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ARTICLE INFO ABSTRACT

Keywords: Objectives: Mental, personality and substance use disorders are over represented among prisoners and aggressive
Zinc individuals. The psychopathological and biological markers linked to mental functioning remain still unclear. In
Copper particular, the role of trace elements in mental illness is still matter of debate. Here, we investigated whether
Cadmiufn . trace elements are correlated to specific psychopathological phenotype groups.
:/Ig:: ;Slsgiioliz}:svmur Methods: Axis I and II disorders, aggression, impulsivity, adult attention deficit/hyperactivity disorders (ADHD)
Personality disorders indices and serum levels of zinc, copper and cadmium were evaluated in 160 male prisoners.
Results: Using latent class analysis we could subdivide prisoners into three distinct psychopathological classes:
Class 1 characterized by low prevalence of aggression, personality disorders and substance abuse/dependence
(alcohol, cannabis, cocaine); Class 2 represented by low prevalence of aggression and high prevalence of per-
sonality disorders and substance abuse/dependence; Class 3 defined by high prevalence of aggression, person-
ality disorders and substance abuse/dependence. Serum levels of zinc were higher in Class 2 and 3 compared to
Class 1. Moreover, Class 3 was associated with higher scores of impulsivity and ADHD indices.
Conclusion: Our results suggest that impulsivity but also adult ADHD indices are related to aggressive behaviour,
and higher zinc levels are linked to personality disorders and addictions, but not to aggression.

1. Introduction [10-14], intellectual and learning disabilities [15,16], ADHD in chil-

dren [16-18], Parkinson [19], Alzheimer [20] and depression [21].

There is a significant high rate of mental, personality and substance
use disorders among offenders and individuals who display aggressive
behavior [1-6]. To date, the complex neurobiological mechanisms
underlying mental and personality disorders, aggressive behavior, at-
tention-deficit status as well as their link has not yet been completely
elucidated through basic and clinical research. Neurotransmitter system
impairments such as monoamines, GABA and glutamate, dysregulation
of several receptor subunits, intracellular cascades, and/or other neu-
ronal elements, neurosteroids, and nitric oxide have been shown to be
implicated [7-9]. Several studies found that imbalances in the optimum
levels of trace elements such as zinc, copper and cadmium are asso-
ciated with many neurobehavioral consequences including aggression

However, these studies sometimes produced contrasting results and no
indication on whether the observed differences represented a direct or
causal relationship between trace elements status and psychiatric
symptoms. Trace elements are key modulators of several biological
processes and consequently alterations in their intake/body levels lead
to pathological states [22-27]. In particular, copper is an important
component of several metalloenzymes, including tyrosine hydroxylase
and dopamine hydroxylase involved in the synthesis of dopamine and
norepinephrine, respectively [28]. Zinc plays an important role in many
biological processes such as the activity of more than 300 enzymes, the
structure of several proteins, and the control of genetic expression [29].
In addition, it modulates the activity of several voltage-gated ion
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channels and transmitter receptors as well as the uptake of several
neurotransmitters such as serotonin, dopamine, glutamate and hista-
mine [30]. Cadmium is not regarded as essential to human life but
instead is considered a toxic metal producing adverse health effects on
human beings such as renal dysfunction, bone demineralization and
cancer [31].

Between January 2007 and November 2009, we examined a sample
of 160 male prisoners from a federal penitentiary in Montreal in which
we evaluated Axis I and Axis II disorders, levels of impulsivity and
aggression toward others and themselves, and attention-deficit/hyper-
activity disorder (ADHD) indices. A blood sample was also withdrawn
for the analysis of some trace elements. Specifically, we aimed to in-
vestigate whether serum concentration of zinc, copper and/or cadmium
might be associated to specific psychopathology phenotypes. This hy-
pothesis derived by the fact that, as above indicated, these trace ele-
ments are modulating the activity of several neurotransmitter systems
such as serotonin, dopamine, and glutamate that are important mod-
ulators of mood and behavior [8,32,33].

