, J.I; Montanari, L.; Vicente, J.; Domingo-Salvany, A. Patologia dual: Una perspectiva europea. Adicciones
2017, 29, 3-5. [CrossRef] [PubMed]

Rosenwasser, A.M. Circadian clock genes: Non-circadian roles in sleep, addiction, and psychiatric disorders? Neurosci. Biobehav.
Rev. 2010, 34, 1249-1255. [CrossRef] [PubMed]

Carpenter, ].S.; Robillard, R.; Hermens, D.E,; Naismith, S.L.; Gordon, C.; Scott, EIM.; Hickie, I.B. Sleep-wake profiles and circadian
rhythms of core temperature and melatonin in young people with affective disorders. J. Psychiatry Res. 2017, 94, 131-138.
[CrossRef] [PubMed]

Zaki, N.EW.; Spence, D.W.; BaHammam, A.S.; Pandi-Perumal, S.R.; Cardinali, D.P.; Brown, G.M. Chronobiological theories of
mood disorders. Eur. Arch. Psychiatry Clin. Neurosci. 2018, 268, 107-118. [CrossRef] [PubMed]

Lewy, AJ.; Lefler, B.J.; Emens, ].S.; Bauer, V.K. The circadian basis of winter depression. Proc. Natl. Acad. Sci. USA 2006, 103,
7414-7419. [CrossRef]

Lunsford-Avery, ].R.; da Silva, B.; Brietzke, E.; Bressan, R.A.; Gadelha, A.; Auerbach, R.P; Mittal, V.A. Adolescents at clinical-high
risk for Psychosis: Circadian rhythm disturbances predict worsened prognosis at 1-year follow-up. Schizophr. Res. 2017, 189,
37-42. [CrossRef] [PubMed]

Carpenter, J.S.; Abelmann, A.C.; Hatton, S.E.; Robillard, R.; Hermens, D.F,; Bennet, M.R.; Logopoulos, J.; Hickie, I.B. Pineal
volume and evening melatonin in young people with affective disorders. Brain Imaging Behav. 2017, 11, 1741-1750. [CrossRef]
[PubMed]

Webb, I.C. Circadian rhythms and substance abuse: Chronobiological considerations for the treatment of addiction. Curr.
Psychiatry Rep. 2017, 19, 12. [CrossRef] [PubMed]

Robillard, R.; Hermens, D.E; Naismith, S.L.; White, D.; Rogers, N.L.; Ip, TK.Y.; Mullin, S.J.; Alvares, G.A.; Guastella, A.].; Smith,
K.L; et al. Ambulatory sleep-wake patterns and variability in young people with emerging mental disorders. |. Psychiatry
Neurosci. 2015, 40, 28-37. [CrossRef]

DePoy, L.M.; McClung, C.A.; Logan, R.W. Neural mechanisms of circadian regulation of neural and drug reward. Neural Plast.
2017, 2017, 5720842. [CrossRef] [PubMed]

Logan, R.W.; Hasler, B.P.; Forbes, E.E.; Franzen, P.L.; Torregrossa, M.M.; Huang, Y.H.; Buysse, D.J.; Clark, D.B.; McClung, C.A.
Impact of sleep and circadian rhythms on addiction vulnerability in adolescents. Biol. Pychiatry 2018, 83, 987-996. [CrossRef]
Martinez-Nicolas, A.; Madrid, J.A.; Garcia, EJ.; Campos, M.; Moreno-Casbas, M.T.; Almaida-Pagan, P.F.; Lucas-Sanchez, A.; Rol,
M.A. Circadian monitoring as an aging predictor. Sci. Rep. 2018, 8, 15027. [CrossRef]

Capella, M.M.; Martinez-Nicolas, A.; Adan, A. Circadian rhythmic characteristics in men with substance use disorder under
treatment. Influence of age of onset and duration of abstinence. Front. Psychiatry 2018, 9, 373. [CrossRef]

Anttnez, ].M.; Capella, M.M.; Navarro, ].E; Adan, A. Circadian rhythmicity in substance use disorder male patients with and
without comorbid depression under ambulatory and therapeutic community treatment. Chronobiol. Int. 2016, 33, 1410-1421.
[CrossRef] [PubMed]

Borbély, A.A.; Daan, S.; Wirs-Justice, A.; Deboer, T. The two-process model of sleep regulation: A reappraisal. ]. Sleep Res. 2016,
25,131-143. [CrossRef] [PubMed]

Mitropoulos, K.; Al Jaibeji, H.; Forero, D.A.; Laissue, P.; Wonkam, A.; Lopez-Correa, C.; Mohamed, Z.; Chantratita, W.; Lee, M.T.;
Llerena, A.; et al. Success stories in genomic medicine from resource-limited countries. Hum. Genom. 2015, 18, 11. [CrossRef]
[PubMed]

Kim, M.; de la Penia, J.B.; Cheong, ].H.; Kim, H.J. Neurobiological functions of the period circadian clock 2 gene (Per2). Biomol.
Ther. 2018, 26, 358-367. [CrossRef]

Archer, S.N.; Schmidt, C.; Vandewalle, G.; Dijk, D.-]. Phenotyping of PER3 variants reveals widespread effects on circadian
preference, sleep regulation, and health. Sleep Med. Rev. 2018, 40, 109-126. [CrossRef]

Ojeda, D.A.; Perea, C.S.; Nifo, C.L.; Gutiérrez, RM.; Lopez-Leon, S.; Arboleda, H.; Camargo, A.; Adan, A.; Forero, D.A. A novel
association of two non-synonymous polymorphisms in Per2 and Per3 genes with specific diurnal preference subscales. Neurosci.
Lett. 2013, 553, 52-56. [CrossRef]

Losenkov, LS.; Mulder, N.J.; Levchul, L.A.; Vyalova, N.M.; Looenen, A.].M.; Bosker, EJ.; Simutkin, G.G.; Boiko, A.S.; Bokhan, N.A.;
Wilffert, B.; et al. Association between BDNF gene variant Rs6265 and the severity of depression in antidepressant treatment-free
depressed patients. Front. Psychiatry 2020, 11, 38. [CrossRef]

Nieto, R.R.; Carrasco, A.; Corral, S.; Castillo, R.; Gaspar, P.A.; Bustamante, M.L.; Silva, H. BDNF as a biomarker of cognition in
schizophrenia/psychosis: An updated review. Front. Psychiatry 2021, 12, 662407. [CrossRef]

Cheah, S.-Y.; Lawford, B.R.; Young, R.M.; Connor, J.P.; Morris, C.P.; Voisey, ]. BDNF SNPs are implicated in comorbid alcohol
dependence in schizophrenia but not in alcohol-dependent patients without schizophrenia. Alcohol Alcohol. 2014, 49, 491-497.
[CrossRef]

136



J. Clin. Med. 2022, 11, 1846

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.
54.

55.

56.

57.

58.
59.

