Comprehensive Psychoneuroendocrinology 8 (2021) 100080

FI. SEVIER

Comprehensive Psychoneuroendocrinology

journal homepage: www.sciencedirect.com/journal/comprehensive-psychoneuroendocrinology

a
Contents lists available at ScienceDirect
COMPREHENSIVE

Psychoneuroendocrinology

2
%

L)

Check for

Oxytocin moderates the association between testosterone-cortisol ratio and &
trustworthiness: A randomized placebo-controlled study

Youri R. Berends ™%, Joke H.M. Tulen® ", André I. Wierdsma ?, Yolanda B. de Rijke ¢,

Steven A. Kushner “, Hjalmar J.C. van Marle

a,b

& Department of Psychiatry, Erasmus MC, University Medical Center Rotterdam, the Netherlands

b Fivoor, FPC de Kijvelanden, Poortugaal, the Netherlands

¢ GGZ Delfland, Department of Forensic Psychiatry, Delft, the Netherlands
4 Department of Clinical Chemistry, Erasmus MC, University Medical Center Rotterdam, the Netherlands

ARTICLE INFO

Keywords:
Trustworthiness

Trust game
Testosterone-cortisol ratio
Oxytocin

ABSTRACT

Oxytocin has been proposed to enhance feelings of trust, however, these findings have been difficult to replicate.
Environmental or hormonal factors might influence this association. We studied whether oxytocin moderates the
association between the testosterone-cortisol ratio, which is associated with risk taking behavior and aggression,
and trustworthiness, while controlling for the general level of trust. A randomized double-blind placebo-
controlled study with 53 healthy males was performed in which 32IU oxytocin (n = 27) or placebo (n = 26) was
administered intranasally. Participants subsequently played the Trust Game in which they were allocated to the
role of trustee. In the third phase of the Trust Game, we found a positive association between the testosterone-
cortisol-ratio and the proportion of the amount that is returned to the investor (P=<0.01). However, adminis-
tration of oxytocin reduced reciprocity in those with a high testosterone-cortisol ratio after reciprocity resto-
ration (a significant interaction effect between administration of oxytocin and the testosterone-cortisol ratio in
the third phase of the Trust Game, P = 0.015). The third phase of the Trust Game represents the restoration of
reciprocity and trustworthiness, after this is violated in the second phase. Therefore, our data suggest that
oxytocin might hinder the restoration of trustworthiness and diminish risk-taking behavior when trust is
violated, especially in those who are hormonally prone to risk-taking behavior by a high testosterone-cortisol
ratio.

1. Introduction

might be caused by various biological and environmental factors that
interact with oxytocin [7]. For instance, the influence that oxytocin has

Oxytocin is a neuropeptide secreted by the posterior pituitary that
has been suggested to enhance trustworthiness [1]. It reduces fear re-
sponses and enhances the ability to give trust to others, even in situa-
tions characterized by the risk of betrayal as measured with the Risk
Game [2]. However, subsequent studies were unable to replicate these
findings [3-6]. Oxytocin seems not to alter trustworthiness, but rather
makes us more likely to conform to the opinions of others [5]. Moreover,
it is even found that oxytocin can hinder trust in those who are sensitive
to rejection (e.g. patients with a borderline personality disorder, Bartz
et al., 2011). According to the social salience theory, these differences

on behavior may depend on the interaction with other hormones than
oxytocin alone. Cortisol and testosterone are two hormones that are,
besides oxytocin, associated with trusting behaviors and might therefore
interact with oxytocin. However, the terminology that is used to refer to
trusting behaviors and closely related terms such as trustworthiness and
risk-taking behavior is sometimes confusing.

From the perspective of hormonal effects overlapping terms are used
to refer to trust, trustworthiness and risk-taking behavior. Furthermore,
risk taking behavior and trust are known to co-vary; perceptions of trust
indicate lower levels of risk [8]. Trust is the willingness to accept risk
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due to perceived high predictability of positive outcome. Trustworthi-
ness reflects the trustee’s propensity to fulfill those positive expecta-
tions. Trustworthiness requires recognizing another individual’s
expectations and feeling a sense of responsibility to fulfill those expec-
tations [9]. Risk-taking behavior is the extent to which someone makes
choices that puts him/her in a vulnerable situation [10]. Oxytocin is
often associated with trust and both perceived [11] and displayed [1] as
trustworthiness, while it tends to reduce risk-taking behaviors under
stressful circumstances, which can be seen as a more defensive reaction
[12]. Testosterone decreases trust [13], while it enhances risk-taking
behavior [67]. Furthermore, the influence that testosterone has on
risk-taking behavior and trust also depends on cortisol levels, because
high saliva cortisol levels are associated with less risky behavior and
trust, even in individuals with high saliva testosterone levels [14,15].
Therefore, it is likely that testosterone, cortisol and oxytocin influence
each other when it comes to trust, trustworthiness and risk-taking
behavior.

It is hypothesized that the effect of oxytocin depends on cortisol and
testosterone levels and that there might be an interaction between these
hormones [16]. Testosterone is an important determinant of aggression,
social dominance behavior and risk taking [17]; [66]; [18,19]. How-
ever, in the absence of competitive challenges, testosterone seems to
enhance trustworthiness [20,21]. Additionally, it has also been found
that testosterone increases social vigilance [13,20] by reducing the
top-down inhibitory control of the amygdala, resulting in more intense
amygdalar responses to signals of untrustworthiness [22]. Testosterone
levels decrease after empathy induction, while oxytocin levels increase,
although large inter-individual differences are found in these studies
[23]. However, previous associations between testosterone and risk
taking or trustworthiness have been difficult to replicate [24,25]. Also, a
stressful environment is known to have a negative effect on cooperative
behaviors, while oxytocin might have a buffering effect on this associ-
ation [26], although it is also found that stress might contribute to more
trustworthy reactions, independently of risk aversion and risk-taking
behavior [27]. Cortisol is the end product of the
hypothalamic-pituitary-adrenal (HPA) axis and is activated during stress
reactions [28]. Considering the highly overlapping functioning of
testosterone and cortisol, it is proposed that these hormones should be
considered as one composing factor, which led to the formulation of the
‘dual-hormone hypothesis’.

According to the ‘dual-hormone hypothesis’, the influence that
testosterone has on behavior such as dominance is disproportionately
effectuated in individuals with low saliva cortisol levels, whereas high
levels of saliva cortisol can ‘block’ such associations [29-32]. A
heightened testosterone-cortisol ratio is associated with physiological
stress [33], with anger [34] aggression [35,36], social dominance [32]
and risk-taking behavior [15,37]. People with high testosterone-cortisol
ratios tend to have less loss of aversion [38]. On the other hand, a low
testosterone-cortisol ratio is associated with more pro-environmental
behavior [39]. Overall, a high testosterone-cortisol ratio seems to be
associated with competitive behavior and can rapidly change during
stressfull circumcances, which implicates that there might be an alter-
native route to alter these levels as the activation via the
hypothalamic-pituitary-adrenal (HPA) axis or the
hypothalamic-pituitary-gonadal (HPG) axis is relatively slow [29].
Presumably the central effect of the testosterone-cortisol ratio is a
consequence of suppression of cortical and subcortical neural commu-
nications that control social behavior [40].

Taken together, these data suggest that the positive effect of oxytocin
on trustworthiness might be neutralized by a high testosterone-cortisol
ratio. However, when a trusting relation is violated, a high
testosterone-cortisol ratio might contribute to restoring trustworthiness,
which might actually be a variation on risk-taking behavior, while
oxytocin might contribute to a more defensive and risk aversive reac-
tion. Based on this, we hypothesized that there is an interaction between
the testosterone-cortisol ratio and oxytocin on reciprocity on the trust
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game and thereby on trustworthiness, in which oxytocin might nullify
the positive effect that the testosterone-cortisol ratio might have on
trustworthiness.

To further substantiate these associations, we performed a random-
ized, double-blind placebo-controlled study, in which oxytocin or pla-
cebo was administered intranasally to a group of healthy young men
who then performed a laboratory task to measure levels of trust, The
Trust Game [41]. In this version of the Trust Game, 12 rounds of in-
vestments are made by a fictive investor which is tripled and send to the
participant, who can return an amount of money, which is seen as a
measure of reciprocity. Three phases are distinguished: a phase in which
reciprocity is established (first 5 rounds), a phase in which reciprocity is
violated (second 6 rounds) and a phase in which reciprocity is restored
(third 3 rounds). Reciprocity on the Trust Game is seen as a measure for
trustworthiness [42]. As both participants in the Trust Game are totally
unknown to each other, we conceive the effect of the
testosterone-cortisol ratio on the Trust Game in the first place an effect
of trustworthiness, competitive behavior and risk-taking behavior rather
than dominance or status-seeking behavior. We controlled for baseline
levels of trust, using the Trust Inventory [43]. Baseline saliva testos-
terone and cortisol levels were obtained prior to oxytocin or placebo
administration.

2. Methods
2.1. Participants

Participants were recruited by means of local advertisements. In this
study, only male participants were included. Subjects were screened for
eligibility by phone to exclude subjects younger than 18 years, older
than 35 years, or having any current psychiatric, neurologic or somatic
disorder. In addition, participants with a past history of substance abuse
or dependence, allergic rhinitis, smoking more than ten cigarettes a day,
or trauma resulting in an acute stress disorder were also excluded. An-
alyses included 53 participants (n = 27 oxytocin, n = 26 placebo).

2.2. Nasal spray administration

Each spray of oxytocin provided a 4IU dose in normal saline. Par-
ticipants sprayed 4 dosages in each nostril (0,1 mL per spray), with a
total dose of 32IU per subject (0,8 mL). We selected a dosage of 32IU as
dosages in the range between 18 and 40IU are not associated with
adverse outcomes [44]; the effect might be dose-depended [45] with
possible higher effectivity in dosages >24IU [46]. The placebo condition
utilized the identical model of nasal spray device, volume per spray,
number of administered sprays, and normal saline vehicle. Nasal spray
devices were housed in identical blinded vials that could not be distin-
guished without unsealing the casing. Participants and researchers were
blinded to the condition. An independent statistician provided a
computer-generalized randomisation list prior to the start of the study.
Each participant was randomly assigned to their condition based on a
X-subject blocked design. The study-pharmacist was the only one in
possession of the randomisation list until the study was officially
finalized.

2.3. The trust game

In the trust game, there are two roles: ‘trustee’ and ‘investor’ [41].
We used a revised version of the Trust Game published by Ref. [47].
Participants were told that they would be randomly assigned as either
trustee or investor. However, unbeknownst to the participants, all were
assigned as trustee, whereas the investor was a pre-programmed com-
puterised set of 14 responses. The computerised investor begins with an
initial amount of 10 monetary units (MU) in each round (Fig. 1). Part of
this amount is sent to the trustee and the remainder is kept in the in-
vestor’s amount. The amount that is sent to the trustee is the
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Investor

Choose an amount to send to
the trustee
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The investor invested €5,-

10MU

€5x3=€15

You have now

30MU éie

/\

Investor trustee Investor

What amount do you want to
send back to the investor?

Fig. 1. Three examples of the Trust Game (left) and an example of the screenshots (right). The (fictive) investor sends an amount of money to the trustee
(participant), which is tripled and then send to the trustee, who can send money back to the investor. In this example., the situation for an investment of 0, 5 and 10

MU is shown. For the original version see Ref. [47].

‘investment’, which is tripled upon delivery to the trustee. The trustee
then has the option of sending back any portion of the amount received.
For example, if the investor sends 4 MU to the trustee, this amount is
tripled and the trustee receives 12 MU. He can now decide to return any
portion of the 12 MU back to the investor. If the trustee returns 0 MU, the
investor is left with only 6 MU (10 MU minus the 4 invested MUs) while
the trustee retains the entire 12 MU. If the trustee returns 7 MU, the
investor would then have 13 MU (prior balance of 6 MU plus the 7 MU
returned by the trustee) while the trustee keeps the remaining 5 MU. On
the end of each round, the earned amount of money is added to the total
amount of each player and in the new round the investor starts with 10
MU again. The trust game consists of three phases. In the initial phase
(first 5 rounds), the computerised investor sends a randomly chosen
amount per round between 4 MU and 6 MU. In the second phase (rounds
6 to 11), the computerised investor reduces the randomly chosen in-
vestment to 1 MU-3 MU. In the last phase (rounds 12 to 14), the investor
switches again to a higher level of investment (5-6 MU). The responses
of the investor are operationally defined as a measure of trust and those
of the trustee as a measure of trustworthiness. After the Trust Game,
participants were systematically questioned about the game and their
opponent to determine whether they were convinced of playing against
another person.

2.4. Trust inventory

The Trust Inventory [43] was used to measure trust to specific others
and general trust. It consists of 32 items with 2 subscales: generalized
trust and partner trust. To correct for trait levels of trust in our statistical
analyses, we used the scores on the generalized trust scale.

2.5. The neuroticism-extraversion-openness five factor inventory
(NEO_FFI)

The NEO-FFI [48] was used to describe the personality traits of the
study population. The NEO-FFI is an personality inventory to measure
the five most important factors in personality: neuroticism, extraversion,
openness to experience, agreeableness and conscientiousness.

2.6. Cortisol and testosterone measurements

Saliva samples were collected using Sarstedt cortisol salivettes.
Samples were stored at —20 °C until they were analysed. Free salivary
cortisol levels were quantified using a commercially available ELISA

(Demeditec Diagnostics, Kiel, Germany). The limit of detection was
0.276 nmol/l. Inter- and intra-assay coefficients of variation were <10%
and <7%, respectively. Free salivary testosterone levels were analysed
with a commercially available ELISA (DRG Diagnostics, Marburg, Ger-
many). The limit of detection was 34.7 pmol/l. The inter- and intra-
assay coefficients of variation were <10% and <15%, respectively.

2.7. Procedure

This study was approved by the Medical Ethical Committee of the
Erasmus Medical Center Rotterdam within the guidelines of the Decla-
ration of Helsinki and the European Medicines Agency Guidelines for
Good Clinical Practice. It was registered in the European trial register
EudraCT (2012-002651-41, 40844) and Dutch trial register CCMO
(NL40844.078.12). Individuals who passed the phone screening
regarding the inclusion and exclusion criteria were invited to the labo-
ratory. All participants provided written informed consent after the
protocol was explained to them both orally and in writing. Participants
were asked to refrain from any physical exercise before coming to the
laboratory and not to drink (other than water), eat or smoke 1 h before
arrival. Participants came to the laboratory at 13:00 where a medical
doctor reconfirmed the inclusion- and exclusion criteria. After that, the
baseline questionnaires (Trust Inventory, NEO-FFI) were completed and
saliva samples for the assay of cortisol and testosterone levels were
obtained. Next, the participants were introduced to their fictional
opponent of the Trust Game, with whom they could briefly interact.
Participants were instructed using a standardized explanation and one
round of the Trust Game was played as a practice. Subsequently, the
participants self-administered the blinded nasal spray (4 sprays in each
nostril). After 45 min, the Trust Game commenced. During the waiting
period, the participants were permitted to read quietly, but not consume
anything other than water, nor engage in any physical or psycholog-
ically intensive activity. At the conclusion of the study session, partici-
pants were debriefed and screened for potential adverse events. All
subjects received €30 for their participation.

2.8. Statistical analysis

Participants who were not convinced of playing against another
person were excluded from further analyses. Following the second phase
‘betrayal’ of the computerised investor, responses in the third phase
were considered as the primary outcome measure for trustworthiness.
Descriptive statistics were used to summarize demographic and clinical
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characteristics. Generalized linear models were fitted to examine the
relationship between oxytocin administration and responses in the Trust
Game, as well as to evaluate a potential moderating effect of
testosterone-cortisol ratio. Since the number of MU returned is propor-
tional to the investment, we used a Poisson regression to model the
outcome including an offset for the log-transformed maximum amount
that could be transferred. The general trust scale of the Trust Inventory
(grand mean centered) was used to correct for baseline levels of trust.
Model fit was evaluated graphically and the deviance goodness-of-fit
test was applied for model comparison. Type I error rate was set at the
conventional 5% (two-sided). Analyses were implemented using SPSS
(v24.0, IBM).

3. Results

Sixty-nine (n = 69) participants were included in the study. Sixteen
(n = 16) participants were excluded because: a) they reported not
believing they were playing against another person (n = 12), or b)
hormonal data was unavailable (n = 4). Therefore, analyses included 53
participants (n = 27 oxytocin, n = 26 placebo). Participants scored
relatively high on extraversion, openness, agreeableness and conscien-
tiousness and relatively low on neuroticism, which is comparable with
earlier research in healthy young males [49]. Descriptive characteristics
and Trust Game mean response ratios (relative to investment) are shown
in Table 1.

No difference was found between the oxytocin and placebo group on
the proportion of MU returned to the investor in the first phase of the
Trust Game (f = —0.077, 95% CI [-0.215 — 0.061] P = 0.275) and the
second phase (f = —0.217, 95% CI [-0.594 - 0.160] P = 0.260), also not
when the testosterone-cortisol ratio was added to the model (f = 0.153,
95% CI [-0.129 - 0.435] P = 0.288 and p = 0.223, 95% CI [-0.673 —
1.119] P = 0.626 in resp. the first and second phase). In the third phase,
significantly less trustworthy reactions were found in the oxytocin group
(B = —0.188, 95% CI [-0.367 to —0.010] P = 0.039) (Fig. 2).

Poisson regression modelling revealed a statistically significant dif-
ference between oxytocin and placebo in the association between
testosterone-cortisol ratio and trustworthiness as measured by responses
in the third phase of the Trust Game (Model fit X2 =5.876,df =1,P =
0.015). Fig. 3 displays the proportion of MU returned by the trustee to
the computerised investor, controlling for differences in baseline mea-
sures of general trust. Within the placebo group, the proportion of MU
returned was increased among respondents with a higher testosterone-
cortisol-ratio (f = 0.016, 95% CI [0.004-0.027] P = 0.006), a rela-
tionship that was attenuated in the oxytocin-group (p = —0.013, 95% CI
[0.026-0.001], P = 0.07).

Table 1

Descriptives and primary outcome measures for participants that received pla-
cebo and those who received oxytocin. Mean levels with standard deviation are
shown. NEO = Neuroticism-Extraversion-Openness - Five Factor Inventory. TG
= Trust Game.

Placebo (N = 26) Oxytocin (N = 27)

Age (years) 21.6 (2.9) 22.0 (1.9)
Length (meters) 1.83 (0.08) 1.84 (0.07)
Weight (kg) 80.4 (11.7) 76.5 (8.9)
Cortisol (nmol/L) 16.6 (7.9) 16.8 (8.3)
Testosterone (nmol/L) 410.3 (151.5) 387.2 (119.8)
Testosterone-cortisol ratio 27.0 (9.9) 28.3 (16.4)
Trust Inventory (general trust) 81.1 (10.5) 80.3 (12.3)
NEO neuroticism 25.3 (7.0) 27.5(7.9)
NEO extraversion 45.2 (6.3) 45.2 (7.2)
NEO openness 40.1 (6.2) 40.6 (6.4)
NEO agreeableness 41.7 (6.9) 43.9 (5.7)
NEO conscientiousness 42.7 (8.7) 44.7 (8.3)
TG (first phase: round 1 t/m 5) 28.9 (8.5) 26.7 (7.3)
TG (second phase: round 6 t/m 11) 10.0 (1.3) 8.0 (6.1)
TG (third phase: round 12 t/m 14) 18.9 (6.7) 15.5 (4.8)
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4. Discussion

In this study, we found higher levels of reciprocity in the placebo
group, but only in the third phase of the Trust Game, in which the
cooperation is restored after ‘betrayal’ in the second phase of the task.
Furthermore, in this phase of the Trust Game, we found a significant
interaction between the testosterone-cortisol ratio and the administra-
tion of oxytocin on reciprocity. This effect of oxytocin on reciprocity in
those with a high testosterone-cortisol ratio implicates that oxytocin
might have an negative effect on trustworthiness in those with a high
testosterone-cortisol ratio.

During the last decade, the initial enthusiasm about the potential
association between trust, trustworthiness and oxytocin was nuanced
and it turned out that the finding that oxytocin enhances trust was
difficult to replicate [6]. More recent studies suggest a nuanced view, in
which oxytocin does not directly enhance trust and trustworthiness, but
rather improves the accuracy of trustworthiness judgment of others [50]
and promotes social learning [51]. Moreover, the effect of oxytocin on
human behavior tends to depend on factors such as personality traits,
situational factors and other hormones.

Because there is increasing evidence that other internal and external
factors interact with the effect of oxytocin on behavior and thereby
possibly causing the divergent results in different studies, we tested the
effect of the testosterone-cortisol ratio on its association with oxytocin.
Although it is known that oxytocin interacts with cortisol and testos-
terone, few prior studies have focused on the interplay between these
hormones and their effects on social behavior [16]. We found that a
higher testosterone-cortisol ratio was associated with more reciprocity
during the Trust Game after betrayal. Intranasal administration of 321U
oxytocin significantly attenuated this association. Earlier studies
showed that high reciprocity on the Trust Game by the trustee is asso-
ciated with trustworthiness [41] although one might doubt whether the
third phase of our version of the Trust Game resembles trustworthiness
as other psychological factors such as taking revenge or fear for losing
money interfere with this. Our results indicate that participants with a
high testosterone-cortisol ratio show more reciprocity after betrayal but
that this effect is neutralized by administration of oxytocin. This un-
derlines the theory that oxytocin has an opposite effect to the
testosterone-cortisol ratio regarding the effect on reciprocity, trustwor-
thiness and risk-taking behavior.

The largest difference between the oxytocin and placebo group was
found in the third phase of the Trust Game. This was the phase in which
the computerised investor resumed a higher level of cooperation,
following the second ‘betrayal’ phase in which the trustee received only
small investments compared to the initial phase. Although it has been
suggested that oxytocin may reduce betrayal aversion [2,52], females
receiving oxytocin had significantly reduced trust repair following
betrayal, but this effect was not found in males, such as included in our
study [53]. Converging evidence shows that oxytocin does not appears
to have solitary pro-social effects, but that the effect of oxytocin on
human behavior is far more nuanced and also depends on environmental
factors and personality traits (Bartz et al., 2011; [7]. It is proposed that
oxytocin might increase the desire to inflict interpersonal punishment
[65], possibly strengthened by the feeling to be betrayed by someone
who was initially seen as someone who cooperated. This protective
behavior by ‘punishment’ might be accentuated after oxytocin admin-
istration in this Trust Game. Oxytocin is known to contribute to creating
and enforcing in-group norms of cooperation and sanctioning when
cooperation is violated [54].

Trustworthiness and risk taking are highly interrelated concepts
[55], in which trustworthiness can be seen as a pre-requisite for trust
and risk-taking [10]. Risk aversion is predictive of more reserved re-
sponses during the Trust Game [56] and it is proposed that the Trust
Game not solely measures levels of trust and trustworthiness, but also
risk-taking behavior and risk aversion [55]. From this perspective, re-
sponses during the Trust Game can be seen as an index of risk taking,
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Fig. 2. Mean levels of the proportion of returned amount (reciprocity) in the different rounds of the Trust Game for both the Placebo (grey, squares) and the Oxytocin

(black, rounds) group.
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Fig. 3. The estimated proportions of returned MU’s for —2, —1, 0, +1 and + 2
standard deviations of the testosterone-cortisol ratio during the third phase of
the Trust Game. The placebo condition is shown in the dark line with triangles
and the oxytocin condition in the light line with squares.

especially during the third phase in the Trust Game where trust is
restored after ‘betrayal’ in the second phase. This would be consistent
with previous results demonstrating that people with a higher high
testosterone-cortisol ratio tend to take more risks [14]. During the Trust
Game, different psychological effects interfere and might impact the
results that are transferred back, such as by tactic game play, habitua-
tion and the way one mentalizes the behavior of the opponent. In this
way, the transferred amount of money can rather be seen as a reciprocity
measure. Indeed does testosterone promote reciprocity [20], even after
betrayal. Together with a low stress level and thereby possibly less fear
to lose money, reflected in low cortisol levels with less fear to lose
money, this might result the willingness to transfer more money back to
the investor.

The social component in the Trust Game is of great importance for
the effect that oxytocin has on trusting behavior [52]: found that
oxytocin has no effect when the social element is let out the experiment,
while a more recent large replication study found no main effect and a
possible small effect in those who had no social contact prior to the
experiment [4]. This implied for us that the way that participants
interact before the test might be of great importance. Because this is not
standardized in most experiments, it might contribute to the different
outcomes on the Trust Game.

Our findings may be particularly relevant for people among whom

difficulties with trustworthiness result in problems of daily life func-
tioning, including those with borderline or antisocial personality dis-
order. Developmental deficits in trusting others and being trustworthy
have been associated with aggressive behavior. Children that show
aggressive behavior from an early age tend to be perceived as untrust-
worthy by their siblings [57]. Moreover, trustworthiness is related to
maladaptive outcomes, including externalizing behavior [58]. These
results suggest a causal role for trusting behavior, and particularly
trustworthiness, in the development of aggressive behavior.

Though, in patients with a borderline personality disorder, the
administration of oxytocin can have an opposite effect, as it hinders trust
and cooperation [64]. Also, in forensic psychiatric patients, psycho-
pathic traits are correlated with high urinary oxytocin levels (Mitchell
et al., 2013). This is remarkable as psychopathic traits are associated
with reduced trustworthiness in social decision-making [59]. These re-
sults implicate that the association between oxytocin and trustworthi-
ness is more complex than originally thought and therefore provides
further evidence for the social salience theory in which the effect of
oxytocin depends on a variety of contextual aspects and individual
characteristics. In this study, we propose that one of these biological
factors is the testosterone-cortisol ratio, based on the significant asso-
ciation we found between the administration of oxytocin versus placebo
and the testosterone-cortisol ratio on trustworthiness.

4.1. Limitations of the study

Our study has limitations that should be considered. First, oxytocin
might have a more prominent effect in those with higher levels of anx-
iety, due to a differential benefit from the anxiolytic effect of oxytocin
[60]. Oxytocin has been found to decrease salivary cortisol levels and it
exerts an anxiolytic effect [16]. In our analyses, we did not control for
the state anxiety level.

Second, we investigated a relatively small sample (N = 53). Two
recent meta-analyses on the dual-hormone theory emphasized the need
for larger samples [61,62]. According to the dual-hormone theory ef-
fects might be subtle and, therefore, require larger sample sizes for
sufficient statistical power. Furthermore, the effects of oxytocin on
behavior are highly debated as they are often based on underpowered
studies [63]. Third, our sample consisted exclusively of young adult
males and can therefore not be extrapolated to females. A previous study
showed that the effect of oxytocin following betrayal on the Trust Game
might be gender specific [53]. Fourth, we quantified baseline levels of
trust using a questionnaire (Trust Inventory), independent of the Trust
Game. It would have been preferable to perform the Trust Game mul-
tiple times to establish a robust baseline measure and employ a



Y.R. Berends et al.

cross-over design to obtain more statistical power. However, we decided
against a cross-over study design due to the potential for test-retest
learning effects. Furthermore, the effect of betrayal and the restora-
tion of trust might be further clarified in a modified version of the Trust
Game in which a condition is added where no change in investments is
made. In this way, participants could be randomized in a group that is
betrayed and a group that is not betrayed.

4.2. Strengths of the study

For the reliability of the Trust Game, it is important that participants
believe to play against another person. Our findings suggest that the
effect of oxytocin during the Trust Game selectively occurs within the
context of playing against another person, because a prior study
revealed no significant influence of oxytocin when people are informed
that they will be playing against a computer [2]. Accordingly, we
queried our participants at the conclusion of the Trust Game about their
belief regarding the nature of their opponent. Participants who reported
the belief that they were not playing against another person (17.4%, n =
12 of 69 participants) were removed from the analysis.

5. Conclusion

In summary, our findings demonstrate that following betrayal, the
testosterone-cortisol ratio is associated with trustworthiness in men.
Furthermore, administration of oxytocin reduces trustworthiness in
those with a high testosterone-cortisol ratio. These findings might be
particularly interesting for patients where trust and trustworthiness
form recurrent problems in their daily life and for those with deviant
testosterone and cortisol levels, such as patients with an antisocial
personality disorder.
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