ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-202007.00013

Testosterone and Aggressive Behavior in Juvenile
Delinquents: The Mediating Role of Hostile At-
tentional Bias and the Moderating Role of Cor-
tisol

Authors: Ren Zhihong, Zhao Ziyi, Yu Xianglian, Zhao Chunxiao, Zhang Lin,
Lin Yuzhong, Zhang Wei, Zhang Wei

Date: 2020-07-03T00:00:00+00:00

Abstract

To examine the relationship between testosterone and aggressive behavior in ju-
venile offenders, this study investigates the mediating role of hostile attentional
bias and the moderating role of cortisol by integrating the biohormonal perspec-
tive and social cognitive perspective of aggressive behavior. Hormone levels,
hostile attentional bias, and aggressive behavior were measured in 84 juvenile
offenders. The results showed that: (1) Hostile attentional bias (attentional in-
stability, attentional avoidance) fully mediates the effect of testosterone on ag-
gressive behavior; (2) Cortisol moderates the relationship between testosterone
and hostile attentional bias, and the mediating effect of hostile attentional bias
is significant only at high cortisol levels. Based on the mediating and mod-
erating mechanisms through which biohormones influence aggressive behavior,
interventions for aggressive and violent behavior in juvenile offenders may be
attempted by increasing attentional avoidance of hostile stimuli and elevating
cortisol levels.
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Abstract

This study examined the relationship between testosterone and aggressive behav-
ior in juvenile offenders by integrating biological hormone and social-cognitive
perspectives. Specifically, we investigated the mediating role of hostile atten-
tion bias and the moderating role of cortisol. Eighty-four juvenile offenders
completed measures of hormone levels, hostile attention bias, and aggressive be-
havior. Results indicated that: (1) Hostile attention bias (attentional instability,
attentional avoidance) fully mediated the effect of testosterone on aggressive be-
havior; (2) Cortisol moderated the relationship between testosterone and hostile
attention bias, such that the mediating effect was significant only at high corti-
sol levels. Based on these mediating and moderating mechanisms of biological
hormones influencing aggressive behavior, interventions for juvenile offenders’
violent behavior may target increasing attentional avoidance of hostile stimuli
and elevating cortisol levels.

Keywords: aggressive behavior; testosterone; cortisol; attention bias; juvenile
offender

1. Introduction

Juvenile crime represents a serious social problem that has attracted widespread
public concern due to the unique characteristics of juvenile offenders, the com-
plexity of offense types, and the extensive negative consequences. In recent years,
juvenile crime in China has become increasingly severe, showing trends toward
younger ages and greater violence (Yang, Xiao, Lai, & Wu, 2018). Among var-
ious forms of juvenile crime, aggressive violence constitutes the primary type
(Lu et al., 2018), and its development is substantially influenced by biological
predispositions (Rosell & Siever, 2015). On one hand, biological factors affect
aggressive behavior primarily through hormonal regulation (Fernandez-Castillo
& Cormand, 2016), with testosterone and cortisol playing particularly impor-
tant roles (Montoya, Terburg, Bos, & Van Honk, 2012). On the other hand, the
effects of biological factors also depend on cognitive processing of environmental
information, where selective encoding and attention bias may play crucial roles
(Huesmann, 2018).

Given the significant influence of both hormones and social-cognitive processes
on aggressive behavior, researchers have attempted to understand individual
aggression from biological hormone perspectives (Mehta & Josephs, 2010) and
social information processing perspectives (Crick & Dodge, 1994; Huesmann,
2018; Wilkowski & Robinson, 2010). However, few studies have considered the
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close connections between these two perspectives and their joint influence on
aggressive behavior. From an integrative perspective, it is necessary to explore
the underlying mechanisms and influencing factors of aggressive behavior in
juvenile offenders, which is important for establishing effective monitoring and
intervention measures to reduce aggression levels.

1.1 Biological Hormone Perspective: Testosterone and Aggressive Be-
havior

For group animals including humans, aggressive behavior serves as an impor-
tant means to gain control and dominance, and biological hormones constitute a
key factor influencing aggression levels (Fernandez-Castillo & Cormand, 2016).
Testosterone, produced by the HPG (hypothalamic-pituitary-gonadal) axis, is
particularly closely linked to aggressive behavior (Montoya et al., 2012). As
an endocrine hormone that motivates individuals to pursue higher social sta-
tus, testosterone is often associated with aggressive behaviors that demonstrate
control and dominance (Eisenegger, Haushofer, & Fehr, 2011), and can exert
automatic, unconscious influences on aggression by modulating amygdala reac-
tivity to threatening stimuli (Terburg & van Honk, 2013).