Gonzalez-Castro, T.E.; Tovilla-Zarate, C.A.; Hernandez-Diaz, Y.; Fresan, A.; Juarez-Rojop, 1.E.; Ble-Castillo, J.; Lépez-Narvaez, L.;
Genis, A.; Hernandez-Alvarado, M.M. No association between ApoE and schizophrenia: Evidence of systematic review and
updated meta-analysis. Schizophr. Res. 2015, 169, 355-368. [CrossRef]

Ojeda, D.A ; Nifio, C.L.; Lopez-Ledn, S.; Camargo, A.; Adan, A_; Forero, D.A. A functional polymorphism in the promoter region
of MAOA gene is associated with sleepiness in healthy subjects. J. Neurol. Sci. 2014, 337, 176-179. [CrossRef] [PubMed]

Ursic, K.; Zupanc, T.; Paska, A.V. Analysis of promotor polymorphism in monoamine oxidase A (MAOA) gene in completed
suicide on Slovenian population. Neurosci. Lett. 2018, 673, 111-115. [CrossRef] [PubMed]

Martinez-Aran, A.; Vieta, E. Cognition as a target in schizophrenia, bipolar disorder and depression. Eur. Neuropsychopharmacol.
2015, 25, 151-157. [CrossRef] [PubMed]

Volkow, N.D.; Koob, G.; McLellan, A.T. Neurobiological advances from the brain disease model of addiction. N. Engl. ]. Med.
2016, 374, 363-371. [CrossRef]

Schmidt, T.P; Pennington, D.L.; Cardoos, S.L.; Durazzo, T.C.; Meyerhoff, D.J. Neurocognition and inhibitory control in poly-
substance use disorders: Comparison with alcohol use disorders and changes in abstinence. ]. Clin. Exp. Neuropsychol. 2017, 39,
22-34. [CrossRef]

Wobrock, T.; Falkai, P.; Schneider-Axmann, T.; Hasan, A.; Derks, E.M.; Boter, H.; Rybakovski, ].K.; Libiger, J.; Dollfus, S.;
Lopez-Ibor, J.J.; et al. Comorbid substance abuse in first-episode schizophrenia: Effects on cognition and psychopathology in the
EUFEST study. Schizophr. Res. 2013, 147, 132-139. [CrossRef]

Duijkers, J.; Vissers, C.; Egger, ]. Unraveling executive funtioning in dual diagnosis. Front. Psychol. 2016, 7, 974. [CrossRef]
Hunt, S.A.; Kay-Lambkin, EJ.; Baker, A.L.; Michie, P.T. Systematic review of neurocognition in people with co-occurring alcohol
misuse and depression. J. Affect. Disord. 2015, 179, 51-64. [CrossRef]

Capella, M.M.; Benaiges, I.; Adan, A. Neuropsychological performance in polyconsumer men under treatment. Influence of age
of onset of substance use. Sci. Rep. 2015, 5, 12038. [CrossRef]

Benaiges, I.; Serra-Grabulosa, ].M.; Adan, A. Neuropsychological functioning and age-related changes in schizophrenia and/or
cocaine dependence. Prog. Neuropsychopharm. Biol. Psychiatry 2013, 40, 298-305. [CrossRef]

Benaiges, I.; Serra-Grabulosa, ].M.; Prat, G.; Adan, A. Executive functioning in individuals with schizophrenia and/or cocaine
dependence. Hum. Psychopharmacol. Clin. Exp. 2013, 28, 29-39. [CrossRef]

Adan, A.; Arredondo, A.Y.; Capella, M.M.; Prat, G.; Forero, D.; Navarro, ].F. Neurobiological underpinnings and modulating
factors in psychotic disorders with a comorbid substance use disorder: A systematic review. Neurosci. Biobehav. Rev. 2017, 75,
361-377. [CrossRef] [PubMed]

Adan, A.; Capella, M.M.; Prat, G.; Forero, D.A.; Lopez-Vera, S.; Navarro, J.F. Executive functioning in males with schizophrenia
and substance use disorders. Influence of lifetime suicide attempts. PLoS ONE 2017, 12, e0169943. [CrossRef]

Marquez-Arrico, J.E.; Lopez-Vera, S.; Prat, G.; Adan, A. Temperament and character dimensions in male patients with substance
use disorders: Differences relating to psychiatric comorbidity. Psychiatry Res. 2016, 237, 1-8. [CrossRef] [PubMed]
Fernandez-Mondragon, S.; Adan, A. Personality in male patients with substance use disorder and/or severe mental illness.
Psychiatry Res. 2015, 228, 488-494. [CrossRef] [PubMed]

Adan, A.; Archer, S.N.; Hidalgo, M.P,; Di Milia, L.; Natale, V.; Randler, C. Circadian typology: A comprehensive review. Chronobiol.
Int. 2012, 29, 1153-1175. [CrossRef]

Marquez-Arrico, ].E.; Adan, A. Personality in patients with substance use disorders according to the co-occurring severe mental
illness: A study using the Alternative Five Factor Model. Pers. Individ. Differ. 2016, 97, 76-81. [CrossRef]

Conrod, PJ. Personality-targeted interventions for substance use and misuse. Curr. Addict. Rep. 2016, 3, 426-436. [CrossRef]
Szerman, N.; Peris, L. Precision psychiatry and dual disorders. J. Dual Diagn. 2019, 14, 237-246. [CrossRef] [PubMed]

Haynes, P.L.; Gengler, D.; Kelly, M. Social rhythm therapies for mood disorders: An update. Curr. Psychiatry Rep. 2016, 18, 75.
[CrossRef]

Wirz-Justice, A.; Graw, P; Krauchi, P; Sarrafzadeh, A.; English, J.; Arend, J.; Sand, L. “Natural” light treatment of seasonal
affective disorder. J. Affect. Disord. 1996, 37, 109-120. [CrossRef]

Kripke, D.F. A breakthrouggh treatment for major depression. J. Clin. Psychiatry 2015, 76, e661. [CrossRef] [PubMed]

van Maanen, A.; Meijer, A.M.; van der Heijen, K.B.; Oort, E]. The effects of light therapy on sleep problems: A systematic review
and meta-analysis. Sleep Med. Rev. 2016, 29, 52-62. [CrossRef] [PubMed]

Al-Karawi, D.; Jubair, L. Bright light therapy for nonseasonal depression: Meta-analysis of clinical trials. J. Affect. Disord. 2016,
198, 64-71. [CrossRef]

Lam, RW.,; Levitt, A.].; Levitan, R.D.; Michalak, E.E.; Cheung, A.H.; Morehouse, R.; Ramasubbu, R.; Yatham, L.N.; Tam, E.M.
Efficacy of bright light treatment, fluoxetine, and the combination in patients with nonseasonal major depressive disorder: A
randomized clinical trial. JAMA Psychiatry 2016, 73, 56-63. [CrossRef]

Levitan, R.D.; Levitt, A.J.; Michalak, E.E.; Morehouse, R.; Ramasubbu, R.; Yatman, L.N.; Tam, EIM.; Lam, R.W. Apetitive symptoms
differentially predict treatment response to fluoxetine, light, and placebo in nonseasonal major depression. J. Clin. Psychiatry 2018,
79,17m11856. [CrossRef]

Xu, Q.; Lang, C.P. Revisiting the alerting effects of light: A systematic review. Sleep Med. Rev. 2018, 41, 39-49. [CrossRef]
Cafiellas, F; Mestre, L.; Belber, M.; Fronters, G.; Rey, M.A ; Rial, R. Increased daylight availability reduces length of hospitalisation
in depressive patients. Eur. Arch. Psychiatry Clin. Neurosci. 2016, 266, 277-280. [CrossRef]

137



J. Clin. Med. 2022, 11, 1846

60.

61.