2. Material and methods
2.1. Participants

Between January 2007 and November 2009, 321 male prisoners
from a federal penitentiary in Montreal were invited to participate in
our study. 246 accepted the invitation and among them, 186 agreed to
undergo both a psychiatric assessment and a blood withdrawal. In 26
prisoners, the psychiatric assessment and/or the analysis of both three
trace elements were not completed. Consequently, 160 prisoners were
used in this study. All the participants were exposed to a homogenous
diet, with daily limited choice among few different dishes per meal.
Venous blood samples for the assay of trace elements were withdrawn
between 8:00 and 10:00 a.m. after an overnight fasting, allowed to clot
at room temperature and centrifuged at 3000g for 10 min. The obtained
serum was then stored at —80 °C. All participants were informed about
the risks and benefits of participation, and all provided written consent.
The study was approved by the Ethical Review Boards of the Institut
Philippe-Pinel de Montréal, McGill University and The Université du
Québec a Trois-Rivieres and has been conducted according to the
principles expressed in the Declaration of Helsinki.

2.2. Psychiatric assessment

2.2.1. AXIS I disorders

The presence of DSM-IV-TR AXIS I disorders was evaluated using
the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I)
[34] administered by two professional raters who received a common
training and showed very good inter-rater agreement (K values ranged
from 0.918 to 1.000). Disorders assessed included life-time presence of
mood disorders (major depressive disorder, depressive disorder not
otherwise specified, dysthymia, bipolar disorder I or II, mood disorders
due to drugs of abuse), anxiety disorders (panic disorder, generalized
anxiety disorder, agoraphobia without panic disorder, specific phobia,
social phobia, posttraumatic stress disorder, obsessive-compulsive dis-
order), psychosis (schizophrenia, schizophreniform disorder, schi-
zoaffective disorder, brief psychotic disorder, psychotic disorders due to
drugs of abuse), eating disorders (anorexia nervosa, bulimia nervosa,
binge-eating disorder), and pathological gambling. Moreover, sub-
stance abuse/dependence to alcohol, cannabis, stimulants, opioids,
cocaine, and hallucinogens was assessed.

2.2.2. AXIS 1I disorders

Presence or absence of Cluster B personality disorders (antisocial,
borderline, histrionic and narcissistic) were evaluated using the
Structured Clinical Interview for DSM-IV Axis II Disorders (SCID-II)
[35]. Inter-rater agreement for Axis II Disorders was also very high (K
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values ranged from 0.868 to 0.932).

2.2.3. Aggression against others

Violence and aggression were evaluated using the MacArthur
Community Violence Instrument (MacVI) [36]. This self-reported in-
strument reports on lifetime prevalence of aggressive behavior at two
severity levels. Severe aggressive behaviour corresponds to any assault
using a weapon or resulting in injury, any threat with a lethal weapon
use, or any sexual assault. Minor or general aggressive behaviour cor-
responds to simple assault without injury or weapon use [37].

2.2.4. Self-harm

The rate and severity of self-injurious behaviors were estimated
using the Lethality of Suicide Attempt Rating Scale (LSAR) [38]. It
comprises a scale ranging from 0 to 10 at equal intervals to measure the
severity (or lethal) events beyond the stated intention by the re-
spondent. The LSAR scoring is based on the actual severity of the
method used as well as the circumstances surrounding the event. Life-
time prevalence of suicide attempts was assessed with this scale.

2.2.5. Impulsivity

The Barratt Impulsiveness Scale (BIS) was used to measure im-
pulsivity. It is the most widely used self-report measure of impulsive
personality traits which, in its latest version (BIS-11) [39], measures
three a priori defined components of impulsiveness: cognitive (problems
related to concentrating/paying attention), motor (fast reactions and
restlessness) and non-planning impulsiveness (orientation towards the
present rather than to the future) [40].

2.2.6. Attention-deficit status

Conners’ Adult ADHD Rating Scales (CAARS) were used to assess
ADHD-related symptoms and behaviors [41]. This instrument quanti-
fies ADHD indices across clinically significant domains and explores the
manifestations of those symptoms. The CAARS version used in this
study is the CAARS Self-Report: Short Version [42] that is comprised of
26 items and allowed us to assess the following subscales: A) Inatten-
tion/Memory Problems Subscale, B) Hyperactivity/Restlessness Sub-
scale, C) Impulsivity/Emotional Lability Subscale, D) Problems with
Self-Concept Subscale, E) ADHD Index.