Early studies on adult criminals (Dabbs, Carr, Frady, & Riad, 1995) and ju-
venile offenders (Brooks & Reddon, 1996) reported positive predictive effects
of testosterone on aggressive behavior. However, other studies have found non-
significant correlations between testosterone and aggression (Panagiotidis et al.,
2017). These inconsistent findings suggest that the influence of biological hor-
mones on behavior is also affected by other psychosocial factors (Huesmann,
2018). In addition to biological hormones, human behavior more actively re-
sponds to the environment, with social cue information processing playing an
important role in this process (Crick & Dodge, 1994).

1.2 Social Information Processing Perspective: Attention Bias and
Aggressive Behavior

The social information processing perspective posits that aggressive behavior is
closely related to biased cognitive processing patterns (Crick & Dodge, 1994;
Huesmann, 2018; Wilkowski & Robinson, 2010), particularly attention bias to-
ward hostile stimuli (Miller & Johnston, 2019). Social information processing
theory suggests that selective attention filters information and can influence
subsequent cue interpretation and behavioral responses in a bottom-up manner
(Crick & Dodge, 1994). On one hand, individuals who more readily notice hos-
tile social cues tend to perceive more threats, experience greater negative emo-
tion arousal, and consequently show more aggressive behavior (Crick & Dodge,
1994; Wilkowski & Robinson, 2010). On the other hand, selective encoding of
hostile stimuli also makes individuals more likely to interpret others’ intentions
as hostile, forming hostile cognitive beliefs and information processing schemas
that ultimately lead to general aggressive tendencies (Miller & Johnston, 2019).
Consistent with this view, empirical studies on violent offenders (Domes, Mense,
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Vohs, & Habermeyer, 2013), aggressive adolescents (Laue et al., 2018), and meta-
analytic research (Manning, 2019) have all demonstrated positive associations
between attention bias toward hostile stimuli and aggressive behavior.

Integrating these two perspectives, it is evident that human aggressive behavior
is not only a product of specific biological hormones but also reflects the influence
of higher-level cognitive processing, with the two being closely interconnected.
As individuals develop, the influence of hormones on aggressive behavior increas-
ingly depends on cognitive control and information processing (Archer, 2006).
Combining these two perspectives may help us investigate the influencing fac-
tors, internal mechanisms, and individual differences in aggression from a more
systematic viewpoint.

1.3 Integration of Biological Hormone and Social Information Pro-
cessing Perspectives: A Moderated Mediation Model

Based on the connections between biological hormones and social information
processing and their effects on aggressive behavior, we propose a moderated me-
diation model: while considering the influence of biological hormones, we treat
social information processing as a pathway through which biological hormones
affect aggressive behavior. We examine the predictive effect of testosterone on
aggressive behavior in juvenile offenders, the mediating role of hostile attention
bias, and the moderating role of cortisol, thereby addressing how testosterone
influences aggressive behavior and when this effect is more pronounced.

1.3.1 Testosterone and Aggressive Behavior: The Mediating Role of
Attention Bias Biological hormone and social information processing per-
spectives each emphasize different direct effects on aggressive behavior, but the
two perspectives are also connected, as biological hormones can indirectly influ-
ence aggressive behavior through social information processing.

Previous research has shown that exogenous testosterone increases can signifi-
cantly enhance attention bias toward threatening faces (Terburg, Aarts, & Honk,
2012), which in turn leads individuals to perceive more hostility, make negative
situational interpretations, and consequently exhibit aggressive behavior (Crick
& Dodge, 1994). That is, attention bias is influenced by biological hormones
while also affecting subsequent behavioral responses. Based on the direct effect
of testosterone on aggressive behavior and the potential role of hostile attention
bias, this study hypothesizes that testosterone can positively predict aggres-
sive behavior in juvenile offenders (H1) and can also indirectly affect aggressive
behavior through the mediating role of hostile attention bias (H2).

Notably, as an important step in cognitive processing, attention has significant
dynamic characteristics, manifested as alternation and fluctuation between at-
tention bias and attention avoidance (Zvielli, Bernstein, & Koster, 2015). How-
ever, traditional attention bias quantification methods based on the dot-probe
paradigm (bias score, Dot-BS) can only reflect static, stable, and averaged at-
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tention bias characteristics at a specific time point after stimulus presentation
(Kuckertz & Amir, 2015). Given the limitations of traditional bias score calcu-
lation and the dynamic nature of attention bias, Zvielli et al. (2015) proposed
a trial-level bias score method (TL-BS) to reflect dynamic changes in attention
bias. Research has found that TL-BS demonstrates higher split-half reliabil-
ity and predictive power compared to traditional Dot-BS (Zvielli et al., 2015).
Therefore, in addition to calculating traditional attention bias scores (Dot-BS),
this study uses trial-level attention bias indices (TL-BS) to reflect the dynamic
characteristics of attention bias and explore their associations with biological
hormones and aggressive behavior.