62.

63.

64.

65.

66.
67.

68.

69.
70.

71.

72.

73.

74.

75.

76.

77.

78.

79.
80.

81.

82.

83.

84.

85.

86.

87.

88.

Gbyl, K.; Ostergaard Madsen, H.; Dunker Svendsen, S.; Petersen, PM.; Hageman, I.; Volf, C.; Martiny, K. Depressed patients
hospitalized in southeast-facing rooms are discharged earlier than patients in northwest-facing rooms. Neuropsychobiology 2016,
74,193-201. [CrossRef]

Tekieh, T.; Lockley, S.W.; Robinson, P.A.; McCloskey, S.; Zobaer, M.S.; Postnova, S. Modeling melanopsin mediated effects of light
on circadian phase, melatonin suppression, and subjective sleepiness. J. Pineal Res. 2020, 69, €12681. [CrossRef]

Siporin, S. Lighting the darkness of addiction: Can phototerapy enhance contingence-management-based treatment of substance-
related and addictive disorders? J. Addict. Nurs. 2014, 25, 197-203. [CrossRef]

Serrano-Serrano, A.; Marquez-Arrico, J.E.; Navarro, ].F.; Martinez-Nicolas, A.; Adan, A. Circadian characteristics in patients
under treatment for substance use disorders and severe mental illness (schizophrenia, major depression and bipolar disorder). J.
Clin. Med. 2021, 10, 4388. [CrossRef] [PubMed]

Martinez-Nicolas, A.; Martinez-Madrid, M.].; Almaida-Pagan, P.F.; Bonmati-Carrion, M.A.; Madrid, J.A.; Rol, M.A. Assessing
chronotypes by ambulatory circadian monitoring. Front. Physiol. 2019, 10, 1396. [CrossRef]

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric Publishing:
Washington, DC, USA, 2013; ISBN 9780890425541.

Ware, J.E.; Sherbourne, C.D. The MOS 36-item short-form health survey (SF-36). Med. Care 1992, 30, 473—-483. [CrossRef]

Hasin, D.S.; Trautman, K.D.; Miele, G.M.; Samet, S.; Smith, M.; Endicott, J. Psychiatric Research Interview for Substance and Mental
Disorders for DSM-5 (PRISM-5); Department of Psychiatry, Columbia University: New York, NY, USA, 2021.

Galvez, B.P; Fernandez, L.G. Validacién espafiola del Drug Abuse Screening Test (DAST-20 y DAST-10). Health Addict. 2010, 10,
35-50.

Hamilton, M. A rating scale for depression. J. Neurol. Neurosurg. Psychiatry 1960, 23, 56-62. [CrossRef]

Peralta, V.; Cuesta, M.J. Validacion de la escala de los sindromes positivo y negativo (PANSS) en una muestra de esquizofrénicos
espanoles. Actas Luso-Espafiolas Neurol. Psiquiatr. Cienc. Afines 1994, 22, 171-177.

Plutchik, R.; van Praag, H.M.; Conte, H.R.; Picard, S. Correlates of suicide and violence risk 1: The suicide risk measure. Compr.
Psychiatry 1989, 30, 296-302. [CrossRef]

Bonmati-Carrion, M.A.; Middleton, B.; Revell, V.; Skene, D.J.; Rol, M.A.; Madrid, ].A. Circadian phase assessment by ambulatory
monitoring in humans: Correlation with dim light melatonin onset. Chronobiol. Int. 2014, 31, 37-51. [CrossRef] [PubMed]

Afid, 1].; Farkhan, M.; Kurdi, O.; Maula, M.L,; Ammarullah, M.I; Setiyana, B.; Jamari, J.; Winarni, T.I. Effect of short-term
deep-pressure portable seat on behavioral and biological stress in children with autism spectrum disorders: A pilot study.
Bioengineering 2022, 9, 48.

Maula, M.L; Aji, A.L.; Aliyafi, M.B.; Afid, I.].; Ammurallah, M.I.; Winarni, T.I.; Jamari, ]. The subjective comfort test of autism hug
machine portable seat. ]. Intellect. Disabil. Diagn. Treat. 2021, 9, 182-188. [CrossRef]

Adan, A.; Caci, H.; Prat, G. Reliability of the Spanish version of the Composite Scale of Morningness. Eur. Psychiatry 2005, 20,
503-509. [CrossRef] [PubMed]

Carissimi, A.; Oliveira, M.; Frey, B.N.; Navarro, J.F.; Hidalgo, M.P,; Adan, A. Validation and psychometric properties of the
Spanish Mood Rhythm Instrument. Biol. Rhythm Res. 2022, in press. [CrossRef]

Adan, A.; Natale, V.; Fabbri, M. Propiedades psicométricas de la version castellana del cuestionario de evaluacion de patron
estacional (Seasonal Pattern Assessment Questionnaire, SPAQ). Rev. Latinoam. Psicol. 2006, 38, 59—69.

Monk, T.H. A visual analogue scale technique to measure global vigor and affect. Psychiatry Res. 1989, 27, 89-99. [CrossRef]
Wechsler, D. WAIS-IIL. In Escala de Inteligencia Para Adultos de Wechsler, 3rd ed.; TEA Ediciones: Madrid, Spain, 2001.
Ruiz-Sanchez de Leon, ].M.; Pedrero-Pérez, E.J.; Lozoya-Delgado, P.; Llanero-Luque, M.; Rojo-Mota, G.; Puerta-Garcia, C.
Inventario de sintomas frontales para la evaluacién clinica de las adicciones en la vida diaria: Proceso de creacién y propiedades
psicométricas. Rev. Neurol. 2012, 54, 649-663.

Pedrero-Pérez, E.J.; Ruiz-Sdnchez de Leon, ].M.; Rojo-Mota, G.; Morales-Alonso, S.; Pedrero-Aguilar, J.; Lorenzo-Luque, I;
Gonzalez-Sénchez, A. Inventario de sintomas prefrontales (ISP): Validez ecoldgica y convergencia con medidas neuropsicoldgicas.
Rev. Neurol. 2016, 63, 241-251. [CrossRef]

Cloninger, C.R. The Temperament and Character Inventory-Revised; Center for Psychobiology of the Personality, Washington
University: St. Louis, MO, USA, 1999.

Zuckerman, M.; Kuhlman, D.M.; Joireman, J.; Teta, P.; Kraft, M.A. comparison of three structural models for personality: The Big
Three, the Big Five, and the Alternative Five. |. Personality Soc. Psychol. 1993, 65, 757-768. [CrossRef]

Goma-Freixenet, M.; Valero, S. Spanish normative data of the Zuckerman-Kuhlman Personality Questionnaire in a general
population sample. Psicothema 2008, 20, 324-330.

Sole, X.; Guino, E.; Valls, J.; Iniesta, R.; Moreno, V. SNPStats: A web tool for the analysis of association studies. Bioinformatics 2006,
22,1928-1929. [CrossRef]

World Medical Association WMA declaration of Helsinki: Ethical principles for medical research involving human subjects.
JAMA 2013, 310, 2191-2194. [CrossRef] [PubMed]

Portaluppi, F.; Smolensky, M.H.; Touitou, Y. Ethics and methods for biological rhythm research on animals and human beings.
Chronobiol. Int. 2010, 27, 1911-1929. [CrossRef]

Beskow, L.M.; Burke, W.; Merz, ].E; Barr, P.A.; Terry, S.; Penchaszadeh, V.B.; Gostin, L.O.; Gwinn, M.; Khoury, M.J. Informed
consent for population-based research involving genetics. JAMA 2001, 286, 2315-2321. [CrossRef] [PubMed]

138



J. Clin. Med. 2022, 11, 1846

89. World Health Organization. Comprehensive Mental Health Action Plan 2013-2030; World Health Organization: Geneva, Swizerland,
2021; Available online: https:/ /www.who.int/publications/i/item /9789240031029 (accessed on 21 March 2022).

