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ABSTRACT

Oxytocin and vasopressin are neuropeptides implicated as modulators of human
aggressive behavior. In animal models, administration of oxytocin generally
attenuates aggressive behavior, but in humans the effects of oxytocin appear to
be more nuanced. Vasopressin seems to have an opposing influence on aggres-
sion in animal studies, but much less research has been done in humans. We
performed a cross-sectional study in which we measured oxytocin and vasopres-
sin levels in forensic psychiatric male patients with a personality disorder (N = 38)
and healthy male controls (N = 108). Elevated salivary oxytocin (B = —0.10,
P = 0.02) and reduced urinary vasopressin (B = 0,19, P < 0.01) levels were found
in patients compared to controls. Within the patient group urinary oxytocin levels
were positively associated with psychopathy scores as measured with the PCL-R
(B = 0.02, P = 0.02). These findings suggest that baseline levels in forensic
psychiatric patients diagnosed with a primary personality disorder might be
counterintuitive, as oxytocin levels are higher than expected and vasopressin
levels are lower than those of healthy controls. More generally, the results imply
a complex role of these neuropeptides on human behavior, in line with the social
salience theory.

ARTICLE HISTORY Received 14 October 2020; Accepted 20 September 2021

KEYWORDS Oxytocin; vasopressin; forensic psychiatry; aggression; personality disorders; antisocial
personality disorder

Introduction

Neuropeptides such as oxytocin and vasopressin are increasingly recognized
as potent modulators of human behavior. Oxytocin is a neuropeptide that is
associated with pro-social human behaviors such as trust (Kosfeld et al., 2005),
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affiliation (Feldman, 2012) and empathy (De Dreu & Kret, 2016). This raises the
question of whether oxytocin might have an attenuating effect on aggressive
behavior. In animal models, intracerebroventricularly administered oxytocin
has a dose-dependent, decreasing effect on aggression (Calcagnoli et al.,
2013), although more recent work shows that the effect of oxytocin on
aggression depends on the social context and can be both pro-social and
agonistic (Anpilov et al., 2020a). Mice with a total knockout of the oxytocin
receptor gene show more aggressive behavior, while mice whose oxytocin
receptor gene was not excised until approximately 21-28 days postnatally,
had comparable levels of aggression to those of mice with a normal function-
ing oxytocin receptor gene (Dhakar et al., 2012). This evidence suggests
a neurodevelopmental critical period (Silva-Santos et al., 2015) for the influ-
ence of oxytocin on brain function, including aggressive behavior. Vasopressin
is chemically similar to oxytocin but its effect on aggressive behavior in animal
models seems to be opposite. Vasopressin has an increasing effect on reactive
maternal aggression in animal models (Bosch & Neumann, 2010).

In humans, the effect of oxytocin on behavior, particularly aggression,
seems to be more complex than in animal models (Gedeon et al., 2019; J.a
Bartz et al, 2011; Nave et al,, 2015). Intranasal administration of oxytocin
causes more readiness to interact with strangers (Cohen & Shamay-Tsoory,
2018), but social information seems to be crucial and there must be the
expectation that the other participant will cooperate (Declerck et al., 2010).
These effects seem especially to be orientated towards own group members:
it enhances cooperation within a group and defensive behaviors such as
protection of vulnerable group members (De Dreu et al., 2012). The direct
effect of intranasal oxytocin on aggressive behavior in a laboratory task
showed conflicting results (Alcorn, Green et al, 2015, Campbell &
Hausmann, 2013; Ne'eman et al.,, 2016). It seems to be of great importance
whether the environment is interpreted as ‘safe’ or ‘unsafe’. A ‘safe’ condition
causes oxytocin to exert more pro-social behaviors, whereas in a more
‘unsafe’ environment oxytocin seems to cause more defensive aggressive
behaviors (OIff et al., 2013). In line with this, the effects of oxytocin on
behavior seem to differ depending on the presence of certain personality
traits. Patients with a borderline personality disorder have lower oxytocin
levels (Bertsch et al., 2013) and administration of oxytocin has divergent
effects, with decreased trust and cooperation (J. Bartz et al., 2011) and
decreased amygdala and insula reactivity, while this was increased in healthy
controls (Lischke et al., 2017).