1.3.2 The Moderating Role of Cortisol Although positive associations
between testosterone and aggressive behavior and hostile attention bias have
been supported by empirical research, findings have been inconsistent, with
some studies reporting that testosterone is associated with lower competitive-
ness (Mehta & Josephs, 2010) and attentional avoidance of angry faces (van
Peer, Enter, van Steenbergen, Spinhoven, & Roelofs, 2017). These inconsisten-
cies suggest that potential moderating variables may influence these relation-
ships. Researchers have begun to focus on the interaction between cortisol and
testosterone, proposing the dual-hormone hypothesis (Mehta & Josephs, 2010).

The dual-hormone hypothesis suggests that as the final product of the HPA
(hypothalamic-pituitary-adrenal) axis, cortisol can regulate the effects of testos-
terone by inhibiting testosterone secretion and blocking testosterone action path-
ways. Specifically, at low cortisol levels, testosterone shows a significant positive
correlation with aggression, dominance, and control behaviors, whereas at high
cortisol levels, this association is not significant (Mehta & Josephs, 2010). Em-
pirical studies on male juvenile offenders (Popma et al., 2007), male adolescents
(Grotzinger et al., 2018), and meta-analytic research (Dekkers et al., 2019) have
all shown significant interactive effects between testosterone and cortisol in pre-
dicting social status, aggressive behavior, risk-taking, and dominance. Based on
this, this study hypothesizes that cortisol moderates the direct effect of testos-
terone on aggressive behavior in juvenile offenders (H3).

It should be noted that although early research primarily focused on dual-
hormone moderation of aggressive behavior, an increasing number of studies
have shown that the interaction between cortisol and testosterone extends be-
yond this domain and may involve a range of cognitive and behavioral processes
related to both hormones (Knight, Sarkar, Prasad, & Mehta, 2020). Research
on decision-making (Prasad, Knight, & Mehta, 2019), episodic memory (Paniz-
zon et al., 2018), and emotional control (Denson, Ronay, von Hippel, & Schira,
2013) have all provided new support for the dual-hormone hypothesis. Con-
sidering the inconsistent association between testosterone and hostile attention
bias, the extensive interaction between the HPA and HPG axes, and the close
relationships among testosterone, cortisol, and hostile attention bias, we pro-
pose that the dual-hormone hypothesis may also apply to hostile attention bias.
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Specifically, cortisol may regulate the influence of testosterone on hostile atten-
tion bias by affecting testosterone secretion and action pathways. Therefore,
this study hypothesizes that cortisol moderates the first half of the mediation
pathway, influencing the effect of testosterone on hostile attention bias (H4).

1.4 The Current Study

In summary, based on the dual-hormone hypothesis and social information pro-
cessing theory, this study integrates biological hormone and social information
processing perspectives to investigate the influencing factors, mechanisms, and
individual differences in violent aggressive behavior among juvenile offenders.
This not only helps us understand the mechanisms through which biological
hormones influence aggressive behavior but also provides implications for devel-
oping interventions against aggressive violence in juvenile offenders.

Specifically, this study proposes a moderated mediation model [Figure 1: see
original paper| that examines both biological hormones and social information
processing to investigate the mediating (hostile attention bias) and moderating
(cortisol) mechanisms through which testosterone predicts aggressive behavior
in juvenile offenders, addressing how testosterone influences aggressive behavior
and when this effect is more pronounced. In terms of methodology, consid-
ering the dynamic characteristics of attention bias, this study calculates both
traditional attention bias scores (Dot-BS) based on the dot-probe paradigm
and trial-level bias scores (TL-BS) to reflect the dynamic attention bias process
in juvenile offenders and compare the advantages of these two quantification
methods.

[Figure 1: see original paper]

2. Method
2.1 Participants

Eighty-four male juvenile offenders were recruited from a juvenile correctional
facility, with a mean age of 17.55 + 0.52 years. Among all participants, 7.1%
had sentences of one year, 73.2% had sentences of one to three years, and 19.7%
had sentences of three to ten years. All participants had no history of psychiatric
disorders or attention deficits, could read text correctly, had normal or corrected-
to-normal vision, normal color vision, and normal intelligence.

This study was preregistered (https://osf.io/sdprd/). Before the study began,
the experimenter informed participants about the tasks and compensation, after
which all participants signed informed consent forms agreeing to participate.

2.2 Materials

2.2.1 Questionnaire Measures Chinese Version of the Buss-Perry
Aggression Questionnaire (AQ-CV). The Buss-Perry Aggression Question-
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naire is a self-report instrument measuring individual aggressive characteristics,
comprising 29 items covering cognitive, emotional, and behavioral aspects of ag-
gression. This study used the Chinese version revised by Li et al. (2011), which
contains 30 items rated on a 5-point scale, including five subscales: physical
aggression, verbal aggression, anger, hostility, and self-directed aggression. The
internal consistency reliability of the total AQ-CV scale in this study was 0.91.

2.2.2 Biological Data Collection To control for circadian rhythms in sali-
vary cortisol and testosterone secretion, all biological data were collected be-
tween 2:00 and 4:00 PM. Saliva samples (2 ml) were collected using salivary col-
lection tubes to measure cortisol and testosterone levels. Samples were frozen
at -20°C. Before analysis, samples were thawed and centrifuged at 3000 rpm
for 10 minutes, and the supernatant was collected. Enzyme-Linked Immunosor-
bent Assay (ELISA) was used to determine salivary testosterone and cortisol
concentrations. The minimum detection concentration for both testosterone
and cortisol was less than 1.0 nmol/L (sensitivity), with intra- and inter-assay
coeflicients of variation less than 15%. All samples were assayed in duplicate.
Normality tests indicated that both cortisol and testosterone levels were nor-
mally distributed.

2.2.3 Behavioral Experiments Hostile Dot-Probe Task. The dot-probe
paradigm was used to measure attention bias toward hostile facial expressions.
FaceGen 3.4 (http://FaceGen.com; Singular Inversions, 2009) was used to gen-
erate facial images as experimental materials. Forty college students rated
120 pictures of angry, disgusted, and fearful expressions on a 9-point hostil-
ity /aggression scale. The 10 male and 10 female faces with the highest hos-
tility /aggression ratings were selected and paired with neutral expressions of
the same faces, creating 20 hostile-neutral face pairs. Additionally, 20 neutral-
neutral face pairs were constructed. These 40 face pairs served as experimental
stimuli.

The experimental program was compiled using E-Prime 2.0 (Psychology Soft-
ware Tools, Pittsburgh). The task consisted of a practice phase (10 trials) and a
formal experiment (120 trials). After participants understood the instructions,
the experiment began. A fixation point was presented at the center of the screen
for 500 ms, followed by a face pair appearing on either side of the fixation point
for 500 ms. Immediately after the faces disappeared, a probe letter “E”appeared
at the location of one of the faces, and participants were required to respond as
quickly and accurately as possible to the probe’ s location. Participants with
accuracy above 80% in the practice phase proceeded to the formal experiment;
otherwise, they repeated the practice phase.

Hostile Aggression Stroop Task. An adapted emotional Stroop paradigm
was used to investigate attention bias toward hostile aggression words. Forty
college students rated 118 two-character hostile aggression words on a 9-point
scale. The 40 words with the highest hostility/aggression ratings were selected.
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Forty neutral words were selected from the Modern Chinese Frequency Dictio-
nary to pair with the hostile words, forming the formal experimental materials.
Additionally, five relatively hostile words and five neutral words were used as
practice materials.

The experimental program was compiled using E-Prime 2.0, including a practice
phase (10 trials) and a formal experiment (160 trials). After participants under-
stood the instructions, the experiment began. A fixation point was presented at
the center of the screen for 500 ms, followed by a stimulus (a red or green word)
at the same location. Participants were instructed to ignore the word meaning
and respond as quickly and accurately as possible to the word’ s color. Practice
phase accuracy above 80% was required to proceed to the formal experiment;
otherwise, participants repeated the practice. Words used in practice were not
used in the formal experiment.

2.3 Procedure

Participants first signed informed consent forms and then completed a question-
naire in the laboratory, including basic demographic and offense information
and the Chinese version of the Buss-Perry Aggression Questionnaire. After ques-
tionnaire completion, saliva samples were collected for biological measurements.
One day later, participants completed behavioral experiments including the hos-
tile dot-probe task and hostile aggression Stroop task. The experimenter first
introduced the procedure and instructions, demonstrated the operation method,
and after participants were familiar with the rules, they completed the computer
tasks. The entire process took approximately 30 minutes.

2.4 Data Processing

2.4.1 Data Cleaning For the hostile dot-probe task, data from one juvenile
offender were missing, and five juvenile offenders had response accuracy below
80%; these participants’ data were excluded. Additionally, practice phase data
and all error responses (1.5%) were excluded. Correct response trials with reac-
tion times below 200 ms or above 2000 ms (1.8%) and extreme data exceeding
three standard deviations from each participant’ s mean reaction time (1.8%)
were also excluded. For the hostile aggression Stroop task, data from two juve-
nile offenders were missing. Practice phase data and all error responses (9.5%)
were excluded, as were correct response trials with reaction times below 200 ms
or above 2000 ms (0.5%) and extreme data exceeding three standard deviations
from each participant’ s mean reaction time (1.7%). The final sample included
76 valid participants.

2.4.2 Bias Score Calculation In the hostile aggression Stroop task, pro-
cessing hostile words conflicts with processing font color. Longer reaction times
to color indicate greater attentional and processing bias toward hostile words;
shorter color-naming reaction times indicate attentional avoidance of hostile
words (Domes et al., 2013). The bias score for the Stroop task (Stroop-BS) was
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calculated as the difference between participants’ mean reaction times to hostile
words and neutral words.

For the dot-probe task, bias scores were calculated using both the traditional
static averaging method and the TL-BS method reflecting dynamic attention
processes.

First, traditional attention bias scores (Dot-BS) were calculated to reflect static
average characteristics, computed as participants’ mean reaction time to incon-
gruent trials (IT, where the probe location differed from the hostile expression
location) minus mean reaction time to congruent trials (CT, where the probe
location matched the hostile expression location). Dot-BS scores greater than
zero indicate attentional bias toward hostile stimuli, while scores less than zero
indicate attentional avoidance (Roy et al., 2008).

Second, the TL-BS method was used to reflect dynamic changes and overall
processes in attention bias. Trial-level attention bias (TL-BS) was calculated
by pairing congruent trials (CT) and incongruent trials (IT) within five trials
of each other and computing the reaction time difference (IT-CT) for each pair
(Zvielli et al., 2015). Compared with traditional attention bias indices, trial-
level attention bias better captures the dynamic process of attention bias over
time.

Five parameters can be further calculated from raw TL-BS scores: positive
mean TL-BS (average of TL-BS values greater than zero), negative mean TL-
BS (average of TL-BS values less than zero), positive peak TL-BS (maximum
TL-BS value greater than zero), negative peak TL-BS (minimum TL-BS value
less than zero), and TL-BS variability (sum of absolute TL-BS values divided by
the number of TL-BS values). Positive mean TL-BS reflects average attentional
bias toward hostile stimuli, negative mean TL-BS reflects average attentional
avoidance of hostile stimuli, positive peak TL-BS reflects maximum attentional
bias, negative peak TL-BS reflects maximum attentional avoidance, and TL-BS
variability reflects attentional instability (manifested as alternating attentional
bias and avoidance).

Using the 76 juvenile offenders as an example, traditional attention bias scores
(Dot-BS) and trial-level attention bias scores (TL-BS) are shown in [Figure
2: see original paper|. Across all trials, the number of IT-CT pairs meeting
the pairing criterion (within five trials of each other) was 18.41 (SD = 2.12,
range: 12-20). As shown in the figure, compared with traditional attention bias
scores, trial-level attention bias scores better reflect the attentional instability
of juvenile offenders.

[Figure 2: see original paper]

2.5 Data Analysis

(1) Preliminary analyses were conducted, including descriptive statistics and
correlation analyses; (2) Bias-corrected percentile bootstrap methods were
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used to calculate confidence intervals, with 5,000 resamples and 95% confi-
dence intervals. The PROCESS 2.16.3 macro for SPSS 20.0 (Hayes, 2012)
was used to test the significance of simple mediation models, and based
on significant simple mediation models, the significance of moderated me-
diation models was examined.

3. Results
3.1 Preliminary Analyses

Descriptive statistics and correlation analysis results are presented in . Testos-
terone showed significant positive correlations with cortisol and TL-BS vari-
ability, significant negative correlations with negative TL-BS parameters, and
significant positive correlations with positive peak TL-BS. Regarding attention
bias and aggression levels, negative mean TL-BS significantly predicted AQCV
anger subscale scores; negative peak TL-BS significantly predicted AQCV total
scores and physical aggression, verbal aggression, and anger subscale scores; vari-
ability significantly negatively predicted AQCYV total scores, physical aggression
subscale scores, and anger subscale scores.

3.2 Relationship Between Testosterone and Aggressive Behavior:
Simple Mediation Model Test

First, Hayes’ (2012) PROCESS macro was used to test the simple mediation
model of attention bias. Based on correlation analysis results and controlling
for age and education, models were constructed with attentional instability,
negative peak TL-BS, and negative mean TL-BS as mediators, testosterone as
the independent variable, and AQCYV total scores, physical aggression subscale
scores, verbal aggression subscale scores, and anger subscale scores as dependent
variables. Multicollinearity tests indicated that all models had tolerance values
greater than 0.67 and variance inflation factors less than 1.50, suggesting no
serious multicollinearity issues.

Based on correlation analysis results, we hypothesized that attentional instabil-
ity might mediate the relationship between testosterone and AQCYV total scores,
physical aggression subscale scores, and anger subscale scores. Using Model 4
in PROCESS 2.16.3 to test mediation effects, results are shown in . After in-
cluding attentional instability in the model, testosterone significantly predicted
attentional instability (8 = 0.34, t = 3.24, p = 0.002), and attentional insta-
bility significantly predicted AQCV total scores, physical aggression subscale
scores, and anger subscale scores (AQCV total: § = -0.29, t = -2.23, p = 0.03;
physical aggression: § =-0.35, t = -2.67, p = 0.009; anger: 8 =-0.38, t = -2.89,
p = 0.005). The bootstrap 95% confidence intervals for the indirect effects of
attentional instability did not contain zero. Thus, attentional instability fully
mediated the relationship between testosterone and AQCYV total scores, physical
aggression subscale scores, and anger subscale scores.
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Based on correlation analysis results, we hypothesized that negative peak TL-
BS might mediate the relationship between testosterone and AQCYV total scores,
physical aggression, verbal aggression, and anger subscale scores. With verbal
aggression as the dependent variable, after including negative peak TL-BS in the
model, testosterone marginally significantly predicted negative peak TL-BS (5
=-0.22, t =-1.93, p = 0.058), and negative peak TL-BS significantly predicted
verbal aggression subscale scores (8 = 0.26, t = 2.10, p = 0.04). The bootstrap
95% confidence interval for the indirect effect of negative peak TL-BS did not
contain zero (Effect = -0.03, SE = 0.01, 95% CI = -0.065 to -0.013). Thus,
negative peak TL-BS fully mediated the relationship between testosterone and
verbal aggression. However, the mediating effects of negative peak TL-BS in
the prediction of AQCV total scores, physical aggression, and anger were not
significant.

Based on correlation analysis results, we hypothesized that negative mean TL-
BS would mediate the relationship between testosterone and anger subscale
scores. Results showed that the bootstrap 95% confidence interval for the indi-
rect effect of negative mean TL-BS contained zero, indicating a non-significant
mediation effect.

3.3 Relationship Between Testosterone and Aggressive Behavior:
Moderated Mediation Model Test

Based on simple mediation model results, with attentional instability as the
mediator and cortisol as the moderator, we examined the predictive effect of
testosterone on AQCV total scores, physical aggression subscale scores, and
anger subscale scores. Results are shown in . The testosterone x cortisol inter-
action term significantly predicted only attentional instability (8 = 0.30, t =
3.00, p = 0.004). Simple slope tests were used to further examine the specific
interaction pattern, with results shown in Figure 3: see original paper. For
participants with low cortisol levels, testosterone did not significantly predict
attentional instability (simple slope = 0.34, t = 0.64, p = 0.53). For partic-
ipants with high cortisol levels, testosterone significantly positively predicted
attentional instability (simple slope = 2.47, t = 4.46, p < 0.001). Given that
the direct effect of the independent variable on the dependent variable was not
significant, Model 7 in PROCESS 2.16.3 was used to test the moderated me-
diation effect. Results showed that only at high cortisol levels did the simple
mediation effect of attentional instability between testosterone and AQCV to-
tal scores, physical aggression subscale scores, and anger subscale scores become
significant (see ).

With negative peak TL-BS as the mediator and cortisol as the moderator, we ex-
amined the predictive effect of testosterone on verbal aggression subscale scores.
Results are shown in . The testosterone x cortisol interaction term significantly
predicted only negative peak TL-BS (8 = -0.27, t = -2.51, p = 0.01). Simple
slope tests were used to further examine the specific interaction pattern, with
results shown in Figure 3: see original paper. For participants with low cortisol
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levels, testosterone did not significantly predict negative peak TL-BS (simple
slope = -0.29, t = -0.10, p = 0.92). For participants with high cortisol lev-
els, testosterone significantly negatively predicted negative peak TL-BS (simple
slope = -9.95, t = -3.23, p = 0.002). Moderated mediation effect tests showed
that only at high cortisol levels did the simple mediation effect of attentional
instability between testosterone and verbal aggression subscale scores become
significant (see ).

[Figure 3: see original paper]

4. Discussion

This study integrated biological hormone and social information processing per-
spectives on aggressive behavior to examine the relationship between testos-
terone and aggressive behavior in juvenile offenders, the mediating role of hostile
attention bias, and the moderating role of cortisol. Simple mediation analyses
revealed that attentional instability fully mediated the relationship between
testosterone and AQCYV total scores, physical aggression subscale scores, and
anger subscale scores, while negative peak TL-BS fully mediated the relation-
ship between testosterone and verbal aggression subscale scores. Moderated
mediation analyses showed that only at high cortisol levels were the mediating
effects of attentional instability and negative peak TL-BS significant, such that
testosterone could reduce aggression levels (AQCV total, physical aggression,
and anger) by increasing attentional instability, and could also reduce verbal
aggression by increasing attentional avoidance of hostile stimuli.

4.1 Testosterone and Aggressive Behavior

Contrary to our hypothesis, the study found no significant association between
testosterone and aggressive behavior. Considering the nature of testosterone’
s effect on aggressive behavior and the environmental context of juvenile cor-
rectional facilities, we propose that the special meaning of aggressive behavior
in this environment may explain these results. As an endocrine hormone that
motivates individuals to gain and maintain higher social status, the direction
of testosterone’ s behavioral effects depends on whether it facilitates social sta-
tus improvement (Eisenegger et al., 2011; Terburg & van Honk, 2013), which
is influenced by specific situational contexts (Carré & Archer, 2018). For ex-
ample, in adolescent groups where aggressive behavior enhances social status,
testosterone is positively associated with physical aggression (Tremblay, 1998).
However, in socially interdependent contexts that value harmony and stability,
testosterone is positively associated with prosocial behaviors such as honesty
(Wibral, Dohmen, Klingmiiller, Weber, & Falk, 2012) and reciprocity (Boksem
et al., 2013). Thus, the association between testosterone and social behavior
depends on the popularity rules in specific contexts (Dreher et al., 2016), which
may help explain inconsistent findings regarding testosterone-aggression associ-
ations. For juvenile offenders in correctional facilities, aggressive behavior may
no longer be an effective means to achieve higher social status; instead, showing
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lower aggression levels may be more advantageous. Moreover, 71.4% of par-
ticipants in this study had served more than one year, suggesting that most
individuals may have formed and adapted to new popularity norms. In this
environment where aggressive behavior does not enhance social status, the pos-
itive direct effect of testosterone on aggressive behavior is weakened, resulting
in no significant association between testosterone and aggression in this study.

4.2 The Mediating Role of Hostile Attention Bias

As mentioned above, in correctional facility environments, aggressive behav-
ior may no longer be an effective way for individuals to improve social status,
thus suppressing the relationship between testosterone and aggressive behavior.
Building on this, mediation tests further revealed that testosterone could re-
duce aggression levels in juvenile offenders by positively predicting attentional
avoidance and attentional instability toward hostile stimuli.

First, contrary to our hypothesis, we found that testosterone positively pre-
dicted attentional avoidance and attentional instability rather than attentional
bias toward hostile stimuli. Considering testosterone’ s role in promoting social
status improvement and the importance of situational context in moderating
testosterone-behavior relationships (Carré & Archer, 2018; Dreher et al., 2016),
we propose that the special correctional facility environment may underlie these
results. Testosterone’ s effect on attention bias may be realized through amyg-
dala activation. As a key brain structure for processing threatening stimuli, the
amygdala may mediate testosterone’ s influence on hostile attention bias. On
one hand, the amygdala influences hostile attention bias characteristics (Buades-
Rotger & Kramer, 2018). On the other hand, the amygdala’ s androgen recep-
tors make its response to angry faces susceptible to testosterone (Bos, Panksepp,
Bluthé, & van Honk, 2012), and testosterone’ s effect on the amygdala depends
on individual motivation. Specifically, for individuals with approach motivation,
increased testosterone enhances amygdala activation, strengthening attentional
bias toward hostile stimuli. However, for individuals with avoidance motivation,
testosterone inhibits amygdala activation, leading to more attentional avoidance
(Radke et al., 2015). In correctional facility environments where aggressive be-
havior is not an effective means to improve social status, juvenile offenders may
show more avoidance motivation, which causes testosterone to inhibit amygdala
activation, resulting in greater attentional avoidance of hostile stimuli and a
positive prediction of attentional avoidance by testosterone. The selective at-
tention process is dynamic, manifested as alternation and fluctuation between
attentional bias and avoidance (Zvielli et al., 2015), a characteristic more pro-
nounced for special stimuli like hostile faces. Therefore, along with attentional
avoidance, attentional instability also increases, manifested as positive predic-
tion of attentional instability by testosterone.

Additionally, attentional avoidance and attentional instability toward hostile
stimuli negatively predicted aggressive behavior, possibly reflecting emotion reg-
ulation processes and long-term dynamic characteristics in juvenile offenders. As
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an important emotion regulation strategy, attentional avoidance of hostile stim-
uli helps reduce sympathetic nervous system arousal (Gross, 2001), decreasing
reactive aggression (Vasquez et al., 2013) and anger levels (Lievaart, Huijding,
van der Veen, Hovens, & Franken, 2017). In this model, the negative predictive
effect of attentional avoidance on aggressive behavior may reflect top-down emo-
tion regulation and behavioral control processes. Building on this, the negative
prediction of aggression by attentional instability represents dynamic changes
in attention orientation during this process. Research shows that attentional
regulation involves dynamic alternation between attentional bias and avoidance
(Zvielli et al., 2015). Therefore, individuals showing high attentional instabil-
ity can dynamically regulate their emotions, resulting in negative prediction of
aggression by attentional instability.

4.3 The Moderating Role of Cortisol

Simple mediation models suggest that in correctional facility environments, the
association between testosterone and aggressive behavior in juvenile offenders
may be weakened or even reversed. Moderated mediation tests further revealed
that cortisol moderated the relationship between testosterone and attention
bias, with mediating effects of attentional avoidance and attentional instability
significant only at high cortisol levels. In this process, cortisol may exert its
moderating effect by increasing avoidance motivation toward hostile stimuli in
juvenile offenders.

As a biological marker of punishment sensitivity, cortisol is involved in a se-
ries of stress-related metabolic and physiological reactions, causing individuals
to experience more negative emotions and show more inhibitory and avoidance
behaviors when presented with punishment stimuli (Smillie, Pickering, & Jack-
son, 2006). In correctional facilities, hostile, threatening, and aggression-related
stimuli are often associated with punishment. When facing such stimuli, high
cortisol levels result in higher avoidance motivation (Terburg, Morgan, & van
Honk, 2009), which further causes testosterone to inhibit amygdala activation,
ultimately manifesting as attentional avoidance of hostile stimuli (Radke et al.,
2015). In summary, for juvenile offenders with high cortisol levels, their mo-
tivation to avoid negative stimuli combines with motivation to improve social
status to cause testosterone to inhibit amygdala activation, showing attentional
avoidance and consequently reducing aggressive behavior. For juvenile offend-
ers with low cortisol levels, their avoidance motivation is relatively low, and
only the motivation to improve social status weakens the association between
testosterone and attention bias and aggressive behavior, ultimately resulting in
non-significant mediation models.

4.4 Limitations and Clinical Implications

This study has several limitations: (1) Due to difficulties in obtaining data
from juvenile offenders and quality issues with some participants’ data, only 76
valid participants were included after screening, resulting in a relatively small
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sample size. (2) The current study only examined the effects of testosterone,
cortisol, and hostile attention bias on aggressive behavior in juvenile offenders,
while ignoring the potentially important roles of situational context and per-
sonal motivation. (3) The juvenile offenders in this study represent a unique
population in terms of aggression levels and environmental background, mak-
ing it impossible to design an appropriate control group (Clarke-McLean, 1996),
and the current findings are limited to aggressive behavior of juvenile offenders
in correctional facility environments.

The results also suggest that based on the mediating and moderating mecha-
nisms of biological hormones influencing aggressive behavior, interventions for
aggressive violence in juvenile offenders may target increasing attentional avoid-
ance of hostile stimuli and elevating cortisol levels. First, given that biological
hormones indirectly influence aggressive behavior through hostile attention bias,
increasing attentional avoidance of hostile stimuli in juvenile offenders may ef-
fectively reduce aggression levels. Interventions for attentional processes have
both “bottom-up” and “top-down” approaches. On one hand, “bottom-up”
attentional processes can be targeted by strengthening individuals’ implicit and
automatic selective attention to non-threatening stimuli and adjusting their bi-
ased selection of external stimuli, such as through Attention Bias Modification
Treatment (ABMT) (Hakamata et al., 2010). On the other hand, “top-down”
attentional processes can be targeted by improving individuals’ cognitive control
and social information processing abilities to reduce attentional bias toward hos-
tile stimuli, such as through cognitive behavioral therapy (Lee & DiGiuseppe,
2018). Second, considering the moderating role of cortisol, elevating cortisol lev-
els may promote greater hostile attentional avoidance and consequently reduce
aggression. Research has shown that family therapy effective in reducing ag-
gression in children with antisocial behavior works by increasing cortisol levels
(O’ Neal et al., 2010).

5. Conclusion
This study yielded the following conclusions:

(1) Hostile attention bias (attentional instability, negative peak TL-BS) in
juvenile offenders fully mediates the relationship between testosterone and
aggressive behavior.

(2) Cortisol moderates the relationship between testosterone and hostile atten-
tion bias: only at high cortisol levels does testosterone positively predict
attentional avoidance and attentional instability toward hostile stimuli,
thereby reducing aggression levels.
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