90. Volkow, N.D.; Torrens, M.; Poznyak, V.; Sdenz, E.; Busse, A.; Kashino, W.; Krupchanka, D.; Kestel, D.; Campello, G.; Gerra, G.
Managing dual disorders: A statement by the Informal Scientific Network, UN Commission on Narcotic Drugs. World Psychiatry
2020, 19, 396-397. [CrossRef] [PubMed]

139






Journal of

%

Clinical Medicine

Article

Exploring the Association between Gambling-Related Offenses,
Substance Use, Psychiatric Comorbidities, and Treatment

Outcome

Cristina Vintré-Alcaraz 1’23, Gemma Mestre-Bach 4, Roser Granero 2-3:5, Elena Caravaca 1,
Ménica Gomez-Pefia I3, Laura Moragas 13, Isabel Baenas 1-2-3, Amparo del Pino-Gutiérrez
Susana Valero-Solis 13, Milagros Lara-Huallipe 1,3 Bernat Mora-Maltas 13, Eduardo Valenciano-Mendoza

1
1,2,3,6
7
1,3
7

Elias Guillen-Guzman 37, Ester Codina 13, José M. Menchén 182, Fernando Fernandez-Aranda 1-23%#* and

Susana Jiménez-Murcia

Citation: Vintr6-Alcaraz, C.; Mestre-
Bach, G.; Granero, R.; Caravaca, E.;
Gomez-Pena, M.; Moragas, L.;
Baenas, I.; del Pino-Gutiérrez, A.;
Valero-Solis, S.; Lara-Huallipe, M.;

et al. Exploring the Association
between Gambling-Related Offenses,
Substance Use, Psychiatric
Comorbidities, and Treatment
Outcome. J. Clin. Med. 2022, 11, 4669.
https://doi.org/10.3390/jem11164669

Academic Editors: Ana Adan and

Marta Torrens

Received: 5 July 2022
Accepted: 3 August 2022
Published: 10 August 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1,2,3,9,%

Department of Psychiatry, Bellvitge University Hospital-Bellvitge Biomedical Research Institute (IDIBELL),
08907 Barcelona, Spain

Centro de Investigacion Biomédica en Red Fisiopatologia Obesidad y Nutricién (CIBERObn),

Instituto de Salud Carlos III, 28029 Madrid, Spain

Psychoneurobiology of Eating and Addictive Behaviors Group, Neurosciences Programme,

Bellvitge Biomedical Research Institute (IDIBELL), 08908 Barcelona, Spain

Facultad de Ciencias de la Salud, Universidad Internacional de La Rioja, 26006 La Rioja, Spain
Departament de Psicobiologia i Metodologia de les Ciéncies de la Salut, Universitat Autonoma de Barcelona,
08193 Barcelona, Spain

6 Department of Public Health, Mental Health and Mother-Infant Nursing, School of Nursing,

University of Barcelona, 08907 Barcelona, Spain

Departament of Child and Adolescent Psychiatry and Psychology, Institute of Neurosciences,

Hospital Clinic Barcelona, 08036 Barcelona, Spain

8 Centro de Investigacion Biomédica en Red Salud Mental (CIBERSAM), Instituto de Salud Carlos III,
08907 Barcelona, Spain

Department of Clinical Sciences, School of Medicine and Health Sciences, University of Barcelona,

08907 Barcelona, Spain

*  Correspondence: ffernandez@bellvitgehospital.cat (EF.-A.); sjimenez@bellvitgehospital.cat (S.].-M.)

1t These authors contributed equally to this work.

Abstract: Several studies have explored the association between gambling disorder (GD) and
gambling-related crimes. However, it is still unclear how the commission of these offenses in-
fluences treatment outcomes. In this longitudinal study we sought: (1) to explore sociodemographic
and clinical differences (e.g., psychiatric comorbidities) between individuals with GD who had
committed gambling-related illegal acts (differentiating into those who had had legal consequences
(n =31) and those who had not (n = 55)), and patients with GD who had not committed crimes
(n = 85); and (2) to compare the treatment outcome of these three groups, considering dropouts and
relapses. Several sociodemographic and clinical variables were assessed, including the presence of
substance use, and comorbid mental disorders. Patients received 16 sessions of cognitive-behavioral
therapy. Patients who reported an absence of gambling-related illegal behavior were older, and
showed the lowest GD severity, the most functional psychopathological state, the lowest impulsivity
levels, and a more adaptive personality profile. Patients who had committed offenses with legal
consequences presented the highest risk of dropout and relapses, higher number of psychological
symptoms, higher likelihood of any other mental disorders, and greater prevalence of tobacco and
illegal drugs use. Our findings uphold that patients who have committed gambling-related offenses
show a more complex clinical profile that may interfere with their adherence to treatment.

Keywords: gambling disorder; gambling-related offenses; dropout; relapse; psychopathology;
personality; substance use; psychiatric comorbidity; impulsivity
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1. Introduction

Gambling disorder (GD) is a psychiatric disorder characterized by recurrent and
persistent problematic gambling behavior often associated with certain personality traits,
cognitive distortions, and co-occurring psychopathology [1,2]. Moreover, GD, similar to
other addictions, is characterized by cognitive deficits and alterations in underlying neuro-
biological mechanisms mainly related to impulsivity, compulsivity, reward /punishment
processing, and decision-making [3,4]. GD is leading to clinically significant distress and
usually also leads to relevant financial problems [5], which in some cases has been increased
in the context of the COVID-19 pandemic [6].

Financial problems arising from GD can lead to the commission of illegal acts, although
there is no consensus about the specific causality of this association [7]. Gambling-related
crimes are usually committed for two specific purposes: (1) to obtain money to finance the
gambling behavior and/or (2) to recoup financial shortfalls resulting from the gambling
behavior [8]. Usually, non-violent, income-producing, and property-related offenses are
carried out, such as fraud, robbery, forgery, and theft [9,10].

The commission of gambling-related offenses was contemplated as a diagnostic cri-
terion in previous versions of the Diagnostic and Statistical Manual of Mental Disorders
(DSM), although in the latest version, the DSM-5 [1], this criterion was eliminated since
many authors considered it to be a criterion associated with the severity of the GD, rather
than a diagnostic criterion itself [11,12]. Although it is not currently considered a diagnostic
criterion, it remains a relevant clinical criterion [13], and numerous research studies have
been conducted to explore reasons for which not all individuals engage in gambling-related
offenses. Distinct clinical and sociodemographic differences have been identified between
individuals with GD who commit illegal acts and those who do not. Some authors have
found that committing gambling-related crimes was associated, at the sociodemographic
level, with younger age, lower income, and being unemployed [14,15]. At the clinical level,
crimes have been linked with greater psychopathology and impulsivity levels, higher GD
severity (associated, in turn, with an increased risk of criminal recidivism), earlier GD onset,
greater gambling-related debts, and longer duration of the disorder [14,16-20]. In addition,
it has been suggested that gambling-related offenses may be a mediating factor between
personality traits (such as novelty seeking, for instance) and GD severity [21].