2.3. Serum sample analysis

2.3.1. Copper and zinc determination

Serum copper and zinc levels were determined using atomic ab-
sorption spectrometer (Spectr AA 55B, Varian, Agilent Technologies,
Palo Alto, CA, USA).

Serum samples were diluted (1:4 and 1:5 for Cu and Zn, respec-
tively) with ultradeionized water. Cu and Zn concentrations were es-
tablished on the basis of three measurements for each sample.

2.3.2. Cadmium determination

A graphite furnace atomic adsorption spectrometer (GFAAS) was
used to quantify Cd in the serum. Samples were diluted (1:4) with ul-
tradeionized water and a PANOj; solution was used as modifier. Cd was
determined with the standard addition method; all determinations were
run in triplicate, and individual values were averaged.

The Autosampler system was used in the automix mode and with
sample intake to the graphite tube of 1 pl/s. The total volume inserted
in the tube was 20 pl (5 pl of matrix modifier, 10 pl of sample, and 5 pl
of standard solution). Samples analysis was carried out using a Varian
AA240Z GFAAS equipment (Agilent Technologies, Palo Alto, CA, USA).

The data obtained were processed with nonlinear fitting software
Sigmaplot 9.0 (Systat Software Inc., Chicago, IL, USA).
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2.4. Statistics

Statistical analyses were performed using SAS version 9.3 (Cary, NC:
SAS Institute Inc.). The relationship between continuous variables was
examined by Spearman’s correlations. Differences in the levels of trace
elements, impulsivity or attention-deficit status between latent classes
were assessed using one-way ANOVA followed by the post hoc multiple
comparisons using a Tukey-Kramer adjustment. When Spearman’s
correlation coefficient analysis revealed a significant correlation be-
tween variables, ANCOVA followed by the post hoc multiple compar-
isons using a Tukey-Kramer adjustment were performed to qualify the
relationships. Differences were considered significant at a p < 0.05
level.

2.5. Latent class analysis

Given the complexity of our study population in terms of psychia-
tric/behavioral symptomatology and the high number of variables
under examination that would require a higher number of subjects to
perform multiple regression and/or logistic regression analyses, we first
identified subgroups of prisoners with similar psychological/psychiatric
features using a latent class analysis (LCA) [43]. Then, we examined
whether the subgroups of prisoners presented differences in im-
pulsivity, ADHD traits, and trace element serum levels and their pos-
sible correlation/association.

LCA is a statistical method used to determine homogeneous, mu-
tually exclusive groups (called “classes”) that exist within a hetero-
geneous population. The PROC LCA software was used to estimate
model parameters and the number of latent classes that best describe
our population [43]. To select the appropriate number of classes, the
goodness of fit statistics such as the likelihood-ratio G static, the
Akaike Information Criterion (AIC), and the Bayesian Information Cri-
terion (BIC), model parsimony and interpretation of class meaning were
used [43]. The model expressing the lower likelihood-ratio G2, AIC and
BIC values is preferable [43]. The variables included in the model were:
age and lifetime prevalence of mood and anxiety disorders, psychosis,
substance abuse/dependence to alcohol, cannabis, stimulants, opioids,
cocaine, and hallucinogens, severe and general aggressive behaviors,
antisocial behavior, Axis II Cluster B disorder, and suicide attempts.
Disorders or expressed behaviors with rates between 0 and 10% were
not included in the LCA (psychosis, eating disorders, pathological
gambling, sedative abuse/dependence, and borderline, histrionic and
narcissistic personality disorders). The variable age was dichotomized
based on the median value of the population (40 years old) and then
coded 1 for age <40 or 2 for age > 40 years. For the behavioral vari-
ables, 1 was used for absence and 2 for presence of the behavior. PROC
LCA method allows covariates to be added to the basic model via
multinomial logistic regression. The three subtraits of impulsivity ac-
cording to BIS, the five subscales of CAARS, and zinc, copper and
cadmium plasmatic levels were therefore included in the model as
covariates since previous research has shown they are related to the
main variables [8,32]. In doing so, we will also determine whether the
covariates may be a predictor of class membership.