In forensic psychiatric patients, higher morning urinary oxytocin levels
were found (Mitchell et al., 2013) and intranasal administration of oxytocin
resulted in inconsistent effects on aggressive behavior in patients with an
antisocial personality disorder (Alcorn, Rathnayaka et al., 2015). However,
intranasal administration improved facial recognition in patients with
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antisocial personality disorder; while prior to the administration, they had
deficits in recognizing fearful and happy faces (Timmermann et al., 2017).
Moreover, different polymorphisms in the oxytocin receptor gene were found
to be associated with aggressive and antisocial behavior and increased
amygdala reactivity (Hovey et al., 2016; Waller et al., 2016).

The effect of vasopressin on aggression seems to depend on the condition
of the subjects. If the production of vasopressin is disrupted in rats, it leads to
a decrease of aggressive behaviors in lactating female rats and reproductively
inexperienced male rats, whereas it has no effect in reproductively experienced
males (Fodor et al.,, 2014) and even a reversed effect in female rats exposed to
stressors in adolescence (Cordero et al., 2013). Social isolation in rats increases
aggressive behaviors, presumably caused by an increase of the number of V1a
vasopressin receptors in the anterior hypothalamus (Elliott Albers et al., 2006).
Also, maternal separation causes increased inter-male aggression and upregu-
lated mRNA expression for vasopressin in the hypothalamic periventricular and
supraoptic nuclei (Veenema et al., 2006). Whereas levels of oxytocin in the
human cerebrospinal fluid (CSF) are negatively associated with the life history
of aggression (Lee et al., 2009), vasopressin levels in CSF are positively corre-
lated with the life history of aggression in subjects diagnosed with
a personality-disorder (Coccaro et al., 1998). However, administration of vaso-
pressin in humans did not cause increased aggressive behavior (Brunnlieb
et al,, 2013). Genetic variants of the vasopressin receptor gene have been
associated with impulsive aggressive behavior in patients with borderline
personality disorder (Vogel et al., 2012).

Among those with a personality disorder, psychopathic traits are particu-
larly interesting in the light of oxytocin and vasopressin. Psychopathy is
defined by antisocial behaviour and emotional impairment. Only one-third
of those who are diagnosed with antisocial personality disorder meet the
criteria for psychopathy (Blair, 2003). People with psychopathy do not form
authentic caring or love bonds with other people and their behavior is often
based on obtaining what is in their own interest. On the other hand, they are
particularly skillful in giving others the impression that they can be trusted.
Basal urinary oxytocin levels were found to be higher in patients with psycho-
pathic traits on the Psychopathy Check List — Revised (PCL-R, Hare, 2002), and
to correlate with the factor 2 score on this list, that represents antisocial
behavior, but notably not with factor 1, which represents callousness, une-
motionality and superficial charm (Mitchell et al., 2013). Conversely, in chil-
dren with conduct problems, low salivary levels of oxytocin were associated
with callous and unemotional traits, which is often considered to be
a precursor for psychopathic traits later in life (Levy et al., 2015). Lower levels
of oxytocin in children with conduct problems might be explained by the
higher methylation of different sites in the promotor region of the oxytocin
receptor gene (Dadds et al., 2014).
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Overall, these data suggest that oxytocin and vasopressin function differ-
ently in patients with a personality disorder than in healthy subjects, and that
their hormonal levels are associated with aggressive behavior. Although the
hormonal effect on aggressive behavior is well described in animal models
and to a lesser extent in healthy human subjects, relatively little is known
about oxytocin and vasopressin in forensic psychiatric patients (Gedeon et al.,
2019). We hypothesized that basal oxytocin and vasopressin levels might
have an impact on aggressive behavior in patients with a personality dis-
order. Therefore, we performed a cross-sectional study in which we investi-
gated the baseline levels of oxytocin and vasopressin in patients with
a personality disorder in a forensic psychiatric hospital, and compared them
with healthy subjects. We measured oxytocin and vasopressin in urine in the
first void of the day, representing a pooled level overnight (Reyes et al., 2014)
and a more temporally instantaneous oxytocin level in saliva which was taken
in the afternoon, when oxytocin levels are most stable (Graugaard-Jensen
et al., 2017).

Methods

This protocol was approved by the Medical Ethical Committee of the Erasmus
University Medical Centre Rotterdam (MEC-2013-551) and performed accord-
ing to the Declaration of Helsinki and the Good Clinical Practice guidelines. Al
participants gave written informed consent.

Participants

Participants were male patients, admitted to the Forensic Psychiatric Centre
‘De Kijvelanden’ (Fivoor, Poortugaal, The Netherlands). Patients were
admitted on court order, according to the Dutch Entrustment Act (TBS:
Terbeschikkingstelling). This implies that there is a psychiatric disorder
and/or personality disorder at the time of the offense and that there is
a causal relation between the disorder and the offense. Because the parti-
cipants were admitted involuntary, the study was conducted by an inde-
pendent researcher, the psychiatrist that treated the patients was not
informed about the participation and all data were handled strictly anon-
ymously. All patients were diagnosed by a senior psychiatrist based on the
DSM-IV-TR (Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition, Text Revision, 2000). Only patients with a primary diagnosis of
personality disorder were included in the study. Recent drug use was
unlikely as participants were regularly checked on the use of drugs by
urine drug screenings (controlling for cannabis, amphetamine, alcohol,
opioids or cocaine) within the facility. Most patients used psychoactive
medication to prevent their disruptive behavior. Therefore, it was not
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possible to include only medication free patients. Medication use was
documented carefully and participants were excluded when they used
libido-inhibiting medication (androgen deprivation therapy such as
Triptorelin and Cyproterone acetate), as they are known to influence the
hormonal homeostasis. Participants were excluded when they had serious
somatic comorbidity for which treatment in a somatic hospital was neces-
sary. Healthy controls were recruited from the general population. All con-
trols were screened by a medical doctor for having no mental or physical
disorder; participants with a mental disorder, medication use, or (history of)
drugs or alcohol abuse or dependence were not included.

Procedure

After the screening for inclusion- and exclusion criteria, participants that were
eligible were given verbal and written information about the study, after
which they provided written informed consent. To collect urine, they received
a sterile container. On the day of collecting the saliva samples, they were
asked to collect the first urinary void of the day. They were asked to store it in
their fridge directly after collecting. The samples were stored at —80 C at the
same day. Participants were asked to follow a normal daily routine on the day
of the assessments, but to refrain from smoking, eating, drinking anything
but water, and heavy physical activity one hour before the saliva collection.
This was done to avoid bias in cortisol levels as a result of extreme activities or
a deviance of the normal consumption. Collection of saliva took place
between 2pm. and 3pm. Before collection of samples in the healthy controls,
they were asked to fill in The Reactive Proactive Questionnaire (RPQ Raine
et al.,, 2006). PCL-R data and diagnostic information of patients were available
in their medical records.

Questionnaires

RPQ: healthy controls were asked to fill in the RPQ. The RPQ is a self-
questionnaire to measure proactive and reactive aggression. The question-
naire exists of 23 items, of which 11 items measure reactive aggression and 12
items proactive aggression. Items can be answered on a three-point scale
(never, sometimes or often). The Dutch version of the RPQ has been validated
and showed the same two-factor structure (Cima et al., 2013).

PCL-R: the Psychopathy Checklist — revised (Hare, 2002) is the most widely
used and accepted diagnostic instrument to measure the degree of psycho-
pathy. It consists of a semi-structured interview and a review of the partici-
pants records. In the semi-structured interview, patients are asked to their
school period, employment, intimate relationships, family, friends and crim-
inal activity. In the records, data from the intake assessments and reports of
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institutional adjustment and transgressions are used. Each of the 20 items is
scored on a three-point scale: 0: does not apply, 1: applies somewhat, 2:
definitely applies. The resulting scores range from 0 to 40, the recommended
diagnostic cut-off score for the diagnosis psychopathy is 30. However, in
Europe the cut-off score of 26 is often used because this might represent
better the same intensity of the disorder compared to the American popula-
tion (Cooke, Michie, Hart & Clark, 2005). The PLC-R score is subdivided into
two factors: Factor 1 is generally regarded as the core personality traits of
psychopathy (i.e. selfish, callous and the remorseless use of other) and Factor
2 measures the antisocial and deviant behaviors (i.e. chronically unstable,
socially deviant lifestyle) (Hare, 2002).

Urine samples

Urine samples were directly put on ice after collection and stored at —80°C as
both vasopressin and oxytocin have a very short half-life when not cooled
(Leng & Sabatier, 2016). Levels of oxytocin were determined using the
Oxytocin EIA kit (Enzo Life Sciences Inc., USA), a competitive immunoassay
for the quantitative determination of oxytocin. Levels of vasopressin were
determined using the Arg-Vasopressin EIA kit (Enzo Life Sciences Inc., USA),
a competitive immunoassay for the quantitative determination of vasopres-
sin. Both the vasopressin and oxytocin kits could be used without pre-
extraction for various materials besides plasma. The sensitivity of the meth-
ods was 3.39 and 11.7 pg/mL, respectively for vasopressin and oxytocin. The
intra-assay CV was 10.2% at the level of 6.31 pg/mL for vasopressin, and 9.1%
at the level of 21.4 pg/mL for oxytocin.

Urinary creatinine concentrations were measured using the Jaffé method.
The basal urinary oxytocin and vasopressin levels were expressed as the
oxytocin to creatinine ratio and the vasopressin to creatinine ratio,
respectively.

Saliva samples

Testosterone and cortisol might interact with oxytocin. Oxytocin down regu-
lates the cortisol release in the HPA axis and, therefore, dampens the stress
reaction (Ring et al., 2006) especially in subjects with impaired emotion regula-
tion abilities (Windle, Shanks, Lightman, & Ingram, 1997). Testosterone has
opposite effects as compared to oxytocin: administration of testosterone
leads to more aggressive behavior and dominance (Pope, Kouri, & Hudson,
2000). Testosterone can, therefore, be seen as an antagonist of oxytocin. To
control for the influence of testosterone and cortisol on oxytocin, we also
measured these hormones in saliva at the same moment that oxytocin was
assessed. Saliva samples were collected using the Sarstedt cortisol salivette
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devices. The participants chewed on a synthetic swab during at least 2 minutes.
Saliva was collected at 2pm. The samples were directly after collection put on
ice, centrifuged at 2600 G for 15 minutes at 4°C. The supernatant was stored in
Eppendorf tubes at —80°C until they were analyzed. The free cortisol levels in
saliva were analyzed with a commercially available ELISA kit (Demeditec
Diagnostics, Kiel, Germany). Limit of detection is 0.276 nmol/l. The inter- and
intra-assay coefficients of variation are < 10% and <7%, respectively. The free
testosterone levels in saliva were analyzed with a commercially available ELISA
kit (DRG Diagnostics, Marburg, Germany). The limit of detection is 34.7 pmol/I.
The inter- and intra-assay coefficient of variation is <10% and <15%, respec-
tively. Determination of salivary oxytocin was performed using a 96-plate
commercial oxytocin-ELISA kit (ENZO, NY, USA). Measurements were performed
in duplicate. Samples underwent freeze drying to be concentrated by four, and
dissolved in the assay buffer and treated according to the kit's instructions.

Statistical analyses

All statistical analyses were performed using SPSS software version 24.0 (IBM,
Armonk, NY, USA). Descriptive statistics and correlation coefficients were calcu-
lated to summarize the basic features of the patient group and healthy controls.
Oxytocin and vasopressin data became normally distributed after log-
transformation. Multiple regression analyses were used to study group differ-
ences controlling for possible confounders. Generalized linear models for nor-
mal responses and identity link-function were used to study group differences
while controlling for possible confounders. Model selection was based on Wald-
tests with alpha set at the conventional 5% level. Associations with salivary
oxytocin levels were controlled for salivary levels of cortisol, testosterone and
the testosterone/cortisol ratio. Furthermore, regression models included age as
a confounding variable as there is evidence that ageing alters the peripheral
oxytocin levels (Elabd et al,, 2015; Huffmeijer et al,, 2012). Sensitivity analyses
were planned to explore the impact of medication on oxytocin and vasopressin
levels, but these were not followed up due to small subgroups.

Results

Eighty-four patients and 108 healthy controls were included in the study.
Only patients with a primary diagnosis of personality disorder were included.
Patients with a psychotic disorder were excluded. Four patients were
excluded because they used libido inhibiting medication. One patient was
excluded because of an insufficient amount of saliva. In total, 38 patients
were available for further analyses. PCL-R data were missing or incomplete in
5 cases; further analyses with the PCL-R data are therefore performed on 33
patients. Descriptives for age, BMI and mean hormonal levels are summarized
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in Table 1. Diagnostic information, medication use and type of offense of the
patients is summarized in Table 2. Overall, a positive correlation between age
and salivary oxytocin levels was found (Pearson correlation coefficient:
N = 146; r = 0.25, p < 0.01). Further analyses were corrected for age.

The regression model showed that patients had higher salivary oxytocin
levels compared to healthy controls (B = —0.10, Cl: —0.19; 0.02, P = 0.02,
Figure 1). This result was not affected by salivary cortisol, testosterone and
the testosterone-cortisol ratio (for details, see Table 3). Urinary oxytocin levels
did not differ significantly (B = -0.02, Cl: -0.11; 0.07, P = 0.66, Figure 1)
between groups.

Urinary vasopressin levels were lower in patients compared to healthy
controls (regression model: B = 0,19, Cl: 0.06; 0.32, P < 0.01, Figure 1). Overall,
urinary vasopressin level correlated positively with urinary oxytocin levels
(N=146;r=0.17, P = 0.04).

Within the control group, the regression model showed a positive associa-
tion between the RPQ total score and salivary oxytocin levels (B = 0.01, Cl
0.00;0.02, P = 0.04). Both reactive aggression (B = 0.02, Cl 0.00; 0.0.3, P = 0.01)
and proactive aggression (B = 0.02, Cl 0.01; 0.04, P = 0.01) were associated
with salivary oxytocin levels. However, no association was found with urinary
oxytocin levels (B = 0.00, CI-0.01; 0.01, P = 0.73) or with urinary vasopressin
levels (B = 0.00, Cl: —0.01;0.02, P = 0.87).

Within the patient group, psychopathy scores as measured with the PCL-R
were positively associated with urinary oxytocin levels (regression model:
B = 0.02, Cl 0.00; 0.03, P = 0.02), especially with factor 2 (B = 0.04, Cl 0.02;
0.06, P = <0.01; see Figure 2). There was no association between PCL-R data
and salivary oxytocin levels (B = —0.00, Cl —0.02; 0.01, P = 0.65) or with urinary
vasopressin levels (B = 0.01, Cl —=0.01; 0.02, P = 0.24).

Table 1. Descriptives of the patients and healthy controls. Mean values with standard
deviations are shown. RPQ = Reactive-Proactive Aggression Questionnaire. PCL-R
= Psychopathy Check List, Revised version.

Patients

(N = 38) Healthy controls (N = 708)
Age (years) 37.3 (8.6) 39.5(11.0)
BMI 24.8 (7.3) 25.6 (4.3)
Salivary Cortisol (nmol/L) 2.6 (1.6) 2.7 (1.5
Salivary Testosterone (pmol/L) 0.2 (0.1) 0.2 (0.1)
Salivary Oxytocin (pg/ml) 39.3 (29.1) 30.5(17.2)
Urinary Oxytocin (pmol/mmol creatinine) 77.7 (47.3) 67.0 (31.7)
Urinary Vasopressin (pmol/mmol creatinine) 12.1 (7.8) 21.0 (15.1)
RPQ - reactive aggression - 7.0 (3.5)
RPQ - proactive aggression - 1.8 (2.6)
Psychopathy (PCL-r > 26) 10 (26%) -
PCL-R total score 20.7 (6.7)
PCL-R - factor 1 8.1 (3.3)
PCL-R - factor 2 9.9 (3.6)

Descriptives.
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Table 2. Diagnosis, medication use and type of offense (N, and % are
indicated) within the group of forensic psychiatric patients.
Diagnosis — personality disorders

® Antisocial 17 (45%)

® Borderline 7 (18%)

® Narcissistic 2 (5%)

® Paranoid 1(0.3%)

® NOS 18 (47%)

Diagnosis — comorbidity

® Depressive disorder 6 (16%)

® Addiction (alcohol and drugs) 30 (79%)

® ADHD 4 (11%)

® Paraphilic disorder 5(13%)

® Impulse control disorder 5 (13%)

Use of medication

® SSRI 7 (18%)

® Tricyclic antidepressant 2 (5%)

® Mood stabilizers 2 (5%)

® Anti-psychotic medication 10 (26%) Equivalent dose*:
142.9 mg (SD 177.4)

® Allergic 4 (11%)

® Amphetamine 2 (5%)

® Benzodiazepine 5 (13%) Equivalent dose*:
16.0 mg (SD 5.5)

Type of offense

® Aggressive 31 (82%)

® Sexual 2 (5%)

® Arson 2 (5%)

Psychiatric diagnosis, medication use and type of offense.
*Mean scores with standard deviation between brackets. Equivalent dose for antipsychotic
medication is converted to chlorpromazine and for benzodiazepine to diazepam.

Discussion

In this study, we compared both urinary and salivary oxytocin levels and
urinary vasopressin levels between forensic psychiatric patients with person-
ality disorders and healthy controls. We found higher salivary oxytocin levels
in forensic psychiatric patients diagnosed with a personality disorder com-
pared with healthy controls. To the best of our knowledge, no previous
studies of vasopressin levels have been conducted in a forensic psychiatric
population. Within the patient group, a positive association between levels of
psychopathy, mainly factor 2 as measured on the PCL-R, and urinary oxytocin
levels was found. Within the control group, a positive association was
observed between salivary oxytocin levels and aggressive behavior as mea-
sured with the RPQ.

During the last decade, the initial enthusiasm regarding oxytocin as a pro-
social hormone with a promising therapeutic promise, was considerably
tempered due to the emerging complexity of the association between oxy-
tocin and social behavior (Zik & Roberts, 2015). In animal models, oxytocin
seems to exert anti-aggressive effects (Calcagnoli et al., 2013, 2015), although
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Table 3. Linear regression model.

B? 95% confidence interval Sig
Oxytocin -0.10 —0.19-0.02 0.02
Cortisol -0.00 —.03-0.02 0.74
Testosterone 0.46 —0.07-0.98 0.09
Testosterone-cortisol ratio 0.19 —0.54-0.92 0.62

9 Standardized regression coefficient. A significant difference between patients and healthy controls is
found (P = 0.02). Cortisol and testosterone levels and the testosterone-cortisol ratio did not have
a significant effect on this difference.

depending on the social context (Anpilov et al., 2020a), but in healthy human
subjects the findings are divergent (Alcorn, Green et al., 2015; Y.R. Berends,
Tulen, Wierdsma, van Pelt, Feldman, et al., 2019a; Campbell & Hausmann,
2013; Ne'eman et al., 2016). In human beings with a psychiatric disorder, the
effects of oxytocin can even be opposite to what one would expect. In
borderline personality disorder, oxytocin can hinder trust and cooperation
(J. Bartz et al, 2011). Among subjects currently abstinent following earlier
heroin addiction, higher oxytocin levels have been observed which correlated
positively with a lifetime burden of aggressive behavior (Gerra et al., 2017).

These findings suggest that the effect of oxytocin is moderated by other
personal and environmental factors. This finding, among others, led to the
formulation of the ‘Social salience hypothesis’ that states that oxytocin mod-
ulates the orienting responses to external cues, but is dependent on baseline
individual differences such as gender, personality traits, and degree of psy-
chopathology (Shamay-Tsoory & Abu-Akel, 2016).

The finding that oxytocin levels are most prominent associated with PCL-R
factor 2, which represents antisocial lifestyle and associated with reactive
anger, criminality and impulsive violence, is remarkable as oxytocin levels had
been earlier associated with callous-unemotional traits, which are expressed
in the PCL-R by factor 1 (Levy et al., 2015). In the control group, no distinction
is found between pro-active and reactive patterns. These results support the
idea that the effect of oxytocin depends on other factors, such as personality
traits and contextual issues (here: placed in a maximum-secured hospital), as
also suggested by the social salience hypothesis. Although our finding that
patients with a personality disorder have higher oxytocin levels than healthy
controls might be counterintuitive, this is in line with the findings of Mitchell
et al. who found a positive correlation between urinary oxytocin levels and
PCL-R factor 2 (Mitchell et al., 2013).

The current study was conducted in a forensic psychiatric hospital, in
which patients have court-mandated compulsory treatment. It must be
noted that this is a special ‘holding’ environment where intensive psychiatric
treatment is given which might be experienced as stressful by the patients.
Earlier research in this setting showed that these patients also have counter-
intuitively higher cortisol levels (Loomans et al., 2016), although in this
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population lower cortisol levels and hypo-reactivity to stress were to expect
(Fairchild et al., 2018). Within this highly intensive therapeutic and closed
environment it can be hypothesized that a higher level of salivary oxytocin is
an adaptive physiological measure to bridge the permanent presence of
therapists, sociotherapeutic staff and other patients with the former presence
of low oxytocin in those persons before their incarceration. The relational
urge stresses the production of oxytocin as a barrier against too much
interactions and an auxiliary for attachment.

When the environment is perceived as ‘unsafe’, oxytocin tends to have
an increasing effect on aggression, while it has a moderating influence on
aggression when the environment is perceived as ‘safe’ (OIff et al., 2013).
We suggest a protective and shielding function of this aggression to
protect the integrity of the person and its next of kin (Berends et al.,
2019b). The same phenomenon is confirmed by hostile attribution beha-
vior. Aggressive individuals often exhibit a hostile attributional bias, which
means that they have the tendency to interpret others’ behaviors as hostile
and unsafe, even if their behavior does not have a hostile intent (Buck et al.,
2012).

We found a positive association between the RPQ and salivary oxytocin
levels in healthy subjects. In earlier research, an inverse correlation between
baseline levels of oxytocin and the life time history of aggression in healthy
subjects was observed, although these correlations are often mediated by
other factors (Berends, Tulen, Wierdsma, Van Pelt, Kushner et al., 2019; Lee
et al, 2009). It must be noted, however, that the healthy subjects in these
studies were relatively young and highly educated. In this study, the healthy
controls were matched with the forensic psychiatric patients for age and
education level. Therefore, healthy controls were actively recruited among
firefighters. It is known however, that firefighters tend to be more ‘sensation
seeking’ than people not working within the rescue forces (Tschiesner, 2012).
Notably, this personality trait is shared with people with an antisocial person-
ality disorder (Mann et al., 2018), although firefighters can deploy this per-
sonality trait for social benefit while it leads to social damage in people with
an antisocial personality disorder. Oxytocin seems to have an enhancing
effect on defensive and protective aggressive behavior (Bosch et al., 2005),
which might be beneficial effects in this group of firefighters.

Vasopressin is generally associated with more aggressive behavior both in
animal and human models (Caldwell et al., 2008). However, manipulation of
septal vasopressin activity does not alter the level of aggression in animal
models (Beiderbeck et al., 2007) analogous to the lack of effect following
intranasal administration in humans (Brunnlieb et al., 2013). It has been
proposed that alterations of vasopressin could be the consequence, rather
than the cause, of aggressive behavior (Veenema & Neumann, 2008). The
patients in our study were all admitted in a forensic psychiatric hospital -
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a therapeutic, secured and predictable environment in which aggressive
incidents are prevented to occur. This could be an explanation for the
relatively low levels of vasopressin in our population. More idiographic
research in which temporal effects can be studied (Van Ockenburg et al.,
2015) is, therefore, warranted in this population.

Limitations and future directions

There is an ongoing debate regarding the extent to which peripheral oxyto-
cin and vasopressin levels closely mirror central levels. The blood-brain-
barrier is thought to be impermeable for neuropeptides such as vasopressin
and oxytocin although recent findings indicate that there is a peripheral-to-
central coupling by vagal afferent nerves (lwasaki et al., 2019). Basal levels of
plasma oxytocin and vasopressin therefore do not correlate with central
levels. For urinary levels insufficient data are available to draw further con-
clusions (Rutigliano et al., 2016; Valstad et al., 2017). However, salivary oxyto-
cin levels do correlate with central levels (Martin et al., 2018). In this study, we
choose to identify oxytocin and vasopressin in morning urine and oxytocin in
saliva in the afternoon. Plasma, saliva and cerebrospinal fluid oxytocin levels
do not show significant diurnal fluctuations and the best correlation of
peripheral with central oxytocin levels was found in the early morning
(Kagerbauer et al., 2019). Besides that, we reasoned that the least behavioral
effect on hormonal levels would be during the night. Because of these
reasons, we collected urine in the morning as a pooled measure of these
neuropeptides overnight.

However, there is also evidence that oxytocin levels decrease rapidly upon
awakening and there might be an interaction with the cortisol awakening
response (Van Dam et al., 2018). To minimize this effect in the salivary
oxytocin sample, which represents a more momentary ‘state’ level, we choose
to determine these levels in the afternoon, when more stable levels are
reported (Graugaard-Jensen et al., 2017). These choices might be crucial in
the divergent findings between urinary and salivary oxytocin levels.

Medication use might have affected oxytocin and vasopressin levels.
Particularly for benzodiazepines (Yagi & Onaka, 1996) and antipsychotic
medication (Kiss et al., 2010), there is evidence that these might affect
oxytocin levels. However, for safety reasons and to avoid unnecessary stagna-
tion of the treatment it was not possible to temporally interrupt this pharma-
cological treatment. In our sample, only 26% of the patients (N = 10) used
anti-psychotic medication and only 13% of the patients (N = 5) used benzo-
diazepines. Further analyses with the equivalent dose of these medications
were therefore underpowered.
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Our sample consist only of men and the results are, therefore, not necessarily
applicable to women. We chose to only examine male patients because they
constitute the vast majority of the forensic mental hospital population. Also
oxytocin fluctuates throughout the menstrual cycle and the use of oral contra-
ceptives influences these fluctuations (Salonia et al., 2005). Different hormones
interact and cortisol and testosterone might affect oxytocin levels. In this study,
we therefore controlled for cortisol and testosterone levels, but did not find an
effect of saliva cortisol and testosterone on the differences in salivary oxytocin
levels between the patients with a personality disorder and healthy controls.

The vasopressin data must be interpreted with caution as the release of
vasopressin is also regulated by the osmoreceptor and baroreceptors in the
hypothalamus and is released in response to extracellular hyperosmolality.
Besides that, the use of alcohol, but also of vasopressin itself and different
types of medication (such as those affecting Angiotensin Il), can affect the levels
of vasopressin in urine. The use of vasopressin or any antihypertensive agents
was therefore an exclusion criterion for the patient group; the healthy controls
did not use any medication at all. However, in the control group the use of
alcohol in the period before sampling was not objectively disproved. Our results
are partly in line with those of earlier research (Mitchell et al., 2013), but larger
sample sizes are needed to draw definite conclusions. Further replication of our
results and clarification of the effects of oxytocin and vasopressin by manipula-
tion of oxytocin and vasopressin levels in a forensic psychiatric population is,
therefore, warranted. Manipulation with intranasal oxytocin is now broadly
applied and has led to many new insights in the social effects of this neuropep-
tide, while the effects of intranasal vasopressin are largely undiscovered.

The group of patients in our study consisted only of patients with
a personality disorder. However, within the group of patients with
a personality disorder high variability still exists. Our group of patients con-
sisted mainly of patients with a cluster B personality disorder (N = 35), with
the largest group having an antisocial personality disorder (N = 17).
A relatively large group had the diagnosis of a personality disorder not
otherwise specified with antisocial and/or narcissistic traits (N = 18). The
large variability in levels of neuropeptides in this group of patients is most
likely caused by the diagnostic heterogeneity that is characteristic for forensic
psychiatry. There are multiple neurobiological pathways that influence
aggressive behavior, in which there is a complicated interplay between
neurobiological, developmental and environmental factors (A. Raine, 2013)

Conclusions

Oxytocin and vasopressin are important modulators of social behavior and
might influence the emergence of violence. However, this study shows that
baseline levels in forensic psychiatric patients diagnosed with a primary
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personality disorder can be other than expected, as oxytocin levels are higher
and vasopressin levels are lower than those of healthy controls. These results
implicate a complex role of these neuropeptides in human beings, in line with
the social salience theory. There is an increasing amount of evidence that the
functioning of these neuropeptides is different in patients with a personality
disorder.
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