Therefore, those individuals with GD who commit gambling-related illegal behaviors
show a clinical profile characterized by a greater severity, which could interfere with GD
treatment outcomes. In addition, it has been suggested that substance use and psychiatric
comorbidities (e.g., depression, anxiety, and attention-deficit/hyperactivity disorder) may
mediate the association between illegal acts and GD [15,22,23].

Ledgerwood et al. [24] observed that those patients with GD who had committed
crimes maintained a higher GD severity throughout the cognitive-behavioral treatment
(CBT), compared to those who had not committed crimes. However, the treatment outcome
of these specific patients has scarcely been explored. Likewise, the commission of offenses,
and the specific role of substance use and psychiatric comorbidities have not been explored
in depth and there is a paucity of studies that distinguish between those crimes that
have entailed legal consequences and those cases where gamblers escaped detection or
charge [8]. To address these relevant empirical limitations, the present longitudinal study
had two central objectives: (1) to explore sociodemographic and clinical differences between
individuals with GD who had committed gambling-related illegal acts (differentiating into
those that had had legal consequences and those that had not, and also exploring substance
use and psychiatric comorbidities), and patients with GD who had not committed crimes;
and (2) to compare the treatment outcome of these three groups, considering dropouts and
relapses. We hypothesized that, of the three groups, patients with GD who had committed
gambling-related crimes with legal consequences would present a more impaired clinical
profile and, consequently, a worse response to treatment.
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2. Materials and Methods
2.1. Participants and Procedure

The sample consisted of 117 consecutive treatment-seeking patients with GD. They
were recruited between April 2017 and May 2018 at the Behavioral Addictions Unit within
the Department of Psychiatry, at a Spanish University Hospital. They were referred through
general practitioners or via other health professionals, such as mental health institutions.

Two face-to-face clinical interviews were conducted by experienced psychologists and
psychiatrists before a diagnosis was given. The inclusion criteria were: (1) adult participants
(18 years old or more); (b) both genders; (c) sufficient proficiency in Spanish to understand
the assessment; and (d) patients who sought treatment for GD as their primary mental
health concern and who met DSM criteria for GD. Exclusion criteria included the presence of
(1) intellectual disability; (2) an organic mental disorder; (3) a neurodegenerative condition;
or (4) an active psychotic disorder. Additional sociodemographic and clinical information
was taken through self-report instruments and a specific face-to-face interview was done
individually to explore gambling-related illegal acts before initiating outpatient treatment.
Participants were classified into three different groups according to their criminal behavior:
patients with no history of gambling-related illegal acts (1 = 85; Illegal—), patients with a
history of gambling-related illegal acts without legal repercussions (1 = 55; Illegal + Cons—),
and patients who had committed gambling-related illegal acts that had legal consequences
(n = 31; Illegal + Cons+). This classification has already been used in previous studies [25].
Only those patients who reported illegal acts on both DSM-IV-TR criterion 8 [26] and the
clinical interview were included in the illegal acts groups.

2.2. Treatment

The CBT group treatment program received by the participants of the present study
consisted of 16 weekly outpatient sessions at our public University Hospital, lasting 90
min each session. The treatment program has already been described elsewhere [27] and
it has reported short and medium-term effectiveness [28,29]. The groups were conducted
by an experienced clinical psychologist and a licensed co-therapist. The goal of this
intervention was to educate patients on how to implement CBT strategies to minimize
gambling behavior and eventually obtain full abstinence. The topics addressed in the
different sessions included: psychoeducation about GD (its course, diagnostic criteria, risk
factors, etc.), cognitive restructuring focused on cognitive distortions (e.g., the illusion
of control and magical thinking), stimulus control (money management, self-exclusion
programs, avoidance of potential triggers, etc.), emotion-regulation skills training, response
prevention, and other relapse prevention techniques.

Throughout the 16 sessions, attendance, control of spending, as well as the occurrence
of relapses and dropouts were recorded weekly by the clinical psychologist. In this study, a
relapse was understood as the occurrence of a full gambling episode once CBT had begun.
This conceptualization is common in many studies assessing patients with GD [28,30].
Failure to attend 3 consecutive sessions was considered a dropout.

2.3. Measures
DSM-5M-5 [1]

Patients were diagnosed with pathological gambling if they met DSM-IV-TR crite-
ria [26]. We used DSM-IV-TR criteria because the 8th criterion explores the presence of
gambling-related illegal acts. Noteworthy, with the release of the DSM-5 [1], the term
“pathological gambling” was replaced with “GD”. All patient diagnoses were post-hoc
reassessed and recodified to avoid the confounding effect of increased GD severity in
patients with a criminal history. In this regard, only patients who met DSM-5 criteria for
GD were included in the present study. The internal consistency in our study sample was
o =0.818.
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South Oaks Gambling Screen (SOGS) [31]

The SOGS is a 20-item diagnostic questionnaire that ascertains GD severity. It discrim-
inates between probable pathological, problem, and non-problem gamblers. Both reliability
and validity of the Spanish validation of this tool are high [32], and the test-retest reliability
(R=0.98, p <0.01) and internal consistency (Cronbach’s & = 0.94) are excellent. In our study
sample, this questionnaire achieved adequate internal consistency (o« = 0.734).

Symptom Checklist-Revised (SCL-90-R) [33]

This questionnaire assesses a broad range of psychological problems and psychopatho-
logical symptoms. It contains 90 items measuring nine primary symptom dimensions and
it also yields a global score (Global Severity Index (GSI)), which is a widely used index
of psychopathological distress. The Spanish validation obtained good psychometrical
properties, with a mean internal consistency of 0.75 (Cronbach’s alpha) [34]. The internal
consistency estimated in the study sample for the global scale was excellent (x = 0.98:
a = 0.891 for somatization, « = 0.896 for obsession-compulsion, « = 0.877 for interpersonal
sensitivity, & = 0.917 for depression, a = 0.895 for anxiety, o« = 0.873 for hostility, « = 0.832
for phobic anxiety, « = 0.798 for paranoid ideation, and « = 0.855 for psychoticism).

Impulsive Behavior Scale (UPPS-P) [35]

This questionnaire assesses 5 dimensions of impulsive behavior through self-report on
59 items: lack of premeditation, lack of perseverance, sensation-seeking, negative urgency,
and positive urgency. The Spanish adaptation showed good reliability (Cronbach’s «
between 0.79 and 0.93) and external validity [36]. In our sample, internal consistency was
o =0.923: o = 0.854 for negative urgency, « = 0.917 for positive urgency, « = 0.818 for lack
of premeditation, « = 0.754 for lack of perseverance, and o = 0.866 for sensation-seeking.

Temperament and Character Inventory-Revised (TCI-R) [37]

It is a 240-item self-reported questionnaire that measures seven personality dimen-
sions: four temperament (novelty seeking, harm avoidance, reward dependence, and
persistence) and three character dimensions (self-directedness, cooperativeness, and self-
transcendence). We used the Spanish version which showed adequate internal consistency
(Cronbach’s alpha « mean value of 0.87) [38]. In the present study, internal consistency
was between adequate (x = 0.701 for reward dependence, o = 0.726 for novelty-seeking,
o = 0.745 for harm avoidance, and « = 0.772 for cooperativeness) to good (a = 0.819 for
self-transcendence, o = 0.846 for self-directedness, and o = 0.862 for persistence).

Other sociodemographic and clinical variables

Additional sociodemographic and clinical variables related to gambling, as well as
substance use, and psychiatric comorbidities were assessed by means of a semi-structured
face-to-face clinical interview described elsewhere [27]. Socioeconomic status was obtained
using the Hollingshead Factor Index, based on the educational attainment and occupational
prestige domains [39]. Gambling-related crimes were explored through a face-to-face
interview designed for this study by two forensic experts in the field.

2.4. Statistical Analysis

Statal? for Windows was used for statistical analysis [40]. Analysis of variance
(ANOVA) was used for the comparison of quantitative variables between the groups, and
chi-square tests (x?) for the comparison of categorical variables. For these comparisons,
the effect sizes were estimated with the standardized Cohen’s-d for mean differences and
Cramer’s-phi (¢) for proportion differences. In addition, Finner’s correction was used to
control the potential increase in the Type-I error due to the use of multiple null-hypothesis
tests (Finner-method is an alternative procedure to the classic Bonferroni-method) [41].

Kaplan-Meier product-limit estimator was used to obtain the cumulate survival curve
for the rate to dropout and relapse, and Long Rank (Mantel-Cox procedure) compared the
resulting functions between the groups [42].
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2.5. Ethics

The present study was carried out in accordance with the latest version of the Declara-
tion of Helsinki. The Research Ethics Committee of Bellvitge University Hospital approved
the study, and signed informed consent was obtained from all participants.

3. Results
3.1. Description of the Sample

Most participants in the study were men (93.0%), with primary (51.5%) or secondary
(45.0%) education levels, single (48.0%) or married (37.4%), employed (60.2%), and per-
tained to mean-low or low socioeconomic levels (91.8%). No statistical differences between
groups were found for the sociodemographic variables (see Table 1).

Table 1. Comparison between the groups for sociodemographic variables.

Total Illegal — Illegal + Cons— Illegal + Cons+
(n=171) (n = 85) (n = 55) (n=31)
n % n % n % n % p

Gender Women 12 7.0% 7 8.2% 4 7.3% 1 3.2% 0.643
Men 159 93.0% 78 91.8% 51 92.7% 30 96.8%

Education Primary 88 51.5% 42 49.4% 31 56.4% 15 48.4% 0.740
Secondary 77 45.0% 41 48.2% 22 40.0% 14 45.2%
University 6 3.5% 2 2.4% 2 3.6% 2 6.5%

Civil status Single 82 48.0% 33 38.8% 31 56.4% 18 58.1% 0.163
Married 64 37.4% 39 45.9% 17 30.9% 8 25.8%
Divorced 25 14.6% 13 15.3% 7 12.7% 5 16.1%

Social Index Mean-high 1 0.6% 1 1.2% 0 0.0% 0 0.0% 0.965
Mean 13 7.6% 6 7.1% 4 7.3% 3 9.7%
Mean-low 66 38.6% 32 37.6% 23 41.8% 11 35.5%
Low 91 53.2% 46 54.1% 28 50.9% 17 54.8%

Employment Unemployed 68 39.8% 32 37.6% 22 40.0% 14 45.2% 0.764
Employed 103 60.2% 53 62.4% 33 60.0% 17 54.8%

Age (years-old); mean-SD 41.38 13.40 45.86 14.00 36.31 10.90 38.10 11.82 <0.001 *

Note. Illegal—: without illegal behavior. Illegal + Cons—: with illegal behavior and without legal con-
sequences. Illegal + Cons+: with illegal behavior and with legal consequences. SD: standard deviation.
* Bold: significant comparison.

3.2. Comparison of the Clinical Profile between the Groups

Table 2 contains the results of the ANOVA comparing the clinical profiles. Patients
who reported an absence of gambling-related illegal behavior achieved the oldest mean
age, the latest age of onset of gambling-related problems, the lowest GD severity levels
(DSM-5 criteria, the SOGS total, and the cumulated debts related to the gambling activity),
the most functional psychopathological state (lowest means in the SCL-90-R scales), the
lowest impulsivity levels, and a personality profile with the lowest novelty seeking and the
highest self-directedness and cooperativeness levels. For patients who reported illegal acts,
the presence of legal consequences was associated to higher mean scores in somatization,
anxiety, phobic anxiety, and novelty seeking.

Table 3 includes the comparison between the groups for the presence of psychiatric
comorbidities and substance use. Compared with the other conditions, the group character-
ized by the presence of illegal acts without legal consequences achieved higher likelihood
of any comorbid mental disorder. The prevalence of other mental disorders different to
depression, anxiety, and bipolar disorders was lower within the patients without illegal
behaviors. The absence of illegal acts was also related to lower likelihood of substance use,
specifically tobacco and illegal drugs.
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Table 2. Comparison between the groups for clinical profiles.

Illegal — Illegal + Cons— Illegal + Cons+ Illegal + Co— Illegal + Co+ Illegal + Co+
(n = 85) (n = 55) (n=31) vs. Illegal — vs. Illegal — vs. Illegal + Co—
Mean SD Mean SD Mean SD 14 Idl 14 Idl P Idl
Age (years-old) 45.86 14.00 36.31 10.90 38.10 11.82 <0.001* 0761 0.004 * 0.60 0.531 0.16
Onset GD (years-old) 31.35 12.62 25.42 8.87 25.18 8.18 0.003 * 0.54* 0.008 * 0.58 * 0.922 0.03
Duration GD (years) 6.05 7.32 5.87 6.09 7.74 6.64 0.883 0.03 0.238 0.24 0.224 0.29
DSM-5 criteria 6.47 2.06 7.53 1.78 7.74 1.73 0.002 * 0.55* 0.002 * 0.67* 0.619 0.12
SOGS-total 9.69 299 11.53 321 12.55 3.36 0.001 * 0.59 <0.001 * 0.90 * 0.149 0.31
Debts (euros) 5757 9943 9914 14,639 9219 14,195 0.050 * 0.33 0.049 * 0.28 0.744 0.05
SCL-90R Somatization 0.88 0.78 0.93 0.80 147 0.90 0.694 0.07 0.001 * 0.70* 0.003 * 0.631
SCL-90R Obsessive-comp. 1.05 0.86 1.37 0.88 1.53 0.89 0.037 * 0.36 0.009 * 055" 0.395 0.19
SCL-90R Sensitivity 0.93 0.89 113 0.80 1.49 0.83 0.176 0.24 0.002 * 0.65% 0.060 0.45
SCL-90R Depression 1.37 0.98 1.69 0.87 2.01 0.92 0.052 0.34 0.001 * 0.68* 0.123 0.36
SCL-90R Anxiety 0.93 0.82 1.09 0.70 1.50 0.94 0.246 0.21 0.001 * 0.65* 0.025 * 050t
SCL-90R Hostility 0.77 0.87 118 1.00 1.14 0.83 0.011* 0.43 0.056 0.43 0.860 0.04
SCL-90R Phobic anxiety 0.46 0.62 0.51 0.71 0.88 0.89 0.646 0.08 0.005 * 055t 0.023 * 0.45
SCL-90R Paranoia 0.78 0.80 112 0.82 1.33 0.88 0.020 * 0.41 0.002 * 0.65* 0.245 0.25
SCL-90R Psychotic 0.81 0.76 1.05 0.74 1.30 0.91 0.070 0.33 0.003 * 0.59 0.155 0.30
SCL-90R GSI 0.96 0.74 1.19 0.68 1.51 0.78 0.073 0.32 <0.001 * 0.72% 0.052 0.44
SCL-90R PST 42.08 23.48 50.51 20.60 57.77 18.84 0.027 * 0.38 0.001 * 074 0.140 0.37
SCL-90R PSDI 1.82 0.64 2.00 0.54 225 0.70 0.101 0.30 0.001 * 064 0.077 0.40
UPPS-P Premeditation 23.35 5.23 24.42 6.33 26.26 5.96 0.285 0.18 0.017 * 052* 0.155 0.30
UPPS-P Perseverance 21.84 4.93 23.13 5.30 23.97 4.19 0.132 0.25 0.041* 0.47 0.449 0.18
UPPS-P Sensation 25.79 7.64 29.93 8.36 29.94 7.73 0.003 * 0521 0.013 * 0.54* 0.99 0.00
UPPS-P Positive urgency 28.96 7.79 32.60 10.67 34.39 9.69 0.023 * 0.39 0.005 * 062" 0.386 0.18
UPPS-P Negative urgency 30.06 6.55 32.76 8.00 34.97 5.61 0.025 * 0.37 0.001 * 081" 0.157 0.32
UPPS-P Total 129.4 21.40 142.8 24.15 149.6 21.03 0.001 * 0.59 * <0.001 * 0.96 0.175 0.30
TCI-R Novelty seeking 106.1 11.96 110.5 13.41 118.0 14.19 0.052 0.34 <0.001 * 091t 0.009 * 055"
TCI-R Harm avoidance 101.7 18.91 100.0 17.36 104.3 13.20 0.577 0.09 0487 0.16 0.281 0.28
JCIR Reward 991 1347 91 147 950 1046  0.1% 021 0150 034 0727 008
ependence
TCI-R Persistence 103.7 19.38 106.1 17.27 111.0 16.83 0.463 0.13 0.061 0.40 0.233 0.29
TCI-R Self-directedness 134.2 20.26 1239 22.10 116.4 20.34 0.005 * 0.52* <0.0001 * 0.88* 0.109 0.36
TCI-R Cooperativeness 132.4 16.46 129.7 16.68 124.1 14.83 0.335 0.16 0.017 * 0.53* 0.132 0.35
TCI-R Self-transcendence 60.2 13.69 63.4 13.88 66.3 13.27 0.185 0.23 0.037 * 0.45 0.348 0.21

Note. Illegal—: without illegal behavior. Illegal + Cons—: with illegal behavior and without legal consequences.
Illegal + Cons+: with illegal behavior and with legal consequences. SD: standard deviation. GD: gambling disorder.
SOGS: South Oaks Gambling Screen. SCL-90-R: Symptom Checklist-Revised. UPPS-P: Urgency, Premeditation,
Perseverance, Sensation Seeking, Positive Urgency. TCI-R: Temperament and Character Inventory-Revised.
* Bold: significant comparison. * Effect size within the range mild-moderate to high-large (Id | > 0.50).

Table 3. Comparison between the groups for comorbid mental disorders and substances.

Illegal — Illegal + Cons— Illegal + Cons+ Illegal + Co— Illegal + Co+ Illegal + Co+
(n=85) (n =55) (n=31) vs. Illegal — vs. Illegal — vs. Illegal + Co—
n % n % n % P lol 4 lol P lol
ny rmental 16 188% 18 327% 6 194% 0061  0158* 0948 0006 0184  0143%
Depression 5 5.9% 4 7.3% 1 3.2% 0.743 0.028 0.568 0.053 0.441 0.083
Anxiety 4 4.7% 4 7.3% 1 3.2% 0.553 —0.050 0.289 0.098 0.450 0.081
Bipolar 3 3.5% 1 1.8% 0 0.0% 0.523 0.054 0.728 0.032 0.441 0.083
Other 3 3.5% 9 16.4% 3 9.7% 0.008 * 0.224 % 0.186 0123 * 0.390 0.093
Any substance 46 54.1% 38 69.1% 19 61.3% 0.077 0.149 * 0.491 0.064 0.463 0.079
Tobacco 41 48.2% 35 63.6% 16 51.6% 0.074 0.151* 0.747 0.030 0.276 0.118*
Alcohol 11 12.9% 6 10.9% 5 16.1% 0.719 0.030 0.659 0.041 0.486 0.075
Illegal drugs 1 1.2% 8 14.5% 5 16.1%  0.002*  0266%  0.001*  0.299* 0.844 0.021

Note. Illegal —: without illegal behavior. Illegal + Cons—: with illegal behavior and without legal consequences.
Tllegal + Cons+: with illegal behavior and with legal consequences. | |: Phi-statistic. * Bold: significant
comparison.  Effect size within the range mild-moderate to high-large (| ¢ | > 0.10).

3.3. Comparison of the Therapy Outcomes between the Groups

Table 4 shows the risk of dropout and relapses and the comparison between the
groups. For both outcomes, the highest likelihood was associated to the presence of illegal
behavior with legal consequences (64.5% of dropout and 32.3% of relapses). Regarding
the cumulative survival functions, the patients who reported both illegal behaviors with
legal consequences also achieved the highest rate of dropout and relapse during the
treatment (Figure 1).
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Table 4. Comparison between the groups for CBT outcomes.

Illegal — Illegal + Cons— Illegal + Cons+ Illegal + Co— Illegal + Co+ Illegal + Co+
(n = 85) (n = 55) (n=31) vs. Illegal — vs. Illegal — vs. Illegal + Co—
n % n % n % 4 lol 4 lol P lol
Dropout  Present 43 50.6% 23 41.8% 20 645% 0310 0.086 0.183  0.124% 0.043* 02181
Absent 42 49.4% 32 58.2% 11 35.5%
Relapses Present 19 22.4% 17 30.9% 10 32.3% 0.258 0.096 0.276 0.101 * 0.897 0.014
Absent 66 77.6% 38 69.1% 21 67.7%
Note. Illegal —: without illegal behavior. Illegal + Cons—: with illegal behavior and without legal consequences. Illegal
+ Cons+: with illegal behavior and with legal consequences. CBT: cognitive-behavioral treatment. | ¢ |: Phi-statistic.
* Bold: significant comparison. T Effect size within the range mild-moderate to high-large (| ¢ | > 0.10).
Dropout — Relapses —
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v 0.7 °
E 06T — IIIegaI+ConsT = 0.7- ‘
E g : lllegal+Cons+ +
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O lllegal — 15} 0.6
0471 '
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Log Rank test

llegal+Co- vs lllegal-: p = 0.375
llegal+Co+ vs lllegal-: p = 0.098
llegal+Co- vs lllegal+Co+ : p = 0.049

Log Rank test

lllegal+Co- vs lllegal-: p = 0.270
lllegal+Co+ vs lllegal-: p=0.210
lllegal+Co- vs lllegal+Co+ : p = 0.752

Figure 1. Survival functions for the rate of dropout and relapses. Note. Illegal—: without illegal
behavior. Illegal + Cons—: with illegal behavior and without legal consequences. Illegal + Cons+:
with illegal behavior and with legal consequences.

4. Discussion

The present study aimed to explore sociodemographic and clinical differences between
individuals with GD who had committed gambling-related illegal acts (differentiating into
those who had had legal consequences and those who had not), and patients with GD who
had not committed crimes. Moreover, we aimed to compare the treatment outcome of these
three groups, considering dropouts and relapses.

Regarding sociodemographic factors, the proportion of patients included in the present
study was mostly male. This clinical reality supports previous studies, which have high-
lighted a male-female ratio of individuals with GD of 2.8:1.0 [43]. GD remains, therefore, a
disorder more prevalent in men, although it is progressively increasing in women [44,45].

In addition, no differences were found between groups in terms of years of schooling,
given that most patients had primary or secondary levels of education and a low or medium-
low socioeconomic level. These findings are consistent with previous studies, which also
found no differences between patients who had committed illegal acts and those who had
not [16,20]. However, they are inconsistent with other research that has highlighted an
inverse relationship between education and the risk of committing crimes [46], as well as
between social stratification and delinquency [47].

Patients who had committed illegal acts (with or without legal consequences) were
younger than those who had not. These findings support the age-of-crime curve, which
proposes a bell-shaped pattern in the association between age and crime [48,49]. In adoles-
cence and young adulthood, there would therefore be a greater probability of committing
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crimes that would subsequently decrease with age. Age was the only sociodemographic
factor in which significant differences were found between groups, as occurred in previ-
ous studies [24].

Regarding clinical features, patients who had not committed gambling-related illegal
acts showed lower GD severity than those who had (with or without legal consequences).
Previous studies also reported higher levels of GD severity in those patients who had
committed gambling-related crimes [19,25,50,51]. These findings would lend support
to the fact that illegal acts are a clear indicator of GD severity, rather than a diagnostic
criterion per se [11,12], and that it is unlikely that an individual would commit illegal
acts in the absence of other diagnostic criteria for GD [52]. It should be noted, however,
that contrary to our hypotheses, no differences in GD severity were observed between the
group that had committed illegal acts with legal consequences and the group that had
committed them without legal consequences. We had hypothesized a different clinical
profile between both groups estimating that those crimes with legal consequences might be
more severe than those without legal repercussions. However, it is possible that not having
legal consequences does not imply less severity of the crime, but simply that the crime was
not detected.

Those patients who had committed gambling-related illegal acts also reported greater
levels of impulsivity compared to those who had not. However, no significant differences
in impulsivity were detected between individuals who had committed gambling-related
illegal acts with or without legal consequences. In this line, previous studies suggested
that among the different dimensions of impulsivity contemplated by the UPPS-P model,
positive urgency (understood as acting rashly when facing intense positive emotions) and
lack of premeditation (defined as the tendency to act without taking into account the
possible consequences of the behavior) were predictors of the presence of illegal acts in
individuals with GD, and could therefore be considered a risk factor [16].

Furthermore, individuals who had committed illegal acts (and more specifically the
group without legal consequences) showed a higher probability of presenting psychiatric
comorbidity. These findings are consistent with previous studies, which suggested that
comorbid mental disorders may be relevant mediating factors in the association between
gambling behavior and crime [22,23]. Moreover, the absence of gambling-related illegal
acts was also associated with a lower likelihood of substance use, specifically tobacco and
illegal drugs. Previous studies in this line have suggested that the co-occurrence of GD and
substance use may enhance a disinhibition effect in the individual, and this may increase
the likelihood of committing illegal acts related to gambling [15]. The patients who had
not committed gambling-related crimes showed a more adaptive personality profile, with
lower novelty seeking and higher self-directedness and cooperativeness levels, compared
to those who had committed crimes. These results coincide with previous studies [16],
suggesting that especially self-directedness, characterized by greater self-control and skills
for achieving goals [37], could to some extent be preventing the commission of illegal
acts. In addition, these patients showed lower levels of psychopathology compared to the
groups that had committed crimes, as observed in previous studies [20].

Finally, to the best of our knowledge, to date, no study has studied in depth the
association between the commission of gambling-related crimes and response to treatment,
specifically, dropout and relapse rates. Both dropout and relapse are considered essential
to assess GD treatment outcome, along with other variables such as gambling behavior
measures (e.g., monthly net expenditure and gambling frequency) and measures of GD-
related problems (e.g., social, legal, and financial difficulties) [53]. In the present study,
consistent with our hypothesis, the illegal acts with legal consequences group presented
a higher risk of both dropout and relapse compared to the other two groups. Therefore,
although no significant differences were observed in terms of sociodemographic and
clinical factors regarding the presence/absence of legal consequences, it is a relevant factor
to consider when analyzing treatment outcomes.
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It should be noted that the groups that had committed illegal acts presented a more
impaired clinical profile, with greater severity of the disorder and psychopathology, more
maladaptive personality traits, and higher levels of impulsivity. All these factors could
be interfering with dropout and relapse rates, as previous studies suggest [54,55]. In
the specific case of gambling-related offenses, Ledgerwood et al. [24] observed that GD
severity was maintained throughout CBT in the group of patients who had committed
illegal acts, compared to those who had not. Therefore, the authors suggested that the
profile of gamblers with associated offenses might require treatments of longer duration
and intensity in order to achieve an effective reduction of GD symptomatology. Gambling-
related illegal acts and their legal consequences would therefore be factors to contemplate
when analyzing the treatment adherence of this type of patient, as well as when designing
treatment programs focused on this specific clinical population.

Limitations and Future Studies

The present study presents several limitations. First, although an attempt was made
to reduce the probability of bias by assessing the commission of gambling-related crimes
using two independent clinical interviews (one with DSM criteria and the other specific to
illegal acts), both focus on self-reporting, so that failure to disclose these crimes by patients
may occur, as previous studies have highlighted [8]. Similarly, psychiatric comorbidity and
substance use were self-reported by patients at the initial clinical interview, prior to the be-
ginning of therapy. Therefore, it should be noted that the diagnoses reported may be biased.
Second, although the present study reports the presence/absence of legal consequences (a
previously unexplored factor), it does not include relevant data associated with criminal
behavior, such as the typology of the crime or recidivism. Third, this study included only
treatment-seeking individuals, so this may be a more problem-conscious gambler profile.
Future studies could also include non-treatment seeking gamblers to contrast the clinical
profiles. Fourth, the different clinical factors included (personality, psychopathology and
impulsivity) have been evaluated through self-report questionnaires, with their consequent
limitations. Finally, although gender is an important factor to take into account in the
recovery processes [56], the present study has not explored gender differences.

5. Conclusions

Patients who reported an absence of gambling-related illegal behavior were older, and
showed the lowest GD severity, the most functional psychopathological state, the lowest
impulsivity levels, and a more adaptive personality profile. Patients who had committed
offenses with legal consequences presented the highest risk of dropout and relapses, higher
number of psychological symptoms, higher likelihood of any other mental disorders, and
greater prevalence of tobacco and illegal drugs use. Our findings uphold that patients who
have committed gambling-related offenses show a more complex clinical profile that may
interfere with their adherence to treatment. Therefore, specific treatment plans are required
for this type of patient.
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