In order to examine possible differences in the levels of impulsivity,
attention-deficit indices or trace elements between latent classes, each
prisoner was assigned to a latent class based on the maximum-prob-
ability rule, which in turn gives the highest posterior probability of
class membership for each individual.

3. Results
3.1. Demographics
Table 1 reports the demographic characteristics of the 160 partici-

pating prisoners. Half of the participants met criteria for lifetime pre-
sence of mood disorders as well as alcohol or cannabis abuse/
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Table 1

Clinical characteristics (lifetime diagnosis) of the prisoners (n = 160).
Age, mean (SD) 40.5 (= 13.3)
AXIS I disorders, No. (%)
Mood disorders 94 (58.8)
Anxiety disorders 29 (18.1)
Psychosis 8 (5.0)
Pathological gambling 12 (7.5)
Eating disorders 1 (0.6)
Alcohol abuse/dependence 106 (66.3)
Cannabis abuse/dependence 88 (55.0)
Sedative abuse/dependence 12 (7.5)
Stimulants abuse/dependence 45 (28.1)
Opioids abuse/dependence 24 (15.0)
Cocaine abuse/dependence 75 (46.9)
Hallucinogens abuse/dependence 43 (26.9)
AXIS II disorders, No. (%)
Borderline personality disorder 3(1.9
Histrionic personality disorder 0 (0)
Narcissistic personality disorder 5(@3.1)
Antisocial behavior 111 (69.4)
Cluster B personality disorder 120 (74.4)

Hetero-aggression: MacArthur Community Violence Instrument, No. (%)
Severe aggressive behavior 80 (50.0)
General aggressive behavior 108 (67.5)

Self-aggressive behavior: the Lethality of Suicide Attempt Rating Scale, No. (%)
Suicide attempts 45 (28.1)

dependence. Slightly less than half of the sample (46.9%) had a diag-
nosis of lifetime cocaine abuse/dependence. Fully three quarters
(74.4%) of prisoners presented a cluster B personality disorders and
69.4% an antisocial personality disorder. The other cluster B person-
ality disorders displayed prevalence not higher than 5%. According to
the MacArthur Community Violence Instrument, 50% of the prisoners
had a severe aggressive behavior and 67.5% a general aggressive be-
havior lifetime. Nearly one third (28.1%) of participants reported at
least one suicide attempt during their lifetime.

3.2. Latent class analysis (LCA)

In order to define homogeneous classes of prisoners based on their
clinical characteristics, a LCA analysis was performed. (Table 1). Ac-
cording to the likelihood-ratio G? static, the AIC, BIC, and entropy, a
three-class model had the best statistical fit (Table 2) but also was the
best model providing a substantive classification of distinct and well
characterized psychiatric phenotypes. As shown in Table 3, class 1 ac-
counted for 24%, class 2 for 12% and class 3 for 64% of the prisoners.
Class 1 was composed by prisoners exhibiting low prevalence of ag-
gressive behavior, axis II disorders and drugs or alcohol abuse/depen-
dence. In turn, prisoners of class 2 showed low prevalence of aggressive
behavior but high prevalence of axis II and drug and alcohol abuse/
dependence. Finally, class 3 prisoners displayed high prevalence of
aggressive behavior, axis II as well as drugs and alcohol abuse/depen-
dence (Table 3).

Given that impulsivity, inattention and hyperactive-impulsive be-
haviors and trace elements have been shown to relate to psychiatric
disorders, they were introduced into the model as covariates.
Multinomial logistic regression analyses revealed that BIS-11 motor and

Table 2
Fit indices for the latent class analysis.
Model Log-likelihood AIC BIC Entropy
2 classes —1213.22 935.07 1024.25 0.99
3 classes —1141.78 888.92 1024.23 0.87
4 classes —-1175.15 852.19 1033.62 0.93
5 classes —1119.22 837.08 1064.64 0.91
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Table 3
Conditional probabilities from the three-class model.

Item Class 1 (n = 39, Class 2 (n = 20, Class 3 (n = 101,
24%) 12%) 64%)
Low aggressive Low aggressive High aggressive
behavior behavior behavior
Low Axis II High Axis II High axis II
Low drugs High drugs High drugs
abuse/ abuse/ abuse/
dependence dependence dependence
Age > 40yr 0.64 0.69 0.36
Mood disorders 0.51 0.35 0.66
Anxiety disorders 0.20 0.05 0.20
Alcohol dependence  0.34 0.66 0.79
Cannabis 0.14 0.79 0.66
dependence
Stimulants 0.06 0.00 0.42
dependence
Opioids dependence  0.03 0.30 0.17
Cocaine dependence  0.06 0.75 0.57
Hallucinogens 0.03 0.16 0.38
dependence
Severe aggressive 0.13 0.06 0.73
behavior
General aggressive 0.39 0.20 0.88
behavior
Antisocial behavior 0.03 0.69 0.95
Axis II disorders 0.11 0.69 0.96
Suicide lifetime 0.11 0.30 0.34
prevalence
Boldface indicates frequency greater than 60%.
Table 4
Predictive group membership: multivariate logistic regression analysis results.
Covariate 2 Log df Sig.
likelihood
BIS-11 Motor impulsiveness 6.06 2 0.0483
BIS-11 Cognitive impulsiveness 3.40 2 0.1826
BIS-11 Non planning impulsiveness 9.16 2 0.0102
CAARS-A 0.68 2 0.7104
Inattention/Memory Problems
CAARS-B 13.60 2 0.0011
Hyperactivity/Restlessness
CAARS-C 16.38 2 0.0003
Impulsivity/Emotional Lability
CAARDS-D 1.38 2 0.5009
Problems with Self-Concept
CAARS-E 9.85 2 0.0073
ADHD Index
Zinc serum levels 12.75 2 0.0017
Copper serum levels 0.04 2 0.9810
Cadmium serum levels 3.34 2 0.1887

Boldface indicates covariates that are significant class membership predictors.

non planning impulsiveness, CAARS-B Hyperactivity/Restlessness,
CAARS-C Impulsivity/Emotional Lability and CAARS-E ADHD Index
and Zinc serum levels were the covariates predictive of class member-
ship (Table 4).

3.3. BIS-11, CAARS scores and Trace elements serum levels

The next step was to determine if the three classes differed in term
of BIS-11, CAARS scores and trace elements serum levels. Each prisoner
was assigned to one of the three latent classes based on the highest
posterior probability of class membership. A Spearman correlation
analysis was also performed to examine whether in the whole popula-
tion there was a correlation between trace elements serum levels, age,
BIS-11 and CAARS scores that consequently needed to be considered.
Age was weakly and negatively correlated to zinc serum levels
(r=-0.237, p = 0.003) and BIS scores while positively correlated to
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copper serum levels (r = 0.219, p = 0.005). Interestingly, cadmium
serum levels were weakly and positively correlated with BIS-11 non-
planning impulsiveness (r = 0.157, p = 0.048), CAARS-A Inattention/
Memory Problems (r = 0.227, p = 0.004) and CAARS-E ADHD Index
(r = 0.202, p = 0.010).

Fig. 1 displays class differences for BIS-11 (A) and CAARS (B) scores.
Controlling for the factor age, prisoners belonging to class 3 showed
high levels of impulsivity. Indeed, BIS-total score (ANCOVA:
F2156 = 10.16, p < 0.001) was significantly higher in class 3 than in
class 1 (p = 0.01) and 2 (p < 0.001). No difference was found between
class 1 and 2 (Fig. 1A) meaning that impulsivity is highly linked to
aggressive behavior. Similar findings were obtained when analyzing the
three a priori defined BIS-11 subtraits of impulsiveness (Fig. 1A). The
levels of motor impulsiveness (F5 156 = 3.51, p = 0.03) were higher for
prisoners of latent class 3 than those of latent class 2 (p = 0.02), the
levels of cognitive impulsiveness (Fg 56 = 10.15, p < 0.001) were
higher in class 3 compared to class 1 (p < 0.001) and 2 (p = 0.002),
and the levels of non-planning impulsiveness (F5 155 = 4.53, p = 0.01)
were higher in class 3 than in class 1 (p = 0.02).

Notably, significant changes on CAARS subscales scores were also
detected between the three classes (Fig. 1B). CAARS-A Inattention/
Memory Problems scores (F3 156 = 13.65, p < 0.001) were lower in
class 2 than in class 1 (p = 0.009) and 3 (p < 0.001). CAARS-B Hy-
peractivity/Restlessness (Fy 155 = 10.47, p < 0.001) and CAARS-C Im-
pulsivity/Emotional Lability (F315¢ = 19.05, p < 0.001) scores were
higher in class 3 compared to class 1 and 2 (p < 0.001). No difference
between classes was found for CAARS-D Problems with Self-Concept,
whereas CAARS-E ADHD Index (F3;56 = 13.60, p < 0.001) was sig-
nificantly higher in prisoners belonging to class 3 than to class 1
(p < 0.001) and 2 (p < 0.001).

Controlling for age, differences in zinc serum levels between classes
were computed using ANCOVA (F 156 = 4.11, P = 0.018). As showed
in Fig. 2, prisoners of class 1 showed lower zinc serum levels than those
of class 2 (p = 0.01) and 3 (p = 0.04). No differences between classes
were instead found for copper and cadmium serum levels (Fig. 2) as
well as for the ratio copper/zinc, copper/cadmium and cadmium/zinc
(data not shown).

4. Discussion

In this study, we aimed at investigating whether a possible re-
lationship between zinc, copper or cadmium serum levels and psycho-
pathology was present in a prisoner population. We found that zinc was
linked to the presence of personality disorders and addiction.

Since prisoners showed several co-morbidities, the sample could not
be classified and examined according to single diagnostic categories.
Therefore, we used LCA analysis to identify subgroups of prisoners with
comorbidities. A three-class model led us to distinguish prisoners based
on low or high prevalence of aggressive behavior, axis II cluster B
disorders and alcohol and drugs abuse/dependence. Then, we have
examined whether these psychopathological traits were associated to
behavioural variables and trace elements serum levels. Our results in-
dicate that Class 1 is composed by prisoners showing low prevalence of
aggression, personality disorders and substance abuse/dependence to
alcohol, cannabis, and cocaine, Class 2 by prisoners with low pre-
valence of aggression and high prevalence of personality disorders and
substance abuse/dependence, and Class 3 by prisoners with high pre-
valence of aggression, personality disorders and substance abuse/de-
pendence. We found that Class 3 is associated with higher impulsivity
levels (BIS-11 scores) and CAARS scores, in particular those related to
hyperactivity/restlessness, impulsivity/emotional lability and ADHD
symptoms. Being Class 3 differentiated from Class 1 and 2 by the high
prevalence of aggressive behaviour, we confirmed the already known
close relationship between impulsivity and aggressive/violent beha-
viour [8,32,44]. In keeping with the epidemiology of mental and per-
sonality disorders in correctional settings literature [3,5,45-471, 75% of
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prisoners included in our sample has a diagnosis of antisocial behavior,
66-67% of alcohol abuse/dependence and general aggressive behavior,
and 58% of mood disorders.

As previously reported [48,49], the levels of impulsivity, measured
by the total BIS-11 score, are inversely correlated with age. As reviewed
by Moeller et al. [50], several studies have reported high levels of im-
pulsivity in substance-dependent populations, but in our classes, the
differences in impulsivity seem more linked to aggressive behavior than
to substance abuse/dependence. Indeed, prisoners of class 2 (low pre-
valence of aggression) and 3 (high prevalence of aggression) share si-
milar prevalence for alcohol, cocaine, cannabis and other substances
abuse/dependence but different impulsivity levels.

It was quite unexpected to find that prisoners of Class 2 had lower
CAARS scores than those of Class 3. Since the feature distinguishing
Class 2 from Class 3 is aggressive behaviour, our results suggest -for the
first time - that the different symptom dimensions of ADHD into
adulthood are more strongly associated to aggressive behavior than
other symptom dimensions such as substance abuse or antisocial per-
sonality traits. Consequently, adult ADHD symptom dimensions must
be taken into consideration as a potential risk factor for aggressive
behaviour.

Our results also indicate that serum levels of Zn were lower in Class
1 than in Class 2 and 3 prisoners. We can therefore speculate that the
high levels of serum zinc in Class 2 and 3 are very likely a contributing
factor or a consequence of the axis II cluster B disorders and/or drug
and alcohol abuse/dependence. Cook et al. [51] found no difference in
the plasmatic levels of zinc between alcoholics and controls, but out of
13 alcoholic males, three had abnormally high zinc levels. No correla-
tion between zinc levels and alcohol intake was also reported by
Karkkainen et al. [52]. However, as reviewed by McClain and Su, in-
creased urinary zinc losses and depressed serum zinc levels are common
in chronic alcoholics with or without liver disease [53]. Interestingly, in
contrast with previous literature [54], Gonzalez-Estecha et al. [55]
found that bipolar patients display higher serum zinc levels with respect
to controls, but they then observed that zinc levels were higher among
those patients who declared cannabis and cocaine consumption. In
healthy men who were tobacco consumers, higher zinc serum levels
were found [56]. Similarly, high zinc levels were reported in con-
fiscated heroin and cocaine samples [57,58]. In line with these findings,
prisoners in class 2 and 3 presented high prevalence of cannabis and
cocaine abuse/dependence, but we did not collect information related
to tobacco consuming.

Cadmium is a toxic heavy metal of which environmental exposure in
children as well as in adults has been associated to neurocognitive
impairments that leads to a decreased performance in tasks requiring
attention and perception [59,60]. Even if we did not assess possible
sources of external cadmium intake, consistent with previous findings,
we found that cadmium serum levels were positively correlated with
measures of mental and cognitive functioning such as BIS-11 non-
planning impulsiveness which assesses careful thinking and planning
and enjoyment of challenging mental tasks [39], CAARS-A inattention/
memory problems which are related to trouble concentrating and dif-
ficulty planning or completing tasks, and CAARS-E ADHD Index which
identifies clinically significant levels of ADHD symptoms and thus in-
dividuals 'at risk' for ADHD [41]. Mental and personality disorders,
aggressive behaviour and cognitive deficits are highly associated, but in
most of the studies above presented and investigating a possible re-
lationship between them and trace elements, only some of these psy-
chopathological/behavioural variables were considered, and informa-
tion on whether or not the others were excluded/not assessed was often
missing. This fact may explain why several discrepancies are reported
in literature.

One limitation of this study is that, given the large number of
variables included and the relatively small sample size, we could not
use a statistical approach employing a multivariate/logistic regression
analysis. This approach could help establishing in a more direct way a
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possible relationship between behavioural/psychiatric variables and
trace elements.

A second limitation of the study is that we did not assess the pre-
valence of smoking cigarettes or nicotine dependence, a factor that may
affect circulating trace elements. However, before 2014 when the par-
ticipants were enrolled in this study, the percentage of prisoners
smoking cigarettes in Canadian prisons has been indicated to be very
high (> 80%) [61]. Consequently, given this high prevalence, this
factor is likely to be equal among the three latent classes and thus not
contributing to trace elements differences we observed.

Additional limitations of this study arise with regard to the lack of
mechanism to understand the relationship between trace elements and
the analyzed variables, the potential for selection bias among the par-
ticipants, and a possible limited generalizability of the results to any
other setting.

In conclusion, LCA yielded a three-subgroup model of the prisoners
based on psychiatric disorders. Importantly, impulsivity, attention-
deficit/hyperactivity and related behaviours and serum zinc levels are
shown to be good predictors of class membership. In particular, im-
pulsivity levels and attention-deficit/hyperactivity indices are pre-
dictors of prisoners with more prevalent aggressive behavior while
serum zinc levels of prisoners who suffered from personality disorders
and substance abuse/dependence. Further studies are needed to eval-
uate the link between aggression and adult ADHD indices and whether
the increase in serum zinc levels may somehow influence personality
disorders and cannabis/cocaine/alcohol abuse/dependence or is a
consequence of these disorders